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1.0 INTRODUCTION 

SAP 
June 30, 1989 

The purpose of the Sampling and Analysis Plan (SAP) is 

to provide input data to the Remedial Design (RD) process 

through the use of field investigations and sample collection 

and analyses, such that various parameters for the selected 

remedial action are designed to meet performance criteria. 

The remedial action consists primarily of site civil work 

and unit treatment process evaluation. 

Site civil elements include the collection and 

geotechnical analysis of material in the Scrubber Sludge 

Ponds; the identification, classification, and geotechnical 

testing of local borrow areas for general fill and fine

grained cohesive soils; laboratory testing of bentonite 

amended soils; verification sampling trenches in the Salvage, 

Bath Recovery Pad, and the Unloading Areas for the purpose of 

verifying the lateral extent of areas to be excavated; and 

the general earthwork activities required to define the 

alignment and required construction effort for various design 

elements. 

Unit process elements described within this SAP include 

a performance analysis of the cyanide destruction system and 

a bench study for the design of fluoride removal processes. 

The fluoride removal study will be conducted after the 

remedial action has been implemented, in the event that 

Northwest Aluminum ceases in-plant treatment. 
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2.0 SITE CIVIL EVALUATIONS 

SAP 
June 30, 1989 

Site civil evaluations will provide geotechnical and 

other data necessary to layout, design and construct 

structures based on performance requirements. The site civil 

evaluations will consist of the following activities: 

o Borrow source investigation: 
o Borehole investigations; and 
o Trench investigations. 

As part of the borrow source investigations, bench scale 

laboratory evaluations of bentonite-amended soil will be 

performed. Borehole investigations address subsurface 

explorations and physical laboratory program to characterize 

the materials in the Scrubber Sludge Ponds. Trench 

excavations will be performed in the Landfill and Cathode 

Waste Management Areas to identify physical data needs for 

design as well as trench excavation for the purpose of 

verifying the required lateral extent of excavation in the 

Salvage, Bath Recovery Pad and Unloading Areas. 

2.1 BORROW SOURCE INVESTIGATION 

Several different construction materials will be 

required to meet design and performance standards for the 

various activities in the RD/RA. The basic construction 

materials available in The Dalles region consist of clayey 

silt soils, sands, gravels, and crushed rock. These 

materials will be used for structural and general fill, the 

soil barrier layer, drainage, and erosion protection and 

control. Additionally, the clayey silt soils will be used 
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for construction of the low-permeable layer as part of the 

final cover over the Landfill. Three potential borrow areas 

containing clayey silt soil types have been identified and 

will be referred to as the Zutes, Brown's Creek and Clay 

Mountain areas. These three sources of clayey silt have been 

preliminarily evaluated by Wyo-Ben, Inc. (WyoBen) for soil 

amendment capabilities (Appendix A). Additionally, a number 

of local sand and gravel pits will be identified and 

evaluated. The specific sources will be selected by the 

field engineer. 

The objective of the borrow source investigation is to 

evaluate the lateral and vertical extent of the borrow areas 

to estimate whether the material quantities available will 

meet or exceed the preliminary construction quantity 

estimate. Additional physical properties of the materials 

will be evaluated as described below. 

2.1.1 Investigation Methodology 

Test pits will be excavated at each of the selected 

clayey silt borrow areas by a backhoe, or available 

equipment, to obtain samples and to determine depths of 

adequate material. Approximately 4 test pits for every acre 

of ground surface will be conducted, with 10 test pits per 

source anticipated. Each test pit will be excavated to the 

depth practicable with available equipment (approximately 12 

feet) by the backhoe. Test personnel are not permitted to 

enter the test pits nor can they stand any closer than two 

feet from the open excavation. All test pits will be 

backfilled at the completion of testing. 
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Sampling at each test pit will be based upon the soil 

stratum present. One sample will be taken from each stratum 

that is visually and physically distinct. Samples will also 

be taken from any cuts or open faces (greater than 5 feet 

vertical extent), at a frequency of one sample for every 200 

linear feet of face. The field engineer observing the 

excavation of the test pits will determine the specific 

number of pits and record information pertinent to location 

and subsurface conditions (such as relative moisture content, 

the presence of organic materials, colors, textures, and 

gradations). 

Local sources of pit run gravel, sand, and crusher run 

rock also will be investigated. Approximately three random 

samples from each source will be obtained for testing. 

Samples from sources of clayey silts and granular material 

will be placed in plastic-lined 5-gallon containers. Each 

sample will be sealed and labeled with borrow source, test

pit location, depth of sample and any other relevant 

information. The samples will be sealed and stored in a dry, 

cool place until testing is conducted. 

2.1.2 Laboratory Testing 

The laboratory testing will be accomplished on a phased 

approach. Phase 1 will consist of classifying borrow source 

materials using Atterberg Limits and particle-size analysis. 

Phase 2 will evaluate base line standard moisture-density 

relationships and permeability for each borrow area. Phase 3 

will evaluate amended soil moisture-density relationships and 

permeability for each borrow area. Table 2-1 summarizes the 

borrow area investigation testing program and details are 
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~81f GERAGHTY & MILLER TABlE 2- 1 
A.,-At ENGINEERS, I~tacy Tests for~ Source Investigaticn 

Sampling arrl Analysis Plan 
Martin Marietta Reduction Facility 

'!he Dalles, Oregon 

San:i, Gravel 
Phase/ Brc:1,.ms Clay am 
Test Method zutes Creek Mountain Rock Sources 

Phase 1 

Moisture 20 20 20 NA 
(ASIM D-2216) 

Atterberg Limits 20 20 20 NA 
(AS'IM D-4318) 

Sieve(2 ) 10 10 10 9 
(ASIM D-422) 

Phase 2 

Sieve (2 ) 2 2 2 NA 
(AS'IM D-422) 

Moisture( 3 ) 2 2 2 NA 
(ASIM D-2216) 

Moisture-Density(4 ) 2 2 2 NA 
Relationship 
(ASIM D-698) 

Penneability(4 ) 6 6 6 NA 
(ASIM D-2434 or 
EM 1110-2-1906 USCE 
Appendix VII) 

Phase 3 

Moisture-Density(S) 2 2 2 NA 
Relationship 
(ASIM D-698) 

Penneability(S) 6 6 6 NA 
(ASIM D-2434 or 
EM 1110-2-1906 USCE 
Appendix VII) 
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Anticipated 
Maximum 

Number <~f Tests 

60 

60 

39 

6 

6 

6 

18 

6 

18 
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Notes: 

TABI.E 2-1 
(Continued) 

I.abaratacy Tests far Barrow' Salrce Invest.igaticn 
Sanpli.rE arrl Analysis Plan 

Martin Marietta Reduction Facility 
'Ihe Dalles, oregon 

MMRF SAP 
June 30, 1989 

(1) Based on 10 test pits per site, 2 strata per test pit and one sample 
from each strata. 

(2) Fines passin:J a #200 sieve will l:::e analyzed usin:J hydrometer. 

(3) To detennine initial soil Iroisture content of natural soils cornposited 
by laboratocy. 

(4) Analyses to l:::e perfonned on natural soils composited by laboratocy. 

(5) Analyses to l:::e perfonned on natural soils composited by laborato:ry and 
amerrled with bentonite. 

FL0018. RD2\ tbl \bOrrcM. inv 
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presented below. Any modifications to collection methods or 

methods of analysis will be in accordance with the provisions 

of the QAPP. 

2.1.2.1 Phase 1 - Borrow Classification 

The clayey silt soils from each borrow area will be 

classified in accordance with the Unified Soil Classification 

System by employing the Atterberg limit test, moisture 

content 

Sieves. 

and particle-size 

This will be 

analysis using 

accomplished for 

u.s. Standard 

each stratum 

sample obtained based on visual observations at each test 

pit. The results will assist in determining whether or not 

visually distinct soils are of similar classification. 

Similar materials will be composited for additional testing 

in the later phases. 

Atterberg Limits will be performed on all samples to 

provide physical information pertaining to the plastic and 

liquid limits of the clayey silts, which will determine the 

classification and uniformity of the material over the 

proposed borrow area. Approximately 50 percent of the clayey 

silt samples per stratum for each borrow area will be 

selected at random for particle-size distributions utilizing 

the following sieves: #4, #10, #40, #100, and #200, with a 

hydrometer analysis performed on material passing the #200 

sieve. 

Each of the three samples obtained from the granular 

aggregate borrow areas will have grain-size distributions 

obtained utilizing the following sieves: 3-inch, l-inch, 

1/2-inch, 3/8-inch, #4, #10, #40, #100, and #200. However, 
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adjustment to the sieve sizes may be required by the 

geotechnical laboratory. 

2.1.2.2 Phase 2 - Baseline Geotechnical 

For each similar stratum, four to six 5-gallon samples 

will be selected and composited. This will attempt to 

simulate material mixes delivered to the site during 

construction. A sieve analysis will be performed on the 

composited samples and hydrometers will be used to determine 

distribution of clay sized particles. Initial moisture 

contents and moisture-density relationships will be 

determined for each stratum and for each borrow area. Once 

the optimum moisture and density is determined for each 

stratum, three samples will be compacted to 95 percent of 

optimal density with moisture content ranging from optimal to 

plus three percent of optimal and permeabilities will be 

determined. 

At the conclusion of Phase 2, data obtained from both 

Phases 1 and 2 will be forwarded to WyoBen for review along 

with small physical samples from the laboratory composited 

soil sample. Upon completion of the review, WyoBen will make 

a recommendation as to the type and amount of bentonite 

admixture used. Additionally, samples of bentonite will be 

forwarded to the geotechnical laboratory to conduct Phase 3 

of the testing. 

2.1.2.3 Phase 3 - Soil Amendment 

Using the recommendation from WyoBen, bentonite will be 

mixed with the composited soil for each stratum from each 

2-7 
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borrow area. The soil/bentonite mixtures will have a 

moisture-density relationship determined. Once the optimum 

moisture and density has been determined, three samples will 

be compacted to 95 percent of optimal density with a moisture 

content between optimal and plus three percent of optimal and 

permeabilities will be determined. 

2.1.3 Borrow Source Investigation Report 

A report summarizing the applicability of each of the 

borrow sources areas will be prepared and submitted with the 

final design documentation. Laboratory test data will be 

discussed as to the appropriateness of each borrow source to 

be utilized as various components in site civil work. 

Permeability of recompacted and bentonite amended soils will 

be presented with a borrow area recommendation and bentonite 

amendment to meet performance criteria. 

2.2 BOREHOLE INVESTIGATION 

The borehole investigation will focus on the Scrubber 

Sludge Ponds. The data requirements for the Scrubber Sludge 

Ponds (SSP) include the probing of the pond areas to estimate 

the relative thickness of sludge deposits and the use of 

consolidation testing to estimate surface settlement once 

the cover is in place. 

2.2.1 Investigation Methodology 

Information obtained during the RI indicates that sludge 

deposits in Scrubber Sludge Pond No. 2 (SSP2) are 

approximately 2 feet in thickness, and underlain by basalt. 

2-8 
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SSP3 has sludge thicknesses in excess of 6 feet and is 

underlain by native soils. Since the sludges in SSP2 are 

thin, the borehole investigation in the Scrubber Sludge Ponds 

will be limited to SSP3. The pond areas will be probed in a 

grid-like manner to verify the depth and uniformity of sludge 

deposits. 

Three sampling locations will be selected by the field 

engineer in the general locations illustrated in Figure 2-1. 

The depth to basalt will be recorded in the field sampling 

log. Because of potential concerns with the stability of the 

sludge materials, sampling will be performed using hand 

sampling methods. Both disturbed and undisturbed sampling 

methods will be employed. A bucket type auger will be used 

to advance the hole downward. Disturbed sludge and soil 

samples will be retained from the top 6 inches and every feet 

thereafter until basalt is encountered. Two samples will be 

sealed in containers for moisture content determination. An 

undisturbed sample will be obtained from each stratum (sludge 

and subsoil) at approximately 4 to 6 feet below the surface 

of the sludge and at approximately 2 feet below the sludge/ 

soil interface. Undisturbed samples will be obtained by 

using a thin-walled Shelby tube or equivalent sampler, and 

will either be pushed by hand or driven by a drop hammer or 

tripod sampling device. Upon removal, the Shelby tube will 

be sealed to prevent moisture loss and transported to the 

geotechnical laboratory for one dimensional consolidation and 

classification testing. For each relatively undisturbed 

sample, moisture content, Atterberg Limits, particle-size 

analysis and consolidation tests will be performed. 

2-9 
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2.2.2 Laboratory Testing 

SAP 
June 30, 1989 

The samples obtained from SSP3 will be analyzed for the 

parameters identified in Table 2-2. The sample collection 

method and testing requirements may require modifications 

based on field conditions. Any modifications to collection 

methods or methods of analysis will be in accordance with the 

provisions of the QAPP. 

2.2.3 Borehole Investigation Report 

The results of the investigation at SSP3 will be 

evaluated and submitted with the final design documentation. 

2.3 TRENCH INVESTIGATION 

Test trenches and pits will be excavated in the Cathode 

Waste Management Areas and in the existing Landfill. These 

investigations will provide physical information on the 

verification of material volumes for excavation and 

consolidation, the elevation and occurrence of perched water, 

and basalt surface condition and topography. This 

investigation will result in data or information needed for 

general layout and design of the leachate collection system 

and the excavation program for the CWMAs. 

2.3.1 Investigation Methodology 

Test pits and trenching will be accomplished using a 

backhoe capable of establishing the depth to 

competent basalt. Proposed test pit and trench locations are 

presented in Figure 2-2. Each pit or trench will be visually 

2-11 
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Investigation 
Area 

Scrubber Sludge 
Pond 3 

TABLE 2-2 

Geotechnical Investigation Test Methods 
Sampling and Analysis Plan 

Martin Marietta Reduction Facility 
The Dalles, Oregon 

Test 
Method Description 

ASTM D 2216 Moisture Content 

ASTM D 2435 One-dimensional 
Consolidation 

ASTM D 4318 Atterberg Limits 

ASTM D 422 Particle Size 

FL0018-RD2\tbl\test.mhd 
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Anticipated 
Number of Tests 

24 

6 

6 

6 
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inspected and photographed during excavation and the 

information logged into the field notes. Depth to basalt 

and perched water (if present) will be recorded. 

will be left open for observation. 

The pits 

The trench around the Landfill will be excavated in the 

general alignment identified for the leachate collection 

system. The preliminary alignment of the trench is displayed 

on Figure 2-3. The actual trenching location may be modified 

based on field conditions prior to initiating activities. 

Alignment will be determined by the field engineer. Trench 

excavations will be left open for surveying of the basalt 

elevations along the proposed leachate collection system. 

The field engineer will record visual observations regarding 

overburden and general condition of the underlying basalt. 

2.3.2 Laboratory Testing 

At this time, laboratory testing is not proposed. 

2.3.3 Trench Investigation Report 

The trench investigation report will include field logs, 

photos, reduced survey 

information, as required, 

final design documentation. 

data and interpretation of 

and will be submitted with the 

2.4 VERIFICATION SAMPLING TRENCHES 

Verification sampling to determine the lateral and 

vertical extent of contaminated areas is a requirement of the 

site remediation. The limits of remediation (as identified 

2-14 
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in the ROD and presented on Figure 2-4) are defined by the 

historic location of buildings and other structures on the 

site but, in some areas, the limits of the contaminated 

material cannot be precisely determined. MMC proposes to 

excavate and sample a series of verification trenches to 

precisely establish the limits of areal excavation. 

Verification sampling trenches will be excavated; (1) 

along the Southern edge of the Salvage area (between the Hard 

Pitch Building and River Road); (2) in an area north and west 

of the Bath Recovery Pad, and (3) along the east, south, and 

west boundaries of the known area of waste placement in the 

Unloading Area (the northern boundary is the Unloading 

Building). In the remaining remediation areas of the site 

(Old Cathode Waste Pile, Potliner Handling Area, and the 

Landfill Ditch) all the recoverable materials will be 

excavated for consolidation into the Landfill and no 

verification sampling is proposed. Samples will be obtained 

from the trench walls and tested for the presence of 

contaminants, as required, based on the identification of 

contaminants of concern in the particular verification 

sampling area. 

2.4.1 Investigation Methodology 

The verification trenches will be excavated using a 

backhoe capable of excavating to competent basalt. The 

locations of the proposed verification trenches are presented 

in Figure 2-4. Each trench will be visually examined, 

sampled and photographed during excavation and the 

information logged into the field notes, and the depth to 

basalt recorded. The methodology for the sampling of the 

2-16 
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verification sampling trenches is adapted from Chapter Nine 

of the "Test Methods for Evaluating Solid Waste Physical/ 

Chemical Methods - Volume II: Field Manual" (EPA SW-846), 

Third Edition, November 1986. A copy of the pertinent 

reference pages is included as Appendix c. Soil samples will 

be obtained from the trench wall on the "outside" face with 

respect to the contaminated area. The most common m~thod of 

selecting a random sample from the face of an excavation is 

to divide the area by an imaginary grid, assign a series of 

consecutive numbers to the units of the grid, and select the 

numbers (units) to be sampled through the use of a random 

number generator or random number table. MMC and EPA have 

agreed to the use of a 200 square-foot area for the 

collection of sample material. The 200 square-foot area will 

be divided vertically into four 50 square-foot areas. The 

respective 200 and 50 square-foot areas will be constructed 

by: ( 1) measuring the depth from the basalt surface along 

the slope of the excavation to the land surface; (2) 

determining the equivalent trench length to obtain a 200 

square-foot area; (3) dividing the trench length vertically 

into the four 50 square-foot areas; ( 4) establishing ten 

equal-sized grids in each 50 square-foot area, and (5) 

utilizing a random number table to select one grid from each 

50 square-foot area for sampling. The four discrete samples 

taken from the 50 square-foot areas within the 200 square

foot area will be mixed together (as described below) to 

produce a single composite sample. 

Soil samples will 

scoops andjor spoons. 

combining sub-samples 

be obtained using stainless steel 

Composite samples will be obtained by 

collected from the four locations 

selected at random from the outside trench wall every 200 
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approximately equal volume and coarseness and will be 

combined in a stainless steel bowl. Following collection, 

the sample will be carefully mixed to ensure homogeneity and 

then arranged into a cone in the center of the mixing bowl. 

The mixed sample pile will then be divided and separated into 

four smaller piles. Proceeding in a clockwise direction, 

small but approximately equal portions of each quarter pile 

will then be placed sequentially into the sample container 

continuing until the container is filled. Containers will 

then be closed, labeled and placed on ice in a cooler. 

Sampling equipment will be decontaminated between the 

collection of each composite sample or separate, clean 

stainless steel scoops, spoons and bowls will be used. 

2.4.2 Laboratory Testing 

The criteria used to determine the acceptability of the 

verification sampling as the lateral limit of excavation are 

the constituents and concentrations established in the ROD 

and SOW, and are identified as follows: 

Arsenic 

Fluoride 

cPAHs 

~ 65 mgjkg 

~ 2,200 mgjkg 

~ 175 mgjkg 

The specific constituents identified for analysis in the 

separate verification trench segments are presented as 

follows: 

Salvage Area: 
Unloading Area: 
Bath Recovery Pad Area: 

2-19 
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Based on the selection of contaminant-specific criteria 

for the areas to be excavated, laboratory analysis of the 

verification trench composite samples will be performed to 

determine, as applicable, the concentrations of fluoride and 

cPAHs. Arsenic, a remedial criterion for the Landfill Ditch, 

will not be included in the verification sampling as the 

ditch and surrounding area will be excavated to the extent 

practical and consolidated into the existing Landfill. The 

analytical methods for analysis of the composite soil samples 

for fluoride and cPAH concentrations are provided in the 

Quality Assurance Project Plan (QAPP). 

2.4.3 Verification Trench Investigation Report 

A report summarizing the results of the verification 

analyses will be prepared and submitted within a reasonable 

time frame upon receipt of analytical laboratory results. 
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The unit process elements described in this section 

include the performance testing of the cyanide destruction 

system and a bench study for the determination of design 

parameters for a fluoride removal system. The fluoride 

removal study will be conducted after the remedial action has 

been implemented, in the event that in-plant treatment is not 

available. 

The recovery and treatment of perched water is a 

requirement of the site remediation. The recovery and 

treatment of Landfill leachate is a requirement after the 

remediation has been completed. The treatment 

characteristics of Hard Pitch Building sump water and Cathode 

Waste Pad leachate have been assessed by sampling, analysis 

and bench scale testing by Martin Marietta Corporation (MMC), 

utilizing the firm of cyanide Destruct Systems, Inc. (CDS). 

The Hard Pitch Building sump is sampled regularly in order to 

verify compliance with the NPDES permit. 

Bench testing for fluoride removal is required and will 

be conducted after the completion of the site remediation as 

a contingency measure in the event that the in-plant process 

is no longer available. 

3.1 DESIGN CRITERIA STUDY 

The purpose of this design criteria study is to present 

(1) the analytical parameters to be analyzed; (2) describe 

existing data; and (3) outline test procedures and results. 
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CDS has performed testing of ground water infiltrating 

into the sump of the Hard Pitch Building and leachate 

collected from the Cathode Waste Pad sump. The Cathode Waste 

Pad leachate represents the "worst-case" condition that could 

be presented to the cyanide destruction system. Test results 

presented in Appendix D indicate that hydrolysis technology 

is capable of meeting the performance standards for free 

cyanide concentrations being discharged to the in-plant 

process. 

MMC proposes to purchase a continuous-flow hydrolysis 

system for the destruction of cyanide. Once the system is 

installed and operational at the MMRF, a series of tests will 

be performed to verify the ability of the unit to destroy 

free cyanide to meet NPDES permit criteria. Critical 

operational parameters, such as temperature and pressure, 

will be moni tared on a continuous basis to verify correct 

equipment operation. The system performance tests will 

utilize perched water collected from the former Cathode Waste 

Management Areas. The Sampling and Analysis requirements for 

the system performance tests are described in Section 3.2. 

3.1.2 Fluoride Removal 

As stated earlier, fluoride removal bench studies will 

be performed after completion of the site remediation. The 

removal mechanisms to be evaluated are identical to those 

used in the in-plant treatment process. The bench testing 

for fluoride removal will be conducted by MMC to evaluate the 

degree of fluoride removal achievable by chemical 
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precipitation. The feed source of fluoride contaminated 

water will be the effluent from the cyanide destruction 

system. The purpose of the bench study will be to evaluate 

reagent usage and residence times required for achieving the 

fluoride discharge standard of 9.7 mgjL. 

A sample of sufficient volume to conduct the bench study 

will be collected from the effluent of the cyanide 

destruction unit. A sample will be collected for fluoride 

analysis from the representative sample which will provide 

the initial fluoride concentration. Jar tests will be set up 

using gang stirrers (or equivalent) to initially screen 

reagent additions. Reagents will consist of caustic (NaOH), 

and calcium chloride (Cacl 2 ) and lime (CaOH}, separately or 

combined. Theoretical dosages will be stoichiometrically 

calculated based on initial fluoride concentrations. 

Sampling and 

Section 3.2. 

analysis 

3.2 LABORATORY TESTING 

requirements are described in 

Chemical analysis for the cyanide destruct system 

performance tests will be conducted by the analytical 

laboratory and in accordance with the provisions of the QAPP. 

MMC will conduct the fluoride removal study and some 

laboratory analyses internally, with the evaluation of 

samples from the identified optimal dosage to be conducted by 

the analytical laboratory. 

The performance tests of the cyanide destruction system 

involve the sampling of feed and discharge from the system 

and the evaluation of the analytical data. 
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of the adequacy of the treatment system will be determined 

ultimately by adherence to the NPDES discharge criteria. A 

feed sample will be collected from the influent feed water to 

permit analysis by the analytical laboratory for total and 

free cyanide. The unit will be started and the discharge 

recycled to the storage tank. Once the unit has reached 

operating conditions, a sample will be collected for the 

analysis of free and total cyanides by the analytical 

laboratory. The discharge from the unit will continue to be 

recycled to the storage tank until the analytical results 

indicate that the unit is in compliance with cyanide 

discharge criteria, at which time the discharge will be 

directed to the in-plant treatment system. 

The fluoride removal bench study consists of a series of 

jar tests which will be set up using gang stirrers (or 

equivalent) to evaluate the effects of reagent additions. 

Reagents to be used in the study are caustic (NaOH), calcium 

chloride (CaC1 2 ) and lime (CaOH), separately or in 

combination. Theoretical dosages for the reagents will be 

stoichiometrically calculated based on initial fluoride 

concentrations. Caustic will be added to each jar to adjust 

pH and dosages of lime andjor calcium chloride will be added 

to the jars in sufficient quantities to bracket the 

theoretical values. Samples will be stirred and physical 

observations noted. The supernatant will be drawn off and 

analyzed for fluoride concentration. The process may be 

repeated as necessary to optimize dosages to achieve fluoride 

removal. Once optimal dosages are determined, the volume of 

precipitate produced will be estimated by filtering and 

drying the samples, and weighing the collected precipitate. 
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The fluoride removal bench study will be conducted by 

MMC until an optimal dosage rate and residence time necessary 

to achieve the 9.7 mg/L discharge standard has been 

obtained. At that time, a sample of the influent to the 

fluoride removal bench study will be collected and submitted 

to the analytical laboratory along with a field replicate of 

the influent. 

3.3 UNIT PROCESS EVALUATION REPORT 

A report will be prepared at the conclusion of each of 

the studies and within a reasonable time frame of receipt of 

laboratory data results. The reports will document study 

activities and the analytical results and observations. 

MMC proposes to submit a monthly report which will 

summarize the operational parameters and influent/effluent 

free cyanide concentrations from the CDS unit. A weekly 

sample of effluent free cyanide will be collected and 

analyzed. If the system is taken off-line for maintenance, 

the unit will be repaired and reactivated (with the discharge 

recycled to the storage tank). Once operating conditions are 

attained, a sample will be collected and the discharge will 

continue to be recycled to storage until the analytical 

results indicate compliance with the cyanide discharge 

criteria. 

FL0018.RD2\RPT\2DRASAP 
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Mr. Jose R. Boe 
Vice President 

WYO-BEN, INC. 

I 

January 18, 1988 

Martin Marietta Corporation 
6801 Rockledge Drive 
Bethesda, Maryland 20817 

Re: The Dalles, Oregon Capping Project 

Dear Mr. Boe: 

This letter is to report to you the results of our 
testing on the "zutes" and "Clay Mountain" soils for use on 
The Dalles project. 

After conducting a number of tests with both soils using 
both ENVIROGEL -10 (granular) and ENVIROGEL 200 (powdered) the 
following is evident: 

1) The zutes and Clay Mountain soils require nearly 
identical bentonite addition rates to yield 
equivalent permeability coefficients. The zutes 
soil.is, however, marginally the better of the two. 

2) Both soils require significantly higher addition 
rates of ENVIROGEL -10 than they do ENVIROGEL 200 
to achieve equivalent permeability coefficients. 
This occurs because both soils are silt loams with 
very little clay fraction to provide filler for 
the void spaces between the silt particles. This 
requires that the bentonite act as the filler. 
The higher number of individual particles in the 
powdered material allows it to perform that 
function more efficiently than the granular 
material. 

Several possible alternatives are suggested by these 
facts. First, ENVIROGEL 200 could be added to either soil at 
an addition rate of 15.0% (Lab Indicated Rate of 12% + 25% 
construction contingency factor) or approximately 8.25 lbs. 
per square foot per 6 inch thickness to achieve the desired 
permeability coefficient of K = 1 X lO~cm/sec. Because of 
the powdered nature of the product, this has some potential 
disadvantages for in-situ (on the ground) mixing operations if 
windy conditions exist in the mixing area. Nevertheless, this 
is a workable alternative if the wind problem can be dealt 
with, and I believe it can. 

JAt~ 2 0 1989 
3044 Hesper Road • P.O. Box 1979 • Billings. :t\lonlana 5g103 • 406·652·6351 • Telex 31·9430 • Telefax 40G·G:>G-0;'48 
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Second, ENVIROGEL -10 could be added to either soil at 
an approximate addition rate of 22.5% (Lab Indicated Rate of 
18% + 25% construction contingency factor) or approximately 
12.38 pounds per square foot per 6 inch thickness to achieve 
the 1 X 10-e em/sec. permeability coefficient. This addition 
rate was projected from the available test data. While it is 
only approximate, it does accurately reflect the high -10 
bentonite addition rate necessary to achieve the desired 
seal. Because of the high addition rate, I do not consider it 
a viable alternative. 

Third, either the Zutes or Clay Mountain soil could be 
blended with the Browns Creek soil (a very clayey material) at 
a ratio of approximately 65% : 35% to increase the clay 
content of the soil mix and reduce the amount of bentonite 
required. This should then enable the -10 material to be used 
effectively. I have not yet had any tests run on this blend 
so I can only speculate that the bentonite addition rate would 
be in the range of 6 to 9%. We would be happy to test such a 
blend for a precise determination of the bentonite addition 
rate, if you decide that this is an acceptable alternative. I 
believe that, all things considered, this would be the most 
cost effective solution to the problem. 

The test results for the Zutes and Clay Mountain soils 
accompany this letter. 

If you have any questions or would like to discuss any 
or all of the alternatives I have suggested more thoroughly, 
please call me at 800-548-7055 at any time. 

RKB:jr 
Enclosure 

cc: Ms. Loretta Grabowski 
Martin Marietta Corp. 
3313 West 2nd Street 
The Dalles, Oregon 97058 

Sincerely, 

V,t.l 
Richard K. Brown 
Vice President Resources 

3044 Hesper Road • P.O. Box 1979 • Billings. Montana 5910:J • 40u·fi52-G351 • Telex 31·9430 • Telefax 406-656-0748 



Date: ~~~-~~~3~-~~~~~----------

Site: 

Contractor: 

Engineer: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

TEST RESULTS 

Soil Sample I.D.: C..LAY MQu.N/tftt!l Test Membrane No.: 
I 

1) Soil Proctor Values 
Max. Dry Density: 1 z, % 
(Source: ~~5~~/~~~~~~~~~~~~~~c~-------------------------------) 

2) Test Mix 

3) 

4) 

Benton fte Used: .;t'?Vv tl'2..06-¢'-L. -10 
Sofl (Wet Wt.) t6J3,~ gms.; 
Bentonite (WetWt.) rz..C{,3 gms.; 

(ury-1Jt.) n. ~s.o gms. 

(Appl icatfon rate of ~ %, or 
(Dry Wt.) ,~,......-.----- gms. 

~.8 lbS:lcu.ft.) 
Water: zo.t ml. 

Membrane in Permeameter 
Diameter: in. Thickness: z.o~ in. 
Volume: 0.0~33? cu. ft. 
Dry Weight: 3.2:f lbs. Dry Density '78. ?-i_ lbs./cu.ft. 
Compactfve Effort: /'Z.I/3 6,? ft. lbs./cu.ft. 
Calculated Compaction '93 % Standard/Modified Proctor. 

Test Parameters 
Sa tur at i on/E qu ll i b r .at ion Period: ~--=s:!...-..!:d~!:3.~~~-----r---:-------
Constant Head Applied: 1<-l.sf«---£ u;;::CQ,__.._u .... ',,Cilt[.,lot 
Outflow Time: =JTrs. 3g 1.1 Mln. o Sec. ---=----Outflow Volume: g,~ cu.cms. 

5) Permeability 

Q 
~-~ c.c. 

5.'&'8'0 sees 
K = t 

~ (A) 

_g 
= ------------ = c=t.o~ X to cm./sec. 

'iS~. 7 em( 182 41 cm2) 
s.1? em • 

Not!: Th! laboratory p!ra!abillty test data presented herein were obtained on a soll/b!ntonlte alx 
using soil ~;uwples supplied to NYO-BEN, INC. by MAiZ.'Tuv 1'1Ai'Z.11!'"lTd • Jhh test was 
p!rfora!d under Ideal laboratory conditions and one should not expect to dupllcat! these results 
under field conditions. This test vas perfora!d to provide useful lnforaatlon and guidance to the 
engineer who, aft!r considering all of the relevant on-site factors, will design th! application rate 
and specifications for this job. WYO-BEN, INC. expressly does not offer engineering advice In 
presenting these test results. Jhe Engineer and Contractor aust recognize that a higher application 
rate than that used In this test will be necessary In the field to account for variations In bentonite 
content resulting froa non-unlfora application of bentonite, IMperfect •lxing of bentonite and soil, 
verlablllty In the soli used In the alx, variability In the coapactlon of the installed bentonite/soil 
aeMbrane and other factors beyond the control of WYO-BEN, INC; We stand behind the accuracy of these 
laboratory test results, however, due to the factors previously described, we do not accept 
responsibility or liability for the perforaance or result of the job, beyond WYO-BEN, INC'S. llalted 
warranty for the bentonite product itself. · 

A-i 



Site: 

Date: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

TEST RESULTS 

Contractor: -------------------------------------------------------------
Engineer: 

Soil Sample I. D.: CLAVMQ;.WtA-/N 
I 

Test Membrane No.: '2... 
------~-----------

1) Soil Proctor Values 
Max. Dry Density: 110 lbs./cu.ft. Opt Moisture Content __ ~,~~---% 
{Source: t:5t/..-...a...{'C. GR.. bY\ (.dv o-J:S.~:-.-v. ...LAic... ) 

<.J r ' 
2) Test Mix 

Bentonite Used: i=Alll.l fLO &e:-t,. - /Q 
Soil {Wet Wt.) ~~~s;l ~:t gms.; (uryllt.) (~~S:- Q gms. 
Bentonite (Wet-wt.) l'>41 ~ gms.; (Dry Wt.) .L.!:f....K, 3 gms. 

(Application rate of lO %, or 11.0 16S:7cu.ft.) 
Water: ~t~Q ml. 

3) Membrane in Permeameter 
Diameter: in. Thickness: Z,O</ in. 
Volume: Q· Q3;3~ 2 cu. ft. 
Dry Weight: 1.2. r- lbs. Dry Density 9 ?/7'1.. lbs./cu.ft. 
Compactive Effort: I"Z..ll"!:>6.~ ft. lbs./cu.ft. 
Calcu~ated Compaction ~~ % Standard/Modified Proctor. 

4) Test Parameters 
Saturatfon/Equit ibr·at ion Period: 5 &~~ 
Constant lfead Applied: ~~-6 {d wa.£Q. I;O:vg.l~,+ 
Outflow Time: z... llTrS: '17 i1in. o Sec. -----=------Outflow Volume: q,9 cu.cms. 

5) Permeability 

0 
K ::: t ::: 

q.cr c.c. 
1o,o-r.:o sees 

::: s-.91 x 10- g cm./sec. 
'-t7'-(,7'tcm(182 41 2) 
s.1~ em • em 

Not~: The laboratory perMeability test data presented herein were obtained on 1 soil/bentonite •lx 
using soi I ~:u1ples supplied to WYO-BEN, INC. by 1'141Z..Ti.V /11r<H?.1 E?Ttf • lhh test vu 
perfor1ed under Ideal laboratory conditions and one should not expect to duplicate these results 
under field conditions. This test vas perforMed to provide useful lnfor•atlon and guidance to the 
engineer who, after considering all oF the relevant on-site Factors, will design the application rate 
and specifications For this job. WY0-8£N, INC. expressly does not offer engineering advice In 
presenting these test results. The Engineer and Contractor •ust recognize that a higher application 
rate than that used in this test will be necessary In the Field to account For variations In bentonite 
content resulting fro• non-unlfor• application of bentonite, l•perfect •lxlng or bentonite and soli, 
variability In the soli used In the •lx, variability In the coMpaction or the installed bentonite/soil 
Me~brane and other factors beyond the control of WYO-BEN, INC~ We stand behind th! accuracy of these 
laboratory test results, however, due to the factors previously described, we do not accept 
responsibility or liability for the perfor•ance or result of the job, beyond NYO-BEN, INC'S. ll•lted 
warranty for the bentonite product Itself. · 



Site: 

Contractor: 

Date: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

TEST RESULTS 

Engineer: 
I . 

Soi 1 Sample I. D.: CLAY Moc..vvT-4-!N 
I 

Test Membrane No.: 

1) Soil Proctor Values 
Max. Dry Density: 110 
(Source: t:s-/) ......... ~.:le..JL b

0 
lbs./cu.ft. Opt Moisture Content __ ,~~---% 

wyo-6£".-v,,..r.-vc., ) 

2) 

3) 

4) 

Test Mix 
'2.00 

(Ury Wt.} n-:;.s.o 
Bentonite Used: l:Nt.hRO 6-g-L.. 
Soil (Wet Wt.) t6a ... o 
Benton He (WetWt.} /?.. '{.3 

(Application rate of ~ 

gms.; 
gms.; 
%, or 

{Dry Wt.) td&_,_ __ 
'L '6 11Js.7cu.ft.) 

gms. 
gms. 

Water: z.-z../ m 1. 

Membrane in Permeameter 
Diameter: in. Thickness: "'2,0 in. 
Volume: o.o3~t:z.. cu. ft. 
Dry Weight: 3. 2.~ lbs. Dry Density 100,70 lbs./cu.ft. 
Compactfve Effort: 'zt 3 "Y~.ll ft. lbs./cu.ft. 
Calcu~ated Compaction C)_~ % Standard/Modified Proctor. 

Test Parameters 
Saturation IE qu f1 i brat 1 on Perf od: _,..~6~~:::.!a...~~,...s0l-..--:----r-.--------
Constant lfead Applied: J<lc47:.. fw:J 0 ~a.~bi c:..q,u .·~n-+ 
Outflow Time: 3 Prrs. 1 -:?.7 v Mtn. o Sec. 
Out f 1 ow Vo 1 ume : g, ~ cu. ems • 

5) Permeability 

Q 
\?,& c.c. 

13
1
oz..o sees 

K = t = ----:c:=:--:--:-=--::------ == <-;. Z 8 x. 1 o- g em./ sec . 
9 ~"f. 6 'ft:'"(182 41 2) s-.ozcm • em 

Note: The laboratory per•eabillty test data presented herein were obtained on 1 soil/bentonite 1lx 
using soi I ~:1111ples supplied to NYO-BEN, INC. by 06\!tiiN Mflf'l.r t::-iT4 • This test was 
perfor•ed under Ideal laboratory conditions and one should not expect to duplicate these results 
under field conditions. This test was perfor•ed to provide useful lnfor•atlon and guidance to the 
engineer who, after considering all of the relevant on-site factors, will design the application rate 
and specifications for this job. NYO-BEN, INC. expressly does not offer engineering advice In 
presenting these test results. Jhe Engineer and Contractor •ust recognize that a higher application 
rate than that used In this test will be necess~ry In the field to account for variations In bentonite 
content resulting fro• non-unlfor• application or bentonite, l•perfect •ixlng of bentonite and soli, 
variability In the soli used In the •lx, variability In the eo•paetlon or the Installed bentonite/soli 
•e•brane and other factors beyond the control of NYO-BEN, INC~ We stand behind the accuracy oF these 
laboratory test results, however, due to the factors previously described, we do not accept 
responsibility or liability For the perfor1ance or result of the job, beyond NYO-BEN, INC'S. ll•ited 
warranty For the bentonite product Itself. · 
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Site: 

Contractor: 

Engineer: 

Date: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

TEST RESULTS 

/-/3- '69 

So I 1 Samp 1 e I. 0. : QA V Mot..I.A/TITIN 
> 

Test Membrane No.: 

1) Soil Proctor Values 

z. 

Max. Dry Density: t/0 
{Source: wyo-"Q,;'~, ,pvc., 

lbs./cu.rt. 
e.s-/.. /--cde. 

Opt Hot sture Content_.;_,z..=-_% 

2) Test Mix 

) 

Bentonite Used: &o teo 6:e-L. z.oo 
Soil (Wet Wt.) t566,j gms.; 
Benton lte (WetWt.) 1~'{. z. gms.; 

(U~t.) /3 "3.5~ a gms. 

3) 

4) 

(Application rate of 10 %, or 
(Dry W t. ) 1 ':IJ.•:-=.3"-r--- gms • 

1 ,, o 1 bs.?cu. r t. ) 
Water: z<-&0 ml. 

Membrane In Permeameter 
Diameter: 6 ln. Thickness: z.oi ln. 
Volume: o. 03 3!. 2: cu. ft. 
Dry Weight: "3, '2.. ?- lbs. Dry DensIty 2 z:.~~ lbs./cu.ft. 
Compactlve ETfort: I z.,t3b• i1 ft. lbs ./cu. ft. 
Calcu~ated Compaction '13 % Standard/Modified Proctor. 

Test Parameters 
Sat u r a t I on IE flU 11 I bra t I on Per I od : --.-!..!ll~rO== ,!:j71-~r==:::~:....-----,;--...---:-------
Constant llead Applied: t9.of4t '"~ P"]..c+.'uq,.Te.""'""'+'-'------.,. 
Ou t f1 ow T I me : ~ Hr s • <tO v M t n • o Sec • 
Outflow Volume: cu.cms. 

5) Permeability 

Q 
9.'/ c~~ 

20'toosecs 
K = 

II (A) 
l 

t 
= ---~~------- "'z..z.6 ><' 10-~ cm./sec. 

~zg. 'i ern( 182 41 2) s. 1'6 em • em 

ByQJoJl~ 
Note: The laboratory per•eabillty test d3ta presented herein were obtained on 1 soli/bentonite 1 1~ 
using soil ~~~pies supplied to WY0-8EN, INC. by ~A~lj-~ J\1t3~:lr~--· This test vas 
perfor•ed under Ideal laboratory conditions and one should not expect to duplicate these results 
under field conditions. This test was perfor•ed to provide useful lnfor•atlon and guidance to the 
engineer who, after considering all of the relevant on-site factors, viii deslyn the application rate 
and sp~cificatlons for this job. NY0-8EN, INC. e•pressly do~s not off~r engineering advice In 
presenting these test results. The Engineer and Contractor •ust recognize that 1 higher application 
rate than that used In this test viii be necess3ry In the field to account for variations ln bentonite 
content resulting fro• non-unlfor• application of b~ntonlt~. l•perfect alxlng of bentonite and soli, 
variability In th~ soli used In the •I•, variability In the co•pactlon of the Installed bentonite/soli 
•e•brane and other factors beyond the control of MYO-BEN, INC; We stand behind the accuracy of these 
laboratory test results, however, due to the factors previously described, we do not accept 
responsibility or liability for the perfor•ance or result of the job, beyond WYO-BEN, INC'S. ll•lted 
warranty for the bentonite product Itself. · 
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Site: 

Contractor: 

Engineer: 

Date: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

·TEST RESULTS 

1- t ~- 89 

So f 1 Samp 1 e I. 0. : ---=~::.!::(..(..~/.=~:::-s.:::._ __ _ Test Membrane No.: 

1) Soil Proctor Values 
Max. Dry Density: --'-'-tr-:-- Opt Moisture Content /'Z. % 
(Source: --~-~~~.'~~~~~~~~~~~,~~~~~~/V~c~·-------------------> 

2) Test Mix 
Bentonite Used: t:./vu,f?o6-.=-'- -10 
Soil (Wet Wt.) t$4"?,3 gms.; 
Ben ton fte (Wet Wt. ) 1 5'1, ?- gms • ; 

(Application rate of 10 %, or 

( Ur y W t. ) t 3 2 cz , 1 gms • 
(Dry Wt.) 1 Y . .,.::b':..t.,•.-=3=---- gms. 

11.o T6s:7cu. ft.) 
Water: 36. r m1. 

3) Membrane in Permeameter 
Diameter: 6 in. Thickness: z.o fn. 
Volume: 0.032..7Z2. cu. ft. 
Dry Weight: 32";1- lbs. Dry Density ~ ~. 9 'f_ lbs./cu.ft. 
Compactfve Effort: 'iJ 2-5/, g ft. lbs./cu.ft. 
Calcu!ated Compaction 95 % Standard/Modified Proctor. 

4) Test Parameters 
Saturatfon/Equfl ibr.atfon Period: 6 ~~s 
Constant lfe ad App 1 fed : _ _.t'"""o'-L,_,o:r-'....,f'-"'"'""'£~ ..... (~""":""'a~Nf"":,_,_~~u'fi/Hf-'Q......,...I e...,..,__.± ____ -.,.-_ 
Outflow Time: 3 llr~. J 38" M1n. o Sec. 
Outflow Volume: g, cu.cms. 

5) Permeability 

Q 

K = t = 

8.9 c.c. 
t3,0BO sees 

/ _g = o.05'X 10 cm./sec. 
3o~.zcm(lBZ 41 2) 
~.08 em • em 

By<::ZL~ 
Note: The laboratory perMeability test data presented herein vere obtained on a soil/bentonite tlx 
using soli s;utples supplied to NY0-8Eif, INC. by 1'1.qK..ruv /11 AfZ.tt:'lT A . This test vn 
perfor•ed u~der Ideal laboratory conditions and one should not expect to duplicate these results 
under field conditions. This test vas perforted to provide useful infor•ation and guidance to the 
engineer vho, after considering all of the relevant on-site factors, vlll design the application rate 
and specifications for this job. WY0-8Eif, INC. expressly does not offer engineering advice In 
presenting these test results. The Engineer and Contractor 1ust recognize that a higher application 
rate than that used In this test will be necess~ry In the field to account for variations In bentonite 
content resulting fro1 non-unlfor• application of bentonite, l•perfect •lxlng of bentonite and soil, 
variability in the soli used In the •lx, variability In the coMpaction of the Installed bentonite/soli 
•e•brane and other factors beyond the control of WYO-BEN, INC; Ve stand behind the accuracy of these 
laboratory test results, however, due to the factors previously described, ve do not accept 
responsibility or liability for the perfortance or result of the job, beyond WY0-8Eif, INC'S. litlted 
warranty for the bentonite product Itself. · 
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0 ate: _.....:.1_-...;....1 ~=---_8 '1..:..,_ ___ _ 

Site: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

TEST RESULTS 

Contractor: -----------------------------------------------------------

Engineer: 

Soil Sample I.D.: _____ .C"""""u..~'..s.c:._Gi=------ Test Mernbr ane No. : ---~'------

1) Soil Proctor Values 
Max. Dry Density: 110 
(Source: cs..J.,'.......,c. .. .-t.r.J. t:.

0 
Test Mix 

lbs./cu.ft. Opt Moisture Content 
WvO-JSc.-...v. d:Nc... r • 

/"2._ % 

2) 

) 

Benton f te Used: £Nutl2:.o(.,...;-f. -10 
Soil (Wet Wt.) t'l'lS.z.. gms.; 
Benton fte (WetWt.) t'H'. z.. grns.; 

(1\pp 1 fcatfon rate of n %, or 
Water: 'tl,? ml. 

( Ur y Wt. ) ---"''_;;~:....:.7-=~~-=g __ grns • 
( Dry W t. ) 1 c,-:=-o""t'. &'---- gms • 

--~~~Y~·3=--- ~cu.ft.) 

3) Membrane fn Permeameter 
Diameter: ______ __.!><:.__ ___ fn. Thickness: "Z.o fn. 
Vo 1 ume : o , o ~ z... r '2. cu • ft . 
Dry Weight: ;.,23 lbs. Dry Density '1~.80 lbs./cu.ft. 
Compactfve Effort: & 2.5"1.'& ft. lbs./cu.ft. 
Calculated Compaction __ 9.!.....:,5 __ % Standard/Modified Proctor. 

4) Test Parameters 
Saturatton/Equflibratfon Period: 6.SJ.~s · 
Constant lie ad App 1 i ed: __ q.!.!.'-=,~ 6 J'J, c.o4~ !!.Fi !A,/;~a (e ..... ± 
Outflow Time: llr?:' o P Min. _________ Sec. 
Out f 1 ow Vo 1 ume : '-1. 9 cu. ems • 

5) Permeability 

Q 

K = t 
-,lrr-1 -(A_) __ 

L 

'/,Cf e.c. 
1'7, 7'oosecs 

=---..,--------,=~.I rx 10-
8 

cm.fsec. 
-z.qi,S em(l82 41 2) 
~-o~ em • em 

Note: The laboratory per•eabillty test data presented herein were obtained on 1 soli/bentonite 1ix 
using soil ~:o~111ples supplied to IIYO-BEN, INC. by /'1A-'il.TIIII /'1ARtL::7Ttf • This hst was 
perfor•ed under Ideal laboratory conditions and one should not expect to duplicate these results 
under field conditions. This test was perfor•ed to provide useful lnfor•ation and guidance to the 
engineer who, after considering all of the relevant on-site factors, will design the application rate 
and specifications for this job. NYO-BEN, INC. expressly does not offer engineering advice In 
presenting these test results. The Engineer and Contractor •ust recognize that 1 higher application 
rate than that used In this test will be necessary In the field to account for variations In bentonite 
content resulting fro• non-unlfor• application of bentonite, l•perfect •lxlng of bentonite and soil, 
variability In the soil used In the •lx, variability In the co•pactlon of the installed bentonite/soli 
•e•brane and other Factors beyond the control oF WYO-BEN, INC; We stand behind the accuracy of these 
laboratory test results, however, due to the factors previously described, we do not accept 
responsibility or liability For the perfor•ance or result of the job, beyond NYO-BEN, INC'S. ll•lted 
warranty for the bentonite product Itself. · 
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Site: 

Contractor: 

Engineer: 

Soil Sample I.D.: 

1) Soil Proctor Values 

Date: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

TEST RESULTS 

Test Membrane No.: 

1- 13- 8'~ 

Max. Dry Density: Opt Moisture Content 1'"2.. % 
(Source: --~~su~~)~~~~~~~~~~~~~~--------------------) 

2) Test Mix 
Bentonite Used: .t:NtJt i'4?6-cL -z.oo 
Soil (Wet Wt.) 160~. 7 gms.; 
Bentonite (WetWt.) n~, :s gms.; 

(Application rate of '? %, or 
Water: 3l,S' ml. 

(UrYllt.) 1 3 75 ,Q gms. 
(Dry Wt.) '~---.....--- gms. 

g,g lbS:lcu.ft.) 

3) Membrane fn Permeameter 
Diameter: in. Thickness: /.'76 fn. 
Volume: 0.0~'2..02; cu. ft. 
Dry Weight: "3,2.~ lbs. Dry Density IOZ. ?'{ lbs./cu.ft. 
Compactfve Effort: 8','j_ I '7. I ft. lbs./cu.ft. 
Calcu~ated Compaction ' 97 % Standard/Modified Proctor. 

4) Test Parameters 
Saturatfon/Equflibration Period: 9J...a..~ 
Constant lfead J\pp 1 fed: 11. I 'I_ .[..,lf, w~ e.tt;tA. :vt:?-1-ulc..!::"'-~c..~F...__ ____ ~-
Outfl ow Tfme: 3 lfr~. o Min. o Sec. ---=----
Outflow Volume: ---------..t....!-1.---~--- cu.cms. 

5) Permeability 

Q 

K "' t 

1 (J\) 

l(.'/ c.c. 
,~,.r~secs 

"' =3,/<t)(JO-g 
--~~~~=-----

"B'l,Y em( 182 41 2) 
"'i.C) 'i em • em 

cm./sec. 

Note: The laboratory peraeabillty test data presented herein vere obtained on a soil/bentonite •ix 
using soli ~~~•pies supplled to IIYO-BEN, INC. by t1AO:'JuU IY1Aj(;l~:7rA • This test vu 
perforaed under ideal laboratory conditions and one should not expect to duplicate these results 
under Field conditions. This test vas perforaed to provide useful lnFor•ation and guidance to the 
engineer vho, after considering all of the televant on-site factors, vlll design the application rate 
and specifications for this job. IIYO-BEN, INC. expressly does not offer engineering advice In 
presenting these test tesults. The Engineer and Contractor •ust recognize that a higher application 
rate than that used In this test will be necess~ry In the field to account for variations In bentonite 
content resulting fro• non-unifor• application of bentonite, [•perfect •lxlng of bentonite and soli, 
variability In the soli used In the •lx, variability In the coapaetlon of the Installed bentonite/soli 
aeabrane and other factors beyond the control of NYO-BEN, INC~ We stand behind the accuracy of these 
laboratory test tesults, however, due to the factors previously described, we do not accept 
responsibility or liability for the perfor•ance or tesuit of the job, beyond IIYO-BEN, INC'S. ll•ited 
warranty for the bentonite product Itself. · 

A-10 



Date: __ 1::....-...:.'.=3::....-.....:'8et::....!... ____ _ 

Site: 

Contractor: 

Engineer: 

WYO-BEN, INC. 
LABORATORY PERMEABILITY 

TEST RESULTS 

So 11 Samp 1 e I. D. : ____ t=~u:::..l!....!c:.=..-~:..s:...__ Test Membrane No.: 

1) Soil Proctor Values 
Max. Dry Density: ;;j' ~ lbs./cu.ft. Opt Moisture 
(Source: Es-1/,..,._c._ b<J U) vt?-"i3E"N INC. 

~ I 

2) Test Mfx 
Benton He Used: 

2. 

Content._.:..;,?..~_% 
) 

Sofl (Wet Wt.) 
Bentonite (Wet!Wt.) 

£Nu' R.o 6-t:"-L.. z.oo 
15 s t· I gms • ; (Ury Wt.) 1335. o gms. 

3) 

4) 

(Application rate of 
1 ~y. 2.. gms • ; 

tO %, or 
(Dry Wt.) _a_a. ~ gms. 

/t.Q TiiS.7cu. f~t~~,'----
Water: 36.55 m 1. 

Membrane in Permeameter 
Diameter: in. Thickness: /. 0, 6 f n. 
Volume: o.o~z..o:c cu. ft. 
Dry Weight: 3.Z.? lbs. Dry Density /Q/. 9 1 lbs./cu.ft. 
Compactfve Effort: ~. "3 $"<{, ~ ft. lbs./cu.ft. 
Calculated Compaction 92 % Standard/Modified Proctor. 

Test Parameters 
Saturat lon/Equf 1 fbrat ton Period: __,J;6~·.L7s~J~cQ!..~~~-r---:-------
Constant Head Appl fed: /4.0$ .(..,~rcva4;;:;~;u"k....± 
Outflow Time: g ffrs. 7.1 Rln. ___ =-___ Sec. 
Outflow Volume: g,6 cu.cms. 

5) Permeability 

0 
K = t = 

~.6 c .c. 
>o,o6o sees 

cm./sec. 

Note: The laboratory perMeability test data presented herein were obtained on 1 soil/bentonite 1lx 
using soil ~11111ples supplied to NYO-BEH, INC. by 1'14f2.}-ev ;vl,q R,lc7Tft • This test was 
perfor1ed under Ideal laboratory conditions and one should not expect to duplicate these results 
under field conditions. This test was perfor•ed to provide useful lnfor•ation and guidance to the 
engineer who, after considering all of the relevant on-site factors, will design the application rate 
and specifications for this job. NYO-BEN, INC. expressly does not offer engineering advice In 
presenting these test results. The Engineer and Contractor •ust recognize that a higher application 
rate than that used in this test will be necess3ry In the field to account for variations in bentonite 
content resulting Fro• non-unifor• application of bentonite, IMperfect 1lxlng of bentonite and soil, 
variability In the soli used In the 1lx, variability In the co~pactlon of the Installed bentonite/soli 
Membrane and other Factors beyond the control or NYO-BEN, INC; Ne stand behind the accuracy of these 
laboratory test results, however, due to the factors previously described, we do not accept 
responsibility or liability for the perfor•ance or result or the job, beyond NYO-BEN, IN~'S. ll•ited 
warranty for the bentonite product Itself. · 
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WYO-BEN, INC. 

January 31, 1988 

Mr. Jose R. Eoe 
Vice President 
Martin Mar~atta Corporation 
6801 Rockledge Dri~e 
Bethesda, Maryland 20917 

Re; The Dalles, Oregon ~~pping _!'_ro~ect 

Dear Mr. Boat 

As a follow up on my letter to you of January 18, 1989·, 
I am writing to report to you the. results of a test we have 
just.completed using a zutes/Brown's Creek soil blend. The 
reoant temporary availability of some test equipment allowed 
us to build· a single membrane to test my recommendation to you 
for using this soil blend as the mixing base for soil/benton
ite membrane using ENVIROGEL -10 Granular Bentonite •. 

The following is a listing of test parameters and 
results. 

Soil Mixturez 2/3 Zutes, 1/3 Brown's Creek 
Assumed Maximum Dry Density: 97 lb/cu.ft. 
Assumed Optimum Moisture Content: 18.2% 
Compaction Levelz 95~ of Standard {ASTM D-698) Density 
Compaction Moisture: 3% over optimum. 
Bentonite Addition Rate: 9% ENVIROGEL -10 (Granular) 
Hydration Period: 6 Days 
Sead Pressure~ 10 feet of water (equivalent) 
Resulting Permeability Coefficient: 2,7 X lo~scm/sec. 

Based upon this test result I believe it is reasonable 
to believe that the 1 X l0-8 cm/sao, rate can be achieved using 
this bentonite addition rate by increasing the compaction 
level from standard to modified compaction and by adjusting 
the composition of· the soil mix slightly. Assuming this to be 
the case, and adding to this rate a 25% construction contin
gency factor, the resulting application rate would be approx
imately 5.5 lba. ENVIROGEL -10 per square foot for a 6 inch 
thick cover. 

It should be noted that the permeability achieved in 
this test yields a leakage rate for a 6 inch thick cover 
membrane which is virtually identical to that obtained by a 2 
foot thick co~er membrane with a permeability of 1 X 10·1 
em/sec. 

3044 Hesper Road • P. 0. Box 1979 • Billings, Montnnn_sn ~ '?_3 • 4013·652-6351 • Telex 31·9430 • Tel~ tlol)6·6~ / 
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-~J li...A..oli 

January 31, 1989 
Mr. Jose 1 R. Boe 
Page 2 

In short, the test results demonstrate that granular 
bentonite can be successfully used in your application by 
blending the soils to yield a more suitable mixing base. 

I hope that this information is helpful to you in your 
decision making process. If you would like to discuss it 
further, please feel free to call me at any time. 

RKB: jr 

cc; Ms. Loretta Grabowski 
Martin Marietta Corp. 
3313 west 2nd Street 
The Dalles, Oregon 97058 

Sincerely, 

-\2,~~ 
Richard K. Brown 
Vice President Resources 

WYD·Ben. 3044 Hespor Road • P.O. Box 1979 ·• Billings, Montana 50103 • 406-662-0351. • Tlllox 31-9430 • T~>lnf:oy 4ClR-Rr.n.nHR 
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Standard Geotechnical Test Methods 



ti:l 
I 

...... 

~~fl1 Deslgnallon: D 2216- 60 An Atni!IIC•n N;\lkJil, .. St.uwt .. •d 

Standard Method lor 

LABORATORY DETERMINATION OF WATER (MOISTURE) 
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE 

MIXTURES' 

(\AI 11a1uhul i• inuC'..J unJC"f I he fhct! dc'•&n.totiou U lliA. 1hc nunthcr inuncdi.liC'I)' lull,t~o~tin&lhc dui,n.di,m lu •. hotC'$ the 
f" olu••J•n.JI a.Joruiounr. in I he ca~c <'r f.:\'i,uon.ahc )·coaruf I.1U rnhi''"· A numbcr in rarcnlhr~umdl~oiiCIIhc )'Uf nl t.u1 

I ~pp•u-.ll. A •upcnuil'' cruiltJu tt.J rnd!UIU ~n c&..ltiOII.tol ch.ton&C llllCC I he l.tou f('WUiiJII Uf rurptunl. 

'! 
L Scope 
; 1·.1 This method covers I he laboratory delcr
•ination of the water (moisture) conlcul of 
JOil. rock, and soil-aggregate mi.,lurcs by 
ui£hl. For simplicity, the word "milltriill" 
.. rcinaller refers to either soil, rock, or •oil
auregate IIIL\Iurcs, whichever is most applica

ble. 
.~ 1.2 The water conlenl of a material is de
-incd as the ratio, expressed as a percenlilgc, of 
lhc mass of "pore'' or .. free .. walcr in a given 
mm of material 10 the ma.s of lhc solid ma

:tcrial particles. 

1: IJ This method <loes nol give true repte
Kol;sli-vc rcsuhs fur: malcriah coutaiuin~ ~ig
~•iflcant amounts of halloysile, moulmorillon· •t, or gypsum minerals; highly organic soil•; 
or, materials in which the pore water contains 

·dilsolved solids (such as sail in the case of 
amine deposits). For a material of the previ
ously mentioned types, a modilied method of 
luting or data calculation may be established 
to &ive results consistent with the purpose of 
the ICSI. 

1. Summary of Method 

': 2.1 The practical application in determining 
the water content of a material is to determine 

'the mass of water removed by drying the moist 
"'•lcrial (lest specimen) 10 a constanl mass in 
a drying oven controlled al 110 ± ~·c and to 

· UIC this value as the mass of water in I he lest 
·•pccimen. The mass of material remaining after 
•oven-drying is used as the mass of the solitl 
putidcs. 

3. Slgnillc•n<e and U•e 

3.1 For many soilllp«.lhe w•ter content is 
one of lhc mosl iit;nificaul im.lc t properties 
u•ed in e•tablishing a coroclalion bclwc<n soil 
behavior and an indc• properly. 

3.2 The water couteut of a soil is used in 
almost every equation uprcssing the phase 
rcl•tiomhips of air, wa1er, and solids iu a given 
volume of matrrial. 

3.) In line-grained (cohesive) soils, the con
sistency of a &ivcn soil type depends on its 
walcr cunlcnl. The walcr coulcnl of a soil, 
along with its li<1nid and plaMic limit, is used to 
express its rclati•·c consistency or li•1uidity in
ll.:Jl. 

3.4 The term "water" as used in gcolcdtnical 
engineering, is typically assumed In be "pore" 
or "free" water and nol that which is hplraled 
lo the mineral surfaces. Therefore, the water 
content of materials containing signilicanl 
amounts of hydrated water al in-situ tempera· 
lures or lc•s than 11o•c can he misleading. 

).~ The term "solid particles" as used in 
geotechnical engineering. is typically assumed 
to mean naturally occurring mineral panicles 
that arc nol rca<lily soluble in water. Therefore, 
the water content of materials containing extra
neous mallcr (sut.::h as ccmcnl, etc), walcr~5ol· 
uhlc mallcr (such as sah) and highly organi~ 

.. I Thil cnCihOt.l il under the jutltdicllon or ASTM Com· 
miltrc D·ll on Stliland Roc• and is 1hc di•ccl tupoMiblhly 
oiS\tbcon•miurc DU.OJ on TuluiC, Plulicily ~n~ Ocn1il)' 
Chlracacri»lics or Suib. 

Currcna. cdi1ion •rp•o"rd .. lay JO, 1910. rubli1hccJ July 
!~~?~no~,;~:!'! f::bl,•hcd •• D U16- 6J T. lui prniouJ 
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mallcr 'Yt•it.:ally rcttuirc spcci;tl IICi\lmcut or a 
'lut~ltfu:J Jcfiuitiou of walcr conlcnl. 

al. ,\pfHlrOI(U!Ii 

4 I IJr)"'J: 0.-to, thcrmmlalically-con-
trulkd, prch:1ahly t)rthc fou:cd-dlafllypc. anti 
11101intaiui11g a unif,um lcmpcralurc uf 110 ± 
5 01 C tluouglwul lhc t.Jrying d1ambcr. 

4.2 /lal<mccJ, having a precision (repeatabil
ity) or iO.OI g for >peeimc"' having a man of 
200 g or less, iO.I g fur specimens having a 
mass of belwe<n 200 and 1000 g. or ± I g for 
specimen> having a mas. greater than 1000 g. 

4.3 Spccimr11 CtuUtJill~r.s-Suilablc con· 
laincn made o( malcrial resistant to corrosion 
ami a d~i~nge in mass upon repealed heating, 
cooling, and cleaning. Containers with close
liuing lids shall be used for lestin& specimens 
having a ma" of lc<s than ahonl 200 g; while 
fur ~pcciuu;ns having a mass grcalcr than aboul 
2tl0 g. containers w11huut lids may be used 
(Note I). One container is needed fur each 
walcr conlcnl dclcrminalion. 

Nort. 1-The purpo~c of clmc-fiuing lids is to 
prcvenl lou of mol\tute from "pccimens before initial 
wcighin~ ant.llo flltvent absorption o£ moi~IUIC fwm 
the atmosphere fullowin& drying and bc(urc fuul 
""eit;hin,;. 

4.4 J)uiccator--A deoiccalor of suitable >ire 
(a convenient >ilc is 200 10 250-mm diameter) 
conlaiuiug a hydrnu~ silica gel. Thi~ Ct(uipmcnt 
is ouly recommended for usc when containers 
having closc-lilling lids arc nol used. Sec 7.4. I. 

5. Samples 

5.1 Keep the samples that are stored prior 10 
lesling in noncorrodible airtight containers al 
a temperature between appro•imatcly ) aud 
Jo•c anti in an area that prevents direct contact 
with sunlight. 

~.2 The water content dcte1mina1ion shoultl 
be done as soon as practicable afl<r sampling. 
especially if potentially corrodible containers 
(such as steel thin-walled Iuhcs, paint cans, etc.) 
or sample bags arc used. 

6. Test Specimen 

6.1 For walcr contents being dclcrmined in 
conjunction with another ASTM rncthod, the 
method of specimen selection specified in I hat 
method ccuttrols. 

6.2 The mauncr in whkh the lc~l specim(.n 
i• sdcucd and its required mass is basically 
<lcpentlcul '"' I he purpose (application) or lbc 
lcsl, I)Ve of material being lc>led, and the type 
of sample (specimen from another lest, bag, 
tuhe, split-l>aucl. etc.). In all ca,cs, however, a 
rc1H<5CIIIative porliun of the lola I sample sl»ll 
be sclcclctl. If a layered soil or more than one 
sniltypc is encountered. select an average por· 
lion or individual ponions or both, and note 
whirh porlion(s) was lcsled in the report of the 
results. 

6.2.1 For bulk samples, select the lest speci
men from the material after il has been thor
oughly mixcd. The mass of moist material se
lected shall be in accordance with I he foUowiog 
table: 

Stc\C RruiniflJ Mole Tb.Jn 
Ahoul 10 "1o of S.tomplc 

2 0 mm (No 10) sir'c 
4 H mm (No.4) !tC\'C 
19mm 
JS mm 
16 mm 

R tC"ommrodC"d Minimum 
._h.u oC M•H•I Srccunu, 

I 
100 h> 200 
100 IO 100 
~00 lo I(XX) 

110010 1000 
)()()() IO 10 000 

6.2.2 For small (jar) samples, select a rcpre
scnlativc portlon in accoldance v. ith I he follow· 
ing p•ocet.ltuc: 

6.2.2.1 Fur cuhe•iouless soils, thoroughly 
mix lhc malcrial, lhcn select a IC5-I spHimco 
h;n·ing a mass nf mui~t malcrial in accurdancc 
"·ith the table in 6.2 I. Sec Note 2 

6.2.2 2 For cohesive soils, remm·e aboul 1 
mm of material from I he nposcd periphery of 
the sam pi< and slice it in half (to check if lhe 
material is layered) prior 10 selecting the lest 
specimen. If the soil is layercd sec 6.2. The 
rna" or moist malerial selected should nol be 
less than 25 g or should be in accotdance with 
the table in 6.2.1 if coarse-grained particles are 
noted. (Note 2). 

6.) Using a test specimen smaller than lhe 
minimum mass indicated previously requires 
discretion, though it may be adequate for the 
purpo>e of the lest. A specimen having a mass 
less than the previously indicated value shaU 
be noted in the report of the rcsulls. 

Null: l~-ln m<~ny uses, when work.ins wiah 1 
small s;unplc contaanin& 1 rclallvcl) lar&e coanc· 
&rained r•uticlc, il is app10prialc not 10 include this 
panicle an lhc test specimen. If this occun, il should 
be noted in &he report or &he results ~·· 



tll 
I 

N 

(~~~ D 2216 

;, rrocrdure 

1.1 Selccl rcprcsenlotlivc tcsl specimens in 

1ctordancc wiah Sccliou 6. 
7.2 Place 1hc moist spcd•ucn in a clean. Jry 

,.niuinu of known ma<S (Nolc 3), '"' lhc lid 
ttCUrcly in pusilion, auc.J determine the III:&S\ of 
&he container and moi\1 matcri01l U\illt; an ap· 
propriale balance (4.2). Hccurdlhcse value•. 

7.1 Remove lhc lid and place lhe cunlaincr 
ailh .noisl malcrial in a drying U\'Cn main
IJineJ al IIIJ i S"C and dry IU a COilSianl UlaSS 
(Nolu 4, S, and 6). 

NolE )-To as~isl in lhc oven-tlryin& or large lUI 
ip«imcns, they should be placed in containers h.J.v
il& 1 lart;c surface arc;a (sul:h as p.J.ns) ami the 
•a&crial broken up into smaller a~grcsatious 

Noll! .C-1 he time: ICttuitcd lo ol>loain consunl 
1\US will Vi\1)' f.lcpcnJinr., on the I)'JlC of malcri;ll, 
,a1c o( specimen. oven type and capaciay. anJ ollu:r 
bcton. 'I he inllucncc n( thuc faclms &~ucrally can 
be ul3blishcal b) ~oud jud~omcnl, ami c~pcricncc 
•ilh 1he nulc:rials bcin& lcslcd ami the app3r:uus 
bcin& u,eJ. Ju mml Cil\C:'i, thyin'- 3 lest sped men uvcr 
ai£hl (about 16 h) is suUicicnl. In cases where &here 
i1 douhl cnn<:crning the a..Jcquuy of thying. drying 
lhould be conlinuc.J unaillhc mass after two SUCL:U

sivc petiods (&•cater I han "'h) of dryinr, inJicalc an 
Uuir,niftcanl chansc (less I han aboul 0. I ~c) Speci
mens of sand; may o(&cn be dricJ 10 consloaru mass ln 
a period of about 4 b, when a forccd-dra(l oven is 
IUCd. 

Nou: ~-Ovcn-dryinz, at Ito ± s•c docs nol 
•lw.~oys resuh in WOlter content "01lucs rcbacd to ahc 
intended usc or the h:uic def1nition espcdaUy ror 
matcri:t.h conl.limn& gyp,um or oahcr nunerals h3"
in& signifacanl amounts of hydralcd waler or f01 soil 
roncaining a ~itnificant amount of or&anic material. 
lo many cases, and depending on lhc inlended usc 
fol lhuc lypcs or materials, il mi&ht be more &ppli
ul>lc to mainlain I he dryin& oven al 60 :t )•C or usc 
1 vacuum dc:sicc;ator at a va.cuum of appro-timalcly 
Ill Pa (10 mm llg) and al a lempcraiUre ranging 
bclwccn 2) anJ 60"C for drying. If eilhcr of lhcoc 
dJyin& mclhm.ls arc used, lt should be noted in the 
repml of the rcsuhs. 

Nor£ 6-Since some dry nulclials may ab~orb 
moi~lurc from moist spcc1mens, dried specimens 
~hould be rc:rnovcd before placin& moist spc:Limc:ns 
1n lhc oven. Jlowc:ver, I his requirement is nol appli· 
~able if lhc previously dricJ sF.cimcns will remain 
an the dryin& oven for an adi.luional time pcliod o{ 
aboul 16 h. 

7.4 Afler 1he malerial has dried 10 conslanl 
mass remove 1he conlainer from lhe oven and 
replace 1he lid. Allow lhe malerial and con· 
laincr lo coollo room lemperalure or unlillhe 
conlainer can be handled comforlably wi1h 

1q 

bare hand• and lhc upe~>liun of lhc h;llance 
will nut be alfcctc.J by con"cctiou cuucuts. 
I )ctcrminc the maM u( the container anti oven· 
dt icd m~\lcrial using I he same bal.uat:c a !I uscJ 
in 7.2. llecurdlhis value. 

7.4 I If lhe conlainer doc< nnl have a lid, 
weigh the cuntaincr and matcriJI ri~l.t ahcr 
their tcmpcraturci nrc such lhal the upcutinn 
of 1he balance will nol be nffccled by <onve<· 
tiun cuuc:nts or after cuollng in a dcsi(:cator. 

NoH. 7-Coolin& in a dcsicc;~tot is rccummcnJcJ 
$incc it prcvcnu. ahsorpliou oC Uh.lislurc hom the 
atmu~phcrc duling coolin&-

8. Calculolinn 

8.1 Calculale lhe waler conlenl of lhe ma· 
leri;•l as fuliuws: 

II'. 
,. -1(11',- 11'1)/(IVo- II',)J X I!JO-- X 100 

IV, 

where: 
w = walcr conlcnl, fo, 
U'1 ... mass of conaaincr and moist specimen. 

g, 
IV2 - mass of cunlainer and oven-dried spec-

imen, g, 
IV.. - mass of container, g. 
JV. -mass of walcr, g, and 
IV, - mass of solid panicles, g. 

9. lleporl 

9.1 The report (<lala sheel) shall include lhe 
following: 

9.1.1 ldenlilicalion of lhe •ample (rnalerial) 
being ICSied, by borinr, number, sample num
ber, test number, clc. 

9.1.2 Waler cunlcnl of 1hc •pccimen 10 lhe 
neareSI 0.1 %or I %, depending on 1hc purpose 
of I he leSI. 

9.1.1 lndicalion of le•l specimen having a 
ma-. less lhan lhe minimum in<licaled in Sec· 
lion 6. 

9.1.4 Indica lion of le•l specimen conlaining 
more lh;m one soil 1ype (layered, clc). 

9. 1.5 ln<licalion of I he me1hod of drying if 
differelll from oven-drying a1 110 ± ~·c. 

9.1.6 Indication of any nu1erial (size and 
amounl) e•cludcd from lhe lcsl specimen. 

~~ D 2216 

4 10 ... u·~r.:i~ion uud ,\rrural·y 

10.1 ltctiUilcmcnlS tor the prccisit.>n anJ 0\C· 

curacy of lhi• l<sl melhod have nol yc1 been 
de• clupe<l. 

£,,,,!,~:,:.::•::;~·:.,;"::~::~'::£•;;,,.~:.~.';;! .:~·~,:~~~·:.::7'~.;;:,r;/~~.:;,~~~=,:t~~;c::;~~~~:,. :7::7:i~ 7{oJ:~~~~~~Q~~:~,;,~,.4:1 ~~;~;~~~~~:: 
~'~/•"•.•· nu It fdlrlll ''t.hiJ, me,/'"' tnA. t~/•"'""t.'mrnl ofrurh ''JitU, tJit uwu~• datu o~ n rt•r•uu•bil••) · 

1 "'' UoJn.lllrtln •••ltjtl'lln ,,,.,""" Ql •111• limt' ~,. 1ltr tc•rr~nultlr ltclvurof co'"""lltt d11J 1111.111 lot trn·rto.rd t•·tt.l fivt ·""'' 
t~rulljnPI ,,,,,,,1. ,,,h,., ,,.,'ff'•Hiilur ,.,.,/,d,., .. ,.. I Pur£o~t~mout '"' uutuJ r••hcr for tf'UJUJI'I c'f 11t11 llollld.Jr,j t!tf'Jt oJJuional 
Jt•moldro/1 llihllltuul.l be n.l.lrrurollo ,f Sl .\1 llruJq11utlaJ ) "'" CPtlllflt'niJ .,.,u,a~"~ ~orrJ~I (OfiJid,•t<liiOII alto~ tnUIIft~ of 1.\r 

rr1f1HH1hlt'IU.\•ut IJI(P"IIIIIrl1'4'. "Ill(.\ It'""'''·'..,,,.,.,/ If )owf~cl lllo.Jl.nuu comnt~1111 hoJ•I' ftOI urrutJofair lt~dii"IYOII Jlto11ld 
'"al.r ·'"~' ru••J .lt~P .. n lo 1Ar A.'iT.\1 Cl)mllulft't ~JII SlonJutJJ,I9Jd Roct St, flu/JJJ,.Irhrfl. fG. JQJOJ. 

ns 
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Slandard Tesl Mclhod lor 

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF 
SOILS' 

,.;. ....... br..J is i\\UC~I untJcr lite> liuJ d~·,··nalitiR I) ... lll. lhc lUI lilt":' immc·h~ld) f"ullu\O.IIIJ ~he lk\itnJihNI inoltCJIC\ lhr )CU nr 
·..a~,Jt.pttun Of, 1U Ike ,·;av ol fC"' IUOn.lhc )C.lf of I.UI 1(\1\hiR A numl.'l In (')fcnlhc-.:11AIIK.:IIC11hf )CJf tl{lasiiC".:IItpf\1\af, 

~rirc rp~lon (•J intJi .. Jict an rJuurial 'hanJ.r siO\C" 1hc- IJ\1 rru\i'"' nr h"J(lllfn,al. 

p.ww..nlt.•l J,,, b.·,·~~~ ut•t"u,,·,fj., ,.,,. ,,..,,,.,~~. u·t '" ,h .. o,.,.,..,,,m,·"' uliJ.ji··u··~~nJfi, luJ,,., 11111tt' ll.•U huJ.•, uJ S"'' ,p,·u'''"u 
,JJ14o4ouJt 

J. Scope 
• .' 1.1 1 his lest mclhnd covers I he dclerminaliun 
lillie liquilllirnil, plaslic limit, anlllhe plotslicily 
iodc• of soils as defined in Seclion l. 

1.1.1 Two procedures for preparing lcsl spcc
iD<os and IWO procedures for (lCrforming lhc 
quid limil arc provided as follows: 
A Mullipnint tcsl using a wei preparalion 

procedure, described in Sec lions 10. I, II, 
anll ll. 

6 Mullopuint lesl using a dry prt·paralion 
procedure, described in Scc1ions 10.1, I I, 
and 12. 

C Onc·(lOinltcsl using a wei preparalion pro
cedure, described in Seclions 13, 14, and 
IS. 

D One-poinllcsl using a dry prcparalion pro
cedure, described in Sections 13, 14, and 
IS. 

The procedure lo be used shall be specilied by 
lhe requesting aulhorily. If no procedure is SflCC· 
if~ed, Procedure A shall be used. 

N•nt 1-J•riorro rhc: a~oprion oflhis lest method, 
I cur~C'd croovinc aool "''3S spccifictl as part of abc 
IPJllt:Uus for pc:rformins lhc liquid limil lest The 
C'UI'\td tool is not consit.lcred lo be :as ucuroue as ahc 
Lt loot dncril-:d in 6 2 since it docs nol contml lhc 
ckpda or 1hc soil in the lit1uid limit cup. Ho"·c..,cr. &here 
~rc _some d;.ala ~hich indicillC th:al lypit.:illly the IK1uid 
~mot is >lighlly increased "hen the Jlal lool is used 
llls&tad of the curved tool. 

1.1.2 The plaslic limil lcsl procedure is de
ICribc<l in Seclions 16, 17, and 18. The plaslic 
limil lcsl is rcrforrued on malcrial prepared for 
lhe liquid limil 1cs1. In elli:cl, lhcrc arc 1wo 
P•uccdures for orcparing lesl specimens for lhc 
plaslic lionio 

I.I.J 1 he prncc<lure fur calcul;olinc lhe pla•
licily i111lc.\ is given in Scrlion 19. 

1.2 The hquid limil and plaslic limil of soils 
(a lung wilh lhe slorinb~c limit) arc uftcn collec
tively referred to as the Attcd.>erg limits in rec
ognition of their formation by Swedish soil sci
entist, A. Aller berg. These limits distinguish the 
boundaries of the se•·eral consistenC)' states of 
plastic soils. 

1.3 As used in this test metho<.l, soil is an)' 
natural aurr&ation of mineral or or&anic mate· 
rials, mi~tures of such materials, or artifidal mix
tures of aurrgatcs and natural mineral anll or
ganic panicles. 

1.4 1 he multipoint liquid limit prornlure is 
somewhat more lime consuming 1han lhc one· 
(lOinl proccllure when bolh arc rcrforrncll by 
U(lCricnccJ O(lCraiOrs. IJowcvcr, lhe onc-poinl 
procedure requires lhc operaiOr lo jull~c "hen 
lhc lcsl SI.>CCimcn is approximalcly al il5 liquid 
limil. In cotscs where lhis is nol done rcliahl)', lhe 
rnullipoinl procedure is as fasl as lhe onc-poinl 
p;rKcdure and provides a<ldilionaiJ>rccision due 
lo lhc informalion oblaincd from a,ldilional 
lrials. II is panicularly rcconuncnd~d lhal lhe 
mullipoinl procedure be used by ine.\JICricnccd 
opcralors. 

l.S 1 he corrda1iuns on which I he calculalions 
of lite onc-poinl procedure arc based may nol be 
valid for ccrlain soils, such as organic soils or 

11 his lnl mc1hnd is "lkkr lhC' jutiw.liclion o( ASTM Cnm
n,illt'C 0·11 on Soil ~nd Rock anJ is 1ht ditC'CI rr~pon,itlllil)" n( 
Sub:11•nmi11cc 011.01 on Tc.uurc, rbs&tcil)' and OtnWarCho~•· 
~ICfiiiiCJU(S<till. 

Cuucnac..li1ion approvnJ Ort 16, 1914. ruhlilhrJ r>tccmbct 
191• (h•ain:\Ut publ,th..-d ar. D •111- ll.l..as1 prr.-ioul ct1i1ion 
04111 -II''. 
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• StJih lium il marint.• rn\'iHUHih:nl. ·1 he liquitl 
limit nf tlal'\C SOli\ slluultl tlu.'lrftllc be tkln

mint:J hy the multipoint pHk.'<.·du•c (PHlt:l'tlurc 
A). 

I.Co ·1 he li•1ni•l and plastic limils of ruanr soils 
lh.tl have ll<:cn allowed lo dry hclorc lestinr. IIIJ)' 

ll\.' nmsidl'lahly thllcu:nl frum values uhtaim·d 
un undo i,·,l s;unplcs. If the li<1uid and pl;ostic 
li111i1s nf smb au.~ usnl to correlate or cslimalc: 
a h.: cu~ilh'Cring hcha\·it)f of soils in lhcir n.11ural 
mois1 \laic, s;.1mplrs dmuld nol be pcnniurd lo 
do y hdurc lrSiinr. unless da1a on <hied s.1onplcs 
a1e spnificillly dcsiocll. 

I. 7 ·11u..· compusitiuu and roucrnlralion of 
soluble s.;1ll~ iu a soil afliTI lhc values of lhc 
lit(Uid and pl~llilic linlil\ as wdl as 1hc w~llcr 

cunlcnl values of soils (sec Melho<.l D 221(o). 
Spcci.1l l'nmideralinn shoulll lhcrcforc l.>e ~h·en 
lu ~oils f1oJH a marine environment or oahu 
sourn'\ \\here high ~olulJic s.ah ruurculraliuus 
no;oy he pll·•enl. The drgrce lo which lhc s.1lls 
prcscnl in lhcsc sods arc ~.llluacd or conccnlralcd 
musl be gi•·cn cuusidcra1ion if meaningful resulu 
arc lo he oblailll'<L 

1.8 Sinrc lhc lcsls described herein arc per
formed only on lhalporlion of a soil which passes 
lhc 425-Jim (No. 40) sic•·c, lhc rclalivc conlri
bution of I his ponion of I he soil to 1he propcnics 
of 1hc sample as a whole musl be considered 
when u<inglhcsc tests lo cvaluale lloe prorcnics 
of a soil. 

I. 9 1 he values slalcd in acccplablc mCIIic 
uni1s arc 10 be regarded as I he s1andard. 'I he 
values given in parcnlheses arc for infonnalion 
only. 

1.10 7/oir Jltllrr/mJ IIIII)' im·,,J,.,• lw:artlmtJ 
11111/l'flor/.t, "l"'fll/iom.t, 11111/ eQIIIJIIIIe/11. ThiJ 
Jl/1/llfllrtftf<WJ IIIII Jlllfp()l/ I <I lltftfreU a/1 of lfr~ 
.lilf<'IY jlfobifiiU IIJIIIfilll<'d ll'itlr 11.1 11.1~. II iJ tlr<' 
"'·'I'"'HilnliiJ' o/ "'"'"'''Cf 111<'.1 tlriJ Jtandorrd 10 

cmuult ami eJIIII>IiJir IIPI""J''illle Jiifi'/.1' allll 
/i('(l/i/r toraai< ,., uml J,.,..,,;"~ tlr~ applimbilriJ• 
uf r•·xulat(}l J' luiiiWIWIU priiJT /IJ uu·. 

2. A1•1•lk;ohle Uucumcnls 

2.1 ,lSD/ StmoolardJ: 
C 702 t.lclho<.ls fur Reducing Field Samples of 

Auregalc 10 ·1 esling Size' 
D 1S l'raclicc for Sampling Auregalcs' 
I> 410 ltecornmen<lcd l'rae1icc for lnvcsligal· 

ing and Sampling Soil ami Rock for Engi· 
nccring Purposes' 

1> 65.1 Terms and S)n<bols Rt1•1ina1o s., 
ami Hod' 

0 1141 Speciliralion for 1\Jalcri•ls r
01 

1:o~ 
Aggregale Suhhasc, Dasc, and s,,1 Cuurs~.·s' aq 

ll 2 ~I 6 ~ klhod furl a bora tory Dcicrmina:r_ 
of WJicr (~loislurc) Conlenl of Soil,~ 
and Suii-AurcgJic MixiUrcs'. , 

1> 22·10 Test 1\lcllood for Rubber ProJlm
1
, 

lJuromclcr 11Mdness1 '.: 

0 2487 Tcsl Mclloo<.l for Classifica1ioo oiS.:., 
for En~iucrring Purposts' · .1 •• 

D 2H8 Pracli,·c for Description and ldcnt!. 
cati<•n of Soils (Visual-/llanual Proc-rdunf 

U J282 Praclice for Classificalion ofSoib..: 
Suii·AU.I<'BJIC Mixlurcs for lli&hll•f ((10. 
suuctinn Purposes• ~ . 

E I I Specilicalion fur \\'ire·Clolh Sims lor 
T ''sling Purposes' · 

E 319 /llclloo<.ls of TcSiing Single-Ann U 
ancn" · 

E 898 /lklho<.l of Tcs1ing Top-Loauin&. U. 
reel-Reading Labora10ry Scales and &l
ances• 

J. Ocfinilions 

l.l ,luubt•rK /imtiJ-originally, seven "limiu 
of consistency" of finc·g•aincd soils •«•e dcfanol 
hy Alber& A Herberg. In currenl engineering"""
I he l<rm usually refers only 10 1hc liquid limil 
plas1ie limil, and in some references, lhc shrink· 
age limil. 

3.2 WllliJtcnq-lhe rclalivc e35C l'ilh "hiJI 
a soil can be deformed. . 

l.l /oquid limit (1.1.}-lhc walu eonlcn~ il 
rcrcenl. of a soil althc arbilrarily defined bounJ. 
ary bell•ccn lhe liquid and plas1ic slalcs. This 
walcr con1en1 is defined as I he walcr con1cn1 al 

\\hich a pal of soil placed in a slandard cup aod 
cui by a groo•·e of slandard dimensions ,.;u Oo• 
logclher at I he base of lhc groove for a disunc:c 
of IJ mm (Y1 in.) when suhjce1ed lo 25 shocu 
from I he cup being droprcd 10 mm in a sland:snl 
liquid limil apparalus operaled al a ralc or l 
shocks per second. 

1 Aflflua/Boul of ASl".\1 S1anJanlr. Vol ~.01. 
1 .h,.ua/ Rc)(Jk of.tSTM Slot~Jt~rtiJ, \'ub ().1.02, Q-4.01, aol 

1).1 01. 
• Afi1J14al Dv-JA vf AST.\1 Sumddtdt, Vol (H 01. 
1 AflnuaiiJonk of AST.\/.flll~tdtJtdJ, Vol 09 01. 
• AnnwJ Boo4. of AST.lt Sillltda,dl, Vo' ~ 
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. Jbfl 2-1 he u_n,lraincJ shc~r slrcn1:1h of soil al.lhc 
~~mil is consuku:J lo Lc 2 ±0.2 LPoa (fJ JH p"il). 

i J.4 p/alliC /111111 (1'1.)-lhc Walcr COnlcnl, ioo 
' nl, of a snil at the boutHiaf)· hclwn·u the 
~ 1nd hrillk slates. 1 he '-"iller c.:uulrul -.1 
~untlary is I he w~llcr cuolcnl at v. hid a •• sui I 
paPO long~r he tlc.formc<.J by rui~IHJ! iutu 1.2 

11111 (~ in.) w dtamdcr lluca<.Js Wllhuut u um-

.,SnJ. . . 
JJ p/tutic sutl-a suol whu:h has a r:mr.c ul 

·,.,1a content O\'Cf which it cxhihits plasticity 
..,d ~hich will rclain ils shape on tlo}ing. 
_ J.6 p/aJtidty imlt'.\ (1'/)-lhc range of walcr 
ll)lliCnl o•·cr which a soil l>chaws plaslically. 
/iumcricolly, il is lhc diO'crcncc bel ween I he liq
eid limil oml lhc plaslic limil. 
· J.1 /tquidll.l' itoJ,•x-lhc mlio, cxprcs.'ICd as a 
f<'"Oia&<, of ( J) I he naluraJ Wille< COOICnl of U 

pl minus ils plaslic limil, 10 (1) ils plas1ici1y 

~·-.. ll a<·tio·it.•• 1111111bu {.-1)-lhc r.olin of (J) I he 
ponicily index uf a soil 10 (1) lhc pcrccnl by 
ori&hl of panicles having an cquivalcnl diamclcr 
smaller lhan 0.002 mm. 

(.Summary of 1\lclhod 

4.1 1 he sample is pooccs.'ICd lo remove any 
orulcfial rclaincd on a 4H-1tm (No. 40) sieve. 
Th< liquid limit is delcnooined by pcrfurmiuc 
lli;ah. in whidt a purtiou of the s.ounplc is spread 
ifl a biOSS CUJI, divided in lwu by a crooviug lOIII, 
and lhcn allm•·ctl lo llow 111ge1hcr frum lhe 
shocks caused by rcpcaiC<.IIy dwpping lhc cup in 
i standard mechanical device. The mullip<linl 
liquid limil, l'rucedurcs 1\ ami U, re<1uires lluce 
or more !rials over a range of walcr con Ienis lo 
be performed aud lhc dala from lhe lrials plollcd 
or c;,lculaled lo make a rclalionship from which 
lite liquid limil is dclcrmiucd. The onc-poinl 
liquid limil, l'ruccdurcs C and 0, uses lhe dala 
f•om lwo lrials al one walcr colllcnl mnlliplicd 
by • corrcclion faclor lo dclcrminc lhc liquid 
~mil. 

4.2 'fhc pla<lic limil is dclcrmincd by allcr
oalcly pressing logclhcr and rolling inlo a 3.2 
rnm (Yo in.) diamclcr lhread a small pun ion of 
plaslic soil unhl i1s walcr conlcnl is reduced 10 a 
P<>inl al which lhc lhrcad crumbles anti is no 
lon&er ahle lo be pressed logclher and rcrolled. 
The walcr eonlcnl of lhc soil al lhis Sla&c is 
reponed as lloc plaslie limit 
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4.] 'I he pla~ticity index i~ ro•kul:llctl ;1~ I he 

dilfc•eucc bel ween 1he lit(uid limll amllhc plaSiie 
limit. 

5 • .SiJ:niCkalll'C and the 

5.1 'I hi~ IC<IIllclhotl is U\t"d a. an inlt'l\f:tiiO:III 
uf scn:ul eur.in~criug d:l\~itiGlliun S)"~ll·m\ hl 
dlalotl'lclilc the finc-srainctl fral"tiuns ••f ~uils (sec 
'1<>1 Mclluxl U2487 an<ll'raclic~ DJ282) and 
tu spcL·ify I he fine-grained frotctinn of construe~ 
linn no;tlerials (sec Spccifieaaion D IN I). ·1 he 
liquid limil, plaslic limil, and plaslicily index of 
soils arc also U!ICd cxlcnsi•·cl)·, d1hcr indivitlually 
or lo~elhcr wilh olher soilllropertics lo concl:tlc 
wilh engineering behavior surh as comprcssihil· 
ily, pcrmc;ohilily, comp;tclibilily, shrinl-.,>cll, 
and shear SlrCIIfllh. 

5.2 The li110id and pl;o .. ic limii' of a suit ran 
lx: usct.l wi1h lhc nalural »·alcr ronlcnl of1hc soil 
ltJ c•pu:ss its rdati\·c cnusistcncy or lit.Juidily 
imle., and can l>c u<ct.l "ilh lhc pcrrcnl:t&C liner 
tla:m 2·JIIU si1.c to tlctcrminc ils ac&i\·iay number. 

5.) The onc·1ooinl liquid hmil prorcdu1c is 
frequcnlly used for roulinc classificalion pur
poses. When grealcr precision is required, as 
when used for I he acceplann' uf a malcrial or for 
couclatiun with other lcM data, the multipoint 
procedure shuuld he usct.l. 

5.4 The!IC mclhods 3fc somc1imcs used 10 
evaluate the weathering charo~ctcriSiics of cia)·· 
shale nwtcr ials. \\'hen suhjcclctllo repealed wet· 
line and d•yinc e~cles, lhc li<luitllimils uf lhc\C 
ma1c1ials lend to increase. ·1 he :uuuunt of in· 
crca\C i• cousi<lcred 10 be a mca.ure of a shale's 
suscqnihilily 10 wcalhering. 

5.5 The li<Juid limil of a soil conlaining sub
slanlial amounls of orr,anic maller decreases dra
malically when lhc soil is oven-dried before lcst
iug. Cumpa1ison of 1hc li11uid limil uf a sample 
hcfurc and afler oven-drying can lhcrcfor c be 
us~LI as a 'lualilali\IC measure of o1ganic maucr 
conlcnl of a soil. 

6. Apll013lu• 

6.1 J.iquitl Lim11 u,•vi<·c-A mechanical de
vice eonsis1ing of a bra'S cup suspended from a 
carri;ogc dc~i&ncd lo conuol ils drop onlo a hard 
ruhhcr ba<c. A dr.Jwinc showing 1hc esscnlial 
fcalurcs of lloc device an<llhc cr i1ieal dimensions 
is given in Fia. I. The desi&n of lhe device may 
vary provided lhal lhc csscnli;ol funclions arc 
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PH'"'l'l\ t'd .. , ht• tknlC m:1y l"C opt·ratnl t:lllu..·• hy 
a I1.11Hin:aulor h)· :111 d~.·~.·uic muh1r. 

r..l.l llol\t'-'1 hl' ha<t• <hall h< h:ml ruhhcr 
h.t,·iul! a I> I )UhHIIl'lt.'l h:ardncs\ uf SU tu 'JU, aud 
:1 h'~lllt'IH.'t' sud1 I hal om :i-llllll ('lu.·in.) d&alllt'h'f 

pulidanl Slt'cl l•.all, \\IlL' II dn1p(Wd frl'lll :t hri!!hl 
,,f 1~ nu (9.K4 in.) will h:1'r au 3\'t'IJl!r rrhouutl 
uL•I ka~l SU ~;,hut uu llhHC I han 90 %. ·1 he lr~l5 
~halll)l' nuu.lurh:J uu I he lini~hcd hasc \\ ilh f~o.·ca 

auadonl. 
(o 1.1 Fn·t-1 he hasc <hall he supporled hy 

ruhhn ft-C! dc<igned lo prm ide isol;uion of lhc 
h:tk" fwm lhc work surf.1rc and having an 1\ 
Ournouelcr h:oulness no &realer lhan 6U as mea
sured on lhe finished kel alladocd 10 lhc ha•e. 

li.l.) Cut>-The cu1• shall he hrass alllllo;l\c a 
»t"ij:hl. indutlin~ cup hanger, of IRS 10 215 g. 

6. 1.4 Ca111-l he cam shall r;oisc lhc cup 
suwo1l1l)' a1u.l continuousl)' lo iu m;"imum 
l~t·i~hl. onr a dislancc of al lca•l ISO" uf cam 
rnl:llion. 'I he preferred earn mol ion is a uni
(tlUIIIy an·ckraled lifl cun·c. "I he t.lc.\i~n of lhc 

c;un "'"'follower mmhin;olion shall be such lhal 
&here is un upw~ud or duwnward velocity of I he 

Ctlll when U1c cam follower lea>es lhc cam. 

Null J-'1 hl' c:m• ~nd follower dn1(!R in Fig. I is 
ft•t uniftHmly accckrai('LI (p;uaholic) molion 01f1cr con
l:lCI ami ;anu1n 1ha1 lhc cu11 has no ,cJP~.il)· al tJro1• 
off Olhcr c.1m dc~i~us aho punitk 1l1is f~.·aaurc ;and 
fU3) bt· UM:d JIO\\l'\(f. a( lhC GUR·ftliiUIAC"f lifl pallcrn 
i" lUll Lnmut. 1CIU \clocil) al tlrup ofll·an llt:' ,1\..\UIC&I 

br rarcfull) f1lina or m;u·hinin~ the cam ;unJ Collo"C'r 
su ah.lllhL· ""~ hrir.lu 1cmaius nul'i&:uu o'er &he l.l!iot 20 
lo 4S. of cam 101.11ion. 

6.1.S Canitlg<·-lhc cup carriage <hall be 
ruu~trucll'd in a way that aiiO\\S ronvcnicnl lnll 

secure at.ljusuucnl of lhe heigh I of drop of I he 
cuplu 10 mm (0.)94 in). The cup hanger shall 
1.: auachetl In lhc carriage hy means of a pin 
"hich allnws removal of I he cup and cup hanger 
for ckauing anti i"'pcclion. 

(•.1.6 Ol'lillndl ,\fol41r /Jrirr-As an ahcrua
livc 10 I he haoul crank shown in Fig. l.lhe t.lc,icc 
111.1y he c:quippcc.J \Vilh a motor to &urn ll1c c:un. 
Surh a ,motur 111ust turn the couu at 2 :tO. I 
rcvolulions per second. and muM be isolated 

from I he rc51 of I he dcvirc b)' ruhhcr moun IS or 
in snmc o1hcr wa)· lhal pre,enls vihralion from 
lhc mo1or hein& lransmillt·d 10 lhc rcsl of lhc 
apparalus. h mu~l he el(uippcd wilh an ON-OIT 
.switd1 and a means of cun\lcnicntly positioning 
lhe cam fur hcighl of drop adjuslmcniS. The 
rcsulls oht01inccJ usiug a molOr·drivcn cJcvice 
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IIHI\l 1u11 Uilkr f1om. 1ht1SC o~taintd Uli'l 
1 m.mu;1ll~ <•f'i.'ralrtl de' ICC. · 

1>.2 l-Iar Ciwaring 1<••1-1\ grominG loot~>,.. 
illl! dillll'll~it)IIS S~IU\\"0 in fig. 2._lht 100( ~ 
ht• made nf plasloc 01 nuncorrodmJ mclal. 1\r 
'k~•fmof the to,"llruay ':ll)' as long as I he rs.s(lUi,t 
dinH'IISaon~ arc mainlainetl. Thr tool mJ), h:t 
u~.·~.·J not. incorporate the 1-ace for adjustina ~ 
hri,;hl of dwp or lhc liquitllimil dnicc. •· 

6 .. 1 Ga~c-.o\ •nclal gage bloc~ for adjulli" 
I he hcoghl of drop of lhc cup. havon~ lhc di~ 
~inn< >hown in Fi@. ). The design oflhc IOOIIlll) 
>af}· pro•idt•d lhc gasc will rcsl sccur<ly on lhc 
IMo;e '' ilhoul he in@ susccpliblc 10 rockin&. lf>l 
I he edge "hich conlacls 1hc cup durina adJUS· 
men1 is slrai~hl. allrasl 10 mm (':o in.) .. idc, ar>l 
»ilhoul bnrl or radius. 

6.4 Comaincrs-Small corrosion-rcsi11u1 
conlaincrs wilh snug-filling lids for waler conk .. 
spn·imens. Aluminum or s1ainlc~ Slc:el cans lJ 
em (I in.) high b)' 5 em (2 in.) in diamclcr lit 
aiJIHtlprialc. 

Cd /Jalt111n·-l\ balance readable 10 al hq 
0.0 I g allll h:l\ ing an accuracy of 0.03 g \\ilhio 
lhrrc Slantlard dnialions wilhin I he range of Ul<. 

\\'i1hin an) 15-g range. a difference beh,ccn raJ. 
ings shalllx accurale "i1hin 0.01 g (Noles 4 anJ 
5} 

Nou 4-Sl'C Methods E 89S ;and E 119 (o• ann· 
pbnJiiun of ICIIIIS rdalin1 lo bal.uu:c f'('rformanct. 

Norr 5- For fret.~ urn& usc. ;a lop.loadinr t~r< W 
anrc nith .lUh'm:uic 1,,,1,1 indicuion. rratlat--.lc 10 001 
&. :u\1..1 h::.\ in~ an indl"\ of prca:is•on htantl:ud dc\iJiioal 
,,f 0 OOJ ur hcllcr is nunl suilahlt Cor &his mclhN 
llo"r'rr. nonaulomauc im.hcating tqual·arm anal~1~ 
cal hJiancrs am.l \<lnu· small cqu:al ;u m wp pan bJia.nm 
ha' in~ rndatHiilics and scmili\ilics o(O 001 1 or N'IIC1 
pro,itJc lhc u.·quirL·d arruran ''h~n u\C'd "ilh 1 \lCif.}ll 
><I or AS.I M Cia\\ 4 (Naoional Uurcau of SoandJfds 
Class P) or «:ucr. OrdinarY commtrcial :~nd cl.u.sroom 
I~I'C h;aiJnHs 5uch ;as bca~ bal.anrcs •uc nol suiu.Mc 
fo1 llus method. 

6.6 Stowgc· Camoiner-J\ container in which 

10 .aorc lhe p1<·pa1ed soil specimen lhJI will nol 
ronlanunal~o.·thc specimen man~ \\Jy, and nhich 
pre,·cnl~ moisture loss. A porcelain. sla~s. Ol 

plas1ic dish atooul 11.4 em (4'h in.) in diamtl<f 
anti a plaslic ha& large enou~h lo enclose lh< dish 
and be folded o1·er is adequale. 

6. 7 Growul (ilalll'latC'-A ground r.lass plait 
al kasl )0 em ( 12 in.) square bv 1 em ( \'o in.) 
lhick for mixin& soil and rolli~g plaSiir limil 
lhrcads. 

6.8 St'alllla-A spalula or pilllnifc ha,in&J 
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·. aboul 2 nu ( Ya iu.) wi,lc hy Othnul IU C.: Ill 

~~lone In :ultlitiun, :t spatula ha>iug a hl:ulc 
~t2.S em (I in.) w1dc a1ul 15 em (6 iu.) hour. 
bS ~n fouud usa.:ful ltu iuilial mi~ing nf ~am-

r:.9 Sm·•·-11 20.3 nn (8 iu.) diauocl<r, •125-
'111 (No. 40j sieve conformiu& lo lhc H'tllurc

~u of Spccilil'alion E II and having a •ion al 
1211 S em (2 in.) abo•·c the mesh. A 2-111111 (Nn. 
)OJ sit\t' mcctiu& lhc S<1mc rcquircmculs m;l)' 

IJ/:.0 be needed. . 
.~ 6.10 U',ult lluu/,•, or similar cnulaint"r fur 
.-iJinc contrullcd amuuuts of water to soil :md 
...,hing lines f10111 coane pauicles. 
• 6.11 Ur)'lll/1 O•·•·n-11 thermostatkally cou
JI)IIcd o•eu. prefcwhly of the fmccd-d,.lfl type, 
gp~blc of continuou~ly mainlaining a ICJnpcra· 
lilt of 110 ±S"C throughout the drying rhaml>el. 
Tile o•en shall be equipflCd with a lhernwmeter 
tJI sui1.1ble ra11gc ;~nd _.ccu1acy for munil01iug 
0\tn lcmpcralurc. 
·; 6.12 Wa>hiiiK /'011-A rou•ul, flat-bollooned 
j.n •tleast 7.6 em (J in.) deep, slightly la•ger at 
tbc bottom than a 20.3-cm (8-in.) <liamrter •inc. 

6.11 Rod (optionai)-A metal or plastic rod 
«lube J.2 mm ('Ia in.) in diameter and ahout 10 
em (4 in.) long for judging the size of plastic limit 
thrtaus. 

1. f>latclials 

7.1 A supply of distillell or llcmine•aliled wa
kl. 

I. S•mplinJ: 

I. I Samples may be taken from any location 
that satisfies testing needs. However, Methods 
C702, and Practice 0 75, and Recommended 
P,.ctice 0 420 should be used as guides for se
lecting and preserving samples f10m various 
lypcs of sampling OfJCratiuns. S:tulltlcs which will 
be P•epa•cd using the wet prepa• a lion proc:etlu•c, 
10 I, must be kept at their n:1tural water content 
prior to p1eparatiun. 

1.2 Where sampling OIJCrations h:~ve p•c
sc,....ed the natural sllatilication of a sample, the 
•:uious strata must be kept separated and tests 
JIC•formed on the particular stratum of iutetesl 
'"ilh as lillie contamination as possible from 
Other slrala. Where a mixlute of mate1ials will 
be usc<.! in construction, combine lhe various 
components in such proportions that the result
•nt sample 1epresents the actual construrlion 
case. 
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K.J \Vhr1c d.ala 1'11uu lhis ll':'\1 uu·thutl all' In 
b: u~·tllt•r "·uud.atiuu wiah uthcr l.•lto•:uury ur 
li~.·ld tc!.l d~11:a. usc lhc ~amc m;ah:ti;al a~ u:.cd lur 
lilt:~ lt'SIS Wlll'fC pu~~ihlc. 

8.4 Oht~aiu a rt·pn·~nlolli\'f: ptutiuu from lhl! 
lulal souuplc suUiricnttn IJIOVitlc I.'U lu 200 I: uf 
""1tc1i:tl passinc the 415-ltlll (No. 40) sine. l"ree 
flu wine s:uuplcs m:ty be reduc<tl by the methods 
uf •tn:ute•iuc or splitting. Cuhcsi>e S.11nples sh:~ll 
(>e mi.,nl thuroughly in a p:m with a spatul:t, or 
Sl."UUI) Oil hi a fCIUCSCIIlalivc lklllion M'OopctJ from 
llu: aui.JI nmu by maL:inc one or more sweeps 
"ith a Sl'U<•p thmugh the mi.,ed mass. 

9. C•li~rallun of A1•par•tus 

9.1 hl.l[l(~'ticm of u·,.,, .. 
9.1.1 /.iq11irl Umit /JI'I'ia-l>ctcrminr that 

the litlui<.l limit dnicc is clean and in good wo•~
inc nulcr. The following spccilic points shoul<l 
be chcdcd: 

9.1.1.1 ll'l'clr •if /J,w•-1 he spot on the base 
where the cup makes contact should be wo•n no 
gteatcr than 10 nun ( Va in.) in lliamcter. If the 
wear ~pol is &realer than this, the base can be 
machined to remove the worn spot provided the 
resu1facing docs not make the base thinner than 
specified in 6.1 and the other dimensional rela
tionships a•e maintained. 

9.1.1.2 w,.,., uf Cu1•-Thc cup must be •e
placell when the g•oo>ing tool has wom a de
lllcssiun in the cup 0.1 nun (0.()(14 in.) deep or 
when the etlge of the CUll has l>ecn reu<ll'ed lu 
half its original thicknc'-5. Ve1ify that the cup is 
firmly attached 10 the cup hanger. 

9.1.1.} ll't•aflifCup 1/cm~:•·r-VCiify that the 
cup hanger pi>ol <.lues not bind and is not "''" n 
to an e•lcnl that allows mo•c than J-mru (\'a-in.) 
sitle-lo-sitle mo>emcnl of the lowest point on the 
rim. 

9.1.1.4 ll't·ar <if Cam-The cam sl1all not he 
worn to an extent thai the cup drops l>efmc the 
cup hanger (cam follower) loses contact \\ith the 
cam. 

9.1.2 Gmmi11g J'uu/s-lm(JCcl groo•inc tools 
for wear on a frcl(uent and regular b.1Sis. The 
m1•idity of wear dc(lCnds on the mate1ial fwm 
>•hid1 lhc tool is made and the ty(lCs of soils 
hcing tested. San<.ly soils cause r"pid wc:11 of 
grooving tools; therefore. when lesling these ma
terials, tools should be ins(lCCie<.l mote frequently 
than for other soils. Any tool with a tip width 
&•cater than 2.1 mm must not be used. 'I he depth 
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uf lhl· lip uf llu.: t:HhH iur. lutll nwsl he 7.9 In M.l 
IIIIU. 

N•ur (I ··I h~..· \\idlh ur th~ llll uf r.ultniug hllll\ i\ 
lnnH·nu·ull) ,hnLc,l tl\llt~ a P'""-h'l·!\ltnl llll".t~uriur. 
lll.•fmlin nauipp•:~l \\llh a nulhm~.:lll" ''-"'11" t.l.•r.nrh<'IS 
''' llus 1~1)(" a.,. Ol'~ul.1hk hum nw\1 l.thor;llm) '-Uppl~
ltiHIJllllin •. I~~~ 1kp1h nf aht· hJ' nf !!•Om ill~ ltwh on 
Ill' I haLnl U\111& lite tkplh llll'J\uring r .. ·.uurc ,,r \Cinicr 
l.ihl)!."r\. 

11.2 .ldjll\/lll•'lltofll<'i.~lu of/J•"I'-''dju\lthe 
hc1bhl uf dtup of &lu: n1p ~u lh;lt I he puinl on lhl
l'UJI llaal rnllll'\ in nmt;u.·t willa the hasc ti~rs tu 
" hci1<i•t of Ill ±0.2 111111. Sec Fie 4 for proper 
h)l";llinn of lhc gage tcla&ivc to ll1c CUIJ lluriug 
adjUSIIIIt.:UI, 

Ntll[ 1-.'\ ~o:nll\t:UICUI prncr..Jurt lor :~dju11intt the 
hn~lll 11f t.lwp i\ 3' fulll)l\\: pi:ILC 3 pu:n: u( uuslillf. 
l.tpc anuu the oua~idc houom of the cup plr=tllrl ~Arlh 
the .nis uf 1hr cup h.Jut;cr pi"ul. The etltc of 1hc llpc 
a~o~oay fmru lhe cur• hanr.cr should hiKCl the spol on lite 
CUjl 111.11 (tJnlalU lh..: ha\C'. ror IIC\Y CUJI\, pi.Jt.."illl! .21 

jHl't"l' u( ..:afhun pJflC( on lhe hl'< and alltmmg lhc cup 
lo d1up '\C"\t.'l,llliuu·s \\ill m.lll I he t:oniJCI Slk.ll. All;ach 
the tUJI w lite d~\iu: :and 1u1o 1hc nanL. unlllthc cup 
is ui!ICJ 10 iu m;nimum height. Slide the hcighl J:agc 
under 1hc cu,J from lhc fronl, tand ob"C'n·c "'hr1hcr 1hc 
f•K< coni>< II lhc cur o• 1hc 13pc. Sec Fie. 4. If rhc IJt>< 
~nd cup arc ho1h cont.Jclcd. 1hc hci,.ht of drop is 
lppro.\imalcly contcl If nol, ~lliusl lhc cup until si
muhancoul conl.lcl is made. Chcclt adjuumcnl bv 
lmniug ahc cr.1n~ a1 2 revolutions per second whil~ 
llllMin~ &he f.::J~tC in posi1ion oagJin\1 1hc- &ape and cup. 
If :a rin~•n& or chcling sountt is heard wichoul &he cup 
ri,in& fuun lhr g;af:_c. thr adju!\lmt.·nl i11 corred. If no 
riu~illl! 11i hc.ud 01 j( I he Cup ri-..:s flU Ill lhl' c:1gr. IC.JJJUil 
a he ht.'ll~hl of drup If 1hc cup rods on lhc c=•!-..: during 
thi1o daL"dinc t)Jtelaliun, lhc cun ft,lltmt·r pi"ol is C\· 

Cl'\"11\rl)· \HUll 3nJ the '"om 1'311\ ~hould be rcpl;•,cd. 
Ah,·ay\ rcmo"c l;apc after <Omplcliou of ;;~..Jjustmcnt 
opcr;uiun. 

~IUI:tii'OINf I.IQI'IIl t.l~ltr-I'IIOUUUHI:S 
,\ ANU II 

IU. PrcJ•ar:lliun o( Tc\1 Spt.·dmt·us 

IU.I ll'c·t }'I&"J'IIItllltiii-E\n'l•l \\lll'u: thl' dl)' 

mrlhud of sp~l·imnl prcp;ualion is ~pc-rilicll 

( 10 2). IIICft.Ue specimens fm test as dcsrribeJ in 
&he li•lluw1ng 5-t.'ctiuns. 

10.1.1 S""'l'h·s /'aHi••K t/11• 415-1'111 (r\'o . .f/J) 
SH·n•-\Vhcu by visual o:111J manual p1oc.:cJurcs 
il is dctelllllllell th:ll lhl' "1111plc has lillie or no 
IU:tterial retamnl on a 425·jtlll (No. 40) sie•·e, 
p1ep;uc a sperim.:n of 150 lo 200 g hy mi\ing 
tho10ughl)· "ith di,ullcd or llemincr:1lizcd wate• 
on the gl:~ss plate using the spatula. If de~ircd, 
soak soil in a stora~e d1sh wi1h small amount of 
water to soften the soil bci(He the start of mi.,iug. 

u.s 

Ad_iu\l_&lll' \\;llt.'r cnnlrnt of the soillo ~rin • 

;, ~·ou~l~h:u~·y 11_1;11_ ''Ullll~ ICl(uir~ 1~ 10 )j ~~Ia: 
ol &h~..· lhll~HI 11_11111 d.c~ Kc hl clo\c lhc &l • .., : 
(Nul,- ~Ill. tlunn~ mmn~. a >mall rcrccna.,."" · 
m.11ni.1l h rn.::ouutcrl~d thai would be tell,; fl ~ 
ou a ~25·jtm (No. ~0) sic-r, re1~1o.•·e lh<1e 1'<1..~ ~ 
des h•· hand. 1f possrblc. If II IS lmp1•oir.~ 

11
: 

rcnw'c 1hc Cllancr malcnal by hand, rt~' 
souall rc•ccut:~r.cs (less than about IS 51) It' 
cuJI\cr mtllrri;ll hy \\or~ing lhc SPtti~tq 

thruu~h a ~~;\-11111 (No. ~0) sie•c usinga pieq ct 
ruhl>cr sheet in~. ruhller stopper. or Olhrr con1~ 
il'UI d-:' icc proviJcJ a he oprralion docs not cb. 
lUll the sie•e ur de~radc matcrialthJt ~oui.Jit 
n:IJinl•J if the washing m .. ·tho.J dcscritx-d ia 
111.1.2 \\Cfe used. If la.~e· j'<:ICrnlagcs or C""'c 
material au: cncountrrcJ duriug mi\inJ. or ill 
consi,krl·d imprartical lo rcmo\·c lhc co1na 
male rial by the methods just described, ~<ash lhr 
s.1mpk as tlcsnil>cJ iu 10 1.2. \\'hen the COli\( 

pauidrs found during mi.\ing arr roncrclio~ 
shells. or other fragik panidcs,llu 1101 Clush thnc 
p:~rticles to ma~c them pa\6 a 425-1'"' (No. 401 
sine. but •emo•·c by hantl or b)' washing PI.~Ct 
the mixcJ soil in the storage dish. ro•·er to Pit· 
>rnl loss of moisture. and allow Ia stan<l for >1 

lcas1 16 h (o•crnight). After the standing pcricd 
and immctliatel)' bcfo1e stalling the test, that· 
oughl) rcmi.\ the soil. 

Nuu 8-1 h~ lime IJLcn to adcquatc:ly mi\ 1 !A~ 
\\ill \Jr~ ~trJtl~·. depending on lh~ pl;uucuy .and initul 
\\.llcr COIIICUI lniti.llllli\ln~ limes of ml)JC lh.Jn J0-
in m.l~ N uccllcd lor sulf. (Jt d.1~ s. 

10.1.2 Slllllf•ks Cull/allwrg .tfcllt•riul Rrtainol 
011 a .f25·1"" (So. 4/J) Sicre: 

10.1.2.1 Select a sufii,·ienr quantity of soil II 
natu•al "ater content "' I"U' ide 150 to 200 & of 
ma1e1ial passing the 425·1'111 (No. 40) sic•<. Plarr 
in a pan or dish anJ aJt.l sullKirnl "alrr lu co\Cr 
lhc soil. Alluw lo so.ak uuul all lumps ha\t 
softem·tl and the lines no longer auh~re to the 
surf:lrcs of the cu~asc pJrtides (Note 9). 

Nor£ 9-ln some nscs, 1hc cations of s.1lls p~e!otAI 
in l.lp v.alcr v.ill t\chan~~ \\ilh the nJiurJI u&ion• i1 
the ~011 and significantly aher the tcsl rrsulu shou~ ur 
v..:11cr llC used in th~ soaling ami washin& opcr3IIO~ 
Unless il IS knO\\R that such cuiom arc nol prc~nl II 
lhc llp v.;ucr. lliitJIIrd or ~oknuncrahrcd JA.OIICJ shouiJ 
tiC used ,\s 3 f;Cnrral rule. 'A .liCe conuining more &hlll 
1110 m~/L ol thS\ohcu solids should nol be u~o<d f01 
w;uhing opcrJtions. 

10.1.2.2 When the sample contains a IJ•f< 
(lCtrcntage of material retained · ·~e 425-l•m 
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:· .10) sicn". rx:rfocm lhc ~olluwiug washing 
~ion in inut:m~u.as, wa~hwg_uo nuuc th;au 
,...-(I IIJ) of onalctoal :ol one lune. l'lacc 1he 
tJ 1.1 (No. 40) sine inlhe bulloon of I he de :on c»m . . I . pour ahc sml walcr nu:.IUrc ouln 1 1c Sll:\C. 

,.. ,tl or ct}.1JSC S.111tl p;uticks arc Jlfl"'iCnl. ri11\C' 

Jfl 
1
-oflhcscas possible "ilh small quanlilics ,..... . 

I•''" foouo a wash boUle, an~ <l"cao<l. Ahcr· 
.:i,tl)'. pour the: soil water mulurc o"·cr tl 2~ 

111
(No. 10) si<•·e ooc~le<l alop lhe 425-jom (No. 

1.') .sic,t, rinK the lane malcnal lhruugh ;.uu.J 
..,o•< 1he 2-nul1 (No. I 0) sieve. Afler wa~hing 
pJ rrmoving as much of I he coarser maleual as 
l'""l>lt, add sullicienl waler lo I he pan lo bring 
ilo<lc.-rllo abouiiJ nu11 (lfr in.) above lhe surface 
ilh< 425-lom (No. 40) sieve. Agil:olc lhe slurry 
h stirring "ilh lhe lingers while rai_si~og and 
~>-trin& lhe soe\·e 10 lhc pan and sworhng lhe 

tJj "''"nsion so lhal line malerial is \\ashed from 
I -lkco.mcr pan ides. Di~:~ggregale line soil lumps 

0"\ t.~ h>vt nol slaked by genlly rubbing I hem over 
C>< sine wilh 1hc lingerlips. Complele I he w;ash-

)qopcr.~lion by raising I he sieve above I he waler 
airfxe and rinsing I he malerial relained wilh a 
"'--ll amounl of clean waler. l>iscard male rial 
I<Uincd on I he 425-l'm (No. 40) sieve. 
:. 10.1.2.3 Reduce lhe wa1cr conlcnl of I he ma· 
JnW passing lhe 425-l'm (No. 40) sic•·c unlil il 
JJlllo:>ches lhe liquid hmil. Reduclion of \\aler 
COOitnl may be accomplished by one or a com
liA>Iion of I he following mel hods: (a) c.•posing 

. ~air cuucnls at uu.Jin;uy room lcmpcrollurc. 
16) tlpo\ing to warm air currents from a ~llurcc 
IUCb as an declric hair dry<r, (c) lillering in a 
B~Kknrr funnel or using lihcr candles, (d) de
tinting clear water from surf.,cc of suspension, 

'or (r) doaining in a colander or plaSier of paris 
dish lined wilh high rclenlivily, high wcl-slrenglh 
61oer papcr.'lfa plaslcr of paris dish is used, lake 
Qn: 1ha1 lho dish never becomes sulli~ieouly 
Aluraltd 1ha1 i1 fails 10 acliv<ly absorb waler inlo 

. ils surface. 1 horoughly dry <lishes bel ween uses. 
· O..ring cvajM)(alion and cooling, s1ir I he s;omplc 
olltn enough 10 prevcnl o•crdrying of I he frin~cs 

·1nd soil pinnacles on lhe surf:oce of I he mix1urc. 
· for soil samples conlaining soluble ~:~hs, usc a 
:IJltlhod of waler reduclion such as a or b lhal 
•ill no1 tliminale lhe soluble salls from lhe 1e11 
l!l«iontn. 

10.1.2.4 Thoroughly mix lho malerial passing 
!ht 4 25-l!rn (No. 40) sieve on I he glass plale using 
lhc Spalula. Adju,l I he walcr conlcnl of I he mix
luoe, if neces5;1ry, hy auuing small increnoenls of 

769 

di~tilk•l nr tlrn•inl.'raliJcd ~vatcr ur h~· ••llnwiut; 
thC llliliiiiC IO c.J1y Oil UJ(HU h:IUJ)CI~IhJIC \\·hilc 
mi.1iug nn the 1~J.•ss plate. ·a he soil ~huult.l be at .1 

water cuuh:nt lh;U will n·suh in rh,~ure of llu.: 
~uln\'C iu 25 to J~ hluws. ltraurn lhc ruiu·d suil 
h• the 111i1iug di:d1, co .. ·cr to prevent Ill'~ of mois
luoc, aoul alluw 111 sland fur al lcasl 16 h. Aller 
lhc slaouluog JJ<!riod, and imnoe<lialdy before 
s1:11 ling I he 1esl, rcmi.\ I he soillhoroughly. 

10.1 /Jr_l' I'Jt'f'''""imr 
Ill 2.1 Sdc<l suO"rcirnl soil 111 provide 150 lo 

200 K of m;olerial passing I he 425-Jtlll (No. 40) 
sine alier processing. Ory lhe sample al room 
lcmpcraturc or in an O\'Cn at a lcmpc"uurc nul 
exceeding 60'C unlil I he soil clods "ill puhwizc 
rra<lily. l>is;1j!grcga1ion is c.pcdiled if 1hc sample 
is nol allowed 10 complclcly dry. Jlnwever, lhc 
soil should have a dry appearance when pulver
ized. l'uherizc lhc sample in a mor1ar wilh a 
rubber lippcu JICslal nr in some olhcr wa)· 1ha1 
llocs nut cause breakdown of individual grains. 
When lhc cuaosc parliclcs li•unu during puhcri
zalion aoe concrelions, shells, or olher fragile 
parlicles, do nol crush lhese panicles lo ma~e 
lh<m p;1ss a 425-l'm (No. 40) sie•·e, bul remove 
by hand or olher sui1able m<ans, such as w;11hing. 

10.2.2 Separa1r. lhe sample on a 425·11111 (No. 
40) sie•·e, shaking lhe sic•·c by h;1nd lo a"urc 
lhornugh separaliun of 1he finer fraclion. Helurn 
lhc malcoial rclained on lhc 425-,un (No. 40) 
sic,·c tu lhc puhcriziug aJlparalus and acpcal lhc 
pulvcritittg aud sicvinR OIX:J;alions as IIJ;,tny liturs 
as ucL·cssary lu assure lh;U ;~II fiucr material has 
been disal'l:oe~alet.l and rualrrial relaineu on lhe 
415-lun (No. 40) sine consisiS only of indiviuual 
sand or gravel grains. 

10.2.3 Place malcrial remaining on lhc 425-
)1111 (No. 40) sieve afler lhc linal pulveri1ing 
opera lions in a dosh and soak in a sm;oll amuunl 
of walcr. Slir lhc soil waler mi•lurc and pour 
over lh< 425-11111 (No. 40) sieve, ralching lhc 
walcr and auy suspended fines in lhc 1\ashing 
pan. Pour 1his suspcusion inlo a dish conlaiuing 
lhc dry soil previously sieved lhrough lhc 425-
1'"' (No. 40) sieve. Discard malerial rc1aincd on 
1he 425-rom (No. 40) sieve. 

10.2.4 AdjuSI lhc wa1er wnlenl as nc<·cssary 
by drying as described in 10.1.2.3 or by mi.,ing 
on lhe glass plalc, using lhe spalula while adding 
iucrerueuls of di•lilled or dcmiueralizcd waler, 

'S ~ml S ~'H Iiiier fl"'ll('f. a,;~,J.,t.Jc in Jl.un t:i•dc1, h:t\ 
J)III\(Q \.,lh\(,l(IOiy, 
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uullllht· Stltl is at a w;ucr ClHIIl"llllhat \\ill1csull 
• Ill dn~llh' of the f,llkJ\C iu ~~ It) JS hllH\S. 

HJ.!.~ l'ut s,1il in the ~IUiilt~C' di~h. l"O\·cr h• 
pu·H·ut In\~ uf rnoislurc anll ~1llow to slaut.l for 
al lc;"l 16 h. Alia lh~ s1anuin~ l"'riod. ami 
inuuediald)· l>cfur~ slatliug lhc I<"SI, lhou>u~;hly 
rmoi\ lhc soil (Nule H). 

II. Prun.'durc 

I L I ('lace a poJtion of 1hc prepared soil in 
th~ cup of the Ji,Juid limit de .. icc al the poiul 
where I he CUll h.!\ IS on the base. squeeze il dowu, 
anu spread i1 iulo lhe cup loa dqllh of ai1<JUI 10 
mm at ils deepest ptlinc. tapcrin& 10 form an 
appro.\ionalcly hori1o111al surf•,·e. Take care Ia 
climioo:olc air bubbles from lhe soil pal bu1 form 
lloc pal wilh as few Slrokcs as possil>le. II car> I he 
uuuscd soil on I he glass plalc and co\-cr wilh I he 
inver led sturat:..: dish or a \\CI IO\-\"CI. 

11.2 l'urm a groO\·c iu I he soil1~>1 by <Ira wing 
lhc lonl, hevclcu rtl~e forw;ord, lhrough lhe soil 
on a line juiuiug I he highesl puinl 10 lhc loweS! 
poinl on lhe rim of 1hc cup. When culling lhe 
groove, hold lhc grooviug 10ol againsllhc surface 
of I he cup and draw in an arc, mainlaining lhe 
lool pcrJICndicular lo lloc surface of lhc cup 
lhroughoul iiS movcoucnl. See fig. 5. In soils 
whrrc a groove c;uwol be made in one slrokc 
"ilhnul lc;uiu~t lhe soil, CUI lhc groove wi1h 
scvcwl sllokes uf I he g11>o•·ing lool. Ahernali .. elr. 
cui lhc groo•e 10 slighlly lcs.• IIIJn required di
rucnsious with a spatula ;uul usc the grooviu(':. 
hHll to b1 iug the groove lo lin a I dimensions. 
r.~cRisc C:ltrcmc care to pre\ cut sliding the soil 
pal ocl;oli\'C 111 lhc surface of lhc cup. 

II.] Vcoify lhal no cruonhs of soil arc prescnl 
on lh~ hasc or I he underside of I he cur>. Lifl auJ 
dror> I he cup hy luiUing I he crank ala rale of 1.9 
In 2.1 drops per sccou<l unlil lhc lwo halves of 
I he •llil pal come in COIII<ICI al lhe WIIOIII of lhc 
goom·c alo11g a t.lilla11cc of I J nom ('It in.). Sec 
hg.6. 

NoJF IO-U~ ahc end of I he g•ov\·ing lool, rig. 2, 
or a scale 10 ... crify 1l1=tl I he gwovc has dosed I) mm 
( 111 in.). 

11.4 v,·,ify lhal an air bubble has nol caused 
prcmalure closing oflhe gooove hy observing I hal 
Wlh sides of lhc gooovc have Oowed IOgelhcr 
wilh appro•imalcly I he S.lllle shape. If a hubhle 
has caused prcmaluoc clo,ing of lhe groo•·c, re
form lhc soil in lhc cup, adding a small amouul 
of sool lo n1a~c up for llt;ol loll in I he groovi11g 

01.,r;uiun ,,.,1 rep<'al II. I 1o II.J. 1r U.e ~ 
slodcs "" 1hc surlacc of lhc cup, repca1 II · 
1luuugh II.) al a highe~ wa1cr _conlcnl. If, an;:· 
se•cral lo~;ols al sun·csm·cly ho~hcr "•lcr ~ 
I <IllS, I he •ool pal CUnllllUCS IO shde in lhc Clip 
if lhe number of hlows required 10 dosr .: 
grou•·c is alwars less lhan 25, rocord lha1 lht 
liquiu limil coulu nol be dcltrrninrd, and ~rpon 
lloe sool as nonplasuc \\llhoul pcrforrnina lht 
plastic limi1 lest. . 

11.5 Hrcoou lhe number of drops, N, rtqui;.., 
10 cll)S\!' the groo,·c. Rcmo,·c a sli'e of soilap. 
prmimalcl)· I he widlh of lhc spalula, cxlendi"' 
from colge lo edge of lhe soil cako al riglol an&I<S 
lu I he gro,ovc and including lh31 porlion of lht 
gouove in which lhc soil Oow<J logelhcr, plart i1 
a '"\!'ighcd container. and cover. , 

11.6 Rc1urn 1he soil remaining in lhe cup 1o 
1hc ~lass pla1e. Wash and dry lh< cup and groov
ing lool and rcallado I he cup IO I he carriage io 
prcparalion fur &he ncxl lrial. :' 

11.7 l{emi• 1ho eruiro soil spccinien on lht 
glass plalc adding dislilled 1\aler 10 increase lht 
\\aler conlenl oflho soil and decrease I he number 
of blows required 10 close lhe grom·e. R<pcal 
ll.l lhrough 11.6 for a1lcas11wo ad<li1ional1riab 
producing succc,.,ively lm\Cr numbers of blo•s 
lu dose I he groo• e. One of I he lrials shall be: foo 
a dmurc ocquiriug 25 10 H biO\\S, ono for closure 
l>rl"ccn 20 and JO blows, and on~ lrial for 1 

closure requiring 15 lo 25 bltH\S . 
11.8 Dclcunin~ the water conlent, II'"·· oflh( 

soil spcrimcn from rach I rial in accordance '~ilh 
1\klhod l> 2 216. 1\lake all '' eighings on I he samt 
h;al;uocc. luilial weighiugs should l>c pcrformtd 
iuunediaoclr afrer complc1ion of 1hc 1e11. If lh< 
lell is 10 be iuleorupled for more 1han aboul ll 
min, lh< spccimeus alrcauy ohlained should be: 
weighcu al I he lime of I he iollcrruplion. 

12. Calculalions 

12.1 l'lol lhe rrlalionship belwcen lho .. alcr 
conl~lll. 11',-, anu lhe corresponding number of 
!loops, N, of I he cup on a scmilogarilhmic gr.~ph 
wuh lhe walcr conlenl as ordinales on I he arilh
rnelical scale. and I he number of drops as abscis
sas on lhe logarillunic scale. Draw lhe bc:s1 
Slo;ti~hl lone lhrough lhe lhoec or more ploucd 
poinrs. 

12.2 1 ;akc lh< walcr colllenl corresponding IO 
lhc in1erscr1ion of lhe lint wrlh lhe 25-drop 
ahs<iss:o as lhe liquid limil of lhc soil. Com puLl· 

?"ln 
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;.o•lmctln•l< may b.: •uhs&ilul"•l fur lh<·gra1>h· 
~ p>Ctlu•l fur lilliug il w.oi1:h1 line In the d.ota 
,..1 d.:termiuin& the liqui.J luuil. 

().'iE·I'UII-11" 1.1(}1 Jill 1.1~111-I'UOO:IIlJIH:S 
· C ,\Nil U 

JJ. rrtpoaralitUI vf Tesl Spcdlllt'll\ 

JJ.I Prcp.1rc the ~fk.."(.:inu:n in 1hc ~amc man· 
"' as t.kR'J il)('d iu Sl:'lliun I U, c.,n·pl lht~l al 

11
i1ing. oulju.:.l lhl! w.ucr nmlnat 111 a nHI\i~h.:m.·y 

lfQlliring 2H to :w t.l1ops ol llu: luauiJ limil (lilt 
10 dose the grou~c. 

U. l'rucc~ur< 
1•.1 l'roccctl ;os tlcsnibc.J in 11.1 lhrou&h 

ll.hlCCJlllhalthc numh<r ur blows requiocollo 
dose the grum r shall he 20 hi JO. Jr lc.< than 10 

. 01 more &han JO blows arc rr<1uirrd, adjust the 
. W11Cr coulcnl of aile soil and rcpcoU I he prtKc· 

duoe. 
14.2 lmmcdialcl)' ahcr removing ._ \\Oiler 

conlcnt specimen as descnhcd in II.~. reform 
lhc soil in the cup. adding a sm;all anuount or 
soil to male up ror thai lust in the goon•·ing an·l 
••lcr content sampling Ull<'ralion<. llrpeat II. 2 
through I U. and. if the sccoml closing or the 
aroovc requires the same numhcr or drops or no 
more lhan awo c.lldJlS t.JiiiCrcn(.'c, sct:u•c ;uullhcr 
tralcr runlcn& spcrimcn. Oahcr'"'i~l'. rcmi:.. I he 
cnlirc spcdmcn amiJl'IM:aL 

Nmr 11-fHc'\\1\C drying ur in;ult:t(uaiC' miAin£ 
.-ill cau~ &he number o( blows 10 \ary. 

14.] [),,.'ICrminc watt·c cnnh:nls uf SJ>l'rimcns 
as drsco ibcd in 11.8. 

IS. Calcul;oliuns 

IS. I Determine the liquid limit ror c;orh water 
content •pccimen usin& one or the h.olluwiuc 

tquations: 

(;v)•'" 1.1. • lr_, lS or 

1.1.- A'( II'.) 

"here: 
N =the number ur blows c;ou<ing clmuoe of the 

gruovc al water cunlcnl, 

II'.= water con len I, and 
K = a faclm gi\'ell in Tallie I. 

1 he IO<Juid limit is the a.crage of the two trial 

liquid limil v;1lucs. 
I 5.1 If I he dillcoencc hch•ccn the lv.'O trial 

lu1uid limit \·ah•~.·s i~ r.u:oall'f lh;m nne fX.'rl·cnt;ICC 
puiul. lflk:al lh~ h:sl. 

1'1..\SIIC 1.1,\111' 

J(,, Prqi;U;IIiun ur T,.,, SJI\'("imrn 

llo.l !idrl'l a 211-g purti<uo of soil rrum tloe 
mah:ri11l prl'pared for lh\! liliUitl limit ll'Sl. ciahcc 
alter the Sl'l"OIId mixillf. bcfUJl' llu: tc~t. Ul f1 um 
lhe suil h.'lllamin& ;afh·r cumpktiuu uf the ll'~l. 
ltedul'e the w"lcr ~.:unlrnt uf tlu.· soil hl ;a rou~isl
cucy a& whirh il Gill he rullcd \\ilhuul stid.in1~ lu 
Uu: h;mJs hy SJnl·aJinc, ou11l mi:\ing cunliuuously 
011 the £l;oss plate. 'fhc dryin& lli<ICCSS may loc 
arcekraleol by e>l>osing the sui Ito the air curocnt 
hum an electric ran. or by blolling wilh p;op..:r 
that dt.ocs nol add any fiber 10 the soil, such as 
h;onl surr:~ce paper IOWclin& or hi&h \\CI Slren&lh 

Iiiier paper. 

17. l'run·durr 

17.1 huon the 20·1: "'""· sdr<l a pollion uf 
I.S lu 2.U g. Furm the test Slocrimen into ;on 
cllipsoid;olm;oss,. ltulllhis m;11S he tween the palm 
or liur,ers and the gouuml-gi.Hs pblc "'ilh jusl 
suOiricnl ptessurc to rull lhc ma\\ intn a llucat.l 
of unirorm •li;uncter throughout its length (Note 
12). The thread shall be runhcr deformed on 
c;u.:h SlroJ..c so th;ll ias diomu·~t:r is cnntiuuuusl~· 
rcdured an.J its lcn~lh utenolc.l uutil lh•· lli;om· 
c1er tearht·s 3.2 :!.0.~ mm (0.1 H ±.U10 in ). 
taliur, "" noooe than 2 min (Note IJJ. 'J he 
amount uf hanJ or fin&er prnsurc H'tJUilcd will 
vary ~:rc:olly, according to the soil. l'ragilr soils or 
lnw pl;osticily arc best rolled under the outer edge 
or I he palm or at the base or the thumb. 

Nuu: 12-A noml31 r;llc of roii111C, for IJIOSt soil~ 
should be ltJ lo 90 sawLcs per minulc, couutina: a 
slruLc ou um: cumplclt m01iun of the lund (ul\\ aul JauJ 
h.Kir. lo 1hc stallina: pmitiun. I hi' IJIC of rnllinc m:~y 
hnr hl b: dcrrc:u.ct.l for Hry ft;ttilc soil~. 

Nuu: I )-A 1.2·111111 (',i·in.) 1.harnclcr rOll ur luhc 
is useful (or hcquC"nl comp;uison \\ilh lhc: s01l thrc:ul 
10 ;'IS(Cit:tin whcn the: thu:aJ h:n ruche,& lhc prupcr 
di.uurtcr. especially fur inc~pcriclll:C"tl opet~IUn. 

17.1.1 When 1hc tliamctcr or the lhread he· 
cnones ).2 nom, brc:ok the tlucad into several 
pie,·cs. S•1ueoe the picres lngether, ~m·;otl be· 
tween the thumb am.l lirsl linger or carh haml, 
rcfurm into an ellipsoiolal mass, and reroll. Con· 

tinue Uris alternate rolling to a thread J.l nun in 
di.1noe1cr, gathcrinc tnccther, kneading and re· 
rulling. uutillhc lhrcad cruml>lcs under the pres· 
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sure re<1uircd li•r rolling ;ul<l the soil can no 
luui!Cf he llllh'tl 1111u a 1.2·11'111 ~,.ll;uucln llucad 
(Sec hi~· '/). II lo;os uu sicuilir;ul(c if the lhn·a•l 
haco1l~ iulu llucath of shullcr lcuJ:Ih. ltull cad1 
uf ll•l·~ sluult.:r lhll'tll.h 10 .1.2 111m iu di;uuctcr. 
'I he nuly ll'lluin·mcul l(•r (nnlinuing tilt! tc~l is 
tlo;ol they arc ahle lu be refuruoc.J iuto an cllip
suitl.al ma~' ouul rulled oul again. The operator 
sh.1ll at nn time illleOipl to proclucc failmc al 
l'.\Ou.:tly .1.2 111111 dianu.:lcr hy alluwiur. the ahn:~•ll 
In n:ach 1.2 uun, lhcu H'dllling I he r.llc of rulliug 
,,r lhc h:uu.J prc\.\lHc, or boUt, wh1lc couaiuuiug 
the rolling wilhuul rurlher deformation until the 
thre:od falls ap.ul. II is pcnnissihlc, however, to 
rc<lucc lloe Inial amuunl of dcfnnuation for feebly 
pl:oslic soils hy no:okinc lhc inilial diameter or the 
dlipsoi.Jal ma!>S nc.11cr to the rcquirco.l 3.2-mm 
linal <liamelcr. 1r crumbling on·urs when the 
lhrc;O<I has a .Jiamcter greater &han 3.2 mm, this 
sh;1ll h..: C'tlll\it.krcd •• s.11i~fa..:tury end point, tno
\'i,lt.:J the \uil h;Lt bt.:CII IUCViuH.\1)' lUlled inlU 3 
llul'<hl J 2 mm iu di.1mc1cr. Crumbliug of the 
llucad will mauircs1 il..:lr tlitli:renlly with lhe 
v;uious lypcs or soil. Some .,-.ils fooll aparl in 
numcruus small aggregations of particles, olhc~ 
m;oy fuom au out•i<lc tubular layer lhat starts 
splilliuc a1 lxolh cn•ls. ·1 he spliuing prugr<">.<es 
howard lhe middle. and finally, the lhrcatl ralls 
ap;u1 in many small platy panicles. f:ot clay s1.1ils 
rc1aui•c mudt pu:~~ure to llcfuun the lluc;ad, 
IMtlicul;uly as lhcy appru:odo the pla<lie limit. 
\\'ilh thl'SC soils, the thread brc~"ll.;s into a .series 
of h;urcl-•hapcd scgmenl5 ahoul J. 2 lu 9.~ n11n 
('/• In y, in.) in length. 

11.1 (ialher lhc purliuns of lloc erumhkd 
lluead tu~cthcr and place in a "·cighed container. 
lmmtdi:atcly cuvl·r the cnucaincr. 

17.) Select another 1.5 to 1.0 g portion or soil 
rrum the original 20-g specimen and repeat the 
operations desnil.ocd in 11.1 ;uo.J 17.2 until the 
container has al le;ost 6 1: ol soil. 

17.4 ltqx:;1t 17.1 lhruu~h 17.) lo make an
other cnnlaincr hultlin~ al least 6 c of soil. De
termine chc walcr runlcnl, iu pc:rccul, of I he soil 
cont;Jinctl iu the cnntaincrs in arcordaucc wilh 
l'>lcllulllll 2216. M;okc all weichints on I he same 
h~ai;Uil'C. 

Nuu: 14-.lhc iutrnl of performing l\oi>O pl;uhc 
limit trio•ls i:l 10 verify lhc consiMcncy o(lhC' lcsl ll-suhs. 
II is acccpl;'lhlc pr;~clil·c lo pnfnun only one pl.1\lic 
limit llial when I he ccHl\iUcncy in lhc lcsl rcull.s c.an 
be conliunctJ by u1hcr mc.1us. 
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18. Cakulalions 

IS I Cum pule the a\·era1;c or the l~o ''"' 
cnnlnots. II' the dilrerence l.oclwccn the two ••Ia 
ru•Ht:uls is grc.lh.•r than (M.·o llefl'Cnlage &lOin". 
"'l"'-11 the le•t. Tloc plaslic limit is the nc111C ri 
the tn o waler contents. 

t'I.ASitCII"a INUt:X 

I'J. Cal~.ul;alions 

19.1 Calculate the pla•licity indc• as fullo•r 

1'1 - LJ. - 1'1. 

where: 
1.1. = the liquid limil, 
/'/. = lhe plas,tic limit. 

Uuth /.I. and I'L arc "hole numbers. If cilha 
lhc liquid limil or plas,tie limit could not be 
determined. or ir the plaSiie limit is equal to a 
crcollcr than lhc liquid limil, report the soil~t 
nuupl..aslit·, Nl'. 

2U. llqwrt 

20.1 J{cporl the following iuromoalion: 
20.1.1 Sample ideulifying inrormation, · 
20.1.2 An)· special specimen selection proo:11 

""'"·such as removal or sand lenses from und~ 
lurhc.J <:llnplc. 

211.1.3 llcpml s:11uplc a\ airdrin.l irthc sample 
"~•s ai11lrinJ hcfnrr ur duriug (Hcp:ualion, . 

20.1.4 liquid limil. pla\lic limit, and pl.utir
ity inJc.~~: to I he ncah·st whole number and omit· 
tine the percent designation. If the li•1uid limilor 
plasti.: limit lesls could 11\11 be perruroncd, or iJ 
the plastic limit is equal to or greater than the 
liquid limit. repon the soil as nonplaslic, NP, 

20.1.5 An estimate or the perccnla~c or sam· 
pic retained on the 415-jlm (No. 40) sie\'c, and 

211.1.6 J'wcrdurc by \\ohich li•1ui.J limit '"'l 
peofo11nnl. ir i1 ,lilkr~ from lhc multipoint 
method. 

21. Pu·dsiun anti Oia~ 

21.1 No intrrlahoratury testing program h.s 
as yet loc,·n l'onductrd usiuc this lest method to 
tkll'flllinc n•ulliblll1f~lury fllccision. 

11.2 ·1 he within l;rhorJtory preci<ion of thc 
results of IC\Is perrurmcd by .Jincrrnl operators 
a& one lab01a1ory on two soil.\ u~ing Proccdut~.A 
li>r the liqui<llimol is shown in Table 2. 
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~~ Designation: D 2488- 84 

Standard Praclice lor 

·oESCRIPTION AND IDENTIFICATION OF SOILS (VISUAL· 

MANUAL PROCEDURE) 1 

' . ; ~- ;.,.:urd j, j,_,urJ unJt'• 1h~ fHciJ dc"i&u:sllun I> ~-IAA,IhC' flullll'l("t mmu:JIJI\'1." full\1"111& the dc"iJn:.liun inJil·~t,·\ tht )Uf ,,f 
~ ....... ,dopt11•n 01 , in &he- cav of JC'I\I<)ft, I he: )c.Jf of b"l'c"''"'" A nutnh:t m r;anutlk·~• lndu.:;at,·l&h,· )UI of a .. \ll\"~l'(\10\ll 
; •• ~jM tf"IIOA (1) in,)lc;U(J OIR CdiiOU;al dl .. lll( IIIU( Ill( l.i\1 fC"'I\Uift Of ft:lppl!.hll. 

~ ~.;. ..... ·.I· 

jJ. Scope ' 
!,;::1.1 This practice coven ptO<'eLiurcs fuo lhc 
: ibaiption of soils for engiucering purpuscs. 
l\1: Jl This poaclicc also describes a proccLiute 
r~ i&nlifying soils, al lhe option of lhc USl'r, i .acd cin the cla\\irocalion system described in 
I Tal Mc1hoLI D 2487. 'I he idenlific:olion is h:osed 
\COl •isual uaminalion and manuallesls. II musl 

lk dcatly staled in tcporliug an identification 
aat il u based on visual-manual p10ccdurcs. 

2. 1\IIJJiic;lble Uucumrn1s 

2.1 .. lSI;\ I StcmJurclt· 
06Sl lcrms and S)·mhols llrlolinc lo Soil 

and llock1 

0 14 S2 1'1 a<·tice fnr Soil In •·cMigalion and 
Sampling h)' Aur,rr D•11iu~s1 

J) I S86 MelhO<l fur l'cncll:lliun 'I eslauLI Spill· 
Daud Sampling of Smh' 

()I SS7 Practice fur Thin-Walkd Tub.: Sam· 
plin& ofSoih1 

() 2113 Practice fm Diantuml Core Drilling for 
Site ln•·csti~ation 1 

I> 2481 'I tsl MclhO<l for Cl»sific:~lion of Smls 
for Euginccoin& l'urpuscs 1 

. t~ Jl.l When (Htcise classification of soils for 
u,.in<etin& llUrpu><S is fC<IUirct.l, I he procedures 
! F.ibcd in 1 esl MclhO<l D 2487 shall he used. 
~·1 1.2.2 In this praclic·e, lhe idenlilicalion por· 
! cioa a.uigning a group symhlll auJ nall\c is lim· .. 
l lied lo soilp.uliclcs smaller than 3 in. (1 ~ 111 111 ). l. Udimuun\ 
:·~,1~.3 1he itlcntifie:oliun purlinn uf ~his poac- . 3.1 brcpl os.li\led beluw, oil ddinitiuns :ue 
>.·~ u.limueLI lo nllurally occunong sools. 1n :oc~urJaucc ""h Tctm~ aud S)nohuls 0 bH. 

f·'~u 1-lhi~ prani~.:c m:a)· he U\ttl as a t.kw:riJ'&hc NuJf 2-fur Jl.lllidcs tctaiu"ll una lin. (7S-mml 
.. Iii*"' applied lo such ma&cruh as shale, dayuonc. US Slaml.uJ sicvt, lhc lullo~Aul& dcliuiunns ouc sus-
; llodb, tnOihcd <ock, etc. (Sec Append" X2). &<Sitol· 
;:::;:· (',J/,b/,·J-113t1idct of rock thou ~Aill pau :a 12-in. 
~ : IJ The descriptive inforntllion in this pr:oc- OUO-nunl.~<tuOic opcnins ond be "laincd on a ).in. 
··.In may be used with other soil cla~siliralion OS-mon) soe\C, and 
! 1)11cms or fo ·. 1 h 1 . . . II . /lo>co/o/m-p.uloclcs of 10d thai "ill nul p>u o 12-
• . . . r malcna s ol cr I 1.11\ natura. y ln. (300-mm) squ;uc op.:uin&. 
( om.mnc sools. 
\"·1.4 This Jtm 11J.uJ , 01• iln·olo·t• /w, 11rJoou uw· 3.1.1 d11,r-suil pas~iug a No. 200 (1S-1ont) 
i ltridlJ, optratioru. auJ ,.;111iprll<'lll. 1'/tis Jtautlarc/ s.icvc I hal c;on be m:odc loexhibil plaSlicily (pully
f -'on !'01 Pllrpurtto addrt•.u all of""' JO/t'l)'f'rcJI•· lo~e prop~ rues) wollun a range of water colllenls, 
!rhu GSIOCtatrJ ll't//o 1/JIIJL'. /t iJ r/o~ l<'.lp<OIIiibi/· 
~ t, of nhaner IIJ<'J t/ois JIUIItirlftlto t'OIUIIIt u111/ ----
f l:llilbliJh appropriate tafi·ty a11J Jomltlt f"lll'lin·J 
t; ~Jrrmuine r/or UJ'Jllintbilil)'ll/rt'J:IIilllm)'iimi
i UIOIIJ prior lu 115<'. l'ot specific poccautionary 
~ -:ucmcnls sec Section 8. 
f •. ~ •• s Th . . . 
I. · < values staled on 1nch-pound unols arc 
l·lilbc lt~tarded as lhc stand:ord. 

4ll<J 

1 1 hn a•rMticc j, uudr•lhc juriv .. hctiun •• r ASrM Commiucc 
f).IJ on Suil ;and 14.,._ . ._ :an" i• lhc ducCI fC'\f'Un\llllhl)' o( 

Sut-.:ummill\:c UIR OJ un I..Jcnlilical•uu ~nd (."l.li\ilit::tiiOA ,t( 
Scul,. 

('unrnl nl11ion JI'PfO\Cd Ocl. ), lYI-l. ruh11\hcd lkcunto.:r 
1911·1. Ori,•n.lll'! pubh\hcd il\ D ~-Ill- 661. l..oa\1 ptCYIO\Ii cd1· 
tiun 0 !-1111- l.lfl Cl?lSI 

1 ~1mw~llhM. t{. tS 1.\1 .\16jnJmJt, Vul 04 01. 

c~lll o 2tou 

;wd lhall'\h&hias l'tlll\ith.·a;•hl.: slu..·uglh \\ht.·n :air
"'~- h•r Cb'i.\llicatiou, a day is a fim··v.r;&iunJ 
!Mil, ur the linc·(!I;Jiunl pt.ulitm of a snil. ''ilh a 
pl.l'ili(tly intft:., ctau.al ''' m grl'alrr lh;m ·1, aud 
&lit.' plul nl 111.1\IKII)' IIHk\ \'l'ISUS hquill lnnil f. dis 

tin ur aho' c the ··A" hue (sec Fig. J of I est 
~ktluKI D ~HJ). 

J I 1 ,~;rc~rd-p.lltidcs of lUck I hal "ill I""' a 
.1-w. (15-mm) sic: .. c ami h.: rclainL"d on a No.4 
(4 H·mm) sie\C "ilh I he followiug sul'<lil'isiuus: 

(Hllr.w-p;t.\\CS a J-in. (75-mm) sic .. c and is 
rt:l:um:ll un a J/~·in ( 19·mm) siCH'. 

jilh'-P·'~\'-'-" a Y~·iu. (PJ-mm) ~iC\'C and is rc· 
l:lllll'll on a Nu. 4 (·1.7S-mm) ~iC\C. 

J.l..l c•1gamc· c/a.r-a d;l)' wilh sullidcnl or· 
t' .. mi~.· nmlcnt hl iullurucc 1hc soil prupt.•f1ics. For 
da~\tlkali,ul, an orttanlc day is a so&llhal woultl 
he cla\Silil'll as a rby, ncrpl lhal its li•tui,lliuoil 
•:olue :oher O\'CII dryiug is less than 7~ \'0 of its 
hquid limit v:~luc hcf01c o•·cu dry in~. 

3.1..1 urg<IIIIC Jlfr-J sill with sunidcnl Or· 
f!Jnic cunll'.llllu iuOucucc I he soil prupcrlics. Fur 
d.l<.<.ifictlion, au Otfanic stll is a soil ah.tl \\Uuh.J 
h<: cl:"silied as a sill t'Hcpt lhal iu li•1uid limit 
v:olue after oven dr)iu& is less than 7S% of its 
hquid limit value hcfmc O\'Cn dr)inp. . 

3 1.~ Jl<'<lt-a soil composed primaoily of vrg
clahlc tiS!>UC in various Sla~cs of dccomp•JSiliun 
u<.ually \\ ilh an org:mic CH.h1r, a dark brown tu 
ht•ck ruhn. a !rolhHlf!Y cunsi~lrnq·, ;uul a lcxluac 
l;llll!ill~ rhHll lihHHIS IU ammphnu\. 

J.l.l• :W111I- paltidn, uf ux.-k th:ll "til pa~s a 
No.4 (4.7~·11\lll) sieve ami be rct:oincol on a Nu. 
1110 ( 1 ~-1' m) sic\C "ilh the liollu" iug suhdi' i
sums: 

"'"".·'•'-l'""cs a No.4 (4.H-nuu) ~ie•c and is 
tclaiucd on :o Nn. 10 (2.00-mno) sieve. 

,,..c/,m-p;o;ses a No. 10 (2.00-mon) sic•c 
ami is rewined ou a No. 40 (42~·111n) sine. 
jinc-p:~sscs a No. 40 (42~·11111) sieve aud is 

tclaincd on a No. 200 (15·11111) sieve. 
3.1.7 Jlit-soil p:IS\ing a No. 200 (15-~tnol 

sieve that i\ nuuplas1ic or very sli&htly pla~lic and 
that c'hihils hllle or no sucnglh when air dry. 
For classifiration. a sill is a line-grained soil, or 
lhC finc-grJiUL'f.J purtitlll Of J !\Oll, Wilh a piJ!olifily 
intlc' Ins than 4, or lhe plot of plasticit~ iu<lex 
vet sus liquid hmit f:llls below lhc "A" liuc (sec 
Fig. 3 ofTcsl Method D J487). 

4. !->mnmotr)" of Pro1c1icc 

4.1 Usin& vi~ual c.\aminalion and simple 
manuaiiL'SI'S, I his 1-U acHLc &in:s .s1andauli1ed cri· 
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t~1i.1 aud pHKl't.hncs for tks(riUing and iJcutif~. 
lug 5t)il.o;.. 

4.~ I he sool ran be ~i•cn an i.lcutiliration b)· 

~~~o;.it•.nilll~ a ~IOUp !t~ mboi{S) and OJIIlC. 1 he 0ow 
do.uts. rog'. Ia ami II> for lin~·srain,·d soils, and 
Fig 1, f,,r coarn··graiucd soils, can be usrd lo 
aS\ifn lhr appH•ptiale gtoup S! mbul(s) and 
name. If I he soil has ptopcrtics "hich do not 
distinclly place it into a specific group. bordctline 
S) mhuls may be: used, sec AppcnLii.\ XJ. 

Nun J-11 is suu.:slrd lhat :t diuinction be: made 
t-.:h\l'CI1 Ju,l/ Jll•a/ot>/~ anJ h.~r,/almt s.am~.,fs. 

/lu.,/ S•m/to/-A dual s~mhol is h\0 ~~ml-uh SCp.J· 
r:urd b)· a hH1h-:11, fnr c\:uupk, GI'·GM. SW.SC, l"l· 
ML u~tl to indic:uc lh:u lhc '-Oil h:as ~tn idcnhfitd as 
h.•' Ill!- &he prc't'-'nics of .1 rl.usiliration in :aet·llrJanrc 
''ilh ln1 hh·ahN () HS1 \\here hHl S)mbvls :uc rc· 
quucLI T\'0 s~·rnboh are rcttu•rrd "'hen the soil h;u 
t).:h\C'cn ~ ahd 12 ~lines or ~hen lhc liquiJ limit anJ 
pb\li~.·it) mdl'\ \.1lucs plol &n lhc CL-1\Il area of a he 
piJo,ti'"·i&~· chan. 

/l.•ra/n/1'11' S1mffl•/-,\ txlnkrlinr.: S\nJhlll is l'-"0 
s~ mhvh K"JlJnicd h:' :. sl:uh. for cu~•rle. Cl/Cil, 
liM/SM.l'l./MI. ,\ 1'-.u.lcolinc I) no boll •hould be u><J 
10 •nJ•c•&c lhat lhc soil hJs ~·en 1Jcnllfu:d as ha,ina 
prupalacs lhat do no1 di\linclly place lhc: ~il into a 
SJ'Ccofie &lllup (s<e 1\ppcndi., Xl). 

5. Significance and Usc 

S.l The descriplil'C information required in 
this pral'licc can toe used lo describ.: J soil 10 aid 
in thl' C\'3lualion of itS si~uifKJI\1 pcep~rltCS fur 
CHi;iUCCiiB~ USC. 

~.1 'I he tlc~aipti\c informJlwn rrquin·J in 
lhis prarlicc should he used to suppkmcnl lhl.!' 
cla~siroralion of a sool as determine..& b)' 1 csl 
~lethod lll4R7. 

~ .. l llns prarlicc may he uSc<l in identif)ing 
S<llls using the classifiralion ~roup S) mbuls anJ 
names as pocscribed in Tesl ~leo hod D 2487. 
Since I he names and S) mhols used in this practice 
lo idcntofy the soils ate the same as I hose used in 
1 est ~lclhod D 2487, it shall be clcaoly ~laled in 
rcpools aud all olhcr appropriate ducumrnls, thai 
the classilicalion symbol and name ate based on 
visual-manual procedures. 

S.4 This practice is lo be used nol only for 
identification of soils in the field, but also in the 
ollicc, l•boralory, or "herc•er soil samples ate 
inspected and dcscril,.,d. 

S. ~ 1 his practice has panicular value in 
~rouping similar soil samples so that only a min· 
iouum numl>cr of lahotalory ltSIS nccLI be run 
fur pu~ilive soil cla~~ofiea1ion. 

N1)U .f-The: :~hili,,· lo dcs.crihc ;antJ idcnlif,, soils 
(Hilt:( II)· is l.:arnc:tJ P10;C: IUdily UPJ'" ~uiJ;;n(C or 
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c•p<ricD~ p<r>Onnel, bul it may also be acquiml 
Jy11cmalicllly by comparin& numerical loabor.;alory lcsl 

· r<SUIU fo< typical soils of each type with their visu•l 
·and manuaJ ch&13clcrislics. 

-·• 5.6 When describing and identifying soil s;~m
~les from a given boring, lcsl pit, or group of 
bo<inp or pits, il is not neccSI'Iry to follow all of 
the procedures in lhis practice for every sample. 
Soils which appear to be similar can be grouped 

·logethcr; one sample completely described and 
'identified wilh the others referred to as similar 
based on perfomlin& only a few of lhe descriptive 

·ind idcnlilicalion procedures dcsctibcd in this 
practice. 

6: Apparatus 

6.1 Rtquired Apparatus: 
tx:l . , 6.1.1 Pocktt Kni/t o~ Smo/1 Spatula. 
1 ' 6.2 UJtful Atniliary Apparatus: 

r-' . 6.2.1 Small TtJI Tubund Stoppu(or jar wilh 
1\J alid). 

: 6.2.2 Small/land Ltns. 

t?· Reagents 

,. 7.1 Purity of Wattr-Unles.s olherwise indi· 
catcd, references 10 waler shall be underslood lo 
mean water fwm a cily water supply or natural 
source, includin& non-polable walcr. 

1.2 1/ydroclr/oric Acid-A small boule of di
lulc hydrochloric acid, 110, one part UCI ( 10 N) 
lo lhree parts water (This reagent is oplional for 
~with this praclice). Sec Scc1ion 8. 

8. Safety Prccaulions 

·.I. I When preparing the dilute UO solution 
of one part concentrated hydrochloric acid ( 10 
N) to lhrce parts of distilled waler, slowly add 
acid inlo water followin& necessary safety precau
tions. Handle with caution and store safely. If 
10lu1ion comes into conlacl with the skin, rinse 
Lihoroughly with water. 
. - 8.2 Caution-Do not add waler to acid. 

'· Samplina 

' 9.1 The sample shall be considered lo be rcp
racnl<ltivc of the stratum from which il was 
obl<lined by an appro11nate, acceplcd, or stand· 
lid ptocedutc. 

' Nou )-Preferably, lhe samplin& procedure: should 
~ idcnlificd as havin& been conduclcd in accordance 
"''h Pr.octiccs D 14H, D 1)17, or D 211l, or Method 
DUI6. 
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9.2 The sample shall be carefully identified IJ 

to origin. 

Non 6-Rcmarks u to the oriain may l>k< the 
form or a borina numbtr and Ymplc number in con· 
junction wilh .a job number, a acolo&ic slr.atum. 1 
atNoiO&ic horizon ur a loc211ion \lncripaion wilh rtsp«l 
to a pcrm.1ncnl monumcnl, a 11id I)'Jitm or a slOition 
num~r and offset wilh rnpccl lo 1 stale~ ccntctlinc 
and a dcplh or clcnaion. 

9.) For accural( description and idenlifica· 
lion, the minimum amounl of lh( specimen lo 
be examined shall be in accordance with lhe 
followin& schedule: 

Muimum Panicle SUe. 
Sine Opc:nina 

4.11 mm (No. 41 
t.l mmtl\io.) 
19.0 mm (V• ia., 
)I. I mm It'll ln.) 
li.O mm U io.) 

Minimum Spct1mcn Sin, 
Dry Wciahl 

too 110.2llbl 
ZOO 1 tO. lib) 
1.0 ka U.ltbl 
1.0 •1111tbl 
60.o •aun tbl 

Nou 1-lf nondom isolotcd panidC1 arc cncoun· 
ltnd ahal 1rc si&nifacanaly laracr lhan the panicles in 
the soil matrix, the soil malri.t can be accunldy de
scribed and identified in accord•ncc with lhe prccccd· 
ina schedule. 

9.4 If lhe field 5amplc or specimen being ex· 
amined is smaller !han lhe minimum recom· 
mended amount, lhe report shall include an ap
propriate remark. 

10. Dcscripti•c Information for Soils 

10.1 Angulari1y-Dcscribc lhc ansularity of 
lhe sand (coa= sizes only), era vel, cobbles, and 
boulders, as angular, subancular, subrounded, or 
rounded in accordance wilh the cri1cria in Table 
I and Fig. ). A range of angularity may be staled, 
such as: subrounded 10 rounded. 

10.2 Shapt-Dcscribe lhe shape oflhe gravel, 
cobbles, and boulders as flal, dongaled, or flat 
and elongated if lhey meet the criteria in Table 
2 and Fig. 4. Olherwise, do not mention lhe 
shape. lndicale the fraclion of the particles that 
have lhc shape, such as: one-third of lhe gravel 
particles arc flat. 

10.) Co/or-Describe lhe color. Color is an 
important property in identifying organic soils, 
and within a given locality it may also be useful 
in identifying male rials of similar ecologic origin. 
lflhc sample contains layers or patches ofvaryin& 

·colors, !his shall be noted and all rcprescnlalive 
colors shall be described. The color shall be de· 
scribed for moiSI samples. If lhc color rcprcseniS 
a dl)' condition, this shall be stated in lhc report. 

10.4 Odor-Describe 1he odor if organic or 

ciDI 
unusual. Soils conlaining a signilicanl amount of 

·organic malerial usually have a distincliv( odor 
of decaying vegetation. This is especially app;>r· 
cnl in fresh samples, bul if lhc samples arc dried, 
lhc odor may often be revived by healing a 
moislcned 5alllplc. If I he odor is unusual (pclro
lcum produCI, chemic.al, and lhc like), ilshall be 
described. 

10.5 Moislurt Condition-Describe the mois
ture condition as dry, moist, or wet. iu acconJ~ 
a nee with lhe criteria in Table 3. 

10.6 1/C/ Rcaclion-Dcscribe the reaelion 
with IICI as non(, weak, or strung, in accordance 
with the critcra in Table 4. Since calcium carbon
ate is a common cementing agent, a report of its 
presence on the basis of the reaction with dilute 
hydtochloric acid is important 

10.7 ConJisttnq-For inlael finc·graincd 
soil, describe the consistency as very sofl, sofl, 
finn, hard, or very hard, in accordance with the 
crileria in Table S. This obscrvalion is inappro
priate for soils wilh sicnificanl amounts of gravel. 

10.8 CtmeiJ/ation-Dc5cribe the ccmenlation 
of inl<lcl co•=· grained soils as weak, moderate, 
or slrong, in accotdance with lhc 'nteria in Table 
6. 

10.9 Suucturt-Dcscribe lhc struelurc of in
lac! soils in accordance with lhc criteria in Table 
7. 

10.10 Rangt of Particlt Sius-For gravel and 
s;~nd components, dc:scribc the range or panicle 
sizes within each component as defined in 3.1.2 
and 3.1.6. For ••ample, aboul20 %fine to coarse 
gravel, aboul40% line lo coarse 5and. 

10.11 Maximum Partie/~ Size-Describe lbe 
maximum panicle size found in lhc samolc in 
accordance with lhc following infonnalion: 

10.11.1 Sand Siu-lf the maximum particle 
siz( is a sand size, describe as line, medium, or 
coa= as defined in 3.1. 7. For example: maxi
mum particle size, medium sand. 

10.11.2 Gra•tl Siu-lf the maximum pani
cle size is a gravel size, describe Ute muimum 
particle size as lhc smallcsl sieve opening thai the 
porticlc will pass. For example, maximum parti
cle 1izc, I'IJ in. (will pass a I'IJ-in. square openin& 
bul not a 'l•·in. square opening). 

10.11.3 Cobblt or Boulder Size-If lhc mu· 
imum particle size is a cobble or boulder size, 
describe the ma•imum dimension of the la'llcst 
particle. For example: mv.imum dimension, 18 
in. (450 mm). 

10.12 //ardtleJs-Dc5cribe lhc hanlncs.s of 
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coa= sand and la'ller particles as hard, or sl<ltc 
what happens when the particles arc hit by a 
hammer, for example, gravel-size particles frac
lutc with considerable hammer blow, some 
era vel-size particles crumble with hammer blow. 
"liard" means particles do not crack, fracture, 
or crumble under a hammer blow. 

10.1 l Additional commeniJ shall be noted, 
such as the presence of roots or root holes, diffi
cully in drillin& or augerin& hole, cavin& oflreocb 
or hole, or lhe ptesence of mica. 

10.14 A IOC<ll or commercial name or a ceo
logic inlcrpretation of lhc soil, or both, may be 
added if identified as such. 

10.15 A clas.sification or idcnlilication of the 
soil in accordance wilh other classification sys
lems may be addt:d if idenlifit:d as such. 

II. ldcolilicalion of Peat 

II. I A sample composed primarily of vcge
lablc tissue in various ruges of decomposition 
lhat has a fibrous lo 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 peal, PT, and nol subjected 
lo lhe identification procedures described here
after. 

12. Prepa.nttion for Jdcntificatioo 

12.1 The soil identification portion of this 
prac1ice is based on I he ponion of the soil sample 
lhat will pas.s a l-in. (75-mm) sieYC. The la'llcr 
lhan l-in. (7 5-mm) particles must be removed, 
manually, for a loose sample, or menially, for an 
inl<lel sample before classifyin& lbc soil. 

12.2 Estimate and oolc the percenlagc of cob
bles and the percenlage of boulders. Performed 
visually, these estimates will be on lhe basis of 
volume percenlage. 

Nou 1-Sincc the pcro:ntagcs of the particle-siu 
distribution in Test Method D 2487 are by dry weir)>~ 
and the rnimat .. of pcrocot.agcs for ~r.~vel, sand, aod 
lin .. in this pr.~cticc arc by dry weir)>~ il is rcoom· 
mendod that the n:por1 sute llut the pcro:ot.a&cs of 
oobbl .. and boulders a~c by •olume. 

12.3 Of I he fraclion of I he soil smaller I han 3 
in. (7 5 mm), estimate and nolc lhc percenlagc, 
by dry weight, of the gravel, sand, and fines (sec 
Appendi• X4 for suggested procedures). 

NoTE 9-Sincc the partidc-siu componcnu appear 
visu~lly on &he basis of volume, oonsidcnblc upcricncc 
is rcquirtd lo alimalc 1hc pcnxn~.a&cs on lhc basis of 
dry wcir,ht. Frequent comparisons with labor.otory par· 
Lidc·sizc ln.ili)'SCS should be made. 
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,-.12.3.1 The perccnt:~ges shall be estimat«lto 
·!be closest S "· The percentages of gravel, sand, 
and lines must add up to 100 "· . 

1
, 12.1.2 If one of the componeniS is prc:scnt but 
oot in sufficient quantity to be ronsidcn:d S % 
·0 f lhe smaller lhan l-in. (75-mm) portion, indi
:atc iu presence by the term 11au, for example, 
nee of lines. A tr.occ is not to be considerc.J in 
1>e toW of I 00 " for lhe coonponeniS. 
··1. 

Jl, l'rrlimiiW)' Jdrotilicatioa 

11 13.1 Tbesoilisjin~grainedifilcontains50" 
or more lines. Follow the procedures for identify
inaline-JDincd soils of Section 14. 
.. I 3.2 The soil u coars~ grain~d if it cont:~ins 
less than SO" lines. Follow the procedures for 
idcntifyina coanc-JDined soils of Section 15. 

! a4. Proct<lutc for ldtolifJin& flo~ rained Soils 

" 14.1 Select a reprcscnt.ative sample of lhe ma
terial for examination. Remove particles larger 

:iban lhe No. 40 sieve (medium sand and larser) 
·until a specimen equivalent to about a handful 
• of material is available. Usc this specimen for 
oc:rformin& lhe dry strenath, dilat.ancy, and 
ou&hncss tests. 

14.2 DryStungth: 
14.2.1 From the specimen, select cnour.h ma

.crialto mold into a ball about I in. (25 mm) in 
diameter. Mold the material until it has the ron
Jistcocy of pully, addin& water if necessary. 

14.2.2 From the molded material, make at 
least three lest specimens. A lest specimen shall 
be a ball of material about 111 in. ( 12 mm) in 
diameter. Allow the lest specimens lo dry in air, 
or sun, or by artificial means, as Ions as the 
temperature docs not ucccd 60'C. 

14.2.3 If the lcsl specimen ronlains natural 
dry lumps, those that are about Yl in. ( 12 mm) 
in diameter may be used in place of the molded 
balls. 

Non 10-The procas or moldin& and dryina usu
t.Uy produces hiahcr ~~Rnalhs !han arc found in Datural 
dry lumps or soil. 

. 14.2.4 Test the strcnsth of the dry balls or 
lumps by cl'\lshin& between the linaers. Note the 
Slrcnsth as none, low, medium, hi&h, or very 
hi&h in accorancc with the criteria in Table 8. If 
oat ural dry lumps are used, do not usc the results 
of any of the lumps that are found to conlain 
particles of coarse sand. 

14.2.5 The o•escncc of hi&h-strcnath water-

soluble ccmcntin& materials, such as calcium 
carbonale, may cause exceptionally hi&h dry 
strengths. The presence of calcium arbonate can 
usually be delected from the intensity of the 
reaction with dilute hydrochloric acid (sec 10.6). 

14.3 Oilatancy: 
14.3.1 From lhe specimen, select enough ma

leriallo mold into a ball about 1/J in. ( 12 mm) in 
diameter. Mold lhc malerial, addin& water if 
nco::s>ary, unlil il has a sofl, bul nol slicky, 
consistency. 

14.3.2 Smoolh the soil ball in the palm of one 
hand wilh the blade of a knife or small spalula. 
Shake horizontally, strikin& the side of lhe hand 
viaorously against the other band several times . 
Note the reaction of walcr appcarina on the 
surface of the soil. Squccu the sample by closin& 
the hand or pinch in& the wil between thclinccrs. 
and nolc lhc reaction as none, slow, or rapid in 
aa:ordancc wilh the criteria in Table 9. The 
reaction is the speed with which walcr appears 
while shaking. and disappears while squcczina. 

14.4 Toughn~SJ: 
14.4.1 Followinc the completion of lhe dila

tancy lest, tbc test specimen iJ shaped into an 
clonplcd pal and rolled by hand on a smooth 
surface or belwccn lhc palms into a lhrcad about 
14 in. (3 mm) in diameter. (If the sample is too 
wet to roll easily, it should be spread into a thin 
layer and allowed to lose some water by cvapo
ralion.) fold the sample threads and rcroll re
peatedly until the lhread CJ'\ImbiC$ at a diamcler 
of about '4 in. The thread will cl'\lmblc al a 
diamclcr or'" in. when the soil is ncar the plastic 
limit Note the pressure required to roll the 
thread ncar the plas1ic limit Also, note the 
strcn&lh of the thread. After the thread CJ'\Imblcs, 
the pieces should be lumped toacthcr and 
kneaded until the lump CJ'\Imblcs. Note the 
lou&hncss of the male rial durin& kncadin&-

14.4.2 Describe the lou&hncss of the thread 
and lump as low, medium, or hi&h in accordance 
with the criteria in Table 10. 

14.S PlaJiicity-On the basis of observations 
made durin& the tou&hncss lest, describe the 
plasticity of the material in accordance with the 
criteria given in Table II. 

14.6 Decide whether the soil is an inorganic 
or an 01ganic line-grained soil (sec 14.8). If in
orpnic, follow the sleps given in 14.7. 

14.7 Idcnlification of Inorganic Fin~·Graintd 
Soils: 
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14.7.1 Identify the sool as a lean del)'. Cl, if 
lhc soil has medium to high dry strength, 110 or 
slow dilatancy, and medium toughness and plas
licity (sec Table 12). 

14.7.2 hlcnlify thc soil as a fat da)', Cll, if the 
soil has high to very high dry sucngth, no dila
t;mcy, and high tour.h11css and plasticity (sec 
Table 12). 

14.7.3 Identify thc soil as a Ji/1, ML, if the soil 
has 110 to low dry strength, slow tu rapid dila
lancy, and low toughness and plasticity, or is 
11onplas1ie (sec Table 11). 

14.7.4 Identify the soil as an claJtic Jill, Mil, 
if the soil has low 10 medium dry strength, no lo 
slow dilatancy, and low to medium lou&hncss 
and plasticity (sec Table 12). 

NorE II-ThcK pro~Krtics arc similar 10 &hose for 
a ltan cloy. llowrvtr, the sill will dry quickly on lh< 
h;~nd and ha\lc a smooah, silly feel when dry. Some 
soils ah.:u would cl.usify as Mil in ac'"ord:mcc >Ailh lhc 
criacriil in Tc:U Mcahod 0 2487 arc \'isually diffiruh to 
diuin&uish horn lun clays, CL. h may be nccCUJry 10 
perform labor.1tory lc:nina for proper idcmifinaion. 

14.8 lclcntificatioll of Organic Fillt-Graincd 
Soils: 

14.8.1 ldcnlify the soil as an organic Joil, OL/ 
011, if the soil contains enough organic panicles 
lo inOuencc the soil properties. Oraanic soils 
usually have a dark brown to black color and 
may have an orsanic odor. Often, organic soils 
will chance color, for c . .amplc, black to brown, 
when exposed 10 lhc air. Some organic soils will 
lighten in color significantly when air dried. Or
ganic soils normally will not have a hi&h tou&h
ncss or plasticily. The thread for the loughness 
test will be spongy. 

Nou 12-ln some ca~s. throu£,h puc1kc and u
pcrience, il may be possible 10 further id<nlify the 
orpnic soils as orpnic silts or oraanic clays, OL or 
Oil. Conclalions between the dilatancy, dry str<n&lh, 
tou&Joncss tests, and laboutory testS can be mad< to 
idcnli(y oraanic soils in ccr13in dcposils or similar rna· 
lcrials or known acolo&ic ori&in. 

14.9 If lhc soil iscslimalcd lo have 15 lo 25% 
sand or &ravel, or both, lhe words "wilh sand" or 
"with &ravel" (whichever is more predominant) 
shall be add(d to lhc group name. For example: 
"lean clay with sand, CL" or "sill wi1h gravel, 
Ml" (sec Figs. Ia and I b). If lhc perccntage of 
sand is equal lo lhc percentage of &ravel, usc 
"wilh sand." 

14.10 If the soil is cslimatcd to have JO '-' or 
more sand or gravel, or both, lhe words "sandy" 
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or "gravelly" shall be added IO lhc group name. 
AJd lhc word "sandy" if lhcrc appears to be 
more sand I han era vel. Add lhc word "r.ravclly" 
if there appears to be more sravclthan sand. For 
example: "sandy lean clay, CL", "&ravclly fat 
clay, Cll", or "sandy sill, ML" (sec Fias. Ia and 
I b). If the perccntaac of sand is equal to the 
percent of sravcl, usc "sandy .• 

IS. l'roctdurt for ldrntif) ing Coarsc-Graintd 
Soils (Conlains less than 50 \!!, lines) 

I 5. I The soil is a gravl!/ if the pcrccnlagc of 
gravel is estimated to be more lhan lhe perccnl
age of sand. 

I 5.2 The soil is a Jand if the percentage of 
gravel is eSiimatcd to be equal to or less than lhc 
perccnlagc of sand. 

15.3 The soil is a dean grao·d or clean Jand if 
the perccnlagc of lines is cslimatcd to be 5 " or 
less. 

15.3.1 Identify the soil as a u·rl/-gradd gravel, 
GW, or as a 11'1!1/-gradtd Jand, SW; if it has a 
wide range of panicle sizes and substanlial 
amoums of the inlcrmcdiatc particle sizes. 

I 5.3.2 Identify the soil as a pooriJ• gradt!d 
grarc/, GP, or as a poorly grad~d sand, SP, if it 
consists predominantly of one size (uniformly 
&radcd), or it has a wide range of sizes with some 
iDler mediate sizes obviously missing (&ap or skip 
&radcd). 

15A The soil is either a gravtlll'itlr fin~s or a 
Jand H"itlr finn if the perccnlagc of lines is esti
mated lo be 15 % or more. 

15.4.1 ldenlify lhc soil as a clayey grao·c/, GC, 
or a daJ•ty Jand, SC, if the lint$ arc clayey as 
dclcrmincd by lhc procedures in Section 14. 

15.4.2 Identify lhc soil as a silty grao·~l. GM, 
or a Jtlty sand, SM, if lhc lines arc silly as 
determined by lhe procedures in Scclion 14. 

15.5 If lhc soil is cSiirnated to con1ain 10 '-' 
lines, give lhe soil a dual idcmilicalion usin& lwo 
&roup symbols. 

15.5.1 The lim &roup symbol shall corre
spond to a clean gravel or sand (GW, GP, SW, 
SP) and the second symbol shall correspond 10 a 
aravcl or sand with lines (GC, GM, SC, SM). 

15.5.2 The &roup name shall correspond lo 
lhclirsl group symbol plus the words "with clay" 
or "with sill" to indicale the plasticily character
istics of the lines. For example: "wcll-gradcd 
&ravel with clay, GW-GC" or "poorly sradcd 
sand with sill, SP-SM" (sec Fi&. 21. 
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Jl.6 J(thc specimen is predominantly sand or 
. II' vel but con"'ins an c.timatcd IS% or 1110rc 
. ofliiC olhcr coarsc-gcaincd constiaucnt, I he words 
"wilh grovel" or "witlt sand" shall be added to 

. &he aroup name. For example: "poorly graded 
'~vel wilh sand, GP"" ur •clayey saud with 

. vavcl, SC" (sec Fig. 2). 
;.. (1.7 I( the lidd .ample contains any cobbles 
·or boulders, or both, the words "with cobbles" or 
'•with cobble.s and boulders" shall be added to 
, Ute group name. for cumplc: "silly gravel with 

·cobble>, GM." 
<. 1 

.. ·• 
'J6. Report 
- 16.1 1 he rcpor1 shall include lhc infom1a1ion 
ulo ori&in, and the items indicated in Table Jl. 

••. !'loTI t 3-EA•mpJ.: CI•J><Y Gr•vc/ wlrll S•nd and 
Cobb/<l, GC-About ~0" line to coarse, subrounded 
1o oubanautar v-vcl; about 30" fine to co;onc, sub
,..ndcdsand; about 20 "fines with medium plasticity, 
biah dl'l' strenatb, no dill .. IICJ, medium toua)tncss; 
...U ruction with 110; ori&inal lield sample h•d about 
S" (by volume) subrouoded wbbla, muimum di· 
meosion, I.SO mm. 

-TAIL£ I Crilrria lor OnnibiDJ Attplarirr efC-.I'H"' 
CnioN P&rtk ... ( ... Fla. ll 

()acrip~ion 

Anawlat 

Subina"br 

S.b.oun4«1 

Jlou..ded 

Criuria 

PIS\ick:a haYC aharp cdJCI aDd rdalivclr 
pl~nc sida ..;m unpol;i.shcd tu'h<d 

r.artkk'l arc similu 10 anaulu dacrip&ioA 
but ha¥c roundtQ cdJC\ 

P.nkln have nurly plane sidn bul hnc 
wc:ll-rounde<l oornc:n and Nan 

PAtlideah&"'c JmOOihiJCWncd »cksand no ... , .. 
TAIL[ J Crhrria ror Dncri.i111 PardclcSbpe-('" Fia . .C) 

The panick ~J,a~ ihall be donl;:ribc4 11 (olloW1 ,..hf,~ lrna•h. 
wridth, and 1hKilnna refcrlo 1M lfCalnl, tnlcrmediJ.Ic, and. k.ut 
4imcnliona o( 1 pa.11K:k, tnpe:aiwcly. 

llal 

Elonplcd 

fla1 and cion
pled 

Pankka wiah .....Miah/lhidi'\C'U > J 

ranKk1 wilb kna•h/-'dlh > J 

Panicln mccl criteria rot both naa and 
~lon&.alcd 

TABLE J Crilt"ria rw ()n(-ciltl•l Moiahtr~ Con4iliun 

On.criptioa Cti1cri1 

Dry AW.ncc o( moit~urc, cluny, df}' 10 lhc 1ouch 

Moill l>Jmp bul no wiliblc wa1cr 
Wrt ViUble fr« wii&Cr, uauall)' 10il ia bdow wa1rr 

table 
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ln-PI..cc Condilio1u-f1rm, homoacncous.. dry. 
bruwn 

Gcolo&ic JnlcrpiCLalion-AIIu\lial (~n 
NotE J-4-0lllct cumpl~ o( s.uiJ dQCriptions ~o~ 

idcnlifJQtion are a,ivcn in Appcndi•cs X J and X2. 
Nt11E JS-Ifdaircd, lhc percentages of crawd,lo:lnl.J, 

and fipn may be su&cd in lcrnts imJic.atiu& a r.an&c o( 

p:n:cni.1£CS, as folloWl: 
Jlocco-P.uticlcs ace prex.nl bul cstimalcll lo be leu 

lh•n S" 
F..,.._~ to 10" 
Li1rle- U to H l5 
Som•-30 to •s " 
MoJIIy-:JO to 100" 

16.2 If, in lhc soil dC5Cription, the soil is idcn· 
lifted usina a classilicalioo group symbol and 
name as described in Tcsl Method D 2487, il 
must be distinctly and clcady s"'tcd in loa forms, 
summary tables, reports, and the like, that the 
symbol and name arc bucd on visual-manual 

procedures. 

I 7. Precision and Dlas 

17.1 This p111cticc provides quali"'tivc infor· 
mation only, tltcrcforc, a precision and bias s"'tc· 

mentis nol applicable. 

TAIL£ 4 Crilt"tia for Oncribiaalh Rntlie. \\'iah 110 

[)ocscription ,. .... 
w.u 
SIIOC\I 

l..Oitri.a 

No vi.sib&c fUClhln 
Some ruc1ion, wilh bubblf'l formin& alowlr 
Violcnl tACtion. wilh bubbla fonnin& immc-

dialclr 

TABLE 5 Oilcrlalor ~Xtnlbi•& ConthlcM} 

()ncriplio• 

Vrt)soll 

Soli 
rlfm 
liard 

Vel)' hard 

Crilrria 

Thumb will pcnclralc 10il mOte 1mn I in. (U 

mm) 
Thumb will pcnclrJIC toil aboul I in. (21 mm) 
Thumb wlll indc:nl s.o•laboul V. in. t6 mm) 
1 humb will nol iMknltoil bul ru,hl)' indented 

llltilhlhumbftail 
Thumbnail will not. indcnl toil 

TABLE 6 Cri1rrU f.,lku"riblnaCrmc•l•lin 

Oncripaion Cri1eri1 

Wu• Cn.mbks or brub •ith handlin& or link 6a-
&cr ptnluiC 

Modcnlc Cn~mbks or bfuh •ilh COA,.nbk lin&cr 
PfnlUIC 

Sttona WiU not cr11mbk or break ..,i1h linaer prcu~o~rc 

41$ 

··* 

cgp 
fAUI.t: l Ctilt'ri• for l~•r~lbi"l Suuchut 

~~ ...... ,.,,linn Cnauia 

!51Uilfk"d AltcwallnA la)tn of \lf)lnJ maarri.d or 
c-ol••r "i1h la)'rn a1Jus16 mm I hid.; note 
thid.ncu 

UminAICt.l AhtrnJiiroa la)tn o( ury1n1 maltriAI or 
color wilh lhc la)en Ins thAn 6 mm !.hick: 
no1c thu:kncll 

l•uuae4 Bauls alona dcf1ni1e pl.anca o( fr.&<"lurc •l1h 
lillie rcsislln(e 10 (nc&urina 

Shd.tns,tJc" f nclure plo~nn appc:~r puluhcd Of J.louy. 
somclamtt s1ria1cd 

Dlurd.y Cohcsitc wil lhJI nn bt brokrn do.,.n into 

lcmcd 

small anaulat lumps .,..hich rnist ft.~rthcr 
brrd.do""n 

fJumoJtnCOUI 

lnchnion of small pockets ofd•ITcrcnl toila, 
such u 1m.all kn~~eJ or s.and scauercd 
throu&h 1 m.au of cby; nole th.cknM.S 

Soamc culor and appurancc lhrou&hOLII 

T.\UI.t: I Olwl• lot O..tnUtlna Or) Su .. nal'-

()n(rip~lon Crilrri.a 

lionc The dry spc<imu Cf\lmbk:s inlo po ... -dc.r trrilh 
mere prnsurc of h;r,ndlina 

low The dry JJ)«imen cn.mbln inlo po•dcr with 
some linJel plC'ULHC 

MNium The: dry specimen breaks inlo pi«es 01 crum· 
blu -.ith coruidcn.ble linaer prnsurc 

lt•ah The dry specimen canno1 be broken with fmaer 
pu:uurc. Specimen v. 111 bruk inlo JH«cs 
bcl•een lhumb and 1 hard sud.ace 

Very hiah The dl)' JP«imen cannol be btokcn btt'*'ft:R 
lhe lhumb ;r,Dd a h.ard surf.J~cc 

T,\UJ.£ t Crilcriafor l>uniblna Dilabnq 

1Xw:rip1ion Crileria 

None No wnibk ch.anac in lhc specimen 
Stow WJ.tcr .appun alowl)' on 1hc 1urfact of 1hc 

srcdmen durin& shJ,kina and dot1 no& dis
appear 01 diuppurs slo•l)' upon tqucrlin& 

Jt:apid Wa1cr lpptoln quid.lr on the: surfacf of &he 
tpccimcn durin& lh.a .. ina and dis.;appcars 
quickly upon Wlucclina 

T A. liLt: 10 Crilcri• for DtKri~inl Tou1a.nus 

tkKtiPii~n Cri1cri.a 

low Oulr shah! pnuurt is rcquiiCd lo roll thc-
lhJCad nur the plastic limil. The lhrQd ilnd 
lhe lump ltC wnk .and aoft 

Mcd&um McJ•um pJCUufC is rcquimi 10 roll 1hc lhrud 
to nur the plaali( limil. The &hrntJ aDd &he
lump ha'"C mcd1um llillneu 

ll•&h Considerable prtuurc is rcquutd lo roll &he 
&hfC:ul lo ncar 1hc pi.J~uic limil The thread 
and 1hc lump ha'"c "")' hiah sulfnna. 
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TA 01 1:: II ('dania rw Oncrilll•1 Pl•ukllr 

Pno:npuon Criteria 

Nunpbsaic A Y.·in. U·mm) &hrud nnnot be rolloJ ,;-;; 
"'••u cvnlcnl 

Low 

~INium 

lh&h 

The lhnad Clift Nrrlr be roiiC\1 and liK lump 
c:annot be fotmcd •ben drier lhan the pl.utic 
limil 

The 1hrud it nsy to NilAnd not much liQ'tC 
is rtquirn.l to reach 1he plu1ic- limit The 
lh~d gnno& be rerolled anrr rnchina &he 
plu11c ljmil The lump CT\Im~ca •hen dria 
than ahe pl.u1tc limic 

h La .. ca conWdenblc aimc-coUina and hc.adina 
lo rPch lhc plu1k limit Thr-lhrr~ can be 
R'tollcd xteral &imC'IIftc-r R'~china lhc plu
tic limit The- Jump an be fonncd •i&howl 
(TUmblina ""hen drier thu &he plutic Jim11 

TABLE U llfl'atlncadoa •I JnofJaak FJ....CnJ..t4 s-Ib 
r .... :'lhaual Tnlt 

Soot 
Dry Strrnalh Oii.JiUnC)' TouJ,hnns 

Srmbol 

ML None 1olow SJowlo to .... or thrud u.nAOl 
rapid bt formc:d 

CL Medium 10 hiah None lo MNium 
olow 

MH Low 10 medium None lo Low lo medium 
olow 

Cll lti&h lo very hiah None lli&h 

TAll£ Jl Cbt"tkJist for Descripdon or Solb 

1. Gwup no~mc-
1. Group l)mbol 
J. Penena of cobWn or bouldC'rs, or boah Cby wolumt) 
4 PeiTent o( IJ::It"tl, 1.1nd. or fmn, Of .all &hrec (by dry •eialu) 
l. Panidt·siu nnac: 

Gr.a\cl-line.co•n,c 
S.nd-line, medium. co.arSC 

6. P.:.nidt' anaularil): anaul.ac, suNnaulu, subroundcd. 
rounded 

1. P.miclc Ulapc-; (If 1ppropria1t) O.J~l. clonJ..IItd, fi111nd clan-
po«J 

I M.nimum ~nKie siu ot dimension 
9. ll~rdneu of co.~nc i.tr\d and larau p,Jnidn 

10. PIJuicity or linn: nonpluhc. &ow, mC'd1um. hi&h 
II. Dry urenalh: none. low, medium, hiJh, nrt hi&h 
12. 01lo1lolncy: none, slow. npid 
I) Tuuahneu: low. metJium, hiah 
14 C olur (•n moi11 con.Juion) 
U. OJ\Jl,Jmcnlion only if otpni' or unusuaiJ 
16 Moilhuc: dry. moisl. ""el 
11. RcaC"Iion .,,,h UCI: none. -.-uk, nrona 
Ftlf"IIUUfiJompkJ· 

II. Conliucncy (line·&nmfd sods only); "ery soft, JOI\. linn. 
h.Jrd, wery hard 

19. Strutl"ce: SIIJI1f1td, lamin11cd, fiSJurc-d, shclltn»4td, 
leniN. homoacneout 

20. CemCiliJ.IIOn: •uk. modcnlt. wona 
21. local n.amc 
11 Gt'IJJO&ic interprelllion 
2J. Additionoal com menu. ptntnu of t1:lOU or roo& hoki. prn

encc of mKil. UJ>'Um, eiC., JU1fK'C C'OIIinp On C~IW· 
1rainc-d panKka. cnina or slou&hina of auatr hok or IreDell 
sldct. d10kul&y in .1u,crina 0# unvatina. etc. 



GROUP SYMBOL GROUP NAME 

< 
<JO'JI. olus No. 200 ~ <15'11. Olus Na 200 loM clay 

--- 15·25% olus Na. 200 ~ 'JI. uNi ~'JI. po"l- lo.., clay wish unci 
C L ----.._ '4 und <% trawel __. Lnn day with grnef 

-<::::::: %. 1o1nd ~%of gravel ~ <15"1. ftnet Slnctv lta.t day 
.<!30'11. olus No. 200 ---- ~15'11. tt•••l Sondy lun ct.y with gruel 

'4 ~o~nd <% grnel <:::::::::::::: <15% wncl "Gnwelly lun clay 
~15% s.aN Gtawclly lean ct.y with s.and 

< 
<JO'JI. olus No. 200 oc::::::::::::: <15% olus No. 200 ---------------Silt 

· 15-25% plus No. 200 ~%. und ~'4 grawtl ~Silt widt....,.. 
M L -----.,'1ft und <~ grawet----- SUt with C)lawel 

~ 'Y. s.and ~%of gruel :C::::::::::::: <15% gnwel S..ndv s.lt 
~30% plus No. 200-------.... ~15'4 91'•••1 S..ndv silt with trnfl 

%sand <'-grant --===-- <15% s.and Gr•••Uv silt 
~ ~15%. wnd Gr .. elfy Wltwitft Ynd 

< 
<JO'JI. olus No. 200 --=:::=- <15% olus No. 200 '"clay 

-----... 15-25% plut No. 200 =====::::::"' so~nd~%tra.el .--....fat d11V with s.and 
C H 'II. sond <'JI. l'h•l- Fat clay with tta.,l 

%. s.~nd >%of vn.,.l -=:::::::: <15'4 91•••1 s..nGy ftt clay 
~JO% plus No. 200 ~ - ~15% grnef SMw:tv fat clay wtth gruel 

---.%sand <% gro••l ~<15'11. soNi Grnolly fat clay 
---~15% sancl GraMIIy fat doy with unci 

< 
<JO'% olus No. 200 ~ <15'% otus No. 200 --------------- Elfltic silt 

~ 15-25%. plus No, 200 ~ '1. sand ~"1. ., .. et.--.....Elasric silc wfrh sand 
MH ---- 'JI. sonci <'JI. ,,..... -Elastic silt with vn•ol 

-<::::::::: 
'% s.1nd ~%of grnel --=::::=- <15% gra..t s-dy •l•tic lilt 

>JO% plus No. 200 -----., ~15'1. tt•nt $aftdy elattic silt with guwel 

GROUP SYMBOL 

- ~ 1.-nd <'% tnw•l -=::::::=v <1S'J. und Gra .. ltv etattic slit 
~ ,15% sand Cqwelty •IHtic silt with s.and 

Nou-1"'..:-n:.:nC.J&C"S JtC' l-l.:nN nn netmJtinl :~mountS o( linn. s.Jnd. lnd tr.a'I'Ct IO 1M I'CiftSI S ,.. 

1•tC. h 1-lo• O•n fM ldurif)in1II\Of11:•"~ tin...Cni~ Soil (50"' • _.. r._.) 

GROUP NAME 

< <30'4olusNo.200 ~ <15'JI.olusNo.200 0-'csoil 
1 5·25% plus No. 200 "'10ftd ~'JI. .,_.._ ___ O..O..ic •ilwith -

OL/OH ~""..,...<"',,. ... -a.....ic,.,;aw;tl\,, .... 
---'% sond ~"' tr .. ol ~ <15% I'Owol S.W, ....., .. 10f1 

2:30~ plus No, 200 --------... ~ ~15-.c. tre.ej s...ty ....,.._ 10;& widt trew•l 
~ ••nd <"' ,,,..,.., -=:::::::::=::: <15'A .. ,.., Gte..ay or11ftic 1011 

~15'11. 10ftd c;._., ........ soil with sand 

Non-Pc-tttn1011n •~ ba~ on ts11ma1ina1mouau o( fines. sand, lftd arawrcl Eo 11M llial'a s ~. 
ftC. I b Flow Q.,, ftw ldnfifylnt Ora••" Fl....Cnl ... SoU (50 .. ., ._. n .... ) 
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GRAVEl. 
'l.tn•at> 
.. u .. 

SANO 
'lr.~M~ .......... 

GROUP SYMBOL GROUP NAME 

S.S"' fi"''-c::::::::W•ti11MM ---------------SW---==:::::'""'=---~!:: ::::== :::=::: '"'" ,_. 
,.o.HI¥t•.OM SP SC:::::::::::::~!::::::=::=:::::::: ..... ., .... 

~··."•••olll4\.oHMt-t-SW·SM-..::::::::::::<ts-.r.,._._....,...,_....._ .. ,,. .... 
w,,,..,..,.,.~ ~tss..,,_._......,...,.....,..",. ......... ., .... 

< '•""•••CLOf'CH-SW·SC-..::::::::::::<ts'l.,....,._ .... ..,.._.....,._ ... ctt., 
IQ<A.Iifllft 215'1op .... - ............ ~••dtda.,.,...l'l ... 

~··."••·••tt .. '"""""----SP·SM.....::::::::::<ts~o., .... _,._.,,.,. .. .,....,...,., ... . 
,._,.,.,aded~ 2tS'Iotr..,.. __ ,_..,,...,._..ttlill ... ll"''llltt•"' 

,,,..,.Cl.MCH-SP·SC cc::=><ts'l., .... _,._.,,....,...,...,,,. • ..-. 
-----215 ........ -,..,.., .............. a.y .... , .... 

--=============·· .. •••MI. ~ MH-SM--===---<tS'I.,. .... -Silt¥ ..... ~tSI.Ii"'' ~~1S'I.p..,.._Sikor...,._..,..., 
''"•••Ct.OftH-SC<tss.., .... -a......_.. 

-----.___ ~ts" .,...,-a.,.., YM .... ,_. 

NoTt-Pel't'Cni~IC1 ~re b.ascd on cslimlttncamounu of fines.. gnd,. and &nvri 10 Ute narest '~

fiG. 1 Flo• Char1 for ld•nufyint Coarw-Cnl•f'llll Still (Ina 1bu 50 'f. r ... ) 
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CSilt D 2481 

PARTICLE SHAPE 

W=WIDTH 
T =THICKNESS 

L=LENGTtt 

~ 
:j) 

fLAT: W/T>3 

ELONGATED: L/W >3 
FLAT AND ELONGATED: 

-meets both criteria 
FIC. -4 Crilctia for rankle SUpc 

AI'I'ENDIXES 

(Nonmandalory lnformalion) 

XI. EXAMPLES OF VISUAL SOIL DESCRIP'flONS 

X 1.1 The follow ina examples show how the in for· 
mation required in 16.1 an be reported. The infor· 
mation lhat is included in dc:ocriptions should be basal 
on individual circumst.ana:s and need. 

Xl.l.l Wt/1-Gradtd Graul wi1lt Sand (GJI?
Aboul 1S" fone lo coanc:, hard, subancular Jr.lVcl; 
about U " fonc lo coane, hard, subancular sand; trace 
of fines; m:uimum siu, lS mm, lxown, dry. no ruc
tion wilh 110. 

X 1.1.2 Silly Sand willt Gra•tl (SM)-About 60" 
predominanlly fine sand; aboul 2)" silty foncs wilh 
low pluticily, low dry stn:nath, rapid dilatancy, and 
low touahnas; aboul U " fone, hord, sub1ounded 
&n'f'CI, I few &n'VCI·si.z.c particles (BctUrcd wilh hammer 

421 

blow; mou.imum size. 2.) mm; no rc.action with 110 
(Nole-Ficld sample size smaller lhan recommended). 

Jn-Plac~ CondilionJ-Firm, stl'3.1iricd and contains 
knscs of sill I 10 2 in. (H lo ~0 mm) lhick, moisl, 
brown lo VolY; in-place density 106 lb/fi1

; in-place 

moiSiurc 9 "· 
Xl.l.l OrtanicSoi/(OL/011}-AbouiiOO" foncs 

with low pluticity, slow dilatancy, low dry suen&th, 
and low lou&hnc:s.s; vwc&.. dark brown, orpnic odor. wc.ak 
rc:oclion with 110. 

X 1.1.4 Silly Sand wilh Ortanic Fints (SAI)-Aboul 
Jj" fone 10 coar><, hard, subanaular rcddi•h >and; 
about 2S " orpnic and Why d~rk blown nonpla.saic 
fines wiah no dry strcnalh and ilow dilaLancy; wet; 

4IDII D 2488 

mouimum size, coarse s:md; weak ruclion with 110. 
X I. U foo•/1• G.a,f.·J G<a•·rl •·ilh S1/1, Sa11J. Coi>

/lh•s a11J llo141<11'<S (Gf·GM)-About 1l ~ fonc to 
cuan.c, h3u.l, subrounJcd lo sub;mgular ar.twcl~ about 
I.S" fine, hard, subtoundcd lo subanaulu s.1nd; aboul 

10 ~ silly nonplastic lines; mois1, brown; no rue1ioa 
with lfll; oriJinal focld ,.mplc h•d about j ~ (by 
volume) h;ud, subrounded cobbles and a tr.>CC ofhud, 
suhroundcd bouldcn. wilb a mu.imum dimcn1ion o( 
18 in. (HO mm). 

Xl. USING TilE Jllt:NTIFICATION I'ROCEUUR[ AS A UESCRJPTI\'E S\'STEM fOR SHALE, 
CLA \'STONE, SII[Ll.S, SLAG, CI!USIII::D ROCK, AND TilE LIKE 

X2.1 The identification proccc..lurc mJy be used u a 
dcK•iplivc syucm applied 10 maletials 1ha1 uiu in-situ 
a.s sh.Jic, claystone, t.1nthlouc, sillslonc, mudslonc, ccc., 
bul con wen lo wils aflcr f1cld or bbontory procnsina 
(Ciushinc. sl•km&. and the like). 

X2 2 Malcrials such as shells, crushed rock, slag, 
and lhc hl.c, should be idcnaified as such. Uowcwcr, lhe 
procedures uKd in this prac&ice for describin&lhc par
licle size 1nd plasaicity chanCicriSLics may be used in 
lhc tlucriplion of lhc malcrial. J( desired, an idcnliti
carion ulin& a croup name and symbol accordin& 10 
&his pracaacc n•,ar be usianed lo aid in dCKribina the 
malerial. 

X 2 J The voup symbol(s) and voup n•mcs should 
be pJ.1ccd in quo&alion marks or noaed wi&h some &)·pc 

of di~linauishina symbol. Sec uamplcs. 
X2.4 Eumplcs of how aroup names and symbols 

can be incoron&cd inlo a descriptive srsacm for male
rials lhil arc not naaurally occurrina s.oils arc as follows: 

X2.4.1 Shalt Ch1mk.s-Retricved u 2 to 4-in. (~0 
lo 100-mm) pieces of shale from power au&er hole, dry, 

brown, no rtacaion wilh JJO. After slakin& in water for 
24 h. material identified u "S.ndy Lun Oay (Cl)"; 
about 60 !0 foncs with medium pl;uticity, hi&h dry 
slrcnath, no dilauncy, and medium louJ,hncu~ aboul 
)j ~ fone lo medium, hard >and; about) ~ Jr.lVcl-sizc 
pieces of shale. 

X2.4.2 Crwhtd Sandslollt-Product of commer
cial crushina operation; "Poorly Graded S.nd with Sill 
(SP..SM)"; about 90" fone to medium sond; aboul 
10 ~ nonplutic foncs; dry, reddish-brown, suona reo<· 
lion "ith 110. 

X2.4.J Brokm Sh<lls-About 60 "&nvcl-size bro
ken shells; about JO l\ .. nd and sond-size shell picccs; 
about 10" foncs; "Poorly GBded GBvcl "ith S.nd 
(GP)." 

X2.4.4 Cmshrd RocA-Proceucd f10m Jr.lVel and 
mbblcs in Pit No. 7; "Poorly Graded Gravel (GPJ"; 
about 90 ~ fone, hard, an&ul>r Jr.lVCI-size particles; 
aboul JO S coan.e, hard, angular s.and·size puticles; 
dry, tan; no rtaclion wilh IICI. 

XJ. SU(;(;[Sl'[l) PI!OCEUUI!E fOR USING A BORDERLINE SHIBOL FOR SOILS 1\'ITII 
T\1'0 POSSIBLE JUENlii'ICA liONS. 

X ll Since &his pracaice is based on cslimaiC1 of 
p~niclc size disaribution and plasticily chanCIC'riscics, 
it may be difficulllo cleorly identify the soil ;u belonc· 
in& lo one cale&O/)'. To indicate lh•t the soil may r.u 
inlo one of two possible basic &J'Oups, a borderline 
symbol may be used wilh the 1wo symbols separated by 
a slash. For example; SC/Cl or Cl/CII. 

XJ.I.I A borderline symbol may be used when the 
percent•&• of fanes is estimated to be between 4) and 
H ~. One symbol should be for a comc-Jr.lined soil 
with fones and 1he olher for a fonc-Jr.lined soil. For 
example; GM/ML or CL/SC. 

X 1.1.2 A borderline symbol may be used when the 
pcrcentase of sand and the pcrccnl.J&C of &ra\'cl arc 
cuim•ted to be aboulthe ,.me. For uample; GP/SP, 
SC/GC, GM/SM. It is practically impossible to h3\e a 
soillhal would have a borderline symbol ofGW/SW. 

XJ.I.J A borderline symbol may be used when lhe 
soil could be either well &raded or poorly &raded. for 
uample; GW/GP, SW/SP. 

XJ.I.4 A borde11ine symbol mar be used when the 
soil could either be 1 sill or a clay. For example; 
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Cl/ML, CII/MII, SC/SM. 
XJ.U A bo1derline symbol m•y be used when 1 

finc·&raincd soil has properties lhal indica1c lhal il is al 
the boundary between a soil of low comprn.sibilil)' and 
1 soil of hiiJI compressibility. Fo1 uamplc; CL/CH, 
MH/Ml. 

XJ.2 The order of the borderline srmbols should 
rcflecl simil;uity lo surroundin& or adjacena wib. for 
uample: soils in a bonow area have been idcnlificd as 
CH. One SJ.mple is considered to have a bordctlinc 
symbol of CL and Cll. To show similarity, the border· 
line symbol should be CII/Cl. 

X ll The J.IOup name for a soil wilh a borderline 
symbol should be the voup n•me for the fom symbo~ 
uccpt for. 

Cl/CII lean to fat clay 
ML/CL clayey sill 
CL/ML silty clay 

Xl4 The usc of a borderline symbol should nol be 
used indiscnminatcly. E~cry dfon shall be made 10 
f•ot pl•cc the soil into 1 single &roup. 
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X~. SUGGt:SH:O I'KOCEOUIIES FOil ESIIMAliNG TilE l't:RCENTAGES Of GRAVEl, SANO, 
ANO fiNES IN A SOIL SAI\II'L£ 

X•tl Jar Al~l/,od-The rcloui're pcrccnrage o( 
cO.JOC· and liuc-&r~incd marcrial m.ay be cuimalcc.J by 
rhorouahly t.holltin& -1 nai.auu· of soil and wa1u in • IC\1 
lube or Jlf, tnd 1hcn aiJuwin& rhc mbaurc lo sclllc. 'I he 
coauc p.anidcs ¥till falllo the bouom :and suu·cnivcly 
liner panicles \4-'ill be deposilcd wilh incrc:;uma lime; 
the sand sizes ..,;u fall oul o( suspension in 20 10 JO s. 
The rcla1ivc pJOporlions can be csrimoucd (rom ahc 
rclalivc >tolumc of each site SCp.lriltc. lhis ffi('lhOll 
U.ould be torrclaled 10 portitlc·silc laboralory dclu· 
minatlons. 

X4.2 Visual Aft1hod-Mcn1aUy visualilc lhc aravcl 
size panicles placed jn 1 s.ack (or other conraincr) or 
aacks. Then. do lhc same with lhe sand iizc p:uticlcs 
and 1he lines. Then, menially comporc lhe number or 
sads 10 csaimouc &he pc:rccntaae of plus No.4 sieve size 
and minus No. 4 s.icvc si~c PfCSCnl. The pcrccnlti&CS or 

S3nd and lines in 1hc minus sieve size No ... malcrit~l 
c;an ahcn be esrim:uetJ f10m ll1c "'·;uh lcsl (X-4.)). 

X-4.) IVcuh J'~Jt Cfo~r rrlatil"t prramattJ of JonJ 
o11d fillt'J)-St:lcl"l .1mJ moislc•• cnou&h rninus No. -4 
sieve size mmlcriallo form a l-in (2)-mm) cube of soil. 
Cui I he tube in hair. ocl one·halr lo 1he side, and place 
lhc oahcr h.atf in a sm.:.ll dish. Wash and dcnnl the 
lines out oflhc m:ucri.al in the dish unlillhc w;uh walcr 
is cltiU and lhcn compatc lhc lwo s.1mplu and nlunaac 
1hc pcrccn1aae or sand and lines. Remember 1ha1 1he 
pcKcnl.aac is based on wcia.hl. nol ~olumc. 1-Jo"'·u·er. 
&he volume comparison "ill provide a rcalOnablc imJi
ulion of &~a in size pcrccnla&n. 

X4.).1 While washin~o il maybe neccual)' 10 break 
down lumpS or linn wilh lhc finacr IO ICI lhc eorrC<"I 
pcrccntaacs. 

Dr .4mrtK1111 Surln,!w T'UJ111 •NI Jl•trr-.JI '"''' 11oposi1i011 rtJptelilll 1Ar rai/J11y fl{,,.,. ptMffll titluJGJJI'flrrl ;,. comtf'CiiM 
•114 any ium mt"llliOtt.-tl i111Ais st•NI4rd. U1n1 oftltiJ IIGIId~ul•u t.rpr.-uly t~tlriJtj 1/ttu JtlrrmilfMit~~~t¥1lt~ r•liditt t¥ lillY IlK. 
,.,nv '1141'- .,W tier ttJ.ll¥11tjrU.,ntthtll{IIIC4 IIJIIIJ. art tnmdy1Arit o .. 'fl rtJp4MJi1Hii1y. 

Tlti1 Jlt111d4rd ;, Jubjm 111 tniJiDII tJl '"'' limt b)' llat r~sponJib/~ ltchi(ll/ nHrt~nilltt atul nuu1 k r,...;,.,. ,4 n~ry flrr frGtJ IJIItl 
if IHJI lt'IIJfti. 'illatr UrJf'JP'Orlfi 01" •·illltltd14"11 Your c-ommtnll atr itmtttl til Itt' /or tr-FiJIOII C1{ lhtJ IIGflflfltt/ 01 /iH t~JdmONJ/ 
Ut1ttdauiJ ami JltvuiJ ~ adJ,tutd 10 ASTM 1/«MMqut~t/trJ Your to,mtnll tt~·l/1 t~r,•t c-auf~l tOfUiduatio,. 111 • mu11n1 a/ tAr 
uJponJiblr tt'Cht~ir•l tommillrt. •·""'" J'OW m•y tllltnd If J"ON /trl lltat JVur tommtniJ ltt~a·t tWI rrrti1·nl• j.JU lrrtui"' you slwultl 
mo4, J'OW rit•l A no•" lf1 tluA.ST.\1 Commitlft on Sttutdt~uiJ. JPI61CIICt Sl .. PlttliMJtlplua. P4. J"OJ. 
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.~~I~ Oesignalion: 0 2487- 85 

Standard Test Method tor 

CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES 1 

Thi1 111nd~td is iuucd under lhc li•cJ Jnianalion 0 l417;.1hc number Jmmcdi~lclt lollo•·inalhcduianalton Indio. In lht rur ot 
OriJ.in•l adopuon 01, IR I he ntc ol rc"ision, lhc )'UI o( lui n:t-uion. A numbtr in partnlhnn ind1n1n the )~&l ofl&J1 rupprowal, 
A supcncripl cpillon (I) lndiu&cs an cd110rial chanac aincc 1hc lui rniaion or tupPfowal. 

~.;, JrJI ntt'lhod hiiiJ bn·n IIIJ'P'OI"'d/ur k.IC' bY"I'nci'' of 1Ju D.-p.mmml ti"D(/,IIItllnd/orliJlint i11lltt DOD /Nit.l of Sp«jfKIIIIOfl.l 
,M SlllniMJ,JJ 

J. Scope 

1.1 This lest mrlhod describes a syslrm for 
· clusifyin& mineral and organo·mineral soils for 

cnaineerina purposes based on laboralory deler
minalion of particle-size characleristics, liquid 

: ~mil, and plaslirily inde• and shall be used when 
,' p~ecise cla11ifica1ion is required. 

: Nou 1-Us.c of lhi5 stand~ud will ruull in a \in&le 
·- cl1uifin&ion aroup 1ymbol and 110up name uccpl 

whtn 1 soil conlains S lo 12 " fi11U or when the plol 
ol1hc liquid limil and plouaicily indt.l \'.Jiut~ fodls inlo 
lhc crouh~rchtd arn of the pl~saicily chan. In lhcsc 
il'·o n.ses, .a dual symbol is used, for uamplc, GP·GM, 
CL-ML. When lhc laboralory lUI rcsuhs indic:a&c th;al 
lhc soil is close IO another soil cl;nsifiC.Jiion &roup, lhe 
bordc•finc condiliun can be iridic:~ ltd ~ilh awo symbols 
scp;uoucd by a sl;uh. The fiu1 symbol should be lhe one 
b.ucd on 1his Slandard. ror e .. mplc. Cl/CII. GM/SM, 
SC/CL. Borderline symbols arc panitularly uscrul 
•·hen lhc liquiO limit value of clt~)'ey soils is close to 
la. The~e soils c~n have eApansivc characlcrislics and 
lhc usc or a borderline symbol (Cl/CII, Cli/CL) will 
alcn the user of the auiancd clauilications of c1pansive 
polenlial. 

1.2 The group symbol ponion oflhis sytem is 
based on laboraiOry 1es1s performed on lhe por
lion of a soil sample passing lhe 3-in. (75-mm) 
sieve ("'c Spccificalion E II). 

1.3 As a cla11ilica1ion syslem, lhis lesl mel hod 
.is limilcd 10 naturally occurring soils. 

Nuu 2-The croup names and symbols used in 
lhis lest melhod may be used ;u a descriptive sysacm 
apPlied 10 such malerials as shale, tl•~•lonc, shclh, 
trulhcd rod, cit. Sc:e Appcndi• Xl. 

1.4 This ltSI melho<l is for qualilalive appli
talion only. 

Nun l-Whcn qu.an1i1a1ive informJiion is re
quired (or del;ulcd dcsians of imponanl slfuctures, ahis 
lc.W meahod must be supplcmenlcd by labor.:uory lcUs 
Or other quanlilouive dala lo drlerminc pcrform.ance 
ch,uactcris&ics under upcclcd fidJ conJiaions. 

I. S The syslem is ba"'d on I he widely recog
nized Unified Soil Clas.sificalion Syslem which 
was adopled by several U.S. Governmenl agen
cies in 19S2 as an oulgroWih of lhe Airfield 
Classifica1ion SySiem developed by A. Cau· 
grande 1 

1.6 This standard may inroh~ ha!ardous nra· 
tl'fia!J, operations, and ~quipment. This Jtandard 
does nor purport to addresJ all ofth~ Ja/et)" prob· 
lmu aJJocrated with iu uu. It is th~ UJpomibil· 
ity of ulwern IHfJ this Jtandard 10 conJIIII and 
eJtabltJh appropriart' safi•ty and health pracricn 
and determine the appllcabiliryof ugularor)' limi· 
laliOJIJ prior IO UJ£'. 

l. Applicable Documtnls 

2.1 ASH/ StandardJ: 
C 117 lesl Me1hod for Malerial Finer Than 

1S·jlm (No. 200) Sieve in Mineral Aggrc-
gales b)" Washing' · 

C 136 Mel hod for Sieve Analysis of Fine and 
Coarse Aggregales1 

C 702 Melhods for Reducing Field Samples 
of Aggregale lo Tes1ing Size' 

0420 Recommended Praclice for lnveSiigal
ing and Sampling Soil and Rock for Engi
neering Purposes' 

D 42 I Praclire for Dry Preparalion of Soil 
Samples for Panicle-Size Analysis and De-

1 lhit lt)l mc1hod is under lhc jurisdinion o( ASTM Com· 
miuc·c D-11 on So1l 1nd Rock and is &he diiMitlponsibtlil)' of 
Subcomm1UC'~ 01107 on ldcnlilication and Clui;fK"Jiion of 
Soils. 

Currcntcdillon appro~tdOct.lS, 191S. PubliibcdOttt::mbct 
198S. Oriain:.lly publ•ihcd u 01411-66 T. Lau pq~toua 
cd•lion 0 1-411 - IJ. 

1 C'as.Jar~nd<. A , ·etusilicalion and JdcnlifKalion of Soib. • 
Tw,,.uoi.,nt. ASCE. 19-41, p 901. 

1 rf••nluJI Bolil. iJ{ ASIA/ SlutJJatdJ, V~ 04 Ol. 
4 A"ttmJ/8uuA. of AS7 ~~ SiulldiJtdJ, Vol G-4.01. 





tJj 
I 

f-' 

4Sill 

terminal ion of Soil ConslaniS' 
D 422 Method for Pilftjcle-Sizc Analysis of 

Soils' 
D6H Terms and Symbols Relating lo Soil 

and Rock' 
D 1140 Tcsl Method for Amount of Material 

in Soils Finer than the No. 200 (75-jun) 
Sicvc4 

02216 Method for LaboraiOry Dctcrmina
lion of Water (MoiSiure) Content of Suil, 
Rock, and Soil-Aggregate Mixlures' 

D 2217 Practice for Wet Preparation of Soil 
Samples for Particle-Size Analysis and De
termination of Soil Constants' 

D 2488 Practice for Description and ldenlili
calion of Soils (Visual-Manual Procedure)' 

04118 Test Method for liquid limit, Plastic 
limit, and Plasticity Index of Soils' 

E II Specification for Wire-Cloth Sieves for 
TcSiin& Purposes' 

1.03. Summary of Method 

3.1 As illustrated in Table I, this claMilication 
sySiem identifies three major soil divisions: 
coarse-grained soils, line-grained soils, and highly 
organic soils. These three divisions arc further 
subdivided into a lolal of I.S basic soil groups. 

3.2 B•sed on the ruulls of visual observations 
and prescribed laboratory tests, a soil is cola
logucd according to lhc basic soil groups, as
signed a group symbol(s) and name, and thereby 
classified. The Oow charts, Fig. I for linc-guincd 
soils, and Fig. 2 for coanc-grained soils, can be 
used to assign the appropriate group symbol(s) 
and name. 

4. Sianilicance and Use 

4.1 This lest method classifies soils from any 
geoglilphic locotion into categories representing 
the results of prescribed laboratory tests to deter
mine the particle-size characteristics, the liquid 
limit, and the plaSiicily index. 

4.2 The assigning of a group name and sym
bol(s) alona with the descriptive information re
quired in PracticeD 2488 can be used to describe 
a soil lo aid in lhc evaluation of its significant 
properties for cnainecrin& usc. 

4.3 The various groupings of this chwilication 
system ha vc been devised to correlate in a &cnclill 
way with the engineering behavior of soils. This 
test method provides a useful first step in any 
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field or laboratory invcslij:alion for geotechnical 
engineering purposes. 

4.4 This tesl mclhod may also be used as an 
aid in llilining pc~onncl in the usc of Practice 
0 2488. 

S. Ttrminology 

5.1 D•'finiticms-Excrpt as listed below, all 
dcfinilions arc in accordance with Terms and 
Symbols D 653. 

Nolf 4-for p3niclcs rcl3incd on a l-in. (H-mm) 
U.S. Sland~rd sieve, lhc ruiJowin& ddinilionl lfC JUJ• 

acs&cd: 
Cobblts-~niclcs or rock lhll will plSS • 12-in. 

(300-mm) square opcnin& and be rclaincd on 1 l-in. 
(H-mm) U.S. Jlandard •ie~. and 

Bou/dciJ-panicles of rock &hal will nol pass 1 I l
in. (lOO-mm) lljUarc opcnin& 

~.1.1 gravt'/-particles of rock lh•l will pass a 
l-in. (75-mm) sieve and be retained on a No. 4 
(4.7 ~-mm) U.S. Slandml sieve with the followina 
subdivisions: 

Coaru-passcs 3-in. (75-mm) sieve and re
tained on ¥.-in. ( 19-mm) sieve, and 

Fin~-passcs ¥·-in. (19-mm) sieve and rc
lained on No.4 (4.75-mm) sieve. 

5.1.2 sanrl-partidcs of rock that will pass • 
No.4 (4.75-mm) sieve and be rclaincd on a No. 
200 (75-jtm) U.S. standard sieve with the follow
in& subdivision5: 

Coaru-passcs No. 4 (4.75-mm) sieve and 
retained on No. 10 (2.00-mm) sieve, · 

M<'tlium-passcs No. 10 (2.00-mm) sieve and 
retained on No. 40 (42~-jlm) sieve, and 

Fine-passes No. 40 (425-jlm) sieve •nd rc
laincd on No. 200 (1S-jtm) sieve. 

~.l.l da.r-soil passing a No. 200 (7~·1'ml 
U.S. slandard sieve that can be made to cxhibil 
plasticity (pully-likc properties) within a ranac of 
water contents •nd that exhibits considerable 
strength when air dry. For classification, 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, •nd the plot of plasticity index versus 
liquid limit falls on or above the MA" line. 

5.1.4 silt-soil passins a No. 200 (75-l'm) 
U.S. standard sieve thai is nonplastic or very 
sli&hlly plaslic •nd thai exhibits little or no 
strcnglh when •ir dry. For classification, a silt is 
• linc-guined soil, or the line-grained portion of 
a soil, with a plasticity index less than 4 or if the 
plot of plasticity index versus liquid limit f•lls 

396 

4IDII 

below the M A" line. 
5.1.5 wgamc cluJ~• clay wi1h sullicienl or-

1311ic conlcnllo influence I he soil properties. for 
dmitiralion, an organic clay is • soil thai would 
be classified as a clay except thai iiS liquid limit 
v•luc a ncr oven drying is less than 15 % of ill 
Jiqui<l limil value before oven dryina. 

5.1.6 organic silt-a sill wilh sufficient or
aanic conlcntlo innucncc the soil properties. For 
clmilication, an organic sill is a soil thai would 
be classified as a sill except thai its liquid limit 
value after oven drying is less than 15 % of ill 
liquid limit value before oven drying. 

~.1.7 pedt-• soil composed of vege&able tis
sue in various slages of decomposition usually 
with an organic odor, a dark-brown to black 
color ,a spongy consislency, and a texture ranging 
from fibrous 10 amorphous. 

~.2 Descriptions of Terms Sprciflc to This 
Stul!llurtl: 

5.2.1 cotfficielll of curvatru~. Cc-thc ratio 
(DJ0)'/(0,0 X D .. ). where 0 60, DJO, and 0,0 arc 
lhc panicle diamclers corresponding lo 60, 30, 
and 10% liner on the cumulative particle-size 
dislribulion curve, respectively. 

~.2.2 coe.Dici~nt of uniformity, Cu-lhc lillio 
0../Doo. where o .. and Doo arc the particle di
ameters corresponding lo 60 and 10" liner on 
lhc cumulative particle-size distribution curve, 
rcspeclivcly. 

6. Apparatus 

6.1 In addition to lhc appalillus thai may be 
required for obtaining and preparing the samples 
and conduclin& the prescribed laboratory ICSIS, a 
plasticity chart, similar to Fig. ), and a cumula
tive particle-size distribution curve, similar to 

Fia. 4, •re required. 
Non 5-The -u- line •hown on Fie. 3 hu been 

cmpiric~lly dcacrmincd 10 be ahc approximoue ""upper 
limia• (or naaur.~l soils. ll is a &ood check a&ainsl 
erroneous data, and any lcsl results thou plol above or 
lo the lcfi of il should be verified. 

1. San1pling 

7 .I Samples sl>lll be oblaincd and identified 
in accordance wilh a method or methods, rec
ommended in Recommended Practice D 420 or 
by other accepted procedures. 

1.2 For accurate identification, the minimum 
amount of test sample required for &his lest 
method will depend on which of the laboratory 
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tcsls need 10 be performed. Where only the par
ticle-size analysis oflhc sample is required, spec
imens having the followin& minimum dry 
wcigh1s arc required: 

M.:uimum P~rticlc SiM. Minimum Sfk"(imc• Si~e,. 
Sic ... c Opcnina 1>1}' Wciahl 

4 71 mm (No. 41 100110 211bl 
9 I mm(\\ ;n I 2001101 lbl 

19 0 mm (~tin.) 1.0 la (l.llb) 
lll mm ll 11l in.) I 0 l& (I lib) 
l! 0 mm tl ;n.l • 60.0 ~llll21bl 

Whenever possible, the field samples should have 
weighiS two to four times larccr than shown. 

7.3 When lhe liquid and plastic limit tests 
must also be performed, additional m•tcriaJ will 
be required sufficient to provide 1~0 110 200 & 
of soil liner than the No. 40 (42S-jtm) sieve. 

1.4 If the field sample or test specimen is 
smaller than the minimum recommended 
amount, the repon shall include an appropriate 
remark. 

8. Classificalion oC Peal 

8.1 A sample composed primorily of vegetable 
tissue in various slagcs of decomposition and has 
a fibrous to amorphous texture, a dark-brown 10 
black color, and an organic odor should be des
ignated as a highly organic soil and shall be 
classified as peal, PT, and nol subjected to the 
classilicalion procedures described hercafier. 

9. ('reparation for Classiliclion 

9.1 lkfore a soil can be classified according lo 
this test method, generally the particle-size dis
tribution of the minus )-in. (1S-mm) material 
and the plasticity charactcrisliCl of the minus No. 
40 (42S·jtm) sieve material must be determined. 
Sec 9.8 fur the specific required lcsiS. 

9.2 The prcpaliltion of the soil spccimcn(s) 
and the testing for particle-size distribution •nd 
li4uid limil and plasticity index shall be in ac
cordance with accepted Slandard procedures. 
Two procedures for preparation of lhc soil spec
imens for testing for soil classiftcllion purposes 
arc given in Appendixes X} and X4. Appendix 
X3 describes the wei preparation method and is 
the preferred method for cohesive soils that have 
never dried out and for orcanic soils. 

9.3 When reportin& soil classifications deter
mined by this tesl method, the prcpalillion and 
test procedures used shall be reported or refer

enced. 
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9.4 Although lhe lesl procedure used in <Icier· 
minina I he particle-size .JiSiribulion or olhcr con· 
si.Jer;olions may require a hydromc1er analysis of 
lhe material, a hy.Jrome1cr analysis is nol neces
sary for soil clanilicalion. 

9.~ 'I he JXrcenlage (by dry weigh!) of any plus 
J-in. (7 ~-mm) male rial musl be tlclCHIIIIICLI aud 
rcporlc.J as auxiliary informalion. 

9.6 The ma•imum parlicl< siL< shall be dele<· 
mined (measured or eslimale<.l) and reporlc<.l as 
auxiliary informalion. 

9. 7 When I he cumula1ive particle-size diSiri· 
bulion is required, a :SCI of sieves shall be used 
which include I he followin& 1izes (wilh I he laraest 
size commensurale wilh 1hc maximum particle 
siLC) wilh olher sieve sizes as needed or required 
lode line lhe panicle-size diSiribulion: 

)-in. (75-mm) 
\'•·in.ll9.0-mm) 
No.4 (4.H-mm) 
No. 10 (l.OO-mm) 
No. 40 (42S·,.m) 
No. 200 (H·I'm) 

9.8 The 1es1s required lo be performed in 
prcparalion for classilicalion are as follows: 

9.8.1 For soils cs1ima1cd lo conlain less lhan 
S % lines, a plol of 1he cumulalive panicle-size 
diSlribulion curve of lhc fraclion coarser lhan 
lhc No. 200 (U·11m) sieve is required. The cu· 
mulalive panicle-size diSlribulion curve may be 
plolled on a graph similar to lhat shown in Fia. 
4. 

9.8.2 for soils cs1ima1cd 10 contain S 10 IS % 
lines, a cumulalivc particle-size diSlribulion 
curve, as described in 9.8.1, is required, and I he 
liquid limil and plaSiicily index arc required. 

9.8.2.1 If suOicicnl ma1erial is nol available to 
delcrminc lhe liquid limit and plaSlicily index, 
1hc lines should be eslimalcd to be eilher silly or 
clayey usin& the procedures described in Praclicc 
D 2488 and so noled in lhe report. 

9.8.3 for soils cSiimalcd lo conlain IS % or 
more lines, a dclcrminalion of 1hc percenl lines, 
percent sand, and percenl aravcl is required, and 
the liquid limit and plaSlicily index arc required. 
For soils e11ima1cd lo con lain 90% lines or more, 
the percent lines, percent sand, and JXrcent 
cravcl may be eslimalcd using the procedures 
described in Praclice D 2488 and so noled in the 
report. 

10. Prdiminory Classification l'roccduro 

10.1 Clan the soil as line-grained if SO% or 
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more by dry weigh! of lhe lcsl specimen Pants 
the Nu. 200 (U·I'IP) sine and follow Sc.:lion II, 

10.2 Class lhe soil as coarse-grained if more 
lhan SO % by dry weight of lhc lest specimen is 
retained on the No. 200 ( 7S·I'III) sieve and follow 
Section 12. 

I I. l'roccdurc fur Classification of Fine·Crained 
Soils (SO % or more by dry weiclu passin1 
lhc No. 200 (7S·I'm) sieve) 

II. I The soil is an inor&anic clay if the posi
lion of lhe plaslicily index versus liquid limi1 
plot, Fig. J, falls on or above the ·A" line, the 
plas1ici1y indca is arealer than 4, and I he presence 
of organic maner docs nol innucncc lhc liquid 
limit as determined in 11.3.2. 

11.1.1 Classify lhc soil as a /~an cia)', Cl, if 
lhc liquid limit is less than ~0. Sec area idcntilied 
as Cl on Fia. 3. 

11.1.2 Clossif)·the soil as a fa/ clar, CJI, iflhe 
liquid limil is S~ or areater. Sec area idcntilitd 
as CH on fi&. 3. 

Nm£ 6-ln cases whcrt lhc liquid limil urtcds 110 
or lh< plauicilr ind<x ucccds 60, 1he pl•uicity ch•n 
n~>y be upandcd by mainlainina lht same scalt on 
borh ucs and ultndina the ·A • line a1 th< indira ltd 
slope. 

11.1.3 Classify lhe soil as a silly cia)', Cl·Ml, 
if the posilion of the plaslicily indu vtrsus liquid 
limil plol falls on or above the ·A" line and the 
plaslicily index is in the ranee of 4 to 7. Sec area 
idenlilicd as CL·ML on fi&. l. 

11.2 The soil is an inorcanic sill if I he position 
of 1hc plaSiicily index versus liquid limil plol 
Fi&. J, falls below I he ·A" line or lhc plaslicil) 
index is less lhan 4, and presence of orsanic 
mancr docs not innuencc the liquid limit as 
determined in 11.3.2. 

11.2.1 Classify lhc soil as a sill, ML, if lhe 
liquid limit is less than SO. Sec area idcnlilied as 
Mlon Fi&. 3. 

11.2.2 Classify lhe soil as an t•laslic sill, Mil, 
if lhc liquid limil is SO or sreatcr. Sec area 
identified as Mil on fi&. 3. 

11.3 The soil is an orsanic silt or clay if or
canic mancr is prcsenl in sunicient amouniS to 
innuencc I he liquid limit as dclcrmincd in 11.3.2. 

IIJ.I If lhc soil has a dark color and an 
orsanic odor when moiSI and warm, a second 
liquid limil lcsl shall be performed on a lest 
specimen which has been oven dried aiiiO ;t S'C 
10 a constanl wei&hl, 1ypically over niJhl. 
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4Sill 
11.1.2 The soil is an organic sill or organic 

day if lhc li<Juill limil after oven drying is less 
than 7S ~ of the liquid limil of the original 
specimen delcrmine.J before oven drying (sec 
Proctdurc D of l'raclicc 0 2217). 
' 11.1.3 Classify the soil as an urga11ic si/r or 
org111ric clay, OL, if lhc liquid limil (not oven 
·dried) is less I han 50 %. Classify the soil as an 
orga11ic sill, OL, iflhc plasticily indeA is less lhan 
,4, or the position of I he plaSiicily index versus 
liquid limil plol falls below I he • A" line. Classify 
1he soil as an orga11ic cia)', OL, if 1he plaslicily 
index is 4 or &realer and lhc posilion of lhc 
pla.slicily inde• versus liquid limil plol falls on 
or above I he • A" line. Sec area idcnlilicd as OL 
(or CL·MI.) on Fig. l. 

11.3.4 Clanify lhc soil as an orgarric clay or 
·~rga11ic sill, 011, if lhc liquid limit (nol oven 
dried) is SO or arcatcr. Classify lhc soil as an 
or1anic srll, OH, if lhe posilion of 1he plaslicity 
indu versus ljquid limit plol falls below I he • A" 
line. Classify the soil as an orga11ic clay, 011, if 
lhe posilion of 1he plas1ici1y indeo versus liquid
limil plot falls on or above the" A" line. Sec area 
idcn1ilicd as 011 on Fig. 3. 

11.4 If less lhan 30% but IS% or more of 
lhc lest specimen is relaincd on lhe No. 200 (7S· 
11m) sieve, the words "wilh sand'" or "wilh gravel" 
(whichever is predominanl) shall be added lo the 
aroup name. for example, lean clay with sand, 
Cl; sill with &ravel, ML. If the JXrccnt of sand is 
equal to I he percent of &ravel, u:sc "with sand." 

II.S If 30 % or more of lhe lest specimen is 
rmincd on lhe No. 200 (7S·I'm) sieve, the words 
"5andy" or "sravelly" shall be added 10 1hc group 
name. Add the word "sandy" if 30 % or more of 
the lcsl specimen is relaincd on 1hc No. 200(7S
Jim) sieve and the coarse·graincd portion is pre· 
dominantly sand. Add lhe word "gravelly" if 
30 % or more of 1he leSI SJXcimen is rclaincd on 
lhe No. 200 (7S·I'm) sieve and lhe coarsc·graine.J 
ponion is prcdominanlly gravel. for example, 
5andy lean clay, Cl; sravclly fat clay, Cll; sandy 
silt, ML. If lhe perccnl of sand is equal 10 1he 
pcrcenl of gravel, usc "sandy." 

12. l'rocedurc for Classilicalion of Coarse
Grained Soils (more lhan 50% relained on 
lhe No. 200 (15·1'm) sieve) 

12.1 Clan I he soil as gravel if more lhan 50% 
of lhe coarse fraclion (plus No. 200 (75·1'111) 
sieve) is relaincd on the No.4 (4.7S·mm)sicvc. 
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12.2 Class I he soil as sand if SO% or n>orc of 
I he coarse fraclion (plus No. 200 (1S·1'111) sie•·eJ 
pas~cs lhe No.4 (4.7S·mm) sieve. 

12.3 If 12% or lcssoflhc tcsiSJXcimcn p:wes 
lhe No. 200 (75·jrm) sieve, plol lh< cumul>~ivc. 
particlc·sizc dislribution, fig. 4, and compute lhc 
cocllicient of unifom1ity, Cu, and cocllicienl of 
curvalure, Cc, as given in Eqs I and 2. 

Cu • Doo/Doo 

Ce • (0,.)'/(Doo X Doo) 

where: 

Ill 
(2) 

0 10, D,., and 0 00 • the particle·size diamclcrs 
corresponding to 10, 30, and 60 %, respeclively, 
passing on the cumulalive particle-size distribu· 
tion curve, Fi&. 4. 

Non 7-h may be nttcs.sary lo CAI~polalc the 
CUO'C IO obtain lhc D1e diameter. 

12.3.1 If less than S % of lhc t<ll SJXCimcn 
passes lhe No. 200 (7S·I'm) sieve, classify lhe soil 
as a ll'<"ll·grad<"d gravel, GW, or ,.,1/.gradt"d sand, 
SW, ifCu is &realer lhan 4.0 for gravel or &realer 
!han 6.0 for sand, and Cc is al lcaSI 1.0 bul not 
more 1han 3.0. 

12.3.2 If less lhan S% of lhe ltsl SJXcimen 
passes the No. 200 (7S-trm) sieve, classify lhr soil 
as poorly gradt"d gravel, GP, or poorl.t• graded 
sam/, SP, if cilhcr the Cu or the Cc crileria for 
well-graded soils arc nol satisfied. 

12.4 If more than 12 % of the lcSI SJXcimrn 
passes the No. 200 (7S·I'IIl) sieve, the soil shall 
be considered a coarsc·graincd soil wilh lines. 
The lines arc delcrmincd lo be either clayey or 
silly based on lhc plaslicity index versus liquid 
limit plol on fig. 3. (Sec 9.8.2.1 if insunicicnt 
male rial available for !<Sling). 

12.4.1 Classify the soil as a claJ't!)' gra~·~l. GC, 
or cltr)'<'.l' sand, SC, if I he lines arc clayey, I hat is. 
lhc posilion of lhc plaSiicity index versus liquid 
limil plol, fig. l, falls on or above I he ·A • line 
and lhe plasticity index is grealer lhan 7. 

12.4.2 Clanify the soil as a silly gra•·el, GM, 
or sill)' sa11d, SM, if I he lines arc silly, 1ha1 is, the 
position of I he plaSiicily index versus liquid limil 
plol, fi&. 3, falls below the ·A" line or I he plas· 
licily index is less lhan 4. 

12.4.3 If I he lines plol as a silly clay. Cl·Ml, 
classify I he soil as a sill)', cla.rt'J' gra ... -1, GC-GM, 
if i1 is a gravel or a sill)', clarey sand, SC-SM, if 
il is a sand. 

12.S If S to 12 % of lhe tcSI specimen passes 
lhc No. 200 (H·J!m) sieve, &ivc 1he soil a dual 
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classilication using two group symbols. 
12.5.1 The lirst group symbol shall corr<· 

spond to that for a gravel or sand having less 
than 5 'J!. lines (GW, GP, SW, SP), and the 
second symbol shall correspond to a gravel or 
sand havins more than 12 % lines (GC, GM, SC, 
SM). 

12.5.2 The group name shall correspond to 
the lirst group symbol plus "with clay" or "with 
silt" to indicate the plasticity characteristics of 
the linu. For example, w.,ll.graded gravel with 
clay, GW-GC: poorly graded s.1nd with sill, SP· 
SM (Sre 9.8.2.1 if insufficient material available 
for testing). 

l'loro 8-lrthe finn plol •• • JiiiJ•clar. Cl·Ml, the 
S«<nd 1roup symbol .shoufd bt filher GC or SC. For 
eumplc, 1 poorly &rad(d und "''ith 10 ~ rint",, :a liquid 
limit or 10, :lnd a pl:nlkily index or 6 woufd be classi· 
fied u a poorly arodtd sand with oilly clay, SP-SC. 

12.6 tr the specimen is predominontly sand or 
gravel but contains 15% or more of the other 
coarse-grained constituent, the words "with 
gravel" or "with sand" shall be added to the group 
name. For example, poorly graded gravel with 
sand, clayey sand with gravel. 

12.1 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 ~roup name. For example, silty gravel with 
cobbles, GM. 

0 2487 

IJ. llt•porl 

I 3.1 The report should include the group 
name, group symbol, and the results of the laf>. 
oratory tests. The particle-size distribution shall 
he given in terms of percent or gravel, sand, and 
lines. The plot of the cumulative particle-size 
distribution curve shall be reported if used in 
classifying the soil. Report appropriate descrip
tive information according to the procedures in 
Practice D 2488. A local or commercial name or 
geologic interpretation for the material may be 
added at the end of the descriptive infom1ation 
if idcntilied as such. The lest procedures used 
shall be rcfcrencrd. 

NorF 9-I:·Jamp/r: C/tJ."f'J" Gro•·rl tdth StmJ tJ'ftl 

CohMn (GCJ-46 % fine 10 coo,..., hard, oubroundtd 
1'3HI; JO ~ fine: lo coarse. hard, suhroundrd s.:~nd; 
24" clayey finn, ll. - n. PI - 19; .. uk rea<lion 
with IICI: orisin•l field sample had 4 ~ h•rd, sub
rounded cobblrs: m:uimum dimtnsion UO mm. 

ln-PiacC' Condilions-rirm. homoatncous, dry, 
brown, 

Gtolo&k fnlcrprtl31ion-alluvi:tl ran. 
Non fO-Ol her cumpln or soil ducriptionJ Iff 

eivcn in A ppendi" X I. 

14. Precision and Bias 

14.1 This test method provides qualitative 
data only; thcteforr, a precision and bias state· 
men! is nonapplicable. 
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SIEVE ANALYSIS 
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PARTICLE SIZE IN MILLIMETRES 

Cu-~- IS o.. 0.015- zoo , ust'-s.i ~-007SaiS Cc • Ota•D,o . 

FIG. 4 C•••lt.th• rankle--Sin l'lor 

AI'I'I::NUIXES 

(Nonmandalory lnfurmalion) 

XI. EXAIIII'Lt:!i OF DLSCRJf'UONS USING SOIL CLASSifiCATION 

X 1.1 Thr (ollowina rumplrs show how lh< infor· 
mal ion required in I ).1 can be "poned. The appro-
prialc descriptive informouion from Pracaice D 2•aa is 
included (or illuslra&ivc purposes. The adJi&ional dc
scripaivc 1erms &hal would accompany lhc soil cl;u.sili~ 
<•lion should be ba1<d on lhe inl<ndtd Ul< O( lhe 
classilinaion and 1hc individual circumslanccs. 

X 1.1.1 ll'r/1-Grodtd Grartl ~·ilh Sand (G 119-13 " 
linr 10 coorsr. hord, subanculor l'•vd; 2l" fin< 10 
coarse, hord, subon&ular .. nd; 4" finu; Cc • 2.1, Cu 
- 12.4. 

X I. 1.2 Srll J1 Sam/..-illr Grartl (SM)-61 " prrdom· 
in•nlly fin< sand; 2l " lilly fin<l, LL • ll, PI • 6; 
16" fin<. hard, subroundcd cravd; no rraelion wilh 
IICI; (firld sample smaller lhan rccommrndrd). In· 
Plac~ CunJaiuns-Firm, slralified and conlains lrnsts 
of sih I lo 2 in. thick. moist. brown lo lr.IY; in-place 

drn1i1y • 106 lb/fi' and in-plocr moillurc • 9 "· 
X 1.1.1 Organic Clay (OL)-100" finrs, LL (nol 

drird) • 32, ll (oven drird) • 21, PI (nol dnrd) • 10; 
wei. d~rk brown, 01pnic odor. wcat ruction with 110. 

X 1.1.4 Silly Sand ··irh Organic Fintl (S.II)-14 " 
line 10 co•l'l<, hard, subon&ulor srddish sand; 26" 
or&Onic and silly dork-brown finu, Ll (nol dried) • 
l7, LL (ovrn drird) • 26, PI (nol dnrd) • 6, wei, wuk 
ruc1ion wilh IICI. 

X 1.1.5 Prur/y Grada'll Gra•·rl O'ilh Sill, Sand. Cob
bits and Boraldtrs (GI'-G.II)-11" lin< 10 coal'!<, hard, 
subroundrd IO lub•nculor &<>•d; 16" finr 10 co:~nc, 
hard, subroundrd 10 subonculor ,.nd; 6 " sihy (clli· 
malrd) line•; moill, brown; no ruc1ion wi1h IICI; 
onain•l firklsamplc h•d 7" hord, subroundrd cobbltl 
and 2 "- hard, subroundcd boulders wilh a muimum 
dimension of II in. 
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Xl. U!;II•U; SOIL CI.ASSIHC.ITION ,\S .I la$CHII'IH't: SYSI EM t"OR Sll.\1.[, CLI YSI"ON[, 
,., Sllli.I..S, SJ.,I(;, CHUSIItU HOCI\, UC. 

X2.1 The ~roup n:.mcs.1nd S)mhols UK't.l in lhis lcsl 
fllCthud ma)· l..- .us.t.•d ;u ;;a llrK·ripli\C' S)·Sitm ;applic..J 10 
a1Jicrials th:u Cllil in silu ;n sh.1lt', cla)stonc. Solndsaonc. 
siluhmc. mudswnc. cac., but cunn·n lo soils afacr licld 
01' IJhoriliOry proccssins (crudunc. ilakinc. cac.). 
· X2.1 Ma1crials such as shells, crushed rock, slaa. 
clc .• should he idcnllficd .u such. llo"'cvcr, the procc
chtrCS us.cd in 1h1s mcallod for dncribin&lhc p;sniclc 
ain and plasaidly chJf3Cicrislics may be used in the 
dcscriplion of the m:Uc1l.11. tr desired, a cl.1uilkaaion 

. in acconhmcc with this IC$1 meahiX.I m~y be aniancd lo 
· aitJ in descubin& the m;uen~l. 

X2.l If • cl•nific•lion is uoed, lh< aroup symbollsl 
o~nd croup names should be pl.1ccd in quotllion marls 
or no1et.l wilh aomc: l)pc of dislin&ui$hin&symbol. Sec 
cun1ples. 

X2.4 Eumplu or how soil cbuifir.1lions could be 
incortJOralcd inao a deS(.:riplion t)slcm (or m.:.1eri.1ls 
dl~l arc not n:atur.1lly occurrin& soils are 11 foliO"'- I: 
• X2.4. I Sha/,· C/umb-Rctrlned :u 2 10 .C-in. pieces 

o( shale (•om po'-'·er a user holt. dry. brown, no re.1c1ion 
wuh IICI. M1cr l•bor.llory procusin& br sloling in 
v.;ater (or 14 h, nt31erial clusificd as ""S.1ndy lean Clay 
(Clf-61 '> clo)<y linrs,LL • 31, PI• 16; lJ !Olin< 
to medium sand. 6% aravel·size pi«es o( sh;~le. 

X2.4.2 C11nlu·J S,at~JJtum·-Producl or rommcr· 
ci.1l cru$hina opcra1ion: ·Poorly G1"3ded S.1nd \\ilh Silt 
(SP-SMI"-91" lin< 10 mrdium .. nd; 9 ~ ••Ill (rlli· 
mlled) finn: dry. rcdJiJh·bro"n• strona rucaion ~ilh 
IICI. 

X2.4.l SwAm Slu·//s-62 ~ &ravd·siu brolrn 
shrlls: ll fO .. nd and .,nd-sizr shrll pircrs; 1 " linn; 
would be cl•uilird as "Poorly Gradrd Grud ,.;,h S•nd 
(GPJ". 

X2A.4 Ctml~t'VI Ro("J:-Pr~swd aravd and cob
bles from Pi1 No. 1; "Poorly Gr2drd Gr-2•<1 (GPI"-
19 \\ finr. hord, ••&ular &r.l\<1-sizr poniclrs; II " 
roarK. hnd. ;anaul;ar ~nd-siu panicles. dl)·. l~n; no 
rtaclion wiah IICI; Cc • 2.4, Cu • 0.9. 

;u. I'Hli'AHAliON ANI> U:5TING FOR CLASSIFICATION I'UHI'0St:5 B\' Till WET ~IEliiOD 

• Xl.l This appcndi• dncrihcslhe s1eps in prrp:uinc 
a soil sample for 1uung for purpow:s of soil claSlif•n
tion l£iinc .a wct-prepJraaion procedure. 

Xll Samples prepared in accordance wiah &his pro
cedure should conuin IS much o( lhcir natur.1l waaer 
conatnl .ill poniblc and C\'Cr)' elTon should be made 
durin& obtainin&. prep.uina. ;and lransport.:uina the 
samples 10 mainlain lht natural moislure. 

X J.l The procedures to be followed in I his aeu 
melhod auume thai the field ~mplc cona:.ins fines. 
,.nd, 1•••<1. and plus l-in. (H-mm) pon1clt1 and lh< 
cumulaaivc panicle-size distribution plus 1hc li4uid 
hmil and plonlicily indu \'alucs arc required (sec 9 8). 
Some o( lhc follow1n1 slcps may be omillcd when ahey 
arc nol applicable 10 lhc so•l bcin&lcslcd. 

Xl4 If 1hr soil con1oins plu• No. 200 (H-~m) por
aiclrs lh:al '-'Ould dc&r.ade durin& dry sieving, usc a ten 
procedure lor dclcrminin& ahe p.u1icle-$izc charaCicr
i51ics lhat p1cvenu this dcaradaaion. 

Xl.) Since this cllssifitalion sys1em is Hmiacd lo 
lhc por1ion of a s.amplc: p;assin& the l-in. (1 S-mm) sic:,·c, 
lhc plus 1-ln. (1 )-mm) m~len31 sh;all be removed prior 
lo lhe dclcrmina&ion of the p~niclc-size ch~racaeriuics 
and the liquid hmil ancJ plasticity indu. 

Xl6 The portion of lhc field .,mplr linrr 1hon 1hr 
l·in. (15-mml •i<vr sholl b< ob•••nrd •s follows: 

X 1.6.1 Separate the field s:amplc into two I rae lions 
on a l-in. (1 )-mm) sine. be: in& cardullo main1.1in ahc 
na&ural \\'atcr conlcnt in the minus l-in. (lS-mm) (rae
lion. Any poniclu odhrnnc 10 1hr plu• l-in. (15-mml 
poniclu 1holl be bru1hcd or wiped off and placed in 
lhc fracaion passing ahc l-in. OS·mm) sieve. 

XJ 6.2 l>clcnninc the- air-dry or oven-dry weighl of 
lhe fraction retamcd on the }-in. (7S-mm) sieve. Dcler
minc lhc 101.11 ('-'CI) wci&hl of &he fraction passina &he 
l-in. (1 5-mm) li<Y<. 

X J.6.l Thoroughly mix 1hr (raCiion p•uina lh< l· 
in. (1S-mm) sieve. l.>clermine lhc wa1er conlenl, in 
iiCC'OrdJncc wilh Mclhod D 2216, or I reprcscntaaivc 
specimen "'·iah a minimum dry "Ati&hl as rcquirtd in 
7.2. ~\'C the wa&cr-<onlcnl specimen (or dc1ermina1ion 
of I he panicle-size anal)·sis in accordance wiah X J 8. 

X ).6.4 Compulc I he dry wci&,ht of I he frac1ion pau
inalhe )-in. (1.S-mm) $ie,·e bJJCd on lhc v.aacr con&cnl 
and IOial ("-'el) "ci&ht. Compule the IOlal dry "-·ei&hl o( 
1he s.J.mplc an..J calcubac ahe pcrccnla&e o( m;uenal 
tciJ.in<'~ on &he }·in. (1S·mm) sieve. 

Xl. 7 Dcu~rminc I he liquid limi1 and plas1ici1y indu 
as follows: 

Xl7.1 lflhe soil disagarc&alcs readily, miA on a 
clean, hard surface and s.clccl a rcprescnlalhe J.Jmple 
by qu<~ncrin& in accordance ""ilh Mclhoch C 102. 

Xl.7.1.1 II I he wil conuins coarsc-cr-.incd panicles 
coaled wiah and bound aoaeahcr by aouah cl;ayey m.;ue
rial, take uuemr urc in obtaininc a repruentJ.Ii,·e 
ponion of lhc No. 40 (425-~m) f1oc1ion. T)·picolly. 1 

laracr ponaon than norm~l has 10 be sclccled, such as 
I he minimum "cictus required in 1 .2. 

Xl.7.1.l To ob1ain a rcprcscnllti'e specimen of a 
basically cohcs.ive wil, il ma:o- be advanla&rouJ 10 pus 
the s.oil ahrouch a \l,.in. (19-mm) sie\·c or oahcr con· 
venicnt size so ahe maleriJI un be more e:uil)· mixe-d 
and 1hen qu.1r1t1ed or splil 10 obtain the reprcscnlalivc 
ipc-cirncn. 

X ).1.2 Proccu &he reprcscnlaah·e specimen in ac~ 
cor dance wi1h Procedure 8 or Pracaice D 2211. 

Xl.7.l Pt~form lh< liquid-limil 1<>1 in accordoncr 
wilh TcSI Mclhod D 4118. u«pllh< soil sholl no1 be 
ilir dried prior lo lhc tcsl. 

Xl1.4 Perform &he plailic-limil lnl in accordance 
wirh TcSI Mc1hod D 4111, ucrpl 1hc soil >h•ll nol be 
air dried prior 10 ahc lnl. and ulculaae &he plasaici&y 
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Xll lX1crminc &he panicle-size f.lisaribulion as fol· 
lows: 

X l 8.1 If lhe WOller conlcnl or I he (r;aclion pauinc 
1hc l-in. (H-mm) sic•e w•s required (XJ.6.l). usc lhc 
v.·alcr-conlcna specimen for dclcrmininc the panicle· 
size dislribulion. O&hcrwiK. s.clcc1a reprcKn&alive SfK"C• 

imcn tn accordance wi1h Mc:thods C 102 wilh a mini· 
mum dry wciaht as rc4uircd in 1 l. 

Xl 1.2 I( the cumul~&i~e panicle-size diSinbulion 
includm& a h)'dromclcr .an.tlysis is required, f.lclcrminc 
1hc particle-size dislnbulion in accorf.lance with 
Mcrhod ll422. Sec 9.7 for lhc sci of required sic••• 

X l.l.l If the cumula1ivc particle-size dislfibulion 
""ithout a h)tJromelc:r an.o~lysis is required, dc:lennine 
Jhc p:~nicle-siu- dislribulion in ac;coubnce v.·ith 

D 2487 

M<lhod C I 16. Sec 9 7 for lht SCI of required lic•n. 
The spccimtn should be soa~c..J unhl ~~~ d;a)·c:y awc
&alions ha\'C s.oflencd an..J then waslu~d in o.«nrdancc 
wirh T cu Mel hod C Ill prior lo pcrformin& I he pani. 
clc-size diuribuaion. 

Xl.B.-4 If lhe cun1UI.11i\'C' POiniclc-sizc ..Jislrihution i• 
nol Jt'quircd, dclcrminc lht pe-rcent lines. pcrccnl s.ou\d, 
~n..J (K'fCtnl &rJ\d in the specimen in a:ccon.bncc \ltllh 
T til MC'Ihod C 111. be ina sure lo so;ak I he spe-cimen 
lun& enou&h 10 S00Cn .til ci3)'C)' aure&ollions, (olluv.cd 
hy Mer hod C I 16 usinc • nell of sieves which slull 
indu~c • No. 4 (4. H-mm) sie•c an~ • No. 200 (H· 
J!m)sir,·t. 

Xl.8 . .S Calculate the pe-rcent lines. pcrccnl ~nd, 
and pc'ICCRI IUVd in lhc minusJ·in. (7.)~mm) fnction 
for classification purpoxs. 

X~. AIII-I.>IUED I\IETIIOD Of I'IIEI'.\IIAli0-'1 o.- SOILS FOil TESTI/\G FOR ClASSitKATION 
I'UIII'OSI~ 

X4.1 This apfXndi• detcribcs &he Jlc-ps in prcparina 
a wil 101m pie fur lcllina for purposes of soil dusifin· 
lion when air-dryin&lht soil before tesrina is s~cificd 
or desired or when &he na1ural moislurt conlcnl is ncar 
thai o( an air-dried sl;lc. 

X4.2 If the soil conuins orc;nic maucr or mineral 
colloids lh•l arc irrcvcnibly •IT«Icd by air drying. lloc 
wel·prcparalion mclhod as described in Appcndi• Xl 
should be used. 

X4.} Since lhis clanilicaaion system is limiled 10 
rhc portion of a ,.mplc passin& lhel-in. (7hnm)sicve, 
IN: plus l-in. (15-mm) m•rcrial shall be rcmo•cd prior 
to a he dcterminalion of a he panicle-site char.ac&erisaics 
and &he liquid hmit and plaslicity index. 

X4.4 The ponion of lhe field ,.mplc finer lh•n lhe 
l-in. (1S-mm) sieve sh•ll be obr•ined as follows: 

X4.4.1 Air dry and "·ci&h lhe field ,.mple. 
X4.4.2 Xparalc lhc field umple in1o two fractions 

on a 3-i•l. (7S-mm) sieve. 
X4.4.l Wciah lhc 1wo frac1ions and compulc lhc 

pcro:n,.ac of lhe plus l·in. (H·mm) m•rcrial in lhc 
field ,.mple. 

X4.l Dc&erminc lhc p;rticlc·sizc distribution and 

liquid limil and pl•ssirily indu os follows (sec 9.1 (O< 
'14hen ahck: ICSIS arc required): 

X4 5.1 Thorou&hly mi• rhc fra<1ion pauinashc l· 
in. (7l-mm) sieve. 

X4.3.2 If ahe cumulalin p:~nirlc-sizc dislribuaion 
includin& a h)·dromclcr anaJ)·sis is required, determine 
&he particle-size disaribuaion in accord.1ncc with 
Mcrhod 0 422. Sec 9. 7 for lhe sci o{ sic•cs rhol is 
required. 

X4.5.l If lhc cumul•li•·c p•rtidc-sizt diSiribulion 
wi1hou1 a h)·drometer analysis is required, dcaermine 
the poartirlc-size disaribulion in accordance with Test 
Mcrhod 0 1140 follo,.cd by Mer hod C 116. See 9.1 for 
1hc set of sit\'CS 1ha1 is required. 

X4.$.4 If &he cumul.;ui\·c poalliclc-sizc dis1ribu1ion is 
not required. determine lht percent lines. puccna sand, 
and percent ar;u:l in lhe spc"cimen in accordance with 
Tell Mer hod 0 1140 followed by Mer hod C I 16 ••inc 
a nell of sie•cs which sh•ll include a No.4 (4./S·mm) 
soc•c •nd a No. 200 (7S·(lm) sic•c. 

X4.S.S If required. dtlcrminc lhc liquid limil and 
ahc plaslicily indu of lht lest specimen in ~ccordancc 
wilh TcSI Merhod D 4]11. 

lhf' . .fl'ltTic 11111 ~"·kn/tw Trslittt Gild Mt~lniDIJIUA.l'l IIOP.'Jilitllll ll'l{'n"lillt tltr rGiiJ111 r(rtll_l' patt•nt llthlf tJIIl'tf(t/ ;, fllllllc'\1iUII 
.. ,~, •n_,.,,,.,. mc·ntWIIC'J i11 tlli1 JllltWIGtJ UsnJ 11/th•1 ucmJIItd•rc- '"'"'""J'IIJ•unl 1Aut J,1,tnU111111tltt r{tht tolidiiJ' of •n.•· 11111·6 

pu~a·ft4 "•"'J. .,.J th' tul; uJ itr.,/litt.tWNN r{ JWJi ,,J,u, art rNirc-l.•·tht·ir .,.,. ttipt~m,IJ.IiiJ". 

Tlut ltuncl11tJ i• u•I-Jt'\1 ,,. ,,..-;,;,,. Gl IIIII' lillie" h.t•thc- 'l't{tfuuiltlrtnhnlfllltommill('t' MnJ 'IIIIJI bl' ltnc••rJ n·,.,.rfi.-c- _rnut t~nd 
fl ttul tnnc-J. t•uJ.rr rntp(VIIh..l IN •·flltJttltHI y,,.,, (11Utlll4'1t.U ll't 1111i1C't/ rllltt't fi, Tt"Y'ili•HI •( 1h11 1/llnfltJrJ ur fiw a.l,ll/lflfiiJI 
JIUm/mJ, ""J Jhfi~/IJ IJC" IIJJ,,·:uc..J M ASTAI ""'Jq'"''r··n ro., ("lllllfnfnll .. ,JI 't'rt'lrC" nurfill ouuiJrniiWII ar • '"~'~'';,'X ·f lht 
ll'l(ttllltlbJt tnl111i, u/1 umnlllll't. ttltith _tuu ma.'/1 •ur~td. 1/_tvu ft'rl 1/,ut J'"'' cumntC'IIIJ "'""' IHII tcYttrnJ • }Qir ltn~rint )U" JlwuJJ 
'""'" ·""" rinu; inu..-n Ju tltc- ASDI (i.ammut« on StottJauh, 1916 RuftSI .• nuJuJ,·/phia. /'.f 19/0J. 
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~t Oesignalion: 0 422-63 (Reapproved 1972)' 1 

.:itandard Method for 

PARTICLE-SIZE ANALYSIS OF SOILS 1 

:-tlillUftd.ud il iuuN ""dcrthc li•C'd d~o."Jian~tion D 421: ll'lt' n~m~r irrwnc-di~ltly foJio•ina lhc .dnianJ~IIon indica1n lht )ur of 
• ....... aJOJlllon ur. in I~C Collie' of 1c'h_ion: the )'C.lr o~ lui rru11on. A_ ~umbe-r in p.arcnlhnn ind1Uia the )Uf ofiU& tUPPfO'IJ. 

A ~pi cps.lon (1) tlhSIC.In an td110n11l ch.t~nac 11nrc the lo1111 rc~ulon or rtapproval. ...... 
,,_,.._$«lion 2-naddtd tdllori:dlr o~nd 1ubvqucn1 S«IIOnl rrnumbnrd in Jult 19U . 

.. -··· 
f ,,,.., .•• ':I 

'a. Srvpc 

~[1.1 ,This m<lhod covers lhc quan1i1a1ivc de· 
; limin .. ion of lh< dislribulion of particle sizes 
:1o 101ls.' The disllibulion of particle sizes lar&cr 
-:6ia·n 11m (rclaincd on lhe No. 200 sieve) is 
:l:iainined by sicvins. while lhc dis1ribu1ion of 
!~sizes smaller lhan H 11m is delcrmincd 
Jtr'.(l<dimenlalion process, using a hydromeler 
:)1 ~:.C lhe necessary dala (Noles I and 1). 

:;f'llrni 1-Separorion m•y be made on lhc No. 4 
11Uam), No. 40 (4H-(lm), or No. 200 (7S·(lm) sie•e 
ililtadollhc No. 10. for whalcwcr sieve used,lht size 
~be indicarcd in I he r<pon. 
lllton 2-Two l)pc:s of dispersion cJeviccs arc pro
:~ (i) 1 hi&h·spccd mechanical Slirrcr, •nd (}) •ir 
· ..... Euensivc invcsli&ouions indiC.lle lhJI air· 
~'fcnion dew-ices produce a more posiaivc dispersion 
, rl !bai< soib beluw rhc 20-llm Silt and •ppr<tiably 
·_'-i6-p-adaaion on aU sizes when used wiah 5.1ndy soils. 
a...;c of lhc dclini&c adv;niJ&CS fo.vorin& air dis per· 

:'-.as \LSC is recommended. The rcsuhs from a he lwo . ""ol dc•ices diiTer in ma&nilude, dcpcndinc upon 
. ~'"'::;_lcodin& I~ marked doiTcrcnc<s in p•rticle size · r-:--•. <specrally for mcs finer 1han 20 (lm. 

!~;~liL'lblc Documcnls 

.l.l ASTM Standards· 
}!.421 Pr•clicc for Dry Preparalion of Soil 
'l ~-Sim~lcs for Particle-Size Analysis and De· 
.. • ktnunalron of Soil Cons1ar11s1 

t\( II Specificalion for Wire·Ciolh Sieves for 
\ leuing Purpo~s' 
~ 100 Specificalion for ASTM Jlydromelers' 

lt\ ..... 
.~JPlralus 

L~l.Ba!ances-A balance sensilive lo 0.01 g 
~llt:i~'"& lhc marc rial passing a No. 10 (2.00-
~ llc:>e, and • bola nee sensilivc 10 0.1. %. of 
·~.~flhe sample lobe weighed for wcrglung 
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lhc malerial rclained on a No. 10 sieve. 
J.2 Stirring Apparatus-Eilhcr apparalus A 

or 0 may be used. 
3.1.1 Appara1us A shall consisl of a mecha~:'· 

ically opera ltd Slirrin& device in which a suilably 
rnounlcd dcc1ric mc-10r IUrns a vertical shall al 
a speed of nolless lhan 10 000 rpm wi1hou1load. 
The shafl shall be equipped wilh a replaceable 
s1irring paddle made of me1al, plaslic, or hard 
rubber, as shown in fig. I. The shafl shall be of 
such lcnglh lhal lhe slirring paddle will openlc 
no I leu1han ¥. in. ( 19.0 mm) nor more I han IV. 
in. (38.1 rnm) abovelhc bouom oflhc dispenion 
cup. A special dispersion cup conforming 10 
eilher of lhe desisns shown in Fig. 2 shall be 
providtd lo hold lhe sample while il is being 
dispersed. 

3.2.2 Apparalus 8 shall consisl of an air-jcl 
dispersion cup' (Nolc )) conforming 10 I he gen
eral delails shown in fig. J (Noles 4 and 5). 

NOTE l-The amount of air required by an air-jet 
dispersion cup is of lhc order of 2 ft,/min: some small 
air comprcs.son arc nol c:ap.Jble of supplyin& sufficient 
air lo operate a cup. 

Nou 4-Anolhcr air-lypc dispersion dnicc, 
known as a dispersion tube, developed by Chu and 
Davidson al Iowa S~le Colleac. ha.s been shown 10 Jive 

1lhi1 method is undc11hr jumd1c1ian o( ASTM Commill« 
0-11 on Sotl .Jnd Rock .Jnd is 1hc dirm mpon1ibdity o( 
Suttcommitltc 011 OJ on Tutu1c. MuticiiJ,&nd DcnsitrChu· 
ac1cristics of So1l1 

Cuncnl cd1110n .JPfllo~td No•. 21, 1961 Qriajhllr put.-
luhcd 19H. RcpllCO 0 411-61. 

1 Ann,,o/ B•~t~k uf ASTM Slond,miJ, Voj 0.. 01. 
1 Annual B•k.Jii uf AST.\1 SlonJutJJ, VW 14 02. 
• .-hnuo/ Bur•l. uf AS TAl SltJndanJJ, Vol 14 01. 
1 IXI~•Ict.l wor1.inl dn..,..inp fCK &.hit cup arc avo~•l•bk 11 a 

nomin•l cou rrom the Amtrinn Socirl)' (Of Ta1ina and ,. .... 
1cri~l1, 1916 R:act Sl., Philo~dclphia. PA 19101. Order Adjuna 
No ll·<O.ll0-00. 
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results cquivoalcnt 10 those sccurr:d by the air-jcl dispcr· 
sion CUJrs. When il is uv:tJ. soakiua of the sample can 
be done in the scdimcntalion C)'lin,lcr, thus climinouina 
ahc need for transferrin& lhc slun}'. When lhc air· 
dispcoion tube is used, il shaU be so ind•c:uct.l in lhc 
lt'polt, 

Nuu: S-Walcr m:.y cont.lcmc in air lines when nul 
in us.r. 1 his wJict rnusl be rcmovt'd, ci1hcr hy usiu& a 
walcr &rap on the air line, or by blo~in& lhc waacr out 
of lhc line before usin& an)' of the air for tJnpc:nion 
purpos.cs. 

l.l llrJrom~tn-An ASTM hydromot<r, 
craduat<d to r<ad in cith<r specific craviay of the 
suspension or &rams per litre of suspension, and 
conformina to the rcquir<menas for hydrometers 
UIH or IHH in Specifications E 100. Dimen
sions of both h)·dromelers arc the same, the scale 
beina the only item of difference. 

3.4 S~dim~ntation Cylind~r-A &lass cylinder 
essc:ntially 18 in. (4~7 mm) in hei&ht•nd 2V• in. 
(63.~ mm) in diamel<r, and marked for a volume 
of 1000 ml. The inside diameter shall be such 
thai the 1000-ml mark is 36 :t 2 em from the 
bollom on the inside. 

l.S Thumomettr-A thermometer accurate 
IO ,.F (OSC). 

3.6 Si~v~s-A series of sieves, of square-mesh 
wov<n-wire cloth, conformin& lo the require
ments of Specification E II. A full sci of sieves 
indudcs the followina (Note 6): 

l-in. C7l·mm) No. 10 (2.00-mm) 
2-in. (30-mm) No. 20 (UO·jun) 
I v,.in. (lU-mm) No. 40 (42S·I'm) 
l-in. (ll.O.mm) No. 60 (230-jJm) 
V.-in. (19.0-mm) No. 140(106-l'ml 
~-in. (9.l-mm) No. 200 (Jl·jJm) 
No.4 (4.H·mm) 

Non 6-A sea of sieves &ivina uniform spacin& of 
poinLI for lhe araph, as required in Section 17, may be 
used if desired. This sci consisu of the followina sieves: 

l·in. (H-mm) No. 16 (l.ll·mm) 
l'h-in.JlU·mm) No. JO (600.jJm) 
\1.-in. (19.0-mm) No.lO (JOO·jJm) 
~-in. (9.l-mm) No. 100 (150-l'ml 
No. 4 (4. 75-mm) No. 200 (H·jJm) 
No. I (2.16-mm) 

3.7 Wotn Bath or Constant-TI'mpuowrr 
Room-A water bath or consaanl-lemperature 
room for mainaainin& the soil suspension at a 
conslanl temperature durin& the hydrometer 
analysis. A satisfactory water tank is an insulated 
tank lhal maintains the temperature of the sus
pension al a con vcnicnl cons~nl temperature at 
or ncar 68"F (20'C). Such 1 device is illustrated 
in Fia. 4. In cases where the work is performed 
in a room at an automaaicallycontrulled constant 
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temperature, the waacr bath is not ncccs,.ry:" 
3.8 lkak,·r-A beaker of 250-ml capacity. 
l. 9 Timing f),·•·ic~-A watch or clock '"itb 

1 
SCCUIIIJ hand. 

4. IJispcning A~cnl 

4.1 A solution of so<.lium hcumctaphosph~~ 
(sometimes called sodium melaphosphatc) sh .. 
be used in distilled or demineralized water, atahc 
rate of 40 & of sodium hexameaaphosphalc/li~n 
of solution (Note 7). 

Non 7-Solutions of this 101t, if acidit, slo"ir "· 
vcn or h)"drolyu bock to lhc onhophosphotc f01111 lfritll 
1 resuhanl dccreuc Jn dispcniYC IClion. SoluaMata 
should be prtpartd frcqutntly (atlc.asl once 1 monlll) 
or adjusted 10 pll of I or 9 by means of sodiu11 
carbon•tc. Bottles containina oolutions should ba,. tile 
dole of preparation marked on them. , 

4.2 All water used shall be eilher distilled o 
demineralized water. The water for a hydrometer 
test shall be brouaht 10 the temperature that is 
expected to prevail durin1 the hydrometer lest. 
For example, if the sedimentation cylinder is to 
be placed in the water bath, the distill<d or lk· 
mineralized water to be used shall be brought to 
I he temperature of the controll<d water bath; or, 
if the sedimentation cylinder is used in a room 
with controlled temperature, the wat<r for tilt 
lest shall be at the temperature of the room. The 
basic temperature for the hydrometer lUI is 68'F 
(20"C). Small variations or temperature do not 
inlroduce differences that arc of practical sianif
icancc and do nol prevent the usc of corrections 
derived as pr<scribed. 

S. Test Sample 

S.l Prepare the test sample for mechanical 
analysis as outlined in Practice D 421. Durin& 
lhe preparation procedure the sample is divided 
into two ponions. One ponion contains only 
panicles retained on the No. 10 (2.00-mm) sieve 
while lhe other ponion contains only panicles 
passing the No. 10 sieve. The mass of air-dried 
soil selected for purpose of tests, as prescribed in 
Practice D 421, shall be sufficient 10 yield quan
tities for mechanical analysis as follows: 

S. 1.1 The size of the ponion retained on the 
No. 10 sieve shall depend on the maximum size 
of panicle, accordina lo the followin& schedule: 

Nominal Diamcttl ol 
......... , ... kla, 

in.tmm) 
IIJ9.l) 
11.(19.0) 

Approaim.alc Minim"• 
M&s~ of Ponton. a 

lOO 
1000 
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,.,omin.all>'amtlcr 
J lArJnl falliclcs. 

' ". i•.(nun) 
1 I (ll41 

Ill (Jill 

. : .. ! ::~~: 

·~~ 
Ai•l .. ll\lfti:Uc t.l.nimunt 

}.b.u ul J•uuiun, 1 

10<10 
)000 

41100 
lOOO 

~ j.J.2 Th< size of the portion passing the No. 
JOiie•"C shall be approximately 115 g for sandy 
p1s and appro•imately 65 & for sill and clay 

'p"h... · · . d . S . j fP . -,•jJ Provtston IS ma c tn ectoon o racuce 
1>"411 for wci&hing of the air -dry soil sclcct<d for 
jo.q>Osc of lesu, the ~p~ration of ah~ soil on the 
No. 10 sieve by dry-s1ev1n& 1nd washtng, 1nd the 
..dahina of the washed and dried fraction re
Dinrd on the No. 10 sieve. From these two 
IW5CS the percentages retained and passing the 
No." 10 sieve can be calculated in accordance 
·oilh 12.1. · 

· Noll 1-A chtck on the mass valunond the thor
'wnw ol pulvcriution or the clods may be secured 
~ wri&hinathc ponion pas.sina the No. 10 sieve and 

!IIJdinllllis value 10 the mas.s of I he w.uhcd and oven· 
6ic4 ponion retained on lhe No. 10 sieve. 

; SIEVE ANAI.\"SIS OF PORTION RETAINED 
i ON NO. 10 (l.OO·mm) Slt::VE 
)I;,' 

'· rroctdurc 
-· 6.1 Separate the ponion retained on the No. 
10(2.00-mm) sieve into a series ofrracaions using 
the l-in. (7l·mm), 2-in. (50-mm), I Yo-in. (37.5-
mm), l·in. (25.0-rnm), ¥·-in. (19.0-mm}, ¥t-in. 
(9.5-mm), No. 4 (4. H-mm), and No. 10 sieves, 
or as many as may be needed depending on the 
sample, or upon the specifications for the mate
rial under test. 

6.2 Conduct the 1ieving operation by means 
of a lateral and venical motion of the 1icvc, 
accompanied by a jarring action in order 10 k<ep 
the sample moving continuously over the surface 
of I he sieve. In no case turn or manipulate frag
ments in the sample through the sieve by hand. 
Continue sieving until not more than I mass % 
of the residue on a sieve passes thai sic"' during 
I min of sieving. When mechanical sieving is 
used, test the thoroughness of sieving by using 
the hand method of sieving as described above. 

6.] Determine the mass of each fraction on a 
~lance conforming to the requirements of l.l. 
At the end of weighing, the sum of the masses 
retained on all the sieves used should <qual 
closely the. original mass of the quantity sieved. 
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11\"UROMJnF:H AND Slf.\'•: AN.\1.\"SIS OF 
1'011110:-. I' ASSING TilE NO. tU !l.UO-nom) 

Sit: \'I:: 

7. llctcrmin•cion of Composite Corrtction for 
IIJdromctcr Hcadint: 

7.1 [qua lions for percentages of soil remain
ing in suspension, as given in 14.3, arc based on 
the usc of disaill<d or demineralized water. A 
dispersin& agent is used in the wat<r, however, 
and the specific craviay of the resullin1liquid is 
appr<ciably arcater than that of distilled or de
mineralized water. 

7 .1.1 Both soil hydrometen 1rc calibrated 11 
6&•F (20"C), 1nd variations in temperature from 
this standard temperature produce inaccuracies 
in the actual hydrom<tcr rcadinas. The •mount 
of the inaccuracy incr<ascs as the variation from 
the standard temperature increases. 

7.1.2 Hydromclc~ arc graduated by the man
ufacturer to be read 11 the bo11om of the menis
cus form<d b)· the liquid on the stem. Since it is 
not possible to secure rcadinas of soil suspensions 
al the bollom of the meniscus, rcadinas must be 
taken at the top and a correction applied. 

7 .1.3 The net amount of the corrc<tions fur 
the throe items enumerated is d<Si&nated as the 
composite correction, and may be determined 
experimentally. 

7.2 For convenience, a graph or table of com
posite concctions for a series of I" temperature 
differences for the range of expected cesll<mper
alures may be prepared and used as n<cdcd. 
Measurement of the composite corrections may 
be made at two temperatures spannin& the range 
of cxpect<d lcsllcmperalurcs, and corrections for 
the intennediaae temperatures calculated assum
ing a straight-line relationship between the two 
observed values. 

7.1 Prepare 1000 ml of liquid composed of 
distilled or demineralized water and dispenin& 
agent in the same proponion as will prevail in 
the sedimentation (hydrometer) lest. Place the 
liquid in a sedimentation cyclindcr and the cyl
inder in the consaant-lempcraaure water bath, set 
for one of the awo temperatures 10 be used. When 
the temperature of the liquid becomes constant, 
inscn the hydrometer, and, after a shon interval 
to pennia the hydrometer co come lo the temper
ature of the liquid, read the hydrometer at the 
lop of the meniscus formed on the stem. For 
hydrom<l<r I 5 I H the composite correction is the 
difference between this rcadin& and one; for hy-
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<.lromclcr 1 Hll il is lhc difference bel ween lhe 
reading and zero. Orin& lhe liquid ami lhc hy· 
dromclcr 10 lhc other lcmpcralurc lo be used, 
and secure lhc compo~itc correction tas before. 

8. JllgruseUJIIc l\loislurc 

8.1 When lhc sample is weighed for 1he hy· 
dromelcr lcsl, wci&h oul on auxiliary ponion of 
from 10 10 U 1 in a smoll melol or glass con· 
laiucr, <.lry ahc sample 10 a comlanl mass in on 
oven al 230 :t 9'F (I 10 :t S'C), and wei&h again. 
Record lhc masses. 

9. Dispuslon of Soil Sample 

9.1 When 1he 50il is moslly oflhe clay and sill 
sizes, weigh oul a sample of air-dry soil of ap
proximalely SO &· When lhe 50il is moslly sand 
lhe sample should be approximalely 100 &· 

9.2 Place lhe sample in 1he 2SO-ml beaker 
and cover wilh 12S ml of sodium heumela
phosphalc 50lu1ion (40 &/l). Slir unlillhc soil is 
lhorouahly welled. Allow Ia soak for a1lcas1 16 
h. 

9.3 AI lhe end of I he 50aking period, disperse 
1he sample fun her, using eilher slirring apparalus 
A or B. If slirring apparalus A is used, lransfer 
ahe soil· waler slurry from lhe beaker inlo I he 
special dispersion cup shown in Fie. 2, washing 
any residue from lhc beaker inlo 1he cup wi1h 
dis1illed or demineralized wa1er (Nole 9). 1\dd 
diuilled or demineralized waaer, if necessary, so 
1ha1 lhc cup is more lhan half full. S1ir for a 
period of I min. 

Non. 9-A lucc size syrin&c is a convenient device 
(or handline the waacr in the wash in& operaaion. Oahcr 
devices include &he wash~walcr boule and 1 hose wilh 
nozzle connccled 10 1 prcuurizcd diSiillcd waler lank. 

9.4 If s1irrinc appara1us B (Fig. 3) is used, 
remove I he cover cap and connccl I he cup 10 a 
compressed air supply by means of a rubber hose. 
A air gage mun be on 1hc line belween 1he cup 
and 1he con1rol valve. Open lhe conuol valve 50 
1ha1 1hc gage indicalcs I psi (7 kPa) pressure 
(Nolc 10). Transfer 1hc 50il- walcr slurry from 
1hc beaker 10 1hc air-jc1 dispersion cup by wash
in& wi1h dislilled or demineralized walcr. 1\dd 
dislilled or demineralized walcr, if necessary, 50 
ahal lhc lolal volume in lhc cup is 250 ml, bul 
no more. 

NoTE 10-The inilial air prcs.surc o( I psi is rcqui~ed 
10 prcvcnl the ~ail· w::ucr mi•turc from cnlcrin& 1hc 
air-jcl chamber when lhc miahuc is lransfcrrtd 10 lhc 
dispersion cup. 

9.S Place I he cover cap on I he cup and o~q. 
1hc air conlrol valve unlollhc gace pressure u lQ 
psi (140 U'a). Disperse lhc soil accordinc lo ~ 
following schcLiulc: 

11u~tcitrlnt.ka 

Uod<r) 
'10 20 
0\Cf20 

Vi•prnionl"cfio4. 
mi,. , 
10 
II 

Soils conloinin& large perccnlages of mica n"" 
be dispersed for only I min. Aller lhe dispcrsiot 
period, reduce lhc aa&e pressure Ia I psi prri>ol. 
a10ry Ia 1ransfer of soil - waler slurry Ia lhe sc.s. 
imenlalion cylinder. '' 

10. ll)·dromoltr Tcsl 

10.1 lmmcdia1ely after dispersion, l • .:.siCrahc 
50il- walcr slurry lo 1he alass scdimen1a1ion q~ . 
indeF, and add dislillcd or demineralized •u1er · 
untillhc lolal volume is 1000 ml. ' 

10.2 Usins 1hc palm oflhc hand overtheopu 
end of ahc cylindor (or a rubber slopper in the 
open end), lurn the cylinder upside down alld 
back for a period of I min Ia complelc lhc 
agitalion of lhe slurry (Nolc II). Allhe end of I 
min scllhc cylinder in a convcnicnllocalion and 
lake h)·dromclcr readings •I lhe followinc inlcr· 
vals of lime (measured from 1he becinninc ol 
sc<.limcnlalion), or as many as may be needed, 
depending on lhe sample or lhc specificalion for 
lhe malerial under lcsl: 2, ~. IS, 30, 60, HO, and 
1440 min. If lhe conuollcd waler balh is used, 
lhc scdimenlalion cylinder should be placed ia 
1he balh bel ween 1he 2- and ~-min readinp. 

Non 11-lhc number ofourns durin& lhis minul< 
•hould be approaim>ldy 60. counlinc lhe lurn upside 
down and back ui"O lurns. Any soil rem>ininc inlhr 
bonom ol1hc cylinder durin& I he lim few lurns should 
be loosened by vicorous shakin& of 1he cylinder while 
i1 is in 1he invencd posi1ion. 

10.3 When i1 is desired 10 lake a hydromelt: 
reading, carefully insert the hydromcler aboul 21. 
lo 2~ s before lhc reading is due Ia approximalcl1 I 
lhe deplh il will have when 1he reading is taken. 
As 500n as lhc reading is laken, carefully remove 
lhe hydromeler and place il wiah a spinnin& 
mo1ion in a graduale of clean dislilled or demin
eralized waler. 

Non 12-11 is imponan11o remove lhc h)·dromel« 
immcdi>ldy aflercach read in&. Rcadinp shall be Ilk<•• 
11 lhc lop of lhc meniscus formed by lhe suspcnoio" 
around the s1cm. sincr it is nol possible 10 sec&&IC 
ruJina,s 11 ahc bouom of lhc mcniKus. 
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10.4 1\flcr each rca<.liug, lake lhc lemperalure 
of 1he suspension by inscnoug I he lhermomcler 
juto &he IUSpcnsiun. 

Jl. Sie~< Anal) sis 

· 11.1 1\flcr laking lhc final hrdromclcr read
ing, uamfer 1hc suspension loa No. 200 (75-tun) 
sieve a11<l wash wilh lap waler unlil 1hc wash 
walcr is clear. Transfer lhe malerial on lhe No. 
200 sieve 10 a suillblc conlaincr, dry in an oven 

11 230 ± II'F ( 110 ± ~·q and make a sieve 
analysi• of the ponion retained, using as many 
sieves as desired, or required for lhe malerial, or 
upon I he specific. lion of 1hc mal erial under I<SI. 

C\lCULATIONS AND R£1'0Rf 

12. Sicu Anai)Sis Values for lhr Portion 
Coarser lhan lhc No. 10 (2.00-nun) Sine 

1'2.1 Calculalc lhe percentage passing lhc No. 
10 ~icve by dividing 1he mass passing the No. I 0 
sieve by 1he mass of soil originally splil on I he 
No. 10 sieve, an.J muhiplying lhe rcsull by 100. 
To oblain lhe mass passing lhc No. 10 sieve, 
subuacl 1he mass rclained on lhe No. 10 sieve 
from I he original mass. 

12.2 To secure lhc lalal mass of soil passing 
lhe No. 4 (4. H-mm) sieve, add Ia lhc mass of 
lhe malcrial passing lhc No. 10 sieve lhe mass of 
ihe fraclion passing 1hc No.4 sieve and relained 
o;n 1he No. 10 sieve. To secure lhc lolal mass of 
soil passing lhc Va-in. (9.~-mm) sieve, add Ia 1he 
101al mass of 50il passing 1hc No. 4 sieve, lhe 
moss of 1hc fraclion passing I he V.-in. sieve and 
rclaincd on 1hc No. 4 sieve. For lhe remaining 
sieves, con1inue the cal,ulalions in 1he same 
manner. 
· 12.3 To dclcrmine lhe lolal pe"cnlage pass
ing for each sieve, divide 1he lolal mass passing 
(sec 12.2) by lhc lalal mass of sample and mul
liply lhc resuh by 100. 

IJ. llygroscople 1\loislure Corrcclion Faclor 

I ).I The hydroscopic moiSiurc correclion fac-
1or is lhe ralio belwccn the mass of 1hc oven
dried sample and lhc air-dry ma$S before drying. 
II is a number less 1han one, cxccpl when 1here 
is no hygroscopic moislure. 

1•. l'ercenlages of Soil in Suspension 

14.1 Calculale I he oven-dry mass of soil used 
in lhc hydromcler analysis by mulliplying 1hc 
air-dry mass by 1he hygro$capic moislure corrcc-

lion fal·lor. 
14.2 Calculale lhe mass of a 101al sample rep

rcscollc<.l by 1he mass of soil usc.J in lhc hy<.lrom
elcr I<SI, by <li•i<.ling 1hc oven-dry mass usc.! by 
the pcrccnlagc passin& lhe No. 10 (2.00-mm) 
sieve, and muhiplying lhe rcsull by 100. This 
\·aluc is 1hc weighl IV in lhe equalion for per· 
ccn1agc remainina in suspension. 

14.) The perccnla&c of soil remainin& In sus
pension at lhc level al which lhe hydromeler is 
measuring I he densily of lhc suspension nuy be 
calcula1ed as follows (Nole 13): For hydromeiCC 
15111: 

P- ((100000/ll')x G/(G- G,)){R- G,) 

NoTE 1 1-The bcadc1cd ponion of ahc cqu:uion 
for hydromciC'f I.S I tf is conslanl for a serie-s or rudinp 
and may be calculaltd finland 1hen muluplitd by lhC 
ponion in &he poucnlhcscs. 

For hydromeler 152H: 

I'- (Ro/11) X 100 

where: .;,.:. 

a • correclion faclion lobe applied Ia lhc read
ing of h)·dromeler 15211. (Vai<Jes shown on 
1he scale aoc com puled using a specific grav
ily of 2.65. Corrcclion fa,lors are given in 
Table 1), 

P ~ perccnlagc of soil remaining in suspension 
al lhe level al whi'h lhc hydromeler mea
sures 1hc densi1y of lhc suspension, 

R .. hyJromelcr reading wiah composite corrcc· 
lion applied (Seclion 7), 

II' a oven-dry mass of soil in a 101al lesl sample 
represcnled by mass of soil dispersed (sec 
14.2). g, 

G a specific gravily of 1he soil panicles, and 
G, =specific gravily of lhc liquid in which soil 

panicles arc suspended. Usc numerical 
value of one in bolh inslances in lhe equa
l ion. In lhc forsa inslancc any possible vari
alion produces no significant eiTecl, and in 
lhc second inslance, 1hc composilc correc
lion for R is based on a value of one for G1• 
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15. Oiameler ol Soill'arliclcs 

15.1 The diameler of a panicle correspondin& 
to 1he perccnlage indica led by a given h)·drome
ler reading shall be calculalcd according 10 
Slokcs'law (Nolc 14), on I he basis lhala panicle 
of I his diamcler was al 1he surface of lhc suspen
sion al 1he beginning of sedimenlalian and had 
sculcd 10 lhc level al which the hydromeler is 
measuring the densily of I he suspension. Accord-
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in& 10 S10kes' law: 
lJ • ./i"'p"'o-,{9=80("""G=---c.;~·,""lJ~X--,-L/=T 

where: 
D • diameaer of panicle, mm, 
n • cocllicicnl of viscmily of &he suspending 

medium (in this rase water) in poises (varies 
wilh changes in lcmpcraturc or the sus~ 

penllin& medium), 
L • disaance f.om ahe surface of a he suspension 

10 ahe level al which lhc dcnsily of &he 
suspension is being measured, em. (For a 
givtn hydromeaer and scdimenlaaion ctl· 
indcr, values vary accordina 10 &he hydrorn· 
elcr readings. This dislance is known as 
elfecaive deplh (Table 2)), 

T • iulerval ofairne from beginning ofsedimen
aaaion 10 &he lakin& of lhe reading, min, 

G • specific cravily of soil panicles, and 
Go • specific cravily (relaaivc densily) of sus

pendin& medium (value may be used as 
1.000 for all prac1ical purposes). 

Nun 14-Sincc Stoke$" law considcr11hc tcrminill 
vclocily uf I sin~e sphere fallin& in In infinily of liquid, 
lhe UltS calcul>led reprtscnl &he diameiCI of spherCJ 
ahaa would /all aa ahc some raae as ahe soil panicles. 

15.2 For convenience in calculalions lhe 
above cquaaiun may be wrillen as follows: 

o • x.fiJT 
where: 
K • consaanl depending on lhc lcrnperalure of 

&he suspension and &he specific gravily of 
&he soil panicles. Values of K for a range of 
lcmperaaures and specific gravilics arc given 
in Table J. The value of K docs nol change 
for a series of readings consailu&ing a 1cst, 
while values of Land T do vary. 

15.3 Values of D may be compuled wilh suf· 
licicnl accuracy, using an ordinary IO·in. slide 
rule. 

NoT£ U-The value o/ L is divided by T usina ahe 
A· and B ·scales, &he square rool be ina indicaacd on &he 
D-sc3lc. Without asccr1ainina ahc uluc o( lhc square 
roo& il may be muhiplicd by /(, usina ciahcr lhc C- or 
C/-scale. 

16. SieYe Analysis Values for Porlion Finer lhan 
No. 10 (2.00-mm) Sicrc 

16.1 Calculalion of pcrcenlagcs passins lhe 
various sieves used in sievin& ahc ponion of lhe 
sample from lhe hydromeler lcsl involves several 
sleps. The firs& saep is 10 calculaae &he mass of a he 
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fraclion &hal would have been relained on tbi 
No. 10 sieve had il nol been removed. This mas& 
is equal lo &he lolal percenaace rcaaincd on lilt 
No. 10 sieve ( 100 minuslolal perccnlage pauincJ 
limes ahe mass of &he aolal sample re11n:sena<lt 
by &he mass of soil u"'d (as calculalc:J in 14.2l 
and aloe rcsull divide<! by 100. . .. 

16.2 Calculale nc:AI&he lo&al mass passina &he 
No. 200 sieve. Add aoceahcr &he fraclional ma5>c1 
re&ained on all ahe sieves. including lhe No. 10 
sieve. and subuacllhissum from &he mau ohht 
aoaal sample (as calculaaed in 14.21. 

16. J Calculaae nul a he toaal masses pauinc 
each of ahe oahcr sieves, in a manner similar lo 
lhal given in 12.2. 

16.4 Calculaae lasl &he aoaal pcrcenaaacs pau
inK by di\'idin& &he lolal mass passin& (as calcu
laaed in 16.)) by &he lolal mass of sample (:u 
calculalcd in 1~.2), and mulliply lhe rcsull br 
100. 

11. Graph 

17.1 When lhc hydromeaer analysis is per· 
formed, a graph of &he lesl resulls ~hall be made, 
plouins lhe diameam of ahe panicles on a loga
riahmic scale as ahe abscissa and lhe pcrcenaacci 
smaller lhan ahc corresvondin& diameaers 10 an 
arilhmelic scale as &he ordinale. When &he hy
dromeacr analysis is nol made on a ponion ol 
I he soil. a he preparalion of &he era ph is op1ional, 
sine< values may be secured direcaly from labu· 
laacd dala. 

18. Hcporl 
18.1 The ropon shall include &he followina: 
18.1.1 Ma•imum size of panicles, 
18.1.2 Percenaaae passing (or relained on) 

each sieve, which may be labulaaed or prescnaed 
by plouing on a graph (Note 16), 

1~.1.1 Dcscrip1ion of sand and &ravel parti· 
clcs: 

18.1.3.1 Shape-rounded or angular, 
18.1.12 llardness-hard and durable, son, or 

wcalhered and friable. 
18.1.4 Specific araviay, if unusually hi&h or 

low, 
18.1.S Anydifficully in dispersing the (raclion 

passing lhe No. 10 (2.00-mm) sieve, indicaain& 
llny change in Jypc and amounl or dispcrsin& 
agcnl, and 

18.1.6 The dispersion device used and 1he 
lenglh of &he dispersion period. 
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NolE 16-This l>buloaion o/ c••ph rcprescnu lh< 
~d.uion fi( the s.;unplc lts.lcU. If p;anidcs l.uacr ahan 
thoK conl<~intti in lhc s..1mplc were rcmo'•C'd bcfurc 
tnlin,. the ~qJOr1 1h.1ll W alate &ivinc the amount iln~ 
,..aJ.imum sau. 

18.2 For malrriab lrslcd fur ruruplionre wiah 
dcfiniae •a>C<"ilicaaio"'· lh< fraraions ralkd for in 
such spcciliralions shall he: reponed. The frac
aionl small« &han lhe No. 10 sieve shall be road 
from a he &r a ph. 

18.) For mal erial• for which complianre wilh 
dcfonile spcciliroaoons is no& indica led and whw 
ahc soil is composed alruosa onaircly of panicl<s 
pouin& &he No. 4 (4.75-mm) sine, lhc rosuhs 
rud from ahe graph may be 1cponed as follows: 

(J) Groaul, p:~nin& l·in. and rcaaincd on ,. 
No.4 $InC · · · · · 

(1) S•nd. pouinc Nu. 4 sieve and «· % 
loti ned on No. 200 sic' r · · · · 

I•) Coan< "'nd. p;ossina No. 4 sino " 
and rc&ainci.J on No. J 0 -'icvc · · · · 

(b) Mcdoum ,.nd. passinc No. 10 
sieve and rclaincd on No. 40 ~ 
sic\C 

(c) Finc ,.nd, possinc No. 40 siovc " 
ani.J rcl~incd on No. 200 "''"' · · · · · 

(J) Soh •iLC. 0.01~ 10 0.005 mm . . . . . " 

0422 

(I) Cia)' •ir<. smallcr &han OOOS mm 
Culluid>, >m•llcr lhan 0.001 mm 

····· ~ 
..... " 

I 8.4 For malerials for which compliance wilh 
drliniar specilicaaions is no& indicaacd and when 
&he soil conaoins moarrial r<lainr.l on lhe No. 4 
1icvc: sunicic:nt to require a siC\'C anal) sis on th3l 
punion. &he resulls may be rrpon<<l as follows 
(Noae 17): 

l-in. 
2-in. 

SiC\C SilC 

l'h-in. 
l-in. 
t.-tn. 
Va-in. 
Nu. 4 (4.H-nom) 
No. 10 (2.00-mm) 
No. 40 (42!-~m) 
No. 200(H·~m) 

Sn. VE ANAL 'rill 

JhOIOM£lll ANALUIS 

0.074 mm 
OOOS mm 
0.001 mm 

PnrcnlJJC 
P~s.s1nc 

NoH 17-No. 8 (2.l6·mm) and No. SO (JOO-~ml 
sieves may be sub~1i1u1cd (or No. 10 and No. 40 sicvu. 
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~~~ Designation: D 698- 78 An "'"'••~anNa~ s..,..,. 

Standard Test Methods for 

MOISTURE-DENSITY RELATIONS OF SOILS AND SOIL-·' 
AGGREGATE MIXTURES USING 5.5-lb (2.49-kg} RAMMER 

AND 12-ln. (305-mm} DROP' 

Tat. it staadard Ia iu'-lcd under the lind desianation D 691; lhc number Immediately (ollowln& lhc dCJi,Aallo• huliula ... , 
7e1r of oriain•ladoptioa or, In the cue of rnisioa,thc 'l.car of lui IC~isio•. A D11mbcr ia p11cnthcsca indtcatcl tl.c Je&r alkc 
rcapprovel A a~o~pcracript epsi&oa (•J lodlu&a•• cdilonal ct.anac siacc tbc lui rcwitioa or rcapproval. . .: 

JMH lf'ttfi•HI Aon '""" .,,, • .,~ f•' .u• 6,1 •Jt"d~l ~ t4t DrfMIWNI&I •J Drjttu~ •fklf•' IUiinl Itt lA• O.D IAJt• 'i ; 
Sf«ific.,loo.JOMI Sr.....,~ . , _ ,. 

I. Scope 

1.1 These laboralory compaclion merhods 
cover lhe delerminalion of 1he rclalionship be
l ween lhe moislure con len I and densily of soils 
and soil-aggregale mLuures (Nole I) when 
compacled in a mold of a given size wilh a 5.S
lb (2.49-kg) rammer dropped from a heigh! of 
12 in. (305 mm) (Nole 2). Four allernalive 
procedures are provi<led as follow.: 

1.1.1 Method A-A 4-in. (101.6-mm) mold; 
maleriol pusing a No.4 (4.75-mm) sieve; 

1.1.2 Mtrhod B-A 6-in. (152.4·mm) mold; 
maleriol passing a No.4 (4.75-mm) sieve; 

1.1.3 /lltrhod C-A 6-in. (152.4-mm) mold; 
material passing a ¥.-in. ( 19.0-mm) sieve; and 

1.1.4 Mtthod D-A 6-in. (152.4-mm) mold; 
malerial passing a r.-in. (19.0-mm) sieve, cor
reeled by replacemenl for malerial relained on 
a r.-in. sieve. 

Non 1-Soils and aoil-ass••sarc miuuru should 
be rrsarded as natuul occunin~ fine- or coarse· 
&rained solls or composites or muturu of natural 
soils, or miJiurc:s o( natural and processed soils or 
•&&resales such u sill, sravcl, or crushed rcx:k. 

NoTE l-These l•boutory compaction tcsl melh· 
ods when und on soils and soil-a&&rcsatcs which arc 
not free-drainin& will, in mosl cases, establish 1 well· 
defined optimum mois1urc con1enl and muimum 
densily (sec Seclion 7). Uowcver, for free-draining 
soils and soil·•urcsa&c miJiurc•. these methods will 
not, in many usu, produce a *CII·dcfincd mois&urc· 
density rclalionship and lhc mu.imum dcnsi1y ob· 
lointd will sentrally b< less lhan that oblaincd by 
vibralory methods. 

1.2 The mclhod lo be used should be indi
cared in !he specificalionsfor lhe malerial being 

lesled. If no melhod is specified, lhe prow"""" 
of Section 5 shall govern. '• 

l. Applicable DocumcniJ 

2.1 A STill Standards: .. '·~ 
C 127 Tesl Melhod for Specific Graviry llld 

Absorplion of Coarse Aggregale1 .r. ~ 1
, 

D 8S4 TcSI Method for Specific Gravily ol 
Soils' : 

D 2168 Methods for Cali bra lion of La~;,.' 
lory Mechanical-Rammer Soil Compac-: 
IOUJ · 

4 

J) 2216 Mel hod for labor a lory DelerminJ· 
lion of Walcr (Moisrure) Conrenl of Soil, 
Rock, and Soii-Aggregale Mixlures' 

02487 Test Method for Classificalioo oC 
Soils for Engineering Purposes' 

02488 Praclice for Descriplion and ldenlif~ 
calion of Soils (Visual-Manual Proce<.lurtt 

E II Specificarion for Wire-Ciolh SievCJ for 
Turing Purposes' 

3. Apparatus 

3.1 Molds-The molds shall be cylindrical 
in shape, made of rigid melal and be wirhin lht 
capacily and dimensions indicared in 3.1.1 or 
3.1.2. The molds may be rhe "splil" rype, coo
sisring eilher of lwo half-round seclions, or I 

1 Thnt mcthOlh arc under lhc j11rildic1ion o( ASlM C.., 
min« 0.11 on Sod and Rcxk. · 

Cumnl cdiiM»ft II'Pfovcd April lJ, 1911. Publiihcd J~ 
1911. Orisin>IIJ P"bliiAcd 11 0691- ~~ T. Lur prcviool • 
lion 0 691 • 10 ·' 

1 AIIIIIWt~IBoiUA t{ AST.\1 Slu~tdiJniJ, Vols 04 Oland 04 OJ. 
1 A'"""'' Ruo411{ A.{J'M SlllnW,JJ, Vol Oo4 01. ,. 
• Arutual D,JUA of ASTAI Sra"tl""''· Vols 04.01, 04.0J, 04. 

Ol.Ol, and 14 Ol. 
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j!(lioD ·of pipe splil along one elemenl, 
•ich can he serurcly lucked lo~clher lo form 

'qlindcr auccling lhc IC'(JUircmcnh uf 1hi~ 
!ojon. The mol<h may ahu be lhc "l"l"'r" 

pc. providing 1hc iutcuml c..li;un.:h:r 101pcr is 
~ifotnl :and i" lhll nuuc lhan 0.200 in./linc~1r 
a (16.7 nono/lincar m) of mold heigh!. Lorio 
,.old shall h;o>c a l""e pl;olc ""cmhly anJ ;on 

111,usiou cull;ar ~~~~cmhly. l.hHh m:.uJe of riyiJ 
.,cl>lanJ con,llloeleJ sn I hey c;m be 'ccuody 

1n>chcd lu ur dcr;ochcd (rum lhc moiJ. 1 he 
prwsion cull;or as>cmbly sh;oll have a heigh! 
'prcnding above rhc lop of rhc mold ol al 
·lri1r2 in. (50.8 mm). which may include an 
11'1"'' srclion th;ol flares out 1n form a funnel 
rroridcd !here is ;11 lea,( a '/•·in. (I<J·mm) 
~~nigh! cylindrical sccliun hcncalh il. 

;i)-1.1 Mold. 4.0 in. (101.6 nun) in diamc
ICI, having a mp;rcily of '!Jo :!: 0.0004 (I' (944 
!'II crn2

) ami conforming lo Fig. I. 
'1.).1.2 Mold, 6.0 in. (152.4 mm) in diamcler, 
urins a capacity of Youu ± 0.0009 fl2 (2124 

) lS em') and conforming 10 Fig. 2. 
:j ·J.I.J The avcnoge inlcrnal diamclcr. 
kighl. and volume ol each mold sh;•ll be 

, clc:rcrmined before inilial use and al inlervals 
101 exceeding 1000 lim<s lhc mold is filled. 
The: mold volume sh;•ll be c;olculaled from I he 
ncrage o( 111 lca::.l si.\ iuacrn;d diounet~r ;.uu.J 
&h1et hcighl mca~urcmcnl~ malic In lhc ncar· 
est 0.001 in. (0.02 mon). uo from lho ;unnunl 
ol water required lo complclcly !illrhc mold. 
couectcd fur tcmpcr;llurc vari;mcc in ;accon.l· 
ance wilh T;•blc I. If lhc ilveno!lC inlc111al 
diameler ilnd volume ~re nol wilhin lhc lol
trancu shown in Figs. I or 2, I he mold 'hall 
101 be used. The dclcrmined volume ~h;•ll be 
IISCd in compuling 1hc required demilics. 

1.2 llmmua-The rammer may be cilher 
llanually opcr;lled ('ee 3.2.1) or mechilni
c.Uy upcralo<l (•ee 3.2 .2 ). The r;unmcr >hall 
blllreely lhrou~:h;, dblancc of 12.0:!: 1/o• in. 
(104.8 :!: 1.6 mon) from lhc ,urlacc ur lhc 
lpccimcn. The manufactured wci!lhl ol lhc 
••mmcr 'hall he 5.5:!: 0.02 lb (2.49:!: 0.01 
k&). The 'l"'cimcn cnnlacl (;ICc sl~<•ll he ll;ol. 

1.2.1 /llmwal Rammtr-The specimen con
lac( face shall be circular wilh a diamelcr of 
looo ± 0.005 in. (50.80 ± 0.13 mm). The 
rammer shall be equipped wilh a guide
dteve which shall provide sufficienl clearance 
10 lhal lhe free fall of lhe rammer shafl and 

head will nol be rcslricled. The guidcslcevc 
shall have four venl holes al each end (eighl 
holes 1o1al) located wilh cenlers t, ± v,. in. 
(19.0 ± 1.6 mm) from each end and spaced 90 
deg a pan. The minimum diamerer of the vent 
holes shall be 'I> in. (9.S mm). 

J .2 .2 4\/,·clumicul llwumt"r- The rammer 
)hall upc:rttlc mechanically in ~uch a manner 
••s to pruvi<.Jc uni(nrm and cumplclc coverage 
of rho specimen surface. There ~h;oll be 0.10 
:!: 0.03 in. (2.5:!: 0.8 mm)clcarance bclwcen 
I he nom mer ;111d I he in,idc ,urface of I he m<>ld 
al ils ~malk'l di;unelcr. When used wirh the 
4.0-in. (101.6-mm) mold, lhe specimen con
lac! lace shall be circuh11 wilh ~ diamerer of 
2.000 ± O.OOS in. (S0.80 ± 0.13 mm). When 
used wirh I he 6.0-in. ( 152.4-mm) mold, rhe 
specimen conlacl face shall have lhe shape of 
a scclinn of a circle of a r;1dius cqu;1l lo 2. 90 
:!: 0.02 in. (73.7:!: 0.5 nun). The seclor face 
rammer slwll opcrale in such a m:mner lhal 
lhe vcrlcx ol lhe seclor b posirioned al 1he 
cen1cr of I he spccime11. The mechanical ram
mer shall be calibraled and adjuslcd, a> nec
e~s;ll)'. in accordance wilh 3.2 .3. 

3.2.3 Calrbralimr and AdjusriiWII-The me
chanical rammer shall be calibraled, and adjuSled 
as necessary, before inirial use; ncar rhe end of 
each period during which lhe mold was filled 
1000 limes: before reuse aflcr anylhing, including 
repairs, which may alfecl lhe lesl resulls signifi
carllly; aml whenever lhe lcsl resuhs are ques
lionable. Each calibralion and a<ljuslmenl shall 
be in accordance wilh Melhods D 2168. 

3.3 Smupl~ £.,rrur/rr (oplionai)-A jack, 
frame or Ill her device adilplcd lor the purpo>< 
of exlrudiu~: compacled ~pecimens !rom lhe 
mold. 

3.4 111111111a\ -A balance or scale of al 
lca'l 20-kll capacily semilive 10 :!: I g and a 
balance of ;u lc;"l 1000-g c;1paciry scnsilive 
lo :!: (l.()l ll· 

3.S Dryi11g Ovtn, lhermoslalically con
lrulle<l, preferably of the forced-drafllype, ca
pable or mainlaining a rempcralure of 230 ± 
9°F (110 ± 5•q for delermining lhe moislure 
conlcnl of I he compacled specimen. 

3.6 Srraighudgt-A Slilf meral Sllaighlcdge 
of any convenienl lengrh bur nol less lhan 10 
in. (254 mm). The scraping edge shall have a 
straighrness lolerance of ±0.005 in. (±0.1 3 mm) 
and shall be beveled if il is thicker lhan li in. 

on1 
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(l mm). 
3.7 Sirvr~. 3-in. (75-mm). ·'/•·in. (1'.1.0-

mm) ami No.4 (4. 75-nun). conforming In I he 
rcquircmcnls of Specific a lion E II. 

3.8 Mi.\i11,a: 10ol.l -Mi~4.:cllancuus luuh 
)Uch us mixing pan, ~Jl'Kln. &rowel. spa1ula. 
clc .. ur a !\uilal.Jic mechanical device hu tho;,·. 
oughly mi:~ing lhc iamplc u( )Oil wilh incre
ments or water. 

4. Procedure 

4 .I Sprcimru l'upmutio11 - Sclecl a reprc· 
~enlalive por1ion of quanlily udequ;olc 10 pro
vide. uflcr ~icving. un amounl of m;llcri;ol 
weighing a~ follow>: Mclhud A -25 Ill (II 
kg); Mc1hods D. C. and D -SO Ill (23 kg). 
Prepare ~pccimcns in accordance wi1h eilher 
4.1.1 lhrough 4.1.3 or 4.1.4. 

4 .I .I Dry l'rrpmllliOII Proct<lurr -If I he 
sample i> loo damp 10 be fliablc. reduce lhe 
moisiUre conlenl by drying unlil lhc ma1erh1l 
is lriahle; see 4 .1.2. Drying may be in air or 
by lhe u>e of a drying apparalus ~uch I hal I he 
lempcralure of lhe sample does nol exceed 
140'F (60'C). Aller drying (if required). 
lhuroughly break up lhe aggregalinns in ~uch 
a manner a> lo avoid reducing lhe nalural >izc 
of 1hc parliclcs. Pass lhe malcriallhrough lhc 
specified sieve~~ follow>: Mclhods A anliii
No. 4 (4.75-mm); Mc1hods C and 0-'l•·in. 
( 19.0-mm). Correcl for oversize malcrial in ac
cordance wilh Seclion 5, if Mclhod 0 is speci
fied. 

4.1.2 Whenever prac1icable, soils clauificd as 
ML, CL, OL, GC, SC, Mtl, CH, Otl and PT by 
T nl Mel hod D 2487 shall be prepared in accord
ance wilh 4.1.4. 

4.1.1 Prepare a series of al lcasl four speci
mens by adding increasing amounls of walcr lo 
each sample so lhal lhc moisture conlenls vary 
by approximalely 11/J "· The moiSiurc con1cn1s 
seleclcd shall brackellhc oplimum moi51urc con
lenl,lhus providing specimens which, when com
pacled, will increase in mass 10 the maximum 
dcnsily and lhcn decrease in dcnsily (sec 7.2 and 
7.1). Thoroughly mix each specimen lo ensure 
even diSiribulion of moisture throughoul and 
then place in a scparalc covered container and 
allow 10 sland prior 10 compaction in accordance 
wi1h Table 2. for the purpose of selecting a 
slanding limr ·, nol required IO perform lhc 

aclual clauilicalion procedures dcscrillcd in TCSI 
Method D2481 (uccpl in the case of referee 
tcslinc). if previous dala exist which provide a 
basis for clauifyin& 1hc sample. · ., 

4.1.4 MfliJI I'H'/HJratillll MnlwJ-The fol-
Io win& ahernalc procedure is rcconunende.J fO< 
soils cla5$ified as ML, CL, OL, GC, SC, Mil, 
Cit, 011, and PT by Tcsl Melhod D 2487. Wilh· 
oul previously dryin& lhe sample, pau illhrou£h 
lhe Vo-in. (19.0-mm)and No.4 (4.75-mm)sievc:s. 
Correct for oversize malerial in accordance wilb 
Scclion S. if Method D is specified. Prepare a 
series of allc;ut four specimens having moislure 
conlcnu lhal vary by approximalcly I'll "· The ' 
moislurc conleniS selected shall brackel the op
timum moi11urc content, lhus providin& speci
mens which.- when compacted, will increase ia 
mau 10 lhc maximum densily and then decrease 
in dcnsi1y (sec 7.2 and 7.)). To oblain lhe appro
prialc moislurc conlcnl of each specimen, lhc 
addilion of a predetermined amounl of walcr 
(sec 4.1.3) or lhe removal of a prcde1crmined 
amounl of mois1urc by drying may be neccuary. 
Drying may be in air or by lhe U!>C of a dryina 
apparatus such thai I he temperature of 1hc spec· 
imcn docs nol exceed 140"F (60"C). The prepared 
specimens shall lhcn be thorouchly mixed and 
sland, as specified in 4.1.~ and Table 2, prior 10 
compaction. 

Nu1t l-Wiah prou:licc. i111 u~ually possible lo. 
"isually ju&Jec 1hc (l\Jinl of opaimum moislucc 
clu\Ciy cnouJh w lh<.~l I he prcpoucLJ specimens •til 
brad.c:l lht: poinl uf opaimum moislutc cunlcnl. ..· 

4.2 Spc·cimc'tl (OIIIJWc:twii-Sclccl 1hc 
proper compaclion mold, in accordance wilh 
lhc melhod being used. and ;llliiCh 1hc mold 
cxltn)ion collar. Cuml'"" each ~pccimen in 
llucc laycn of appruxinu11ely equal heigh!. 
bach layer slwll recci• c 2S blow~ in I he case 
of I he 4-in. (101.6-mm) multi; cuch layer shall 
rccei1·c 56 blows in lhe case of lhe 6-in." 
(I 52.4-nun) multi. The lulal amuunl of ma
le rial used >h"ll be such lhal 1he lhird com· 
pae~ed layer is ~li~hlly ahmc 1hc lop of 1he 
mold, but nul cxcecdintt 'I• in. (6 mm). 
During cumpaCiion lhc mold shall rest on I 

unilorm rigid foundalion, such as pro•idcd by 
a cylinder or cube of concrete weighin& nol 
le .. lhan 200 lb (IJI kg). '· •:' 

4.2.1 In operaling lhc manual rammer; 
c;ue shall be lakcn 10 a\ uid rebound of I he 
rammer from the lop end of lhe guideslee••· 
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• , The t:uidcskC\C ~h"ll be held sle;•dy ami 
Voillun ~ dq! uf lhe \CIIIC;al. Apply lhe blm•s 
at a unilurm rille not exceeding apprnxim;atcly 
1.~ s per lJiuw itlld in su~o:h u milnncr as lu 

1uu\idc ..:wuph:tc CU\CBiltC ot the ~pccimcn 

surlou.:c. 
• 41.2.2 l·ullnwin~ cumrml'linn, rcmo\c the 
c~tcn)ion collar; cue tully uim llu: &.:umpou.:h:ll 

5pc.:cimcu C\CII \\"llh the lup nf the mold by 
plCiliiS of tlu: Slrill~hlcli!!C Olllt.J JCICriiUIIC lhc 
RIJS5 or I he specimen. Di\ id.: I he m;ass ot I he 
compa«.:tcd specimen am.l muh..l, minus lh!.! 
mali of I he mold, by I he • olu111c of I he mold 
(set 3 .I .3 ). Hccurd I he rcsull ;1s I he 1-cl 
dcnsily, ')', •. in pounds per cubic fool (ur 
kilo~ram> p« cubic melle) or 1he comp.ICied 
5pccimcn. 

4.2.) HemO\e lhe m"lcri;ol (rom lhe nwll.l. 
D(tcrminc mni~lurc conlcnl in uccunloutcc 
wilh t.lcllwdO 2216, u>in~: cilher lhe whole 
specimen ur allcrnali\cly u rcprc~culali\e 

•pecimcn of 1hc whole ~peci111cn. The 11hulc 
•pccimcn musl be u>ed "hen I he pcrme;•bilil)' 
of lhe C<HniMclcd specimen is high cnuu~h >o 
lhal lhc moislurc content is nnl d1~1ribuh.-d 

uniformly lhruu~houl. II lhe whole specimen 
is used, luct~L il up tu ranlalah: drying. Obtain 
lhc rcprcscniLIII\C specimen by slicing llu.: 
torupi1ClCd specimen ••xiillly lhruu~h llu: ccn

l(r iiiUl rcnun tn~ IOU tu ~UO g ul lllillcn.•l 
from UUC ufiiiC CUI fiiCCS. 

4.2A llcpeal 4.2 lhruu~h ~.2.3 lur each 
spcclmcn JHCpau:t.l. 

S. o, Cf;\itc l:urrcrliun' 

5.1 II JO '!. or mmc nf lhe s;omplc is 
rclttincd nu il ·'1 .. -m. (I'J.U-mm) siC\C, lhcn 

none of lhe mclhud> dc>cnhed under lhcse 
melhod> >lmll be u,ed fur lhe dclcrmina11un 
ol citllcr maximum dcnsaly ur uplunum 11101~4 

lure conlrnl. 
S .2 Method• A mul D-The m;olcrial re

laincd on I he Nn. 4 (4 .75·111111) >icvc b db
"anJct.l ant.l nu uvcr~izc coucction b matlc. 
:lowcver. il b recommemled lh;ol if I he 
amounl ur male rial retained b 7 ~~ Ul ~rcitlcr. 

Mel hod C be u'cd in>lcad. 
5.3 Ai<'tluul C-The maleo ial relaincd nn 

I he ·1/o-in. ( IIJ .0-mm) >ieve i' di,c;uded ;uul 
nn over !'loin: currccliun i~ m;tdc. t-luwcvc•, if 
lhe umuunl nf malerial ICI;oined b Ill "k or 
grcalcr, il is recommended lhal Melhod 0 be 
used in~1cad. 
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S .4 MrtiJOtl D: 
5.4 .I Thi> method shall no I be u>ed unle's 

lhc amounl of malcri~l rclaincd on the 11•-in. 
(19.0-mm) sieve is 10% or greater. When 
the ;unuunl or nltllcrial retained on the J/ .. -in. 
sieve hlesslhan 10 %, usc Method C. 

5.4 .2 Pa.s I he mulcri~l rcl~ined on the 'I•· 
in. (19.0-mm) ~icvc through a 3-in. or 75-mm 
sieve. Oiscard I he malcrial rclaincd on I he l
in. sieve. The malcoial passin& 1he 3-in. sieve 
and relaincd on 1he '1•-in. ~ic•·c shall be 
replaced wi1h an equal amounl of malcrial 
pa"ing a 'l•·in. ~icvc and rclained on a No.4 
(4.75-mm) sieve. The malcrial for replace
ment shall be lakcn from an unused porlion 
of I he sample. 

6. Calculalion~ 

6.1 Calculalc the moi,lurc conlcnl and 1hc 
dry dcnsily of each compaclcd specimen as 
follows: 

... - ((rl - BJ/(8- C)j X '100 

and 

Y• ~ (r./("' ~ IOO)j x 100 

where: 
IV = mois1urc conlcnl in ptrccnl of lh( com

paclcd specimens. 
A = ma's of conlt.~incr ant.l muisl sp(cimcn, 
B - mau of conlaincr and oven-dried spec

im(n, 
C - mass of container. 
r• - dry den~i1y, in pounds per cubic fool (or 

kilograms per cubic melle) of 1he com
pacled specimen, and 

')'. = wei dcmily. in pound> per cubic fool 
(or kilogram' per cubic melre) of 1hc 
compacled >pccimcn. 

7. lllui>lure· Ucn>ily Hel•liomhip 

7 .I From I he dala olllained in 6.1. plollhe 
dry dcnsily v:aiU(> ~' ordin;ucs wi1h corre
sponding moislurc con1en1s as abscissas. Draw 
a smoolh curve connccling lhc planed poinls. 
Also draw a curve lermed I he "curve of com· 
plele saluralion" or "zero air voids curve" on 
I his plol. This curve represcnu 1he rclalionship 
bel ween dry densily and corresponding mois
lure conlenu when lhc voids arc complc1cly 
filled wi1h waler. Values of dry dcnsi1y and 
corresponding moiSiurc conlcnu for plollin& 
lhc curve of complclc saluralion can be com· 
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puled using lhe following equal ion: 

"'No • {(62.4/y,) - (1/G,)j X JlJO 

where: 
w... ... moi~turc conh:nl in percent fur com· 

plclc s:.~luration, 
y, c:: dry density in pountls per cul>ic foot 

(or kilograms per cul>ic mclrc). 
G. -= spcdfic gro~vily uf the m<.~tcri6JI l.Jcina;. 

IC>Icd (>cc Nole 4 ). ami 
62.4 A dcmily of walcr in poumh per cuhic 

fool (or kilograms per cubic mcue). 

NoTE 4-The specific &nvily of the m:ltcrial can 
cllhe:t be usumcd or based on the wci&hlcd avcr.agc 
values or: (d) the specific ,ra ... ity or the matcri;al pusinc 
lhc No. 4 (4.7S-mm) sieve in accordance with Test 
Mcrhod DIH; and (b) lhc apporcnl•pccilic &ravily of 
&he malcri.ll retained on the No. 4 lie we in accordance 

tp wirh Tnl Mcrhod C 127. 

I 7.2 Oprimum Moi.stur~ Co111e111, "'•-The 
W moislure con1en1 corresponding lo lhe peak 
._.. ollhe curve drawn as direcled in 7.1 shalll>c 

lcrmincd the "oplimum moisture content.'" 
7.3 Mu.rimum Otnsity, y,, .. - The dry den

sily in pound> per cubic fool (or kilograms per 
cubic mclrc) oil he sample al "oplimum mois
ture conlcnt" shall be termed .. maximum 
dcnsily." 

8. Rrporl 

8.1 The rcporl >hall include lhc lollowint;. 

TABLE 1 Volume or Walct per Gram based UR 

Tempcrahuc:A 

Tcmpc:ralurc, •c rF) 
ll (ll.61 
14 (l12) 
16 (60 II 
11(~41 
20 (61 0) 
22 (11.61 
l4 (ll.2) 
26 (111) 
21 (12.4) 
l0(16.0) 
)2 (19 6) 

Volume of Wa1cr, mil& 

1.()0041 
1.0001) 
UlOIOl 
UlOill 
1.00171 
1.00121 
I 00261 
I.OOllO 
I.OOJJI 
1.00411 
1.00491 

.. Valuu Olhcr I han lhown mar be oblaincd bytclcu ina: 
to lhc lltmdhoo4 of ChtmiJtry .,.J PilyJin, Chcmicoal 
Rubbu Pwbli1hin& Co., Cleveland, Ohio. 
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8.1 .I Mclho<.l U>cd (Mc1hud A, IJ, C. 01 
D). . -

8. I .2 OJ>Iimum moislure con lent. 
8.1.3 M;rxirnum dcn,ily. 
8.1.4 Dcscriplion or ranuucr (whclnc1 

m<~nual ur mcchauko11). 
8.1.~ Dcscriplion of appcorancc of malcro., 

used in ICSI, l>ascd on rraclicc D 2488 n ... 
1\lcllood 0 2487 rnay be used •• an allcrnali>r). 

H.1.6 Origin oC uwlcri;•l u~cd in lc~l. ,. 
11.1.7 1'1cpara1ion procedure U>e<.l (moh1 

or dry). 

9. l~rechiun ., 
9.1 Crilcria lor judging lhe acceplabililyol 

lhc maximum dcn•ily and oplimum mois&urr 
conlcnl ICSI rcsulls arc given in Table 3. The 
Slan<lard devialion, s, is calculalcd from 1hr 
cqualion; 

I {• 
··- -- L.(.r -i)' n- 1 1 

where: 
n • number of de1rrmina1ions, 
x • individual value of rach dclrnninalion, 

and 
.i • numerical avrrage of 1be dclcrminalioru. 

lions. 
9.2 Crilcria lor as•it;ning slandard dcvia

lion value• lor single-opem10r prcci>ion arc 
nol availal>lc allhc prescnllimc. 

TAHI.E 1 lll) rup~~r~lion Mclhod-Standinc llmu 

Onsifiulion 0 2481 

Gw,Gr.sw,sr 
GM,SM 
Ml,Cl,Ol,GC,SC 
MII.CII,OII,I"r 

M10imurn Slandln& lime, 
h 

no rcquircmcnl 
l 
II 
)6 

4~IP D 698 

TAIII.t: l rnd!<iun T ,\ 0 I.E "' Metric F.quiulu11 lot fi&•· l and 1 

s.;;,l~ oprralPr p~rdJifm: 
J.laumum dcn~••r 
Or1i111um n1oiuuu c:ontcna 

)4 1111,,/u/o(utJUU)' ptuuioll.' 

~la•unum dcnsuy 
Oplimum moalhllc (unlcnl 

Slantl:ud 
l>cvl.1• 
lton,• 

;tl.t.6 
~0 16 

A~'~:ptotllh.• 
Rana:c ol l...,o 
~nulls, fx· 

r.:~~~~ :.; 
Mean V;alu-:' 

1.9 
?.) 

40 
ll 0 

A llu1 column iulli~atc1 a limitinc 10lfi£C ol Y3lwcs ,.hi,,:h 
tboukl nul be ucccdcd bylhc Lltllcrcncc between any a"'·u 
~tsulu, uprcuc-LI on a pcrccnt;~~e of the avensc w;;~luc. In 
cooper alive tul prucumt It has been dctumincll lhat 9S ';. 
olthc lc\U do not c"ccd 1hc limiain& acccplablc un&cs 
tho•n bckaw. All ulun •hown in lhll Uhlc arc b,nc-d on 
J¥CiaiC lnl rnulh hom 01 nric:ty ol diflcrcnlaoih anll uc 
twbjccl IO fuiUIC fCYiliHn. 

I. 

Ill\','" 0 

I 
l':r-r-------.,.; 

]I r~;;. 
' . ' 
~ : : ,.. : (~: 

EXTENSION 

n ........ lh•llo•nl 

-/11\{" 0. 

111 .. 1.- " 
fl f 4 o·· !oor&··o 

3 

<D 

1 hi1 woh•n-. 10 W 

1130! 0 Cl004 , .. h 

in. --
0 016 0.41 
0.016 006 ., .. 0.80 
'Ju 1.6 
'to l.l 
'I• 6 .• .., .. 1.1 .,, 9 l .,, 

12.1 .,, 
ll.9 

l lO.I 
21/a 6l.l 
4 101.6 .. ,. 101.0 
4'1: 114.) 
4 ll' 116.41 
6 1!2.4 
6'1• 16!.1 
8 20l.l 

h' em' 
1/u 9<4 
OI}(H II 
1/11.111 2124 
00009 2l 

M~,- be .. ,I,J~ 

A1 ,,,,,,..,, contllu(l•on. ••11oUon 

m.,-Wto•lcldo .... , .. ,,tont ·'YP• 
c:l.emp. ••mil., 10 lho,. ~o~Nid on mold 

Ill .. 0 .. lito 4 · 48 lhd P10j..c;1 1/16" 10 IO<m 
c-alch 101 ••••o•ion cl1mp. PIK, ttun 1200 

•Pol• I I No I •eq·d ol ,., • ryp. cl~ utedl 

Ill .. 

Non 1-The aolu.ancc on lhc hci&hl i1 &ovcrnc:d by lhc allow .able woiumt and diamcttf lolu.ton(cs. 
Non l-The mcahodt shown for III.JC"hin& 1hc ulcns~o~ c:oll.u lo lhc mold and lhc mold 10 the buc pl.atc a1c 

rtcommcodcd. llowcvcr. o1hcr mclhoda .tole acupt.ablc, provadm& the 111achmcnu arc cquaU1 u ri&id., lh<ne 1ta0....,.n. 

fiG. I c,lindrical Mold, 4.0-ln. fot Soil Ttsls (IH Table .. fOf mclrlc cqululcau). 

70~ 
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... ~ I 
I : -,- ? ~,..,.,_,,.. 

1
•.<> I / 

b : ' ~ ~ .... ! .. o~·r 
c.::·o;_ •.. _, ......... :' 
- • ~:- A ... ,.,,..,.,_,.,,...,,. .. ,,.- l5 -~ :::.:::.::;;:;;.:····~"~:.-;. -----1-- ......... __ .,. 

·~·· D ,,. .. _, I I 

f(( u·•ooM'O ~.,, .. l ] .... . 
,, ... D..,,.., •· •••"4 ,.,,.,.,,r ;~ 
..... •u•c"l:l•tt••-••• ... . 
........... 20 _,, .......... . _ . .,............... ,,. 

1 ........ - ... -.. 
llll JlJI 0 0001 coo II 

It, ...... _! .......... " .. . .... 
ur· 

. ...:':\.~-.:.~"xX.K.~~~xs.~<:>\:"::.~x~· 

Nou l-The lolrun"c on the hci,hl isao"'crncd by I he allow a bit ovolumc and di;uncltr lolcrA"ccs. 
Noll 1-1 he nlclhu,b •hown fur 411lilchin& lhc ca&cm.ion cull:u 10 lhC' mold ilnd lhc mold lo the bale plaiC JIC 

recommended. tluwc.,.cr. other rnclhU!.h arc acup&ablc, p10widma lhc aauchmcnu arc cqu;,Uy •••i~i.J u aho~ showa. 
fJG. J ('JUndrinl Muld, 6.0-in. fur Suit Tull (ictlal.llc 4 lur Raclric cquhahnb). 

llu A'"uiCIJII StKi~IJfor r~'""' UIIJ MufuudJ IIJ~I'I 110 '"'''illll ,.,,"'"' ,,.,. ttdrdrry•/OII.fi'J''"' ,;,.,,,.,,,I ill 
co1111tcl•o,. wtllt '"'I''"'" tr1rntio11,/ ill 1.\11 lla,.datJ. U1u1 of 11!11 .,,,.tkJ,~ tJtf r "'l'"'ly•tl•i~rJtlhU J,,,.,,;,.a,OIIojtltt rallflliJ 
of•llf .IWCA laUIIltilltfl, 11111ltltt ru4 of 111/tU.JfmfltltljiiiC.\ r;JAIJ, tiU tllllltiJ tlttN •10011 IIJ!tl"l'b'/''..1· 

Jli.1 JIIJIIdtJtfilt n~bpCI IO tuiJiOII Ill lJII.fiUn~ by tltr trJpotuihJ~ UcltniCtJI ~OtrtnUifU tJIItl '""" bt ttr;twttl trrlf fir~ !"1111 
.,.J if 1101 It rUt~, titAu trtJpptortliot wdluba"ll. y • ., COtt11flriiiJ tiff itlt~fttl titJatr j11r urulo~t oftltiJ Jlt111dt1rtl•r for IJJJ.tiott4/ 
IIIJ114ardJ •11d Jltoultlbt tJddrrn~d ltJ ASTM lltt1df1WtlllrtJ Your ummtlll.l Wlllttctirr CIJtr/"1 C.IIJidrttllftJII tJI • mutinl of aAt 
rr11011Jiblt urltnict~lcow"niurr. tt.·llicA you ttUJ)' o11r11tl. If JOIII/td IAtll J"Oiilt fO'"'"'"'' .._, 1101 ttetirr~ •ftJir lutUinf)'O., JAo.,U 
mc~h ..fO"' rltwslnoW~~ 10 tAt ASTM Commillu til Sta~tdoAt4J, 19U Aact St,llulatldpA14.1& I'll OJ. 
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~~1~ Designalion: 0 2434- 68 IAeapproved 1974)'1 

Slandard Test Melhod lor 

PERMEABILITY OF GRANULAR SOILS (CONSTANT HEAD)1 

lh•l lt~nJ.ud u iiJuN undu lh.: li•N dcst&n.ation 0 HH; lhc numt>cr immediately folio-ina the dnianation indioua 1~ )Uf ol 
Dfllin.1l .1\IOjliiUft Of, in I he Uk o( fC'"I'ion, the )Uf of 1111 IC,tliun. A fUIRibcl in p.artnlhCXS indtCOilct &he )'QI o( bsc IUpPfOUI. 
A tupc'fKiliJI cpstlon (•) indka&n an cV•ton.al chanac Jincc lhc lui n:vtl<ion 01 tappiOYal. 

; No11-Sn.1iun l' wu ~cd C\Jtlorl.all,- '"d subkqucnl )C(Iklns R"numbctelJ ia July 1914. 

1. Scope 

1.1 This lcsl mel hod cove~ lhe dcl<nninalion 
of I he coctlicienl of pe1 meabilily by a conslalll
hcad mclhod for lhc laminar llow of walcr 
lhrou&h aranular soils. The procedure is lo eslabo 
losh rcprescnlalivc values of lhc coctlicicnl of 
pcrmeabilily of &ranular soils lhat may occur in 
nalural deposiu as placed in embankmcnls, or 
when used as base courses under pavcmcnls. In 
order 10 limil consolidalion innuenccs durin& 
lestin&, lhis procedure is limiled 10 dislurbed 

. &ranular soils Conlainin& nollliOrC lh•n J0 '7o soil 
pusin& I he J5.,.on (No. 200) sieve. 

l. Applicabl< Oocunocnls 

2.1 ASTAI S1tmdurcl.<: 
0422 Mclhoo for Panicle-Size Analysis of 

Soils' 
02049 Tcsl Mcahod for Rela1ivc Densily of 

Cohesion less Soils' 

l. Fund•mcnlal Tosl Condilions 

3.1 The following ideal 1es1 condilions arc 
prcrcquisilcs for lhc laminar now of walcr 
lhruugh &ranular soils under conslant-head con
dilions: 

3.1.1 Con1inui1y of now wilh no soil volume 
chansc du1ing a 1esl, 

3.1.2 Aow wilh lhe soil voids s;>luralcd wilh 
Waler and no air bubbles in 1he soil voids, 

3.1.3 flow in lhe sleady slalc wilh no changes 
in hydraulic gradienl, and 

).1.4 Oirecl proponionalily of velocily of now 
wilh hydraulic &radienls below ccnain values, a1 
which lurbulcnl now slarls. 

3.2. All oUter lypes of now involving panial 
So11uration of soil voids, 1u1bulcn1 now, and un-
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sa cady stale of now arc lransicnl in characler and 
yield variable and lime-drpendenl rocffici<nlS of 
permcabili1y; lhercforc, lhcy r<quire special lcsl 
corodilions and procedures. 

~. Apparalus 

4.1 l'~trm~am~tus, as shown in fig. I, shall 
have specimen cylindc~ "ilh minimum diame
ters approximalcly 8 or 12 lirnc.s 1hc maximum 
panicle size in accordance wilh Table I. The 
permcamctcr should be filled with: (I) a porous 
di>k or suitable reinforced s.:rccn al lhe bunom 
wi1h a perrnrabilily grcaler lhan lhal of I he soil 
specim<n, but with openings sufficicmly small 
lnollarger I han 10% liner size) 10 prevent mo•·c
menl of panicles; (}) manomclcr oullclS for 
measurin& the loss of head, h. o•·cr a length, /, 
equivalcnllo atlcasllloc diamclcr of I he qlinder; 
IJI a porous disk or suilable reinforced screen 
wilh a spring allached 10 lhc lop, or any olhcr 
device, for applying a lighl spring pressure of 22 
lo 45-N (5 10 10-lbl) lolal load, when lhc lOp 
plate is allached in place. This ,.;11 hold &he 
placement dcnsily and volume of soil wi1hou1 
signilicanl change durin& lhc sa1ura1ion of 1hc 
specimen and lhc permeability testing to satisfy 
I he rcquiremcnl prescribed in 3.1.1. 

4.2 Comtunt·lleud Folur Tank. as shown in 
fig. I, lo supply water and 10 rtmovc mosl of 

'This lal mclhod is under 1hc jurisdiCJion of ASTM Com
mitltt 0.11 on Sod and Rock Jnd is lht dim:-1 mpomitMitlya( 
Subcommi(ICC ou.cw on lfrdtolos,ic Plopcrl~ or Soi.l and 
R~.M.h. 

Cuncnl edition approvtd Sept. ll, 1961. Oria,inally iulled 
1961. R<ploKn 0 l•l4- U T. 

1 An11ua/ 8uolt. cf ASTM St1111tliJtdJ, Vof 04.01. 
1 Ot~oeonainucd-Xc lg&J A11111Mi 8d ~ AST.'tl Sl•ttJQ,Js, 

Vul04.01. 
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:air from tap w31er,filled with suitable control 
lvu to maintain conditions described in 3. 1.2. 

Nol£ J-Dc:·airC\J walcr may be used ifprcfcncd. 

4.3 Largl! Famm:ls. filled with special cylin· 
ical spouu 25 mm (I in.) in diameter for 9.S· 
u ( V.-in.) ma•imum size panicles and I 3 mm 
in.) in daamcter for 2.00-mm (No. 10) ma•i· 

am size particles. The length of the spout 
>uld be grtater than the full length of the 
rmcability chamber-at least 150 mm (6 in.). 
1.4 Spl!cim~n Compaction Eqr~ipml!nt1-
mpaclion equipment as deemed desirable may 
used. The followin& are suuesled: a vibrating 
nper filled with a tampin& foot S I mm (2 in.) 
~iameler; a sliding tamper with a Iamping fool 
mm (2 in.) in diamel<r, and a rod for sliding 
ights of 100 & (0.2S lb) (for sands) to I kg (2.25 
(for soils with a large gravel content), having 
adjustable height of drop 10 102 mm (4 in.) 
sands and 203 mm (8 in.) for soils with large 

1vcl contents. 
4.5 Vacuum Pump or IYatrr-Fauu/ Aspirator, 
evacuating and for saturating soil specimens 

dec full vacuum (see Fig. 2). 
4.6 Manometer Tubes, with metric scales for 
:asuring head of water. 
4.7 Balanu, of2·k&(4.4-lb) capacity, sensitive 
I g (0.002 lb). 
4.8 Scoop. withacapacityofaboual00&(0.25 
of soil. 

4.9 Miut'llanl!ous Apparatus-Thcrmomc· 
s. clock with sweep second hand, 250-mL 
1dua1c, quart jar. mixing pan, etc. 

Sample 

5.1 A representative sample of air-dried gran· 
tr soil, contain ins less than 10% of the male· 
I passing the 75-,•m (No. 200) sieve and equal 
an amount sullicicnl lo satisfy the require· 

:nts prescribed in 5.2 and S.J, shall be selected 
lhe method of quanering. 

5.2 A sieve analysis (See Method D 422) shall 
made on a representative sample of the com· 

:le soil prior 10 lhe permeability lest. Any 
nides larger than 19 mm ('I• in.) shall be 
>aratcd oul by sieving (Method D 422). This 
enize material shall nol be used for the per me· 
ility lest, bul the percentage of the oversize 
tlerial shall be recorded. 

NoTE 2-ln order to nt;,blish Rprcscnl;ativc voaluu 
cocfficicnu of pcunt~bili&ics for lhc ranac lh3.l may 
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uhl in 1hc siau.:nion bcin& invcuig:ucd, s.1mplcs of lhc 
r.ncr. ncr;acc. and c~nct aoib should be oblaincd for 
tcuina. 

S.J From the material from which the oversize 
h .. been removed (sec 5.2), select by the method 
of quancring. a sample for testing equal to an 
amount approximately twice that required for 
foiling the permeametcr chamber. 

6. !'reparation or Specimens 

6.1 1 he size of permcameter to be used shall 
be as prescribed in Table I. 

6.2 Make the following initial measurements 
in centimetres or square centimetres and record 
on the data sheet (fig. 3); the inside diameter, D, 
of the pemoqmcter; the length, L, between ma
nometer outlets; the depth, II., measured at four 
symmetrically spaced points from the upper sur· 
face of the lop plate of the permeability cylinder 
to the lop of the upper porous stone or screen 
temporarily placed on the lower porous plate or 
screen. This automatically deducts the thickness 
of the upper porous plate or screen from the 
height measurements used Ia determine the vol· 
ume of soil placed in lhe permeability qlindcr. 
Usc a duplicate top plate conuininc four lar~c 
symmetrically spaced openin&s through which 
the n<eessary measurements can be made 10 
determine the overage value for 1/1• Calculate the 
cross-sectional area, A, of the specimen. 

6.J Take a small ponion of the sample se· 
lcctcd as prescribed in S.l for water content 
detenninations. Record the weight of the remain· 
ing air-dried sample (sec 5.3), II'., for unit weight 
determinations. 

6.4 Place the prepared soil by one of the fol· 
lowing procedures in uniform thin layers appro•
imately equal in thickness after compaction Ia 
the maximum size of panicle, but not less than 
approximately IS mm (0.60 in.). 

6.4.1 For soils having a maximum size of 9.S 
mm ('Ia in.) or less, place the appropriate size of 
funnel, as prescribed in 4.3, in the permeability 
device with the spout in contact with the lower 
porous plate or screen, or previously formed 
l~yer, and fill the funnel with sumcient soil to 
form a layer, taking soil from dilfcrcnl areas of 
the sample in the pan. Lift the funnel by IS mm 
(0.60 in.}, or approximately the unconsolidated 
layer thickness to be formed, and spread the soil 
with a slow spiral motion, working from the 
perimeter of the device toward the center, so th•t 
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1 
~nifocan layer is formed. Remix the soil in the 

· n for each succcssave layer to reduce segr<ga· 
~n caused by taking soil fa om the pan. 
;. 6.4.2 for soils with a maximum size go eater 
d,.n 9.S mm {Ya in.), spread the soil from a scoop. 
Uoiforna spreading can be obtained by sliding • 
,:oopful of soil in a nearly horizontal position 
1own along the inside surface of the device to 
he boltom or to the formed layer, then tilting 
Jte scoop and drawing it toward the center with 

1 single slow motion; this allows the soil to run 
smoothly from the scoop in a windrow without 
J<V<sation. Turn the permeability cylinder suf· 
ficiently for the next scoopful, thus progressing 
uound the inside peaimeter to form a unifonn 

10mpacted layer of a thickness equal to the max· 
mum particle size. 
6J Compact successive layers of soil to the 

desired relative demily by appropriate proce· 
durcs, as follows, to a height of about 2 em (0.8 
in.) above the upper manometer outlet. 

6J.I Minimum Demity (0% Rtlativ~ Den
rity)-Continue placing layers of soil in succes
sion by one of the procedures described in 6.4.1 
or 6.4.2 until the device is filled to lhe proper 
k .. l. 
! 6.5.2 Maximamo Density ( /00% Relative 
Denmy): 

6.S.2.1 Compaelion by Vibrating Tampn
Compacl each layer of soil thoroughly with the 
vibrating tamper, diotoibuting the light tamping 
action uniformly over the surface of the layer in 
a regular pallern. The pressure of contact and 
the length of time of the vibrating action at each 
spot should nol cause soil to escape from beneath 
lhe edges of the tamping fool, thus tending to 
loosen the layer. Make a sufficient number of 
coverages lo produce maximum density, as evi
denced by practically no visible motion of surface 
panicles adjacent lo lhe edges of the tamping 
foot. 

6.5.2.2 Compaction by Sliding Weight 
7"ampn-Compact each layer of soil thoroughly 
by tamping blows uniformly distributed over the 
surface of the layer. Adjust the height of drop 
and give sumcienl coverages to produce ma•i· 
mum density, depending on the coarseness and 
gravel content of the soil. 

6.5.2.J Compaction by Other Metlaods
Compaclion may be accomplished by other ap
proved methods, such as by vibratory packer 
equipment, where care is tal..en to obtain a uni· 
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form specimen without sczrcgation of particle 
sizes (Sec Test Method D 2049). 

6.5.J Rl'latio·e De11sity /ltll!rtllcdiatt' Between 
0 a11d 100 %-fiy trial in a separate container of 
the same diameter as the permeability C)·linder, 
adjust the compaction to obtain reproducible 
values of relative density. Compact the soil in the 
permeability cylinder by these procedures in thin 
layers to a height about 2.0 em (0.80 in.) above 
the upper manometer outlet. 

Not£ l-In order lo. br.~ckcl, I)Sitm.alically and 
rcprcscnUiivcly, lhc rcla1ivc- density condilions lh~l 
may aovcrn in n~lural dcposiu or in compacted em· 
bankmcnls, a series of pcnncabilily ltsU should be 
made lo brad.ct a he n.nac of field rcl:uivc dcnliaics. 

6.6 Puparution of Spccimcu for Permeability 
Test: 

6.6.1 Level the upper surface of the soil by 
placing the upper porous plate or screen in posi· 
lion and by rotating it gently back and fonh. 

6.6.2 Measure and record: the final height of 
specimen, 11, -if a, by measuring the depth, 111, 

from the upper suo face oft he perforated top plate 
employed to measure 1/1 to the lop of the upper 
porous plate or screen at four symmetrically 
spaced points after compressing the spring lightly 
lo scat the porous plate or screen during the 
measurements; the final weight of air-dried soil 
used in the lest (IV, - IV1) by weighing the 
remainder of soil, IV,, left in the pan. Compute 
and recood the unit weights, void ratio, and rei· 
alive density of lhc ltsl specimen. 

6.6.3 With its gasket in place, press down the 
lop plate against the spring and allach it securely 
to the top of the per mea meter cylinder, making 
an air-light seal. This satisfies lhe condition de
scribed in J.l.l of holding the initial density 
without significant volume change during the 
test. 

6.6.4 Using a vacuum pump or suitable aspi· 
calor, evacuate the specimen under 50 em (20 
in.) llg minimum for I 5 min to remove air 
adhering to soil par1iclcs and from the voids. 
Follow the evacuation by a slow saturation of the 
specimen from the bollom upward (Fig. 2) under 
full vacuum in order to free any remaining air in 
the specimen. Continued saturation of the spec· 
imen can be maintained more adequately by the 
usc of(/) deaired water, or (2) water maintained 
in an in-flow temperature sumciently high lo 
cause a decreasing temperature gradient in the 
specimen during the test. Native water or water 
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of low mineral con1en1 (Nolc 4) should be used 
fur lhc lcsl, bul in any case lhe fluid shouh.l be 
described on 1he repor1 form (Fia. 3). This s;uis
lies I he condi1ion described in 3.1.2 for saluralion 
of soil voids. 

Non •-N.11i~c walcr is 1he Willcr occurrinc in lhc 
rock or soil ;,. Jllfl. Jl should be used if possible. bul il 
(u well a.s de-aired walcr) rn:ay be a •crincmcnl nol 
ou.hnanly fcaJiblc for Jarac-Kalc production lolin&. 

6.6.S Afler the specimen has been saturated 
and lhe permcamcler is full of walcr, close lhe 
bollom valve on 1hc outlet lube (Fig. 2) and 
disconnecllhc vacuum. Care shouiJ be taken 10 
ensure that lhc permcabilily flow system and lhc 
manomeltr system arc free of air and arc workin& 
satisfaclorily. Filllhc inlel lube with water from 
the conslanl-head lank by sli&hlly opening lhc 
Iiller lank valve. Then connect the inlet lube lo 

tD lhe lop of lhc permcameler, open lhe inlel valve 
I sli&hlly and open lhc manomcler oullel cocks 

w slightly, 10 allow waler lo flow, lhus freeinalhcm 
0 · of air. Connecl lhc water manomeler lubes lo 

lhe manomclcr oo1lc1s and till wilh waler 10 
remove 1hc air. Close lhe inlet valve and open 
lhe outlet valve 10 allow lhc walcr in 1hc manom
clcr lubes 10 reach lhcir stable walcr level under 
zero head. 

7. l'rocrdurr 

7.1 Open lhe inlcl valve from lhc Iiiier lank 
slighlly for lhe lim run lo condilions described 
in 3.1.3, delay measurements of quantity of now 
and heal unlil a slable head condi1ion wilhoul 
appreciable drifl in walcr manomclcr levels is 
allaincd. Measure and record lhc time, 1, head, /1 
(lhc diiTcrencc in level in 1he manometers), quan· 
lily of now, Q, and water tcmperalurc, T. 

7.2 Rcpealle51 runsal heads inc1easing by O.S 
em in order to establish accurately the region of 
laminar now wi1h velocity, v, (where ~ • Q/AI), 
dircclly propor1ional to hydraulic &radicnt, j 

(where i ~ h/L). When dcparlures from the linear 
relalion become apparen1, indic;uing the inilia· 
lion of turbulent now conditions, I -em intervals 
of head may be used to carry the lCSI run suffi
ciently along in the region of turbulent now to 
de/inc this region if it is si&nilicanl for field 
condilions. 
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NorE '-Much lower ~~lues of hydraulic andicnl 
Ia/ L, :uc required than cc'ncrally ICCt)&nilcll, in uuJcr ~ 
ensure larnin:ar flow com.liaions. lhc fullowin& "alucs 
11e suucslcd: loose compaclncu ralin&J, I•/ L f10m o J 
10 O.J, and dense compilclncss ralinc.s, 11/L rrom 0.1 ~a 
0.), the lower votun or h/l. applyin& lo coaocr aoila 
1m.l ehc hiahcr walucslo finer 10ils. 

7.3 At the completion oflhc permeability lest, 
drain lhc specimen and inspect it to establish 
whether it was essentially homogeneous an~ 
isotropic in character. Any light and dark alter· 
natiug horizonlal streaks or layers arc evidence 
of scgrcaation of fines. 

8. Calculations 

8.1 Calculate the cocOicicnl or permeability, 
k, as follows: 

I< • QL/Aih 

where: 
k • cocllicienl of permeabilily, 
Q • quantity of wa1cr discharacd, 
L • distance between manometers. 
A • cross-sectional art a of specimen, 
1 • total time of dischar&c, 
h a diiTcrencc in head on manometers. 

8.2 Correct the permeability lo thai for 20"C 
(68"F) by mulliplyin& k (sec 8.1) by the ralio of 
lhc viscosity of water al lcsl temperature to lhc 
viscosity of water at 20"C (68'F). 

!1. Repurl 

9.1 The repor1 of permeabilily lest shall in· 
elude the followin& information: 

9.1.1 Project, dales, sample number, localion, 
deplh, and any olher perlincnl informalion, 

9.1.2 Grain size analysis, classification, maxi
mum panicle size, and percentage of any oversize 
material nol used, 

9. I .l Dry uni1 weight, void ralio, relative den
sity as placed, and maximum and minimum 
densities, 

9. 1.4 A slalemcnl of any departures from 
these test conditions, so the results can be eval
uated and used, 

9. U Complclc lc51 data, as indicated in lhc 
Jaboralory form for lest data (sec Fig. l), and 

9.1.6 Test curves plolling velocity, Q/AI, ver
sus hydraulic gradient, h/L, covering the ranges 
of soil idcntilications and of relative densities. 
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~~~ Designation: D 2435- 80 An Amefkan H.UCK1e.l $1an.a 

Standard Test Method for 

ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF 
SOILS' 

TlU.s aludud U Wuc.d uadu lbc: fuN dai&o~lio• 0 HH; the aumbcr i.m..mt:dialcly (oUo..io& the daifrlaLioo Ladkaacs ( 
1u..s oC ori&)o&J adoptioo or.la lbc cue of rnU•oo.lhc.Ju' ol Lua nvUioa. A ouaabcr U. pa.tcalht::KS iA4iQiallac 1"' olla 
rupprouJ. A supcnaipt Cf1Lio• (c) iaclic:atca u cd.iwriAI U....O&c siooc Oac l.ua Rvisioa Of rc.appro"al. 

1. Scope 
1.1 This method coven a procedure for dctcr

minin& the r.otc and m•&nilude of consolidation 
of soil when il is rc:o;t~ocd latcally and loaded 
a.nd dr.oioed uially. 

1.2 The values staled in Sl units :ue Ia be: 
rq;udcd as the stao.Wd. The values staled in 
inch-pound units arc apprn.Umale. 

l. Applicable DocumcoiJ 

2.1 AST M Standards: 
D 422 Me !hod for Pa.rticlc-Si.z.c Analysis of 

Soils' 
0421 Test Method for liquid limit of Soils' 
0424 Test Method for Plastic limit and Pia.-· 

ticily Index of Soils' 
D 8H Tat Method for Specific Gr.ovi1y of 

Soils' 
D I l87 Method for Tbio-Wallcd Tube: Sam

plio& of Soils' 
02216 Method for Labor.olory Dctcrminalioo 

of Water (Moisture) Conical of Soil, Rock, 
and Soii·Awca.atc Millturcsl 

D 3550 Practice for Rinc-liocd Barrel Sam
plio& of Soils' 

3. Summacy of Mclhod 

l.l Tbc method requires that an clement of 
10il be: restrained laterally and axially loaded 
in increments with a coo.slaol slrcu being ap
plied uolil all oflhc excess pore water prcuurcs 
have dissipated for each increment. During the 
comprcuioo process measurements of decrease 
in lhe umple height arc made and lhesc data 
arc wed lo compute the pararnelen !hal dc
Kribc: lhc rclatioo.sbip bc:tweeo lhe effective • 
stress a.nd void ratio or strain aod describe: lhc 
rate al wbicb compression UA occur. 

~. SlpiliciJice a.nd Usc 

-4.1 The r.omprcssibility of soils as deter-
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mined from Lhis lest is one of lhc moSI u.scl 
properties !hal e&o be: obtained from laborato 
lc.uing. The data from lhc COD$0lidatioo 11 
ca..o be: IUcd to develop a.o c.stimatc of both II 
rate a.nd lhc amount of bolh diiTcreotial u 
total scu.lemeol of a structure or a l.t.odf• 
Eltimalcs of Lhis type arc ofleo of key impo 
lance in fusl sclcctiog a foua<blion lypc u 
secondly in evaluating its adequacy. 

5. Appualus 

S.l lAad Doic~A suitable dC\·ice for ai 
plying vertical loads Ia lhc specimen. The de 
vice should be: capable of maiol<linio& specilio 
loads for lao& periods of lime with au accurac: 
of ± O.S 'Ko of lhe applied load and shoulo 
permit application of a glvcu load inetcmea 
wilhio a period of 2 s. wilboul signilica..ol im 
pacl. 

S.2 Coruolidomtttr-A device to bold lb• 
specimen in a ring wbicb is cilhcr fucd Ia lhr 
base or noati.og (supporled by friction oo pc· 
riphcry of specimen) wilh porous s10ncs oa 
each face of lbc specimen. The coosolidomctel 
sbaU aha provide means for submcrpog the 
specimen, for applying a venicalload, a.od fo• 
measurins the change in bcigbl of spccimea 
The coosolidomelcr ring sball conform to !)lc 
foUowiog requirements: 

5.2.1 Minimum Spteimtn (Ring) Diamtttr
Tbc mi.oimum specimen diameter sbaU be: 50 
mm (2.00 in.}, and shall be: al least S mm (V. 

I nil IDC1bod b uDder &be jYrUdiniOD o( A.SJM Comat.ina: 
D-11 •• Soil IIDd Roct IIDd io lhc clinct """"""DililJ tl. 
Suboo•mil1« D li.Ol oo SlnKiunl Ptopcrtla of SoW. 

C:W..noodilioo a..,.....d Crt ll, 1910. I'III>WI>od [lca10bof 
1910. Oripnallr publisllod u Dltll-IH. t..uoprc..;o....-
lioo Dl4ll-l0. • 

I ANO...t- "ASTM S.....WdJ Vol 04.01. .• 
I Dila>aua"""- IPIJ AMkDI W f{ ASTM SJ....wJ4 

Vol04.01. 
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1.) les.s than lhe inside diameter of lhe sample 
Jbc if samples are ulruded and lrin1mcd. 
).2.2 Minimum Sptcimtn /I tight-The min· 

0 um specimen hci&hl shall be: ll mm (0.5 in.) 
ul sb•ll be nollesslhao 10 limes lhc maximum 
uticle diameter. 
).2.1 Minimum Sptcimtn Dillmtrtr·to· 
tight RtJtio-The minimum specimen diam
cr-la·bcighl ratio shall be 2.5. 
S.H Rigidity-Tbe rigidity of lhc ring shall 
: sucb tbat.. uodcr bydrouatic slrcu coodilioos 
lbc specimen, lbc change in diameter of tbc 

11 will ool ucecd 0.01 ~ of lbe diameter 
der lhe grulcsl load applied. 
U.S The ring shall be: made of a material 
11 is noncorrosive in relation lo tbe soillcslcd. 
e inner surface sh•ll be highly polished or 
oil be coated with a low·frielioo material. 
icon grease is recommended or polyletra· 
lrnctbylcnc for oonundy soils. 
·.1 Porow StontS-The porous sloocs shall 
lf silicon carbide, aluminum oxide, or metal 
l is ool allackcd by lbc soil or soil moisture. 
:grade of the llooc.s sbaU be: (Ule enough lo 
1col intrusion of soil into lhc pores of lbc 
oc. If necessary, a filter paper' may be: used 
•rcvcnl intrusion of tbc soil into lhc stones. 
wever, lbc pern1cability of the sloocs, and 
r paper, if wed, mwt be: sutlicicotly bigb 
•reveal rclardalioo of lhc drainage of lhc 
imco. The stones sbaU be clean and free of 
k.s, crups, and ooouoiformilics. 
1.1 The diameter of lhe lap slooc sbaU be: 
o O.S mm (0.01 Ia 0.02 in.) less lbao that of 
inside diameter of lhc ring. If a floating 
is used, lhc bouom stone sbaU have the 

: diameter as lbc lop slooc. The we of 
red stoocs is recommended, with lbc larr,cr 
Icier in contact with the soil 
).2 The stooc thickness shall be: sutlicicol 
revenl breaking. Tbc lop stone shall be: 
:d lbrougb a corrosioo-rcsistaol plate of 
:icnl rigidity lo prevent breakage of lbc 

·. StortJgt-Sioragc of scaled samples 
ld be such tbal oo moi.uure is lost during 
SC, lbat U, DO evidence of partial drying Of 
ods of lbc samples or shrinkage. Time of 
JC should be: minimized, panicularly wbeo 
lil or soil moisture is expected Ia rcacl 
the sample tubes. 
.1 Stlmplt PrtpartJtion En•ironmtnt-

D 2435 

Test specimens shall be prepared in an environ
ment where soil moisture change during prcp
ar.otion docs nol exceed 0.2 ~.(A high humidity 
moisture mom is usually used for this purpose.) 

5.5 r~mptrlltUrt-Tests should be per
formed in ao cnviroruocnl where temperature 
fluctuations arc lcs.s than :t: 4"C (7.2"F) and 
tbcrc is ool any direct caolacl with sunlight. 

5.6 Trimmtr, or cylindrical culler, for trim
mi.og tbc sample down lo lbc inside diameter 
of the consolidomcler ring wilb a minimum of 
disturbance. The culler shall have a highly 
polished surface and be coated with a low
friclioo material. 

S.1 Blllllnct, sensitive Ia 0.1 g or Ia 0.1 ~of 
lbc total mass of tbc lest specimen. 

5.8 Dryint Oun, that cao be mainl>ined 
uniformly at 110 ± S"C (210 ± 9"F). A forced· 
d1afl oven is recommended. 

5.9 E:.ltruomtttr, lo measure change io 
height of the specimen with a sensitivity of 
0.0025 mm (0.0001 in.). 

5.10 MisctlltJntow Equipment, i.ocluding 
spatulas, knives, wire saws, used in p1cparing 
the specimen. 

5.11 Moi.rlurt Conltnt ConttJintrs, shall be in 
accordance with Method D 2216. 

6. Samplioe 

6.1 Relatively undisturbed samples should be: 
ablllincd and used for consolidation testing be
cause the meaningfulness of the results dimin
ishc:o; greatly with sample disturbance. Method 
D 1587 and Pr.~clicc D JS50 cover procedures 
and appar.~tus that may be: used Ia obtain sali~ 
factory samples for testing. 

7. Specirueo Preparation (Note 2) 

7.1 Prepare lbc sample in an cuvironmcnl in 
accordance with 5.4.1. Trim the specimen lo 
the inside diameter of tbc consolidomcler, forc
ing il directly into tbc ring during lrimmin&. 
Trim il flush witb lhc plane surface of the rins. 
For sol\ Ia medium soils, a wire saw should be 
used for trimming the top and bouom of the 
specimen Ia minimize smcarin&. A maighledge 
with a sharp culling edge may be: used for lhc 
final lrim al\cr the excess soil bas first bc:co 
removed with a wire saw. For slifT soils, a 
sharpened straightedge alone may be used for 

J Ux a h.udcncd,. (UI lihcr ~pu. 
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1rimming rhe lop and bouom. If desired, lhc 
specimen heighl may be mode less lh>n lhc 
ring hcighl by par1iol ulrusion and uirnming, 
provided 1he minimum specimen rhickncss rc· 
quircmcnu in S.l.l and S.l.l arc mel. A speci· 
men ring wilh rhe culling edge auochcd pro· 
vide• rhc mosl accurole Iii in moiJI •oils. 

Non-P1cnucions should be t.aLcn to minimiu 
dishub~ncc of the s.oil or ch;ancts in moiscure ~nd 
dcniily durin& s.:amplc tr.ansporution aruJ prcp.u4t.lion. 
Vibr~1ion. distorlion, and comprc.uion must be 
avoided. 

7.2 Fibrous soils, such as peal, and !hose Jails 
lhar arc easily damaged by rrirnming, may be 
lransferrcd dirccrly from lhc samplinc rube lo 
rhc rinc provided rhar lhe ring has lhc same 
diamcrcr as !he sample rube. 

7.3 Specimens obrained usinc a ring-lined 
sampler may be used wirhoul prior !rimming, 
provided !hey comply wirh lhe rcquiremcnu of 
Pracrice D JS}O and rhis mcrhod. 

7.4 Dcrermine the mass of rhe specimen in 
the consolidarion ring. 

8. Calibrarion 

8.1 Assemble I he consolidomclcr wirh a cop· 
per or hard slccl disk of approximalcly rhc 
same heigh! as rhe res! specimen and I mm 
(0.04 in.) smaller diamcrcr rhan !he ring in 
place of rhc sample. Moisten the porous stones. 
If Iiller papers arc to be used (sec S.l), lhcy 
should be moislcned and sullicienllimc for rhc 
moisture to be squeezed from them should be 
allowed during !he calibration process. 

8.2 load and unload the consolidomclcr as 
in the test and measure the deformation for 
each load applied. 

8.3 Plot or tabulate lhe corrections to be 
applied to lhc deformation oflhe lest specimen 
al each load applied. Note rhat the metal disk 
will deform also. However, the correction due 
to this deformation will be negligible for all but 
extremely stiff soils. If necessary, the compres
sion of the metal disk can be computed and 
applied lo the cortections. 

9. Natural Moisture Cooucnl, Weich!, Volume, 
Specific Grarily, Liquid and Pbstic limirs, 
and l'arlicle Size Discribulion Deternoina· 
a ions 

9.1 Usc the material trimmed adjacentlo the 
specimen (sec Section 7) 10 determine the nat· 
ural moisture conlenl in accordance wirh 
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Mcrhod D 2216 and the specific gravity wirh Tc:IC 
Method D 8H. 'Determine the initial wet mou 
o( the specimen by subtractins the mass of the 
specimen rinc from the cornbiotcd mass of the 
specimen ring and the specimen. Determine the 
initial volume of the specimen from the diamcrer 
and height of the specimen. The value of mois
ture contcnl determined from the loimmings is 
approximate but permirs determination of lhc 
~oid ratio before the test is complete. The most 
accurate determination of the specimen dry mow 
and moiuurc conlenl is found by dryins the 
cmire specimen at rhc end of the test. This pro
cedure should be used unless a portion of the 
specimen is needed for index lesu (sec 10.9). The 
specific va vity can be cstimared where an accu· 
rate ~oid ratio is not needed. 

9.2 The liquid limir, as determined in accord
ance with Tcsr Method D 42), the plastic limit, 
as determined in accordance with Test Method 
D 424, and the particle size distribution, for soils 
wirh substanrial cranular material, as dercrmincd 
in accordance with Method D 422, arc useful in 
identifying the soil and in corrclatin& the results 
of tests on dilfcrentsoils. It is recommended thai 
liquid and plastic limiu be determined on lhc 
trimmints or on representative portions of the 
tcsl specimen if the soil exhibits si,nilicant het· 
crogenciry. 

10. Procedure 

10.1 The objective of rhc prepantioo of the 
stones and orhcr apparatus prior to chcir con· 
tact with the specimen is to prevent change in 
moisture content of the specimen. Thus, very 
dry, highly expansive soils should be placed on 
dry sloncs but most partially saturated soils 
may be ploced on sroncs that have simply been 
dampened. If rhc specimen is saturated and is 
believed not to ubibil a high affinity for water, 
!he porous stones should be boiled after clean· 
ing willt a nonabrasive brush and kept salu· 
ralcd until the time of their contacl wilh the 
specimen. Assemble the rinr,. specimen and 
porous stones. Wilh the consolidomcrcr asscm· 
bled, enclose the specimen, ring, Iiller paper 
(when used), and porous stones wirh a loose· 
lininr, plastic or rubber membrane lo prevent 
change in specimen volume due to cvaporarioo. 
This step may be omiucd if the specimen is •.0 

be inundated afrcr the first load increment IS 

applied u provided in 10.8. 
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10.2 l'loce the consolidonterer in the loading 

device ond apply a scatin& pressure of 5 kPa 
(100 lbf/Cr2

). Within 5 min aner application of 
rhe scaling load, adjust the cAicnsomclcr dial 
gage for the inilial or zero rc•ding. (For very 
son soils a seating pressure of 2 or l kPa (about 
lO lb/fl2

) or leu is desirable.) 
to.l Place loatls on rhc consolidomercr to 

obtain pressures on rhc 1oil of approAimatcly 
S, 10, 20, 40, 80, <IC., I:.Pa (100, 200, 400, 800, 
1600, clc., lbf/ft 2

), with each pressure main· 
rainetl constanr as required in 10.4. (Smaller 
incrcrnenlS may be desirable oo very sofl spec· 
imcns or when it is desirable to delerminc the 
prcconsolidalion pressure wilh more precision.) 
loading of the spccimco should continue inlo 
rhc virgin compression region so rhat lite slope 
aod shape of I he virg,in c.omprcssioo curve may 
be assessed. Typically, a fUJal pressure that is 
equal to or greater than four rimes the prccon· 
solidalion pressure of the sample is required 
for this asscssmcn1. In rbc CalC of ovcrconsoli
daled days in particular, it may be desirable lo 
usc an unloading·rcloadinr, cycle 10 bcuer eva I· 
uatc recompression paramelcrs, buc such a pro
cedure is optional. 

10.4 for al least two load incrcmeniS (in· 
eluding ar lease one load incremcnl after rhc 
prcconsolidation pressure has been eAcccded), 
record rhc heigh! or change in height of the 
specimen before each pressure iocrcmcnl is 
applied and at time inrervals of approximarely 
0.1, 0.25, O.S, I, 2, 4, 8, IS, and 30 min, I, 2, 4, 
8, etc., h, measured from lhc time of each 
incrcmcnlal pressure applicarion. These time· 
rate readings need be obtained only for satu· 
rated specimens. Rcadinr,s should conrinuc at 
least unlilthc slope of the characteristic linear 
secondary compression portion of the thickness 
~crsus log of time plot is apparent (sec 11.1 ), 
unless the method 11.6 is used, in which case 
the next loading may proceed as soon as 100 
" consolid>lion is complcrcd. (For soils rhal 
have slow primary consolidation, pressures 
should be applied for al least 24 h. In extreme 
c~scs, or where sc,ondary compression mu.u be 
evaluated, rhcy should be applied much 
longer.) Then apply the neAl pressure incrc· 
mcnt. For pressure increments where lime vcr· 
sus deformalion data ore not required, the load 
should be left on the sample for essentially the 

nmc lcngrh of time as when time versus de for· 
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marion rcadin&s arc taken. Sufficient readings 
should be raken ncar the end of I he pressure· 
increment period to allow for any needed ex· 
trapolalion of the timc·deformarion curve. 

IO.S If thickness versus square root of lime 
plols arc 10 be made, the time inlcrvals may be 
adjusted to those thar have easily obraincd 
square roou, for example, 0.09, O.lS, 0.49, I 
min, -4 min. 9 min, clc. 

10 6 Rtbound-Where rebound or unload· 
ing characreristics arc desired, unload soil by 
pressure decrements in tcvcrsc order. Howcvcr, 
if desired, each successive load can be only one 
fourth as large as the preceding load. Record 
at time inlcrvals as susr,urcd in lOA. Nolc, 
however, thai for most soils lhe rebound will 
be complete in less time than would be required 
for an increment of load during primary con· 
solidation, but sullicienl readings shoulif be 
taken to verify lhar rebound is cucnrially com· 
pletc. 

10.7 An alrcrnalivc loading, unloading. or 
reloading schedule may be employed that re· 
produces the consrruction stress chanr,es, or 
obrains beucr definition of some pan of lhe 
stress-deformation curve, or aids in inlerprcting, 
the field behavior of rhc soil. This should be 
clearly indicated on rhe tesr results. 

10.8 If the I<SI is performed on an undis· 
turbcd sample that was either saturated under 
field conditions or obraincd from below rhc 
walcr table, it should be inundarcd after rhc 
firs1 load increment is applied. As inundation 
and specimen wcuing occur, the load should be 
increased if required, lo prevent lhe specimen 
from swelling, unless it tends to swell under I he 
cstimalcd in silu vertical stress. If the specimen 
compresses aflcr inundation, simply record the 
amount of compression. Specimens also may 
be inundared at pressures rhat simulate fulurc 
inundalion under field condilions. In such 
cases, lhc pressure at inundation and any rc· 
sulrinr; effecu, such as cApansion or increased 
compression, should be noted in the tesl rcsullS. 

10.9 To minimize swell during disassembly, 
rhc specimen should be rebounded bade. to a 
very small Slress and dismantled quickly afler 
releasing the final load on rhc sptcimen. Re
move I he specimen and the ring from the con· 
solidomeler and wipe the free wa1er from the 
oinr, and specimen. Remove the specimen from 
the ring and determine iu mass, oven dry il, 
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and tewcigh it lo obtain lhc dry mau of solids 
and the final water content. If the otiginal soil 
sample is very hetuogeneous, any indu tests 
should be performed on a ponion of the lest 
specimen and I he temainder can be used for a 
final water conlcnl measurement Porous stones 
Should be boiled clean af1e1 the lest lo ptevenl 
clay from dryin11 on them and reducin& 1hei1 
permeability. 

I I. Calculation 

I I. I F10m those inctements of load whue 
time·talc rcadin&s arc obtained, plot the dcfor· 
motion tcadin&S venus the log of lime (in min· 
utcs) for each increment of load or ptcssutc as 
the •••• ptogtcucs, and for any inctcmcnts of 
rebound where lime venus deformation data 
have been obtained. 

I 1.2 Find the defotmation representing 
100 ~ primary consolidation for each load 
increment. Fiul draw a straight line lhtough 
the points tepresenling lhc final tcadings and 
thai uhibit a slui&hl line trend and a Oat 
slope. Draw a second straight line tangent lo 
the steepest part of the deformation-loll lime 
curve. The intcucction represents the dcfor· 
mation corresponding lo 100 ~ primary con· 
solidation. Correct the deformation al 100 ~ 
consolidation in accordance with the results of 
the calib111ion (5cc Section 8). Comp•cssion 
that occuu subsequent lo 100 ~primary con· 
solidation is defined IS secondary compression. 

I 1.3 Find the deformation rcptcscntin& 0 ~ 
primary consolidation by selecting the dcfor· 
mat ions at any 2 times that have a ratio of I to 
4. The deformation corresponding to the larger 
of the two limes should be greater than y, but 
less than ~ of the total change in deformation 
for the load increment. The deformation cor· 
tcspondin& 10 0 .. primary consolidation is 
equal 10 the deformation corresponding to the 
smaller lime interval less the diffc•cncc in the 
deformations for the two selected times. 

I I :4 The deformation corresponding 10 SO 
.. primary consolidation for each load incre
ment is equal to the average of the uncorrected 
deformations corresponding to the 0 and 100 
~ dcfotmations. The time requited for SO ~ 
consolidation under any load increment may 
be found graphically ftom the dcfotmation-log 
lime curve for that load increment by observing 
lhc time that corresponds 10 SO .. oflhc ptimaty 
consolidation of the cuiYe. 

II.S For each load increment for which 
time·Uie tcadings wuc obtained, compute the 
coefficient of consolidation, c,. IS follows: 

O.OH/ 1 

c.---,,. 
whetc: 
II - sample height in mcltes (feel) fo1 a dou- , 

bly dnincd sample at 50 .. comolida
lion, 

1,. - time for SO~ consolidation in yean, and 
c. - coefficient of consolidation in m 1/yut 

(ft 1/ycat). 
If II is in miUimcltcs and I in 1econd1 01 

minutes, c. will be cxpteued in mm1/s 01 

mm1/min, tcspcctivcly, and convenion 10 mou 
convenient units is dcsitablc. 

11.6 An ahunative procedure requitin& 1 

plot of dcrounation venus the squatc toot of 
lime in minutes may be used 10 determine the 
points of 0 and 100 .. con•olidation u well as 
the coefficient of consolidation for each load 
inctcmenl. The initial pan of the curve is ap· 
proximaled by a suaighl line. The line is U· 

llapolaled back to I - 0. The cormpondin& 
dcfmmation otdinalc represents 0 '1. ptimary 
consolidation. A second suaighl line is dtawn 
lhtough this point so that the ab•cissa of this 
line is 1.1 S times the abscissa of the 5ltai&hl 
line app10xima1ion of the initial part of the 
curve. The imcnection of the new line with the 
defotmalion-squatc rool of lime CUIYc corte· 
sponds 10 90 'iO ptimary consolidation. The 
deformation at 100 .. ptimary consolidation is 
~ mote than the diffctencc in dcfotmalions 
between 0 and 90 .. consolidation. Similatl• 
the dcfotmation at SO ~ consolidation is ~ oa 
lhc diffctence between that al 0 and 90 ~-The 
coefficient of consolidation can be found from 
the time of 90 .. consolidation by the fotmula: 

O.ll// 1 

<.---,., 
whcte: 
II - sample height for a doubly drained sam· 

pie at 90 'To consolidation, m (or A), 
Ito - time fot 90 .. consolidation, yean, and 
c. - coefficient of consolidation, m 1/year 

(f12 /ycat). 
If H is in millimellcs and 1 in seconds or 
minutes, the units of c. will be mm1/s ot 
mm1/min, tcspcctivcly, and convcnion 10 mote 
convenient units is dcsitable. The squuc root 
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time method may also be u•ed 10 obtain a 
luc of too, if desitcd. 
I 1.7 Compute initial void tatio, water con
at, unit wcit;hl, and dct;tcc of 5JIUtalion, 
sed on I he dry wci&ht of I he total 1pccimen. 
ccimcn \lolumc is computed from mcasurc
:nts of the container ring height and diame· 
·. Volume of 1olid• i• computed by dividing 
e dry wci&hl of •pccimen by the 1pecific 
avity of the 5olid• times the u11i1 weight of 
Jlcr. Volume of voids is assumed 10 be the 
ffercncc between the specimen volume and 
e volume of the 1olids. 
11.8 Compute void tatio corresponding to 

() .. ptimary consolidation (usin& corrected 
:formation tcadings) for each load. As an 
&crnali\'c, compu1c percent compression at 
JO .. ptimary consolidation fot each load (tom 
ac initial sample height. As a second aherna
vc, compute void tatios (or values of pucenl 
Jmptcssion) using the dcfotmation value• Ob· 
Jincd aflit a selected time interval that shall 
1cludc some ponion of secondary comp•cs· 
:on, and such time interval shall be lhc same 
Jl uch load increment. llowcvet, if the "cqui· 
abrium" value chosen is other than the 100 .. 
arirnary consolidation point, a note 10 this cf· 
eel should be included with lhe lest tcsuiU. II 
-hould be noted thai the second ahcmative 
:ited above willtcsuh in somewhat lowe• val
Jes of the ptcconsolidation pressu•c than arc 
Jbtaincd when the 100 .. ptimary consolidation 
points ate used. 

12. Repotl 

12.1 The report shall include the following 
infotmation: 

12.1.1 ldcntificalion and dcsetiplion of the 
lest sample, including wheahcr soil is undis
turbed, remolded, compacted, 01 otherwise pre· 
pared, 

12.1.2 Initial and final moistutc content, 
12.1.3 Dry mass and initial and final wei 

unit weight, 
12.1:4 Initial pctcentagc saturaaion, 
12.1.S Specific gtavity of solids ot Allctbcrg 

limit gradation .lata if obtained, 
12.1.6 Specimen dimensions, 
12.1.7 Condition of test (natural moisture ot 

inundated, pressure al inundation), 
12.1.8 Preparation procedure used tclative 

IO uimming; stale whether specimen was 
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ltimmed, ultudcd ditectly into the ting, or 
tested directly in a ling from a ting·lined nm
plcr, 

12.1.9 Plot of log of lime or squatc 1001 of 
time venus dcfotmalion, fot those load inCic· 
menu whctc timc·talc tcadings wcte taken. For 
otganic or highly micaceous soils, or other soils 
with appreciable secondary comp•cssion, it is 
hi&hly desinblc thatloc of lime plots extend in& 
into the secondary comptcssion ••&ion be in· 
cludcd, 

12.1.10 Plot of void ratio venus toe ofpres
sute curve or petccnl comptcssion venus log of 
pressure curve, 

12.1.11 In cases whctc lime talc of consoli· 
dation tcadings have been taken for several 
load increments, a plot of coefficient of consol· 
idation vcnu• loll of average ptcssutc. As an 
ahctnative, a plot of loll of coefficient of con· 
sol ida lion venus log of average pressure CUIYc 
may be used. The method u1cd for computin& 
c. 1hould be noted. If lime-talc readings wuc 
obtained for only two load inctemcnu, simply 
tabulate the values of c. vctsus the avcugc 
ptcssurc for the increment, 

12.1.12 All dcpartutes ftom the ptoccdurc 
outlined, including special loading sequences. 
Fot example, it may be dcsitablc 10 inundate 
and load the specimen precisely in accordance 
with the welling or loading pall em ex peeled in 
the field in otdct 10 best simulate the tesponsc. 
Smaller than standard load increment ratios 
may be desirable fot soils that ue highly sen
sitive 01 whose tcsponsc is highly dependent on 
suain rate. 

13. Ptccision and Accuracy 

13.1 Section 5 of this method specifics the 
sensitivity of the load and deformation mea· 
suremcnts. The corresponding accuracy of the 
applied suess and tesullanl main in the speci
men can be computed from the specimen di
mensions. The accutacy with which the lest 
tcsuhs can be applied to the field vuics ftom 
case lo case and depends on: 

ll.l.l The quality of samples used, 
13.1.2 The number of samples tested, 
ll.l.l The vertical and horizontal disllibu· 

tion of the samples tested. and 
ll.1.4 The hetewgcncity of the soil profile 

in the field. 
13.2 A statistical analysis that includes boah 
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1hc sampling program and 1hc laboralory ICSI 
rcsulls is required 10 assess, in any meaningful 
way, 1hc accuucy. wilh which 1hc 1cs1 rcsulu 
apply 10 lhc licld. In lhc absence of such an 
a no lysis, mosl cnsinccrs assess 1hc applicobili1y 
of lhc lcsl rcsulls lo 1hc field 'lualilali•cly by 

looking al lhc varialion in lhc ICSI rcsuhs and 
1hc •arialions in lhc boring logs. In &cncral, i1 
can be nolcd 1ha1 1hc accuracy of sculcmcn1 
prcdiclions based on consolidation lcsls in· 
crease (on a pcrccnlagc basis) wi1h 1hc com. 
prusibili1y of 1hc soil. 

n~ AntuicGII Sotr~l.lfor Tnlilll ond Mt~UII<JIJ , •• ,., ,.. ptuilloll tl'lpulintlltl' ••litlil)' of.,.,.,.,,., ,,~e, OJitfltJ .. 
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Standard Practice lor 

SOIL INVESTIGATION AND SAMPLING BY AUGER 

BORINGS' 

Thi1 11~ndud iJ inucd under 1hc liud dtli&n•eion 0 1-452: &he number immc..Ji•lcly folio win& the dni~nation indicates ••c 
)'CIJ ofuti&in1l.1dop1ion or. in 1hc CIIC of rnuion.&hc )Cif of l•.il fC\'ilton. A number in p~tcnlhClCS indu:.alu &he yut o(t&Jt 
tupptoui. A 1upcnuip1 cpulon (cJtndiCIIU an cduon•l ch•n&c aincc I he lu& rcwi1ion or 1Upp•o~.al. 

I. Srope 

1.1 This proclicc covers cquipmcnl and pro· 
ccdur<s for I he usc of culh augers in shallow 
gcolcchnical c•ploralion. This praclicc docs nol 
apply 10 scclional cunlinuous llighl augers. 

2. Significance an~ Usc 

· 2.1 Auger borings oflen provide I he simples! 
me1hod of soil in•cs1iga1ion and sampling . 
They may be used for any purpmc where dis· 
lurbcd samples can be used and arc •aluablc in 
conncc1ion wi1h ground walcr lc•cl delcrmi· 
na1ion and indicalion of changes in sUa Ia and 
ad•anccmcnl of hole for spoon and lUbe sam· 
piing. Equipmcnl required is simple and readily 
nailablc. Deplhs of auger in•cs1iga1ions arc, 
howc•cr, limilcd by ground walcr condilions, 
soil charac1cris1ics, and 1hc cquipmenl used. 

). Apparalus 

).I 1/and·Opuaud Augtrs: 
3.1.1 1/tllca/ Augus-Smalllighlwcighl au

gers generally ••ailablc in sizes from I lhrough 
3 in. (25.4 lhrough 16.2 mm). 

3.1.1.1 Spiral·1)pt Augu, consisling of a llal 
lhin mc1al slrip, machine lwiSicd lo a spi1al 
configuralion of uniform pilch; having al one 
end, a sharpened or hardened poinl, wi1h a 
means of allaching a shafl or c•lcnsion al lhc 
opposilc end. 

3.1.1.2 Ship·1)pt A ugu-Similar lo a car
penlcr's wood bil. II is generally forged from 
Slccl and machined 10 1he desired size and 
configura1ion. II is normally pro•idcd wilh 
sharpened and hardened nibs al 1hc poinl end 
and wilh an in1cgral shaCI cllcnding 1hrough 

ils lcnglh for allachmcnl of a handle or elleo-
sion al 1hc opposilc end. ··' 

3.1.2 Optn Tubular A ugus, ranging in site 
from I.S lhrough 8 in. (38.1 1hrough 203) llllll) 
and ha•ing I he common characlcrislic __ llf ap
pearing csscn1ially IUbular when •icwcd fro,. 
lhc digging end. 

3.1.2.1 Ordwrd·Barrrl T)pt, consisling.,.. 
scmially uf a lUbe having culling lips or nibl 
hardened and shar pencd lo penelrale I he for
ma lion on one end and an adaplor filling. for 
an cAicnsion or handle on I he opposile end.· 

3.1.2.2 Optn·Spiral 1)pt, consisling of an .. 
lhin mclal slrip &hal h:u been helically wound 
around a circular mandrel 10 form a spii~I ia 
which I he Oa1 faces of I he slrip arc parallel j, 
lhc axis of 1hc augcrcd hole. The lower hcli.t 
edges arc hard·faccd 10 impro•c wear char;,_· 
lcriSiics. The opposi1c end is filled wilh u. 
adaplor for cllcnsion. •'.i> •. 

3.1.2.3 C/oud·Spiral T)pt-Ncarly idenlial 
lo 1hc opcn·spirallypc cxccpl, lhc pilcb o(lhc 
helically wound spiral is much less lhanlbalof 
I he opcn-spirallypc. : •'·' ~ 

3.1.3 Post·llolt Augus, generally 2 lh~ou~h. 
8 in. (50.8 lhrough 203.2 mm), and havmg .lA ~ 
common a means of blocking I he escape ohoa 1 

from 1hc auger. ·'" -' 
3.1.3.1 C/am·Sht/1 Tjpt, consisling of 1...0 

I This puclicc u undrr lhc jurUdiCII('IR of ASTW c~ : 
mtllrc 0-11 on Sod and Rod.ud iJihe ducct respoNJ::l 
of Subcomm•llcc D II Ul on SamplinJ 1nd Jhlalc4 fi 
TcaiiRJ for So&lln~ca&i!alionl. .-: 

Cuncn1 cd11ion •rprovcd June ll. 1910. Publ~cd ,.,.t, 
JUU 1980. Onsin.1lly publi,hcd u 0 I-4.U- S1 T. 1.£11..,.., 
"iow cd11ion 0 I-4H- 6Ji (IUl,. 
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J&IYd. hinged lo allow opening and clo•ing for 
~alcly digging and rclricving. II is nol 
•• blc deeper lhau aboul 3.5 1\ ( 1.0"/ m). 
r;.IJ.l /wan Type, con>isling of 1wo lol>ulor 
!<t .. gmcniJ, connccled 11 the lop 10 a com
,;. DlCrnber to form a nearly complele lube, 
~ wiab diarnelricaUy opposed openings. II is 
~cc1cd al 1hc bollom by two radial blades 
f.rbcd to scnoc as cullers which also block the 
,p·pc of contained soil. Allachmenl of handle 

~
"'irtc.uion is at 1hc lop connector. 

fMacloine-Opuar.d Augur. . 
jt lltlical Augers, generally 8 through 48 
(lOll through 1219 rnm), coosuting cssen

'"lj"of a center shal\ filled with a shank or 
tel for application of power, and having one 
ilircc complete 360° (6.28-rad) spirals for 
'icyaocc and s1oragc of col soil. Coller bits 
'pilot bits arc available iD moderate and 

•• fonualion types and normally replaceable 
the licld. They arc normally operated by 
!j-duty, · bigb-torque machines, designed 
~vy construction work. 
Lll Stinf,tt Aur.ers, generally 6 through 30 
(IS2.4 through 162 mm), arc similar to the 

auger in 3.2.1, but lighter and generally 
cr. They arc commooly operated by lighl· 

.. ,·.,,cbiocs for post and power pole holes. 
. lJ DiJk Augus, generally 10 throu&h 30 
(ll4through 762 mm), consuting essentially 
•. O•t, sacci di•k with diametrically opposed 
~·u removed and having a shauk or 
~ localcd centrally for application of 
!r. Replaceable cuucr bits, located down
! from the leading edges of the remaining 
~-di& and load soil thai u held on the disk 
~vu or shuucrs hinscd at the disk in order 
,~ lbe removed segments. The disk auger 
~caUy designed to be operated by ma· 

I
~ bavins limited vertical clearance be· 

.spindle and sround surface. 
4 Bucket Augtr, scnerally llthroosh 48 

~-I through 1219 mm), consisting cssen-

~
ofa duk auger, without shank or socket, 

llin&c-mounlcd to the bollom of a steel 
"! bucket of approAimatcly lhc same di-

l
r as the disk auger. A socket or shank for 
application u located in the top center 

~-bucket diamctral cross piece provided 
~purpose. 

. Cosinr. (when needed), consistins of pipe 
-~Uy luger diameter than the auger used. 

3.4 Acctssory .Equipmtnr-Labels, licld log 
shccls, somple jars, sulin& wax, somplc bags, 
and olbcr 11eccssuy tool> and supplies. 

4. l'rocedurc 

4.1 Make the auger boring by rolaling and 
advancing the de•ired dutancc uuo the soil. 
Wiahdraw abc auger from the bole aod remove 
the soil for eumiDatioo and lest. Retum the 
empty auger lo the hole and repeal the proce
dure. Continue the sequence uolilthe 1cqui1ed 
depth u reached. 

4.2 Casing il requucd in uwtable soil io 
which the boJC hole fails to Slay open aod 
cspecioUy when the borin& is uteodcd below 
the &round-water level. The inside diameter of 
the casin& musl be slightly larger lbao the 
diameter of the a user und. The cuio& shall be 
driven to a depth 110t greater thao the lop of 
the oul sample and shaU be cleaned out by 
meaos of the auger. The auger can theo be 
inserted ioto the bore bole and turoed below 
the bollom of the casing to obtain a sample. 

4.3 The wil auger cao be used both for 
boring the bole and for bringin& up disturbed 
samples of the soil encountered. The •tnrcture 
of a cohesive soil u completely dcslroyed and 
the moiSiure may be changed by the auger . 
Seal all samples io a jar or olher airlight con
tainer and label appropriately. If more than 
one type of wil is picked up in the sample, 
prepare a nparate containc1 for each type of 
wil. 

4.4 Fitld Obunations-Rccord complete 
&round water information in the licld logs. 
Where casing is used, measo1e ground water 
levels, both before aod af1e1 the casing is pulled. 
In saods, dctcnninc the water level 11 least 30 
min alter the borin& is completed; in sills, &I 
least 24 h. In clays, no accurate water level 
determination is possible unleu pervious scams 
arc present. As a prccauaion, however, water 
levels in clays sboll be taken aflcr at least 14 h. 

5. R~porl 

~-1 The data obtained in borins shall be 
recorded in the field logs and shall include the 
follow ins: 

~.1.1 Date of stan and completion of borin& • 
S.l.2 ldcntifyin& number of boris1g, 
).1.3 Reference datum including direction 
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and distance of boring relative to reference line 
.of prujcca or nthcr sui1a1Jic reference points.. 

' 5.1.4 Type and size of auger used in boring. 
5.1.5 Ucplh uf changes in SllaiO, 

5.1.6 Uescrip1ion of soil in uch major slla· 
hun, 

S.1.1 Ground waaer elevation and locaaioq 
of srcpagc zones, when found, and 

5.1.8 Condiaion of ougcrcd hole upon rc· 
moval of auger, that is, whether lhe hole re
mains open or the sides cave, when such till 
be obseo-ed. 

llat Amtfltclll Sflc"'lfor TtJIJIII 1111J /olaurWIJ talrt "" pruiliDII ttsptcfiiiJ tA4' •aliJil_t• o/•111 p111tlll "IAII dJitrUI" 
tflnlltCIIQII .,.;,A G")' iltm mtii14Qntd 111 tim JlalldGttl Uur1 of tlut JlandGtd .,, t •p"u~~ ,J,,;u~ 1lw1 J,.,,,.UIGiioll G/ fAir JtdMICJ 
•/ '"'¥ J11tA P•''"' "lltu, 11nd ''" w4 oflnf""l''"'"' I{ ~~o~d r•sAu, "" '"'"'iJ' 1Ar11 o,.,. nspotts•b•liiJ'· 

llti1 JIO~tdtN~ u wbjtcl lo tt'f'Uit"' 01 Ol'lf IUnt by rlet ttsptHUrhlt uclt~trnJI commllltt ond must bt tt•it•~4 nrr1 fi•t J"t•rl 
onJ 1/ 1tof ,,.,J, ruA, ttoppro•rJ or •"Adr•"*'•· Your commtltll ,, ,,.,,,J tult.ufrtr rt•uiolt •J•ltis 1111ntlt~rJ 11r for otl.l•t~<JNil 
llt~ndt~rtl• """ 1ltowltlbt 11tJJusuJ 10 .CSTJ.f llttldfwtlrltrJ. four conuntltiJ '-'II rtc"'' corifw/ ClllfU'dttt,iott Of o Mttl•nt•/ tAt 
uspottublt ucAtticol com'""'''· ..-AicA J·ow '""I olltlld. I[Joufttl tAtJI Jour"""'"'"'' lttnt 11cw 'letiuJ •f•rr ,.,,.,;,., f"'ttiAo~u 
,....,,, yowt '"'""I 4,.,...,. lo tAt A STAt Ct~mmllltt 1111 StG1ttl4tJs,llld IC•u St., ,A,/aJrlpAio, ,._ Ill OJ. 
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Standard Practice lor 

THIN-WALLED TUBE SAMPLING OF SOILS' 

lh111Und.ud 11 muC'd ynJcr lht fiud Jc.\ian:allon I> U11: the nuntllC't immtdiald~· fullo ... in& lhc dn•analion ind,c:.ln ahc )Uf uf 
ona•n:.l adop110n Of. in \he Cl~ uf ICVI)IliR. lhc )r~ of bu rr"uion. A number in ~ltnlhnca indH."IIC11hc )Uf o( lui tnppro".a. 
A t.upcnoenpl cp.•&on (tj ih!Jic~ICI.lln cJ•Ioriat chucc Wn(:C the Lui "'I-NOR Of rupptuval. 

J IHJ p1at IIU l~tu b..TII q(Ht~rnl /ut tut' b.•· •t••~ttii'J uf lltt' lh~tlmml r{ V.{."'tH •ntlft• lu1i111 ;,. lilt DOD I11Jt-.,· uf Sprnfic~;OIU 
•nJSI~'hlt~r,IJ. 

1. Scope 

1.1 This practice c\lvcrs a procedure for usina 
a thin-walled metal lube lo recover relatively 
undisturbed soil l;lmplcs suilablc fur laboratory 
lcsiS of structural properties. 1 hin-wallcd Iuhcs 
used in piSion, plua. or rotary·lypc l;lmplcrs, 
such as lhc Denison or Pilcher, must comply 
with the pori ions of I his practice which describe 
lhe lhin-wall<d lubes (5.3). 

Non 1-This procticc docs not •pply to liners used 
wilhin lhe above ~amplcn. 

2. Applicable Documents 

2.1 AS7M Sta11durds: 
D 2488 PraCiice for Description and ldentifi· 

calion of Soils ( Visuai·Manuall'rocedurc)1 

D HSO PraCiicc for Rin&-Lincd Darrel Sam· 
piing of Soils' 

04220 PraCiiccs for Preserving and Trans
porting Soil Samples' 

3. Summary of Practice 

3.1 A relatively undisturbed sample is ob
tained by pressing a thin-walled metal lube: inlo 
the in-silu soil, removing the soil-filled lube, and 
scaling lhe ends 10 prevent lhe soil from bein& 
di51urbed or losing moi51urc. 

4. Significance and Use 

4.1 l his praCiice, or PraCiicc D 3HO, is used 
when il is necessary lo obtain a relatively undis· 
lurbed specimen suil~blc for laboratory tc51s of 
slruCiural properties or other lcsls lhal mighl lx: 
inllucnccd by soil disturb~ncc. 

5. Apparatus 

S.l Drilling Equipn11•nt-Any drilling equip
men! may be used lhal provides a reasonably 
clean hole; lhat docs nol disturb lhc soil lo be 
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sampled; and 1ha1 docs nol hinder lhc pencara
lion of lhc thin-walled sampler. Open borehole 
diameter and I he imide diameter of driven casin& 
or hollow Sl(m auger shall nol ucced ].~ lime~ 
I he ouuide diameter of lhc thin-walled lube. · 

~.2 Samph·r hw.,illll EquipmMI. shall be ad
equate lo provide .a rclati,·cly rapid continuous 
penetration force. For hard formations il may be 
necessary. ahhough nol recommended, 10 drive 
the thin-walled lube sampler. 

~.3 ]llill·ll"ul/~d Tubrs. should be manufac· 
lured as shown in Fig. I. They should have an 
outside diameter of 2 10 ) in. and be made of 
metal having adequate slrcnglh for usc in lhc soil 
and formation intended. T ubcs shall be clean 
and free of all surface imaularilics includinc 
projecting weld scams. 

).3.1 Lr11g1h ofTu/Jrs-Scc Table I and 6.4. 
5.12 Tulrranct"s. shall be within the limits 

sho~<·n in Table 2. 

5.3.3 huidr C/raranu Ratio. should be I " 
or as specified by the engineer or ecologist for 
the soil and formation to be sampled. Generally, 
lhc inside clearance ratio used should increase 
with I he increase in plasticity of the soil beinc 
sampled. Sec Fig. I for definition of inside clear· 
ancc ratio. 

5.3.4 Corrmicm Prutrction-Corrosion, 
whclhcr from galvanic or chemical reaction. can 
damage or destroy both the thin-walled lube and 
the sample. Severity of damage is a function of 

'Thi1 pranict is under thr jurild•ction of ASTM CommiUC'C 
0·11 on Soil and Rod. and is the duccl nJpontibih&J.ol' 
Suhcommillcc 011 Ol oa ~mptina and Rdattd ftcki Tnt•A& 
fot $oi1Jn\CSii~IIORS. 

(uncnl edition arpro~td Aua ll. 1911. Pubtilhcd Oc1obc:' 
I 'Jill Oriainallr pu~iWd at 0 IUJ ... sa T. LaW ptc,.tQulcdi-
l"'n 0 1>11- 1•. 

1 A~t~~lud Buul.. u/ AST.\1 S11111J11rd•. Vol 0..01. 
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.:11 as inlcracliun between lhc sample 

ube. Thin-walled tulx:s should have 
.a of prulcctivc roaaing. Tubes which 
n samples fur more than 72 h shall be 
c 1)-pc uf coat inc to lx: u~LI may vary 
upon lhc material 10 lJC: sampled. 

oay include a light coal of lubriC<lting 
·, epoxy, Tenon. and others. Type of 
HI lx: specified by the engineer or 
Sloragc will exceed 72 h. Plating of 

r ahernale base metals may lx: speci· 
engineer or ceulogisl. 
oiN lltad, serves lo couple the thin· 
lo lhc insertion equipment and, to
the thin-walled tube, comprises lhc 

lube sampler. The sampler hud shall 
ilable check valve and a venting are<~ 
de equal 10 or gr<alcr lhan lhc are<~ 
check 'Oivc. Allachmenl of the head 
shall he concentric and coaxial 10 

•rm application of force lo lhe tube 
lcr insertion equipment. 

oul the borehole 10 sampling cle· 
. whatever method is preferred lhal 
ihc material lo be samplod is nol 
groundwater is encountered, main· 
id level in lhc borehole al or above 
r level during lhe sampling opcr.l· 

n discharge biu arc nol perminct.l. 
:e biu may be used, with caution. 
ogh an open-lube: sampler 10 clun 
hole 10 sampling elevation is nol 
!move loose male rial from lhe ceo· 
g or hollow slem auger as carefully 
• a void disturbance of lhc material 
J. 
ollcr bilJ an: available in downward
"uscd.jcl conficu~tioos.. Downwa.rrl-jcl
on rock biu an not acccpt.ablc. L>ilfusc· 
ns uc ccncn..lly acceptable. 

he sample tube so thai iu bouom 
bouom of the hole. Advance the 
Jul rotation by a co~linuous rcla· 
oo1ion. 
oine the lcnglh of advance by the 
I condition of lhc formation, bul 
ul never exceed 5 to 10 diameters 
o J;lnds and 10 lo I 5 diameters of 
oys. 

"i&ht of somple, l>bor1IOC)' h•ndlin& ca· 
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p.thilitin. lran.\JI011atiul1 pruhlcms, and commercial 
a,·a.bhility of Iuhcs "''II generally limit muimum pr.lc· 
lic.JIIcucltu lo &hose shown in T .tblc I. 

6.5 When lhc founation is loo hard for push· 
l)'pc inscnion, I he tul>c may be &.lrivcn Of Practice 
D HSO may lx: used. Other methods, as directed 
by the engineer or geologist, may be used. If 
driving methods arc used, the data regarding 
weight and fall of the hammer and pcnctr.llion 
achieved muSI be shown in lhe report. Addition
ally, thai lube mu51 be prominently lalx:lcd a 
"driven sample." 

6.6 In no case shall a length of advance be 
&realer than lhc sample-lube lcnglh minus an 
allowance for lhe sampler hud and a minimum 
of 3 in. for sludge-end cuuings. 

Nor£ 4-The lube may be rotolcd to shear bouom 
o( lhe s.amplc aner prC'S.Iina is complclc. 

6.1 Withdraw lhc sampler from lhe formation 
as e<1rcfully as possible in order lo minimize 
disturbance of lhe sample. 

7. Preparation for Shipmen! 

7.1 Upon removal of lhe lube, measure lhe 
length of sample in lhc lube. Remove lhe dis
turbed material in the upper end of lhe tube and 
me<~Surc the length again. Seal lhe upper end of 
lhe tube. Remove al lcasl I in. of material from 
lhe lower end of lhe tube:. Use lhis material for 
soil description in accordance with Pr.1ctice 
D 2488. MC<~Surc the ovcr.1ll sample length. Seal 
lhc lower end of lhe lube. Ahcmativcly, aflcr 
measurement. the lube: may be scaled without 
removal of soil from lhc ends of lhc lube if so 
direclod by lhc engineer or geologist 

NorE S-Fidd extrusion and pack.ogina of extruded 
somples under the specific dire-ction of • ceorcchnicot.l 
cn&inc:cr or geologist is penniued.. 

NoT£ 6-Tubcs scaled over lhe ends u opposed 10 
lhosc scaled with npandin& packers should contain 
end paddin& in end voids in ordtr 10 prevent dn.inaac 
or movcmcnl or t.hc sample within the lube. 

7.2 Prepare and immediately affix labels or 
apply marl..ings as necessary lo identify the sam
ple. Assure thai the markings or labels arc ade
quate to survive lramportalion and siOrage. 

8. Rtport 

8.1 The appropriate information is required 
as follows: 

8.1.1 Name and location of lhe project, 
8.1.2 Doring number and precise location on 

project, 
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8.1.) Surface elevalion or reference 10 a da

tum, 
8.1.4 Dale and lime of boring-slarl an.J lin

ish, 
8.1.5 Dcplh 10 lop of .ample ami number of 

~111l-)lc, 

8.1.6 Dcscriplion of .ampler: size, lypc of 
mclal, lypc of coaling, 

8.1. 7 Melho<.l of sampler imcrlion: push or 
drive, 

8.1.8 Melhod of drilling, size of hole, casing, 
and drilling Ouid used, · 

8.1.9 Deplh lo aroundwaler level: dale and 

TABLE I St~lla .. Je Tt•l•-\\'all,ll S1nl Sa~nple l•bc ... 

Outside diamtltr. 
ift. I J , 
mm JO.J 16.1 Ill 

W~lllhKhcsa.; 

B·• II " II 
in. 0.049 0.06l 0.110 
mm 1.14 I.U JOl 

Tubt knath: 
in. J6 )6 ,. 
m 0.91 0.91 1.4l 

Ounncc r~lio, .. I I I 

"TM three diamclcn r«ommrndcd in T~b&c I arc indK-a&cd 
(Of purposn ofslancbrd•u&ion.and art not intended lo indtealt 
that~o:~mpl•nalubt-s of intcrmcd•••c or luacr d,amcltll arc not 
acnp1ablc. Lcna1hs ol 1ubn shown arc illuuratiwc. Proper 
knaths lobe ddcnnitJcd as JUiled 10 f•dd 'Ond11Min1. 
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lime measured; 
8.1.10 Any pussible currenl or lidal elfecl on 

wal<r level, 
8.1.11 Suil descriplion in accordance wilh 

Prac1ice D 2488, 
8.1.12 Lenglh of .ampler a.Jvance, and 
8. 1.1) Recovery: lcn&lh of sample oblained. 

9. !'recision and Uios 

9.1 This prac1ice docs nol produce numerical 
dala; lhercforc, a precision and bio.s slalcmenl is 
nol applicable. 

TAll.[ J DIMCatkMid Teletaac-nlot ltala-\\'all.-.1 T11r..1 

Nomiaal l•bc Diamc&cn frofltl Table 1• ToknMct. la. 

so .. o.uidc 
Di.amclcr 

OultMicdl.amcut •OOOI tO.OIO ..oou 
-o.ooo -oooo -0.01)0 

IAioidc.&iamclcr .. o.ooo tOOOO tOOOO 
-0001 -0010 -oou 

WalllhKhna ~0001 ~0.010 ~OOll 

0..-ahiJ OOil 0.020 0.010 
Slraiatunna 0.010/11 0010/R 0010/R 

•lalcrmtdia.lc Of br&cr diamcacn thould be p1opo11ionll. 
Tolcnncn sho•A a1c cucnaially nandlfd commercial ....... 
Uc11.1rina &ole~ancn for .umlcu ll«l mc-chuicalaubina. S;uil7 
onl7 1""0 of 1hc fin1 lhnc aokrancn; &hal it. 0.0. ao4 1.0 .. Of 

0.0. and Wall, 01 1.0. and Wall. 
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rf 1 ~-~:;:•:,•• Sptcoloc~ on Melhod ;tmon 'j $ 
nunl Sf!C•I•l"c:J { ! l 

~Ll lf-JJ~ ~~~ ~ 
:::!=====jl D D Z ,. 

lns'dl Cltoronce Roi•O • -t.:!::J d•o lmull 
o, Moun1109 Holu 

·n 1-Minimum o(I•'O moun1in1 holn OR OfiJlO\IIC siJcs for llo ]'IJ in. s.ampfu. 
I[ l-M•nunu•n o( lour moun11n1 holn l~ccd 11 90' lor a.unplcn 4 ln. and l.aracr. 
11 J-Tut.c held "'••h hardened KftW1. 

11 4-T wo-m<h uul~o•dc.diamclcr lubn.a•c- tor«ilicd -..ilh .an II Pit •allahid.nna locomply with .aru nlio mlcria a«cplcd 
ndu&urkd Wmpln."" Ukn ••c ad"ik'd 1h11 1uch h•btna it diffic1.1h lo loalc and an be calrcmdy capcn,t\'C in lmaU 
ua. Suiccn·""'ac lubn arc ac:ncrallr rud•l)' •~••table. 

in. 

\; 

v. 
I 
2 
N 

f\ltttlc f"-1uhalen11 

mm 

6.11 
11.1 
ll.4 
)0.1 
11.9 

101.6 

tiC. I 1 hia· \hllc-4 T »be for S.mpliR& 

IMt"fll"Gfl 50CII1f/()f Tn11111 end AliJI~ruJIJ IOI.t"J no poUlton lt"J(HXIint 11!~ •ultJ,I}' of llfiJ' /'flll'nl tithiJ IHUtlt"d 111 l"Oflfl('("lion 
•· "~'" n!t"lllio,.,.d '" thiJ UtJndt~rd UurJ of IIUJ Utlttdt~td 111~ ~'fUI'HIJ' 11d• isrd that dnnn,at~tiOtt of'"~ t·illtdlly of ""J' s"cA 
"IIIIJ, 11nd Ill~ m4 D/ i'flrint~nt<tN ol sucA "lltiJ, ,,,. ~nfl•riJ' 111~, D .. II USI'04Jtlullfy. 

uamlo11/ is Jllb}rfiiO tt'l·iuUII •• an_t"llmt by lht lf'J/K)IIJiblt ltd'lical l"VtrUfUIII't •nd mll.Jl/w rn·i,.,..wJ n·rry fi•·~ J't'tJIJ ond 
,·uN/. '"~' r~apptOot'tl IH tttlltdta"n tout cOtnmrniJ ., ,,.,;,('(/ rtthn /ot rn-wiHI of tllu Jltllldon/ or for 11dd11101Jo/ 

Is •nd ''""''d be- addtrunJ to AST.\1 lll'adqt,Drtns rom CIHtUnl'nfJ "''"'«'''~ CDl~f~l CUIIJult>tDIID't ., a mrnm
1 

of,,.,.· 
'tl~ ttdnicGI l"Omnuuu. "'""" .rou lltOf Dllt"nd. If .IOU fultADt JDWr commtniJ har~ 1101 rn:t'itt"d o /oir Acdtllll rou Jhould 
w rttMoJ l.no"" to til~ .4SJ:II Commmu 011 StGIIIiaull. 1916 Aatr Sr., l'lrtlllddplaut, /'a. 19101. 

305 



.· 

APPENDIX VII: 

PERMEABILITY TESTS 

EM iii0-2-1906 
30 Nov 70 

1. DARCY'S LAW FOR FLOW OF WATER THROUGH SOIL. The flow of 

water through a soil medium is assumed to follow Darcy's law: 

where 

q = k i A 

q = rate of discharge through a scil .:,f cross-sectional area A 

k = coefficient of permeability 

1 = hydraulic gradient: the loss of hydraulic head per unit 
distance of flow 

The application of Darcy's law to a specimen of soil in the laboratory is 

illustrated in Figure 1. The coefficient of permeability, k (often termed 

OVERFLOW 

TO MAINTAIN 

CONSTANT HEAD 

/ WATER SUPPC Y 

Q f.• 

........ ....... . . . . . . 
.•• ·A •••. 

. .. . . . . 

h 

~=-=~•A 
t 

WHERE q: RATE OF OISCHARCE 

:QUANTITY OF FI..OW, Q, 

PER UNIT OF TIME, t 

k: COEFFICIENT OF 

PERMEABILITY 

j: HYDRAULIC CRAOIENT 

=h/L 
A: CROSS-SECTIONAl.. AREA 

OF SPECIMEN 

Figure 1. Flow of water through soil 

VII-i 
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"permeability"), is defined as the rate of discharge of water at a tem

perature of 20 C under conditions of laminar flow through a unit cross

sectional area of a soil medium under a unit hydraulic gradient. The 

coefficient of permeability has the dimensions of a velocity and is usually 

expressed in centimeters per second. The permeability of a soil depends 

primarily on the size and shape of the soil grains, the void ratio of the 

soil, the shape and arrangement of the voids, and the degree of saturation. 

Permeability computed on the basis of Darcy's law is limited to the 

conditions of laminar flow and complete saturation of the voids. In turbu

lent flow, the flow is no lange r proportional to the first power of the 

hydraulic gradient. Under conditions of incomplete saturation, the flow is 

in a transient state and is time-dependent .. The laboratory. procedures 

presented herein for determining the coefficient of permeability are based 

on the Darcy conditions of flow. Unless otherwise required, the coefficient 

of permeability shall be determined far a condition of complete saturation 

of the specimen. Departure from the Darcy flow conditions to simulate 

natural conditions is sometimes necessary; however, the effects of turbu- / 
I 

lent flow and incomplete saturation on the permeability should be recognized 

and taken into consideration. 

Z. TYPES OF TESTS AND EQUIPMENT. ~· Types of Tests. (i) Constant

head test. The simplest of all methods for determining the coefficient of 

permeability is the constant-head type of test illustrated in Figure i. This 

test is performed by measuring the quantity of water, 0, flowing through 

the soil specunen, the length of the soil specimen, L, the head of water, 

h, and the elapsed time, t. The head of water is kept constant throughout 

the test. For fine-grained soils, 0 is small and may be difficult to mea-

sure accurately. Therefore, the constant-head test is used principally for 

coarse-g~ained soils (clean sands and g-ravels) with k values greater than 

about 10 X 10-4 em per sec. 

(2) Falling-head test. The principle of the falling-head test 

is illustrated in Figure 2. This test is conducted in the same manner as 
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(a) (b) . 

USING SI!TUP SHOWN IN 131, THE COEFFICIENT OF PERWEABILITY IS 
DETERMINED AS FOLLOWS: 

USING SETUP SHOWN IN (b), THE COEFFICIENT 01" PERWEABIL.ITY IS 
OET!:RMINEO AS I"OL.L.OWI: 

WH!:RE: he =HEIGHT OF CAPILLARY RISE 

a= INSIDE AREA OF STANDPIPE 

A = CROSS.SECTIOHAL. AREA OF SPECIMEN 

L = LENGTH OF SPECIMEN 

h
0 

: HI!IGHT OF WATER IN STANDPIPE ABOVE 
. DISCHARGE LEVEL MINUS h AT TINE, t 

e 0 

hi = HI!:IGI+'f 'OF WATER IN STANDPIPE ABOVE 
DISCHARGE LEVEL MIHUS he AT TIME, t1 

t: ELAPSED TIME, tl- f
0 

Figure 2. Principle of falling-head test 
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the constant-head test, except that the head of water is not maintained 

constant but is permitted to fall within the upper part of the specimen 

container or in a standpipe directly connected to the specimen. The quan

tity of water flowing through the specimen is determined indirectly by 

computation. The falling-head test is generally .used for less pervicus 

soils (fine sands to fat clays) with k values less than 10 X 10-4 ern 

per sec. 

b. Equipment. The apparatus used for permeability testing may 

vary considerably in detail depending primarily on the condition and 

character of the sample to be tested. Whether the sample is fine-grained 

or coarse-grained, undisturbed, remolded, or compacted, saturated or 

nonsaturated will influence the type of apparatus to be employed. The 

basic types of apparatus, grouped according to the type of specimen con

tainer (pe.rrnearneter), are as follows: 

(1) Perrnearneter cylinders 

(2) Sampling tubes 

(3) Pressure cylinders 

(4) Consolidometers 

The permeability of remolded cohesionless soils is determined in 

perrnearneter cylinders, while the permeability of undisturbed cohesion

less soils in a vertical direction can be determined using the sampling 

tube as a perrnearneter. The permeability of remolded cohesionless soils 

is generally used to approximate the permeability of undisturbed cohesion

less soils in a horizontal direction. Pressure cylinders and consolidome

ters are used for fine-grained soils in the remolded, undisturbed, or 

compacted state. Fine-grained soils can be tested with the specimen 

oriented to obtain the permeability in either the vertical or horizontal di

rection. The above-listed devices are deS'cribed in detail under the 

individual test procedures. Permeability tests·utilizing the different types 

of apparatus, together with recommendations regarding their use, are 

discussed in the following paragraphs. 
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3. CONSTANT-HEAD PERMEABILITY TEST WITH PERMEA11ETER 

CYLINDER. a. Use. The constant-head permeability test with the 

permeameter cylinder shall in general be used for determining the per

meability of remolded samples of coarse-grained soils such as clean 

sands and gravels having a permeability greaterrthan ab~ut 10 X 10-
4 

em 

per sec. 

b. Apparatus. The apparatus and accessory equipment should 

consist of the following: 

(i) A permeameter cylinder similar to that. snown schemati

cally in Figure 3a. The permeamete_r cylinder should be constructed of a 

transparent plastic material. The inside diameter of the cylinder should 

be not less than about 10 times the diameter of the largest soil particles, 

except when the specimen is ent:as edina rubber membrane as in the per me

ability test with pres sure chamber, ~n which case the diameter of the cylin

der should be at least six times the diameter o!the largesfsoil particles. 

. ! .. 

Pr,.fo,olrd O•t* __ 
C,.r,rd W•'" S<,.rr"' 

CtY~tlo,.l 
Hrod fo,.Jr 

o.~ o-..; a.-,;~..; iM,,,,. s~~ 

Pr,fo,t~lrd 0·•• c ••• ,,d .,.,,,,. S<,.,,_ ... 

·Co) CONSTANT-H(AO APPARATUS (lool 'ALL.INC-H(AO APPARATUS 

Figure 3. Schematic diagram of constant-head and falling -head 
permeability apparatus 
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Piezometer taps along the side of the permeameter within limits to be oc
cupied by the sample are advantageous in that the head loss within the 
sample is always measured across a fixed distance and rapid determina
tion of hydraulic gradient can be made. 

(2) Perforated metal or plastic disks and .circular wire 

screens, 35 to 100 mesh, cut for a close fit inside the permeameter. 

(3) Glass tubing, rubber or plastic tubing, stoppers, screw 

clamps, etc., necessary to make connections as shown in Figure 3a. 

(4} Filter materials such as Ottawa sand, coarse sand, and 

gravel of various gradations. 

(5) A device for maintaining a constant-head water supply. 

(6) Deaired distilledt water. Tapwater contains dissolved 

air and gases which separate from solutior: in the initial layers of a test 

specimen of soil in the form of small bubbles. These bubbles reduce the 

permeabi!ity of the soil by decreasing the yoid space available for the 

flow of water. The most common method for removing dissolved air 

from water is by boiling the water and then cooling it at reduced pres

sures. This method is applicable only with s:nall quantities of water. 

Freshly distilled water also has a very negligible amount of air. Large 

quantities of deaired distilled water rna y be prepared and retained !or 

subsequent use by spraying distilled water in a fine stream into a con

tainer from which the air has been evacuated (see Fig. 4}. Permeability 

tests on saturated specimens should show no significant decrease in 

permeability with time if properly deaired distilled water is used. How

ever, if such a decrease in permeability O\.:Curs during a test, then a pre

filter, consisting of a layer of the same material as the test specimen, 

should be used between the deaired distilled water reservoir and the test 

specimen to remove the air remaining in solution.t 

t Demineralized water or tapwater whetr it is known to be relatively free 
of minerals rna y be used in place of distilled water. 

t G. E. Bertram, An Ex erimental Investi ation of Protective Filters, 
Soil Mechanics Series No. 7, Harvard University Cambridge, Mass., 
January 1940, reprinted May 1 959). 
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J'ROM Cl STI\ .. 1..(0 wAT£R 
SUP Pl.. Y 

CEAIREC CISTII.. I.. EO 

OIR WATER RESER\/ - -- -- -- -- - I 
I -- - -- -- -- - ---- - -- -- -- -- I -- -- -- - --
I - - - - I - -- -
I - -- I --
I - I 
I I 
L ------------___ J 

. 

VACU U'" WAT£R TRAP 

( ) 
I' ROW VACUUW SUP Pl.. Y 

TO TEST SP I!:CI,. EN 

c 
'-" 

RAIN CCCI( AHO VACUUM 

REI..I!:ASE 

Figure 4. Schematic diagram of apparatus for preparing 
deaired distilled water 

(7) Manometer board with tubing leading !rom the p1ezom

.eter taps. I! piezometer taps are not provided, equipment to measure 

the distance between the constant-head source and tailwater is required. 

(8) Timing device, a watch or clock with second hand. 

(9) Graduated cylinder, 100 -ml capacity. --
(1 O) Centigrade thermometer, range 0 to 50 C, accurate 

to 0.1 C. 

(11) Balance, sensitive to 0.1 g. 

(12) Oven (see Appendix I, WATER CONTENT- GENERAL). 
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(13) Scale, graduated in centimeters. 

c. Placement and Saturation of Specimen. Placement and satura

tion of the specimen shall be done in the following steps: 

(1) Record all identifying information for the specimen, such 

as project, boring number, sample number, or other pertinent data, on a 

data sheet (Plate VII-1 is a suggested form). 

(2) Oven-dry the specimen. Allow it to cool and weigh to the 

nearest 0.1 g. Record the oven-dry weight of material on the data sheet 

opposite W s. The amount of mate_rial should be sufficiez:t to provide a 

specimen in the permeameter having a minimum length of about one to two 

times the diameter of the specimen. 

(3) Place a wire screen, with openings small enough to retain 

the specimen, over a perforated disk near the bottom of the permeameter 

above the inlet. T·he screen openings shouhi be approximately equal to the 

10 percent size of the specimen. 

(4) Allow deaired d~stilled water to enter the water inlet of the 

permeametcr to a height oi about 1/2 in. above the bottom of the screen, 

taking care that no air bubbles are trapped under the screen. 

(5) Mix the material thoroughly and place in the permeameter 

to avoid segregation. The material should be dropped just at the water 

surface, keeping the water surface about 1/2 in. above the top of the soil 

during placement. A funnel or a special spoon as shown in Figure 5 is 

convenient for this purpose. 

(6) The placement procedure outlined above will F-esult in a 

saturated specimen of uniform dens-ity although in a relatively loose condi

tion. To produce a higher density in the specimen, the sides of the perme

ameter cor.taining the soil sample are tapped uniformly along its circum

ference and length with a rub..:.~r rnallet to produce an increase in density; 

however, extreme caution should be exercised so that fines are not put into 

sus pension and segregated within the sample. As an alternative to this pro

cedure, the specimen may be placed in the in the dry using a !unnel or 
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spoon which permits the _material 

to fall a constant height. The de

sired density may be achieved by 

vibrating the specimen to obtain a 

specimen of predetermined height. 

Compacting the specimen in layers 
is not recommended as a film of 
dust may be formed at the surface 
of the compacted layer which might 
affect the permeability results. 
After placement, apply a vacuum 
to the top of the specimen and per:. 
mit water to enter the evacuated 
specimen through the base of the 
permeameter. 

(7) After the speci

men has been placed, weigh the 

exces ~ mate rial, if any, and the 

container. The specimen weight is 

the difference between the original 

weight of sample and the weight of 

the excess material. Care must 
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TAIP AAllwt 

C:ONN(C:TING 

WIA( 

.... ,G( 

be taken so that no material is lost 

d·· ring placement of the specimen. 

If there is evidence that material has 

rPONT VIFY/ SlOE VI(W 

been lost, oven-dry the specimen 

and weigh after the test as a check. 

Figure 5. Spoon for placing 
cohesionless soils 

( 8) Level the top of the specimen, cover with a wire screen 

similar to that used at the base, and fill the remainder of the permeameter 

with a filter material. 

(9) Measure the length of the specimen and inside diameter of 

the permeameter to the nearest O.i em and record on the data sheet as 

ir1itial height and diameter of specimen. 

(1.0) Test the specimen at the estimated natural void ratio or 
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at a series of different void ratios, produced by increasing the amount of 

vibration after each permeability determination. Measure and record the 

length (height) of specimen -in the permeameter prior to each determina

tion. Permeability determinations at three different void ratios are 

usually sufficient to establish the relation of void ratio to permeability. 

d. Procedure. The procedure shall consist of the following steps: 

(1) Measure the distance, L 1 , between the centers of the 

piezometer taps to .the nearest 0.01 em and record on the data sheet. 

(2) Adjust the height of the constant-head tank to obtain the 

desired hydraulic gradient. The hy~raulic gradient should be selected so 

that the flow through the specimen is laminar. The range of laminar flow 

conditions can be determined by plotting discharge versus hydraulic gra

dient. A straight-line relation indicates laminar flow, while deviations 

from the. straight-line at high gradients indicate turbulent flow. Laminar 

flow for fine sands is limited to hydraulic gradients less than approxi

mately 0.~. It is usually not practicable to achieve laminar flow for 

coarser soils,· and the tests generally should be ru.."l at the hydraulic 

gradient anticipated in the field. 

(3) Open valve A (see Fig. 3a) and record the initial piezom

eter readings after the flow has become stable. Exercise care in building 

up heads in the permeameter so that the specimen is not disturbed. 

{4) After allowing a few minutes for equilibrium conditions 

to be reached, measure by means of a graduate the quantity of discharge 

corresponding to a given time interv~l. Measure the piezometric heads 

and the water temperature in the permeameter. 

(5) Record the quantity of flow, piezometer readings, water 

temperature, and the time interval during which _the quantity of flow was 

measured on the data sheet, Plate VII-1:;-

(6) Repeat steps (4) and (5) several times over a period of 

about 1 hr, and compute the coefficient of permeability corresponding to 

each set of measured data. If there is no substantial change in the 
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permeability, then the computed permeability is probably reliable. If there 

is a slight decrease in the permeability, then the permeability computed 

f_rom the initial measurements, rather than the average, should be reported, 

so long as a plot of permeability versus time shows that the initial measure

ments are consistent with the subsequent measurements; a difference in 

permeability may result from a change in density caused by inadvertent 

jarring of the specimen in the perrnearneter. If there is any substantial de

crease of the permeability with time, a prefilter shot:lc: :.e used between the 

water reservoir and the perrnearneter (see parag:-a~l:'! 3b(6}). The criterion 

for judging whether a change in the computed permeability is "substantial" 

depends on the de sired accuracy of the coefficient of permeability. 

(7) If desired, reduce the void ratio as previously described 

and repeat the constant-head test. 

e. Computations. The computations consist of the following steps: 

(1) Compute the test void ratios in accordance with Appendix 

II, UNIT WEIGHTS, VOID RATIO, POROSITY, AND DEGREE OF SATURA

TION. The specific gravity shall be estimated or determined in accord

ance with Appendix IV, SPECIFIC GRAVITY. 

(2) Compute the coefficient of permeability, k, by ·means of 

the following equation: 
Q XL X RT 

k20 = h X A X t 

where k
20 

= coefficient of permeability, ern per sec at 20 C 

Q = quantity of ~low, cc 

L = length of specimen over which head loss is measured, ern. 
If piezometer taps are used, L = L 1 = distance between 
piezometer taps, ern 

R - temperature correction factor for viscosity of water ob
T - tained from Table VII-i 

h = loss of head in length, L, or difference· in piezometer 
readings = h 1 - h 2 , ern 

A= cross-sectional area of specimen, sq em 

t = elapsed time, sec 
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Correction Factor, ~I for Viscosity of Water at v~rious Te~peraturea 

Temperature Tenths of De~ees 
De5rees C 0 1 2 3 4 _L 6 7 8 ') 

o.o 1.783 l.TI7 1.771 1.765 1.759 1.753 1.747 l.7fi:l 1.735 1.729 
1.0 1.723 1.717 l.7ll 1.705 1.699 1.694 1.688 1.682 1.676 1.670 
2.0 1.664 1.659 1.654 1.648 1.643 1.638 1.632 1.627 1.622 1.616 
3.0 1.611 1.6o6 l.6o1 1.5$6 l.5SO 1.585 1.58o 1.575 1.570 1.565 
4.0 1.560 1.555 1.550 1.545 1.540 1.535 1.531 1.526 1.521 1.516 
5 .o 1.511 1.507 1.502 1.498 1.493 1.488 1.484 1.479 1.475 1.470 
6.o 1.465 1.461 1.457 1.452 1.4.48 1.4-43 1.439 1.435 1.430 1.426 
7.0 1.421 1.417 1.413 l.4o9 1.4o4 1.400 1.396 1.39'2 1.388 1.383 
8.0 1.379 1.375 1.371 1.367 1.363 1.359 1.355 1.351 1.347 1.343 
2·0 1.339 1.336 1.332 1.328 1.324 1.320 1.317 1.~13 1.309 1. 305 

10.0 1.301 1.298 1.294 1.29J 1.287· 1.283 1.279 1.276 1.272 1.269 
ll.O 1.265 1.262 1.258 1.255 1.251 1.248 1.244 1.241 1.237 1.234 
12.0 1.230 1.227 1.223 1.220 1.217 1.213 1.210 1.207 1.203 1.:00 
13.0 1.197 1.194 1:150 1.187 1.184 1.181 1.178 1.175 1.171 1.168 
14.0 1.165 1.162 1.159 1.1~6 1.153 1.150 1.147 1.144 1.141 1.138 
15.0 1.135 1.132 1.129 1.126 1.123 1.120 1.117 1.114 1.111 1.108 
16.0 1.1o6 1.103 1.100 1.097 l-094 1.091 l.o89 l.o86 1.083 l.o8o 
17.0 LOTI 1.075 1.072 1.069 1.067 1.064 1.061 1.059 1.056 1.053 
18.0 1.051 1.o48 l.o45 1.043 1.040 1.038 1.035 1.033" 1.030 1.027 
12.0 1.022 1.022 1.020 1.017 1.015 1.012 1.010 1.007 1.005 1.002 
20.0 1.000 o.998 o.m 0.993 0.99J o.988 ~-986 0.983 o.981 0.979 
21.0 0.976 0.974 0.972 0.969 o.$67 0.$6; 0.$62 o.96o 0.958 0.955 
22.0 0.953 0.951 0.$49 0.947 0.944 0.942 o.94o 0.938 0.936 0.933 
23.0 0.931 0-929 0.927 0.925 0.923 0.920 0.918 0.916 0.914 0.912 
24.0 0.910 o.so8 o.so6 0.9)4 o.so1 0.899 0.897 0.895 0.893 0.891 
25.0 0.889 0.887 0.885 o.&J:., 0.881 0.879 o.8n 0.875 0.873 o .8Tl. 
26.0 0.869 0.867 0.866 o.864 0.862 o.86o o.858 0.856 0.854 0.852 

. 27.0 o.85o 0.848 0.847 0.845 0.843 0.841 0.839 0.837 0.836 0.834 
28.0 0.832 0.830 0.828 0.826 0.825 0.823 0.821 0.819 0.818 0.816 
22.0 0.814 0.812 0.810 o.8o2 o.8o7 o.8o5 o.8o4 o.e.o2 o.Soo 0.798 
30.0 0.797 0-795 0.793 0.792 0-750 0.788 0.787 0.785 0.783 0.782 
31.0 0.7&:) o.n8 o.m 0.775 o.n4 O.TT2 O.TTO 0-769 0.767 0.766 
32.0 0.764 0.763 0.761 0.759 0-758 0.756 0.755 0-753 0.752 0.750 
33.0 0.749 0.747 0.746 0.744 0.743 0.741 0.739 0-738 0.736 0.735 
34.0 0.733 0.732 0.731 0.729 0.728 0.726 0.725 0.723 0.722 0.720 
35.0 0.719 0.718 0.716 0.715 0.713 0.712 0.711 0.709 0.7o8 0.706 
36.0 0.70.5 0.7o4 0.702 0.701 o.699 0.698 o.6gr 0.695 0.694 0.693 
37.0 0.691 o.6so 0.689 0.687 0.686 0.685 0.683 o.682 0.681 0.679 
38.0 0.678 0.677 0.675 0.674 o.673 0.672 0.670 0.669 0.668 0.666 
22·0 0.665 0.664 0.663 0.661 o.66o 0.652 0.658 o.~ 0.655 0.654 
0.0 o.653 o.652 o.6so o.649 0.648 0.647 0.646 o. o.643 0.642 

41.0 0.641 0.639 0.638 u.637 0.636 0.635 0.634 0.632 o.6lJ. 0.630 
42.0 0.629 0.628 0.627 0.626 0.624 0.623 0.622 o.621 0.620 0.619 
43.0 .0.618 0.616 0.615 0.614 0.613 0.612 0.611 o.61o o.6o9 o.6o8 
4.4.0 o.6o7 o.6o6 o.6o4 o.6o3 o.6o2 o.6o1 o.6oo 0.599 0.598 0.597 
45.0 0.5$6 0.595 0.5$4 0.593 0-592 "0. 591 0.5so o.588 0.587 0.586 
46.0 0.585 0.584 0.583 0.582 0.581 o .58::l 0.579 0.578 o.5n 0.576 
47.0 0.575 0.574 0.573 0.572 (J. 571 0.570 0.569 o.568 0.567 0.566 
48.0 0.565 0.564 0.564 0.563 0.562 0.561 o.s6o 0-559 o.558 0.557 
42.0 0-256 0-525 0.554 0.553 0.552 0.551 0.550 0.549 0.548 0.548 

Computed from Table 170 - Smithsonian Physical Tables - 8th Edition 
Correction factor, ~ 1 is found by dividing the viscosity of vater at the teat 

temperature by the viscosity of vater at 20 C. 
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f. Presentation of Results. The coefficient of permeability shall 

be reported in units with coefficients of i.O, i X io-4 , and i X io-9 em per 

sec. The void ratio of the specimen shall be reported with all values of k. 

The coefficient of pe rrneability, k, is logarithmically dependent upon the 

void ratio of the soil. Where k is determined at several void· ratios, the 

test results shall be presented on a semilogarithmic chart as shown in 

Figure 6 in which k is plotted onthe abscissa (logarithmic scale) and the 

void ratio is plotted on the ordinate (arithmetic sc::::l ... }. 
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·--Figure 6. Relation between permeability and void ratio 
for cohesionless soils 
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4. FALLING-HEAD PERMEABILITY TEST WITH PERMEAMETER 

CYLINDER. a. Use. The falling-head test with the permeameter 
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cylinder should in general be used for determining the permeability of 

remolded samples of cohesionless soils having a permeability less than 

about 10 X 10-4 em per sec. 

b. Apparatus. The apparatus and accessory equipment should 

consist of the following: 

(1) A permeameter cylinder similar to that shown schemat

ically in Figure 3b, or modified versions thereof. The permeameter 

cylinder should be constructed of a transparent plastic material. The in

side diameter of the cylinder should be not less than about 10 times the 

diameter of the largest soil particles. The use ~f two piezometer taps, as 

shown by Figure 3b, connected to a standpipe and discharge level tube 

eliminates the necessity for taking into account the height of capillary nse 

which would be necessary in the case of a single standpipe of small size. 

The height of capillary rise for a given tube and condition can be mea

sured simply by standing the tube upright in a beaker full of water. The 

size of standpipe to be used is generally based on experience with the 

equipment used and soils tested. In order to accelerate testing, air pres

sure may be applied to the standpipe to increase the hydraulic gradient. 

(2) Perforated metal or plastic disks ~nd circular wire 

screens, 35 to 100 mesh, cut for a close fit inside the permeameter. 

(3) Glass tubing, rubber or plastic tubing, stoppers, screw 

clamps, etc., necessary to make connections as shown in Figure 3b. 

(4) Filter materials such as Ottawa sand, coarse sand, and 

gravel of various gradations. 

(5) Deaired distilled water, prepared according to para

graph 3b(6). 

(6) Manometer board or suitable scales for measuring levels ·--
in pi~z.ometers or standpipe. 

(7) Timing device, a watch or clock with second hand. 

(8) Centigrade thermometer, range 0 to 50 C, accurate to 0.1 C. 

(9) Balance, sensitive to 0.1 g. 
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(10} Oven (see Appendix 1, WATER CONTENT- GENERAL}. 

(i i} Scale, graduated in centimeters. 

c. Placement and Saturation of Specimen. Placement and satu

ration of the specimen shall be done as described in paragraph 3~_. 

Identifying information for the sa:nple and test data shall be entered on 

a data sheet similar to Plate VII -2. 

d. Procedure. The procedure shall consist of the following steps: 

(i} Measure and record the height of the s!'::cimen, L, and 

the cross -sectional area of the specimen, A. 

(2} With valve B open (see Fig. 3b), .:rack valve A and 

slowly bring the water level up to the discharge level of the permeameter. 

(3) Raise the head of water in the standpipe above the dis

charge level of the pt::rmeameter. The dif!arence in head should not result 

in an excessively high hydraulic gradient during the test. Close valves 

A and B. 

(4) Begin the test by opening valve B. Start the ti:r.er. As 

the water flows through the specimen, measure and record the height of 

water in the standpipe above the discharge level, h
0

, in centimeters, at 

time t 0 , and the height of water above the discharge level, hf, in 

centimeters, at time tf. 

(5) Observe and record the temperature: of the water in the 

permearneter. 

( 6) Repeat the determination of permeability, and if the com

puted values ·differ by an appreci~ble amount, repeat the test until con

sistent values of permeability are obtained. 

e. Computations. The computations consist of the following steps: 

(1) Compute the test void ratios as outlined in paragraph 3e(i) . . -
(2) Compute the coefficient of permeability, k, by means of 

the following equation: 

~ h ~ a L o 
k = 2.303-- og- RT 

At · h f 
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where a = inside area of standpipe, sq em 

A = cross -sectional area of specimen, sq em 

L = length of specimen, em 

t = elapsed time (tf - t 0 }, sec 

h 0 = height of water m standpipe above discharge level at ~ime 
t , em 

0 

hf = height of water m standpipe above discharge level at time 
tf• em 

RT = temperature correction factor for viscosity of water ob
tained from Table VII-1, degrees C 

If a single standpipe of small diameter is used as shown in Figure 2, the 

height of capillary rise, he, should be subtracted from the standpipe 

readings to obtain h
0 

and hf. 

f. Presentation of Results. The results of the falling-head 

permeability test shall be reported as described in paragraph 3_i. 

5. PERMEABILITY TESTS WITH SAMPLING TUBES. Permeability 

tests may be performed directly on undisturbed samples without removing 

them from the sampling tubes. The sampling tube serves as the per

meamete r cylinder. The method is applicable primarily to cohesionles s 

soils ·which cannot be removed from the sampling tube without excessive 

disturbance. The permeability obtained is in the direction in which the 

sample was taken, i.e. generally vertical. The permeability obtained in a 

vertical direction 'may be substantially less than that obtained in a hori-

. zontal direction. 

Permeability tests with sampling tubes may be performed under 

constant-head or falling-head conditions of flow, depending on the esti

mated permeability of the sample {see paragraph 2a). The equipment 

should be· capable of reproducing the conditions o£ flow in the constant

head or falling-head tests. It is important that all disturbed material or 

mate rial containing drilling mud be removed from the top and bottom of 

the sample. The ends of the sample should be protected by screens held 

in place by perforated packers. ·The test procedure and computations are 
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6. PERMEABILITY TEST WITH PRESSURE CHAMBER. In the perme-

ability test with a pressure chamber, see Figure 7, a cylindrical specimen 

is confined in a rubber membrane and subjected to an external hydrostatic 

pre~ sure during the permeability test. The advantages of this type of 

test are: (a) leakage along the sides of the specimen, which would occur 

i.f the specimen were tested in a permeameter, is prevented, and (b) the 

s pee im en can be tested uncle r conditions of loadinl? .;·~i_.iected in the field. 

The test is .-:lpplic:<J.ble primarily to cohesive f>v:lr !:1 the undisturbed, 

P~l•loldcd, or compacted state. Con1plete saturation of the spedmen, if it 

is not fully saturated initially, is practically impossible. Consequently, 

this test should be used only for soils that are fully saturated, unless 

values nf _Permeability are purposely desired for soils in an unsaturated 

condition. The permeability test with the pressure chamber is usually 

perf0rmed as a falling-head test. 

The permeability specimens for use in the _pressure chamber generally 

should be 2.8 in. in diameter, as rubber membranes and eguipment for 

cutting and trimming specimens of th1s size are available for triaxial 

testing apparatus (see Appendix X, TRIAXIAL COMPRESSION TESTS). A 

spP.clmen length of about 4 in. is adequate. (The dimensions of a tes·t 

speomen may be varied if equipment and supplies are available to make 

a suitable test setup.) The pressure in the chamber should not be less 

than the maximum head on the specimen during the test. The other test 

pr0cedure and computations are the san1e as those described for the 

falling-head test. The linear relation between permeability and void ratio 

on a semilogarithmic plot as shown in Figure 6 is usually not applicable 

to fine-grained sci ls, pa rticularl~ VLhen compacted. Other methods of 

presenting permeability-void ratio data may be desirable. 

7. PERMEABILITY TESTS WITH BACK PRESSURE. 

a. Description. Gas bubbles in the pores of a compacted or un

disturbed specimen of fine-grained soil will invalidate the results of the 
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Figure 7. Pres sure chamber for permeability test 
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permeability tests described in the preceding paragraphs. It is known 

that an increase in pressure will cause a reduction in volume of gas bub

bles and also an increased weight of gas dissolved in water. To each de

gree of satu:ration there corresponds a certain ac:kl.itional pressure (back 

pressure) which, if applied to the pore fluid of the specimen, will ca.use 

complete saturation. The permeability test with back pressure is per

formed in a pressure chamber such as that shoWn in.Figure 8, utilizing 

equipment that permits increasing the chamber pre:;!;ure and pore pres

sure simultaneously, maintaining their difference c:onstant. The method 

is generally applicable to fine-grained soils that are not fully saturated. 

Apparatus and procedures have been described by A. Casagrandet and 

L. Bjerrum and J. Huder.t 

b. Procedure (see Fig. 8). The procedure shall consist of the 

following steps: 

(1) After having determined the dimensions and wet weight 

of the test specimen, place it in the triaxial apparatus, using the same 

procedure as for setting up a specimen for an R triaxial test with pore 

pres sure measurements except that filter strips should not be used 

(see para 7, APPENDIX X, TRIAXIAL COMPRESSION TESTS). 

(2) Saturate the specimen and verify 100 percent saturation 

using the procedure described in paragraph 7b, APPENDIX X, TRIAXIAL 

COMPRESSION TESTS. Burette "A" is utilized during this operation. 

(3) With the drainage valves closed, increase the chamber 

t Casagrande, A., "Third Progress Report on Investigation of Stress 
Deformation and Strength Characteristics of Compacted Clays,'' Soil 
Mechanics Series No. 70, Nov 1963, Harvard University, Cambridge, 
Mass., pp 3 0 and 31. 

t Bjerrum, L. ~nd Huder, J., ''Measurement of the Permeability of 
Compacted Clays," Proceedings, Fourth International Conference on 
Soil Mechanics and Foundation Engineering, London, Vol 1, 
Aug 1957, pp 6-8. 
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pressure to attain the desired effective consolidation pressure (chamber 

pressure minus back pressure). At zero elapsed time, open valves E 

and F. 

(4) Record time, dial indicator reading, and burette reading 

at elapsed times of 0, 15, and 30 sec, 1, 2, 4, 8, and 15 min, and 1, 2, 4, 

and 8 hr, etc. Plot the dial indicator readings and burette readings on an 

arithmetic scale versus elapsed time ·on a log scale. When the consoli

dation curves indicate that primary consolidation i~3 ·::-;;mplete, close 

valves E and F. 

(5) Apply a pressure to burette B greater than that in 

burette A. The difference between the pressures in burettes B and A 

is equal to the head loss h; h divided by the height o£ the specimen after 

consolidation, L , is the hydraulic gradient. ·The difference between the 

two pressures should be kept as small as practicable, consistent with the 

requirement that the rate o£ flow be large enough to make accurate 

measurements of the quantity of flow within a reasonable period of time. 

Because the difference in the two pressures may be very small in com

parison to the pressures at the ends of the specimen, and because the 

head loss must be maintained constant throughout the test, the difference 

between the pressures within the burettes must be measured accurately; 

a differential pressure gage is very useful for this purpose. The dif

ference between the elevations of the water within the burettes should 

also be- considered (1 in. of water = 0.036 psi of pressure). 

(6) Open valves D and F. Record the burette readings at any 

zero elapsed time. Make readings of burettes A and Band of temperatu::-e 

at various elapsed times (the interval between successive readings de

pends upon the permeability of t_!l~ soil and the dimensions of the speci-. 

men). Plot arithmetically the change in readings of both burettes versus 

time. Continue making readings until the two curves become parallel 

and straight over a sufficient length of time to accurately determine the 

rate of flow (slope of the curves). 
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(7) If it is desired to determine the permeability at several 

void ratios, steps 3 t~rough 6 can be repeated, using different .consolida

tion pressures in step 3. 

(8) At the end of the permeability determinations, close all 

drainage valves and reduce the chamber pressure to zero; disassemble 

the apparatus. 

(9) Determine the wet and dry weights of the specimen. 

c. Computa.tions. The c amputations consist of the following 

steps. 

(i) Compute the test void ratios as outlined in para

graph 3e(i). 

(2) Computations of coeffici·ents of permeability are the 

same as those described for the constant- head permeability test. 

8. PERMEABILITY TESTS WITH CONSOLIDOMETER. A perme

ability test in a consolidometer (see Appendix VIII, CONSOLIDATION 

TEST) is essentially similar to that conducted in a pressure chamber, 

except that the specimen is placed within a relatively -rigid ring and is 

loaded vertically. The test can be used as an alternate to the perme

ability test in the pressure chamber. The test is applicable primarily 

to cohesive soils in a fully saturated condition. Testing is usually per

formed under falling- head conditions. 

A schematic diagram of the consolidation apparatus set up for a 

falling-head permeability test is shown in Figure 9. Identifying informa

tion for the specimen and subsequent test data are entered on a data sheet 

(Plate VII- 3 is a suggested form). The specimen should be placed in the 

specimen ring and the apparatus assembled as outlined under Appen-

dix VIII, CONSOLIDATION TEST. The specimen is consolidated under --
the desired load and the falling-head test is performed as previously 

described. The 
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Figure 9. Schematic diagram o£ falling-head device for 
permeability test in consolidometer 

net head on the spec1men may be increased by use of air pressure; how

ever, the pressure on the pore water should not exceed 25 to 30 percent 

o! the vertical pressure under which the specimen has consolidated. Dial 

indicator readings are observed before and after consolidation to permit 

cornputation of void ratios. The d~t~rmination of the coefficient of perme

ability may be made in conjunction with the consolidation test, in \";hich 

c:ase the test is performed at the end of the consolidation phase undt!r each 

load increment. Computations are similar to those described fur the 
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falling -head test with the permeameter cylinder. 

The permeability may also be determined indirectly from computa

tions using data obtained during the consolidation test; however the as

sumptions on which the method is based are seldom satisfied, and conse

quently, the direct determination of permeability should be employed 

where reliable values of permeability are requireci. 

9. POSSIBLE ERRORS. Following are possible errors that would cause 

inaccurate determinations of the coefficient of permeability: 

a. Stratification or nonuniform compaction of cohesionless soils. 

If the specimen is compacted in layers, any accumulation of fines at the 

surface of the layers will reduce the measured coefficient of permeability. 

b. Incomplete initial saturation of specimen. 

c. Excessive hydraulic gradient. Darcy's law is applicable only 

to conditions of laminar flow. 

d. Air dissolved in water. No other source of error is as 

troublesome as the accumulation of air in the specimen from the flowing 

water. As water enters the specimen, small quantities of air dissolved 

in the water will tend to collect as fine bubbles at the soil-water interface 

and reduce the permeability at this interface with increasing time. The 

method for detecting and avoiding this problem is described in paragraph 

3d(6). (It should be noted that air accumulation will not affect the coef

ficient of permeability determined by the constant-head test if piezometer 

taps along the side o! the specimen are used to measure the head loss.) 

e. Leakage along side of specimen in permeameter. One major 

advantage to the use of the triaxial compression chamber for permeability 

tests (s-ee pa.ragraphs 6 and 7) is that the specimen is confined by a 

flexible membrane which is pressed tightly against the specimen by the 

chamber pressure. 
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9.1 DESIGN AND DEVELOPMENT 

CHAPTER NINE 

SAMPLING PLAN 

The initial -- and perhaps most critical -- element in a program designed 
to evaluate the physical and chemical properties of a solid waste is the plan 
for sampling the waste. It is understandable that analytical studies, with 
their sophisticated instrumentation and high cost, are often perceived as the 
dominant element in a waste characterization program. Yet, despite that 
sophistication and high cost, analytical data generated by a scientifically 
defective sampling plan have limited utility, particularly in the case of 
regulatory proceedings. 

This section of the manual addresses the development and implementation 
of a scientifically credible sampling plan for a solid waste and the 
documentation of the chain of custody for such a plan. The information 
presented in·this section is relevant to the sampling of any solid waste, 
which has been defined by the EPA in its regulations for the identification 
and listing of hazardous wastes to include solid, semisolid, liquid, and 
contained gaseous materials. However, the physical and chemical diversity of 
those materials, as well as the dissimilarity of storage facilities (lagoons, 
open piles, tanks, drums, etc.) and sampling equipment associated with them, 
preclude a detailed consideration of any specific sampling plan. Conse
quently, because the burden of responsibility for developing a technically 
sound sampling plan rests with the waste producer, it is advisable that he/she 
seek competent advice before designing a plan. This is particularly true in 
the early developmental stages of a sampling plan, at which time at least a 
basic understanding of applied statistics is required. Applied statistics is 
the science of employing techniques that allow the uncertainty of inductive 
inferences (general conclusions based on partial knowledge) to be evaluated. 

9.1.1 Development of Appropriate Sampling Plans 

An appropriate sampling plan for a solid waste must be responsive to both 
regulatory and scientific objectives. Once those objectives have been clearly 
identified, a suitable sampling strategy, predicated upon fundamental statis
tical concepts, can be developed. The statistical terminology associated with 
those concepts is reviewed in Table 9-1; Student•s "t" values for use in the 
statistics of Table 9-1 appear in Table 9-2. 

9.1.1.1 Regulatory and Scientific Objectives 

The EPA, in its hazardous waste management system, has required that 
certain solid wastes be analyzed for physical and chemical properties. It is 
mostly chemical properties that are of concern, and, in the case of a number 
of chemical contaminants, the EPA has promulgated levels (regulatory 
thresholds) that cannot be equaled or exceeded. The regulations pertaining to 
the management of hazardous wastes contain three references regarding the 
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TABLE 9-1. BASIC STATISTICAL TERMINOLOGY APPLICABLE TO SAMPLING PLANS FOR SOLID WASTES 

Terminology Symbol 

• Variable (e.g., barium x 
or endrin) 

Individual measurement Xi 
of variable 

• Mean of all possible 
measurements of variable 
(population mean) 

• Mean of measurements 
generated by sample 
(sample mean) 

• Variance of sample 

Mathematical equation (Equation) 

N 
r x. 

. 1 1 1= 
p = N with N = number of 

possible measurements 

Simple random sampling and 
systematic random sampling 

n 

(1) 

r x. 
. 1 1 

x = l=n , with n = number of (2a) 
sample measurements 

Stratified random sampling 

-X = with xk = stratum (2b) 
mean and Wk = frac-
tion of population 
represented by Stratum 
k (number of strata 
[k] range from 1 to r) 

Simple random sampling and 
systematic random sampling 

n n 
r i- o: x1.)

2
/n 

2 i=1 1 i=1 s = n - 1 

Stratified random sampling 

(3a) 

2 r 2 
s = I: Wksk ' 

k=1 
with s~ = stratum (3b) 
variance and W = 
fraction of po~ulation 
represent by Stratum k 
(number of strata [k] 
ranges from 1 to r) 
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TABLE 9-1. (Continued) 

Terminology 

• Standard deviation of 
sample 

• Standard error 
(also standard error 
of mean and standard 
deviation of mean) 
of sample 

• Confidence interval 
for pa 

. Regulatory thresholda 

. Appropriate number of 
samples to collect from 
a solid waste (financial 
constraints not considered) 

. Degrees of freedom 

. Square root transformation 

. Arcsin transformation 

Symbol 

s 

sx 

CI 

RT 

n 

df 

Mathematical equation ·(Equation) 

s s- = -
X fri 

(4) 

(5) 

CI = X ~ t.20 sx, with t.20 (6) 
obtained from 
Table 2 for 
appropriate 
degrees of freedom 

Defined by EPA (e.g., 100 ppm for (7) 
barium in elutriate of EP toxicity) 

t2 s2 
n = .20 , with ~ = RT - x (8) 

~2 

df = n - 1 (9) 

X; + 1/2 (10) 

Arcsin p; if necessary, refer to any (11) 
text on basic statistics; 
measurements must be con-
verted to percentages (p) 

aThe upper limit of the CI for p is compared with the applicable regulatory 
threshold (RT) to determine if a solid waste contains the variable (chemical 
contaminant) of concern at a hazardous level. The contaminant of concern is not 
considered to be present in the waste at a hazardous level if the upper limit of the CI 
is less than the applicable RT. Otherwise, the opposite conclusion is reached. 
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TABLE 9-2. TABULATED VALUES OF STUDENT'S "t" FOR EVALUATING 
SOLID WASTES 

Degrees of 
freedom (n-1)a 

Tabulated 
"t" valueb 

1 3.078 
2. 1.886 
3 1.638 
4 1.533 
5 1.476 

6 1.440 
7 1.415 
8 1.397 
9 1.393 

10 1.372 

11 1.363 
12 1.356 
13 1.350 
14 1.345 
15 1.341 

16 1.337 
17 1.333 
18 1.330 
19 1.328 
20 1.325 

21 1.323 
22 1.321 
23 1.319 
24 1.318 
25 1.316 

26 1.315 
27 1.314 
28 1.313 
29 1.311 
30 1.310 

40 1.303 
60 1.296 

120 1.289 
1.282 

aoegrees of freedom (df) are equal to the number of samples (n) 
collected from a solid waste less one. 

bTabulated "t" values are for a two-tailed confidence interval 
and a probability of 0.20 (the same values are applicable to a one-tailed 
confidence interval and a probability of 0.10). 
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sampling of solid wastes for analytical properties. The first reference, 
which occurs throughout the regulations, requires that representative samples 
of waste be collected and defines representative samples as exhibiting average 
properties of the whole waste. The second reference, which pertains just to 
petitions to exclude wastes from being listed as hazardous wastes, specifies 
that enough samples (but in no case less than four samples) be collected over 
a period of time sufficient to represent the variability of the wastes. The 
third reference, which applies only to ground water monitoring systems, 
mandates that four replicates (subsamples) be taken from each ground water 
sample intended for chemical analysis and that the mean concentration and 
variance for· each chemical constituent be calculated from those four 
subsamples and compared with background levels for ground water. Even the 
statistical test to be employed in that comparison is specified (Student's t
test). 

The first of the above-described references addresses the issue of 
sampling accuracy, and the second and third references focus on sampling 
variability or, conversely, sampling precision (actually the third reference 
relates to analytical variability, which, in many statistical tests, is 
indistinguishable from true sampling variability). Sampling accuracy (the 
closeness of a sample value to its true value) and sampling precision (the 
closeness of repeated sample values) are also the issues of overriding 
importance in any scientific assessment of sampling practices. Thus, from 
both regulatory and scientific perspectives, the primary objectives of a 
sampling plan for a solid waste are twofold: namely, to collect samples that 
will allow measurements of the chemical properties of the waste that are both 
accurate and precise. If the chemical measurements are sufficiently accurate 
and precise, they will be considered reliable estimates of the chemical 
properties of the waste. 

It is now apparent that a judgment must be made as to the degree of 
sampling accuracy and precision that is required to estimate reliably the 
chemical characteristics of a solid waste for the purpose of comparing those 
characteristics with applicable regulatory thresholds. Generally, high 
accuracy and high precision are required if one or more chemical contaminants 
of a solid waste are present at a concentration that is close to the 
applicable regulatory threshold. Alternatively, relatively low accuracy and 
low precision can be tolerated if the contaminants of concern occur at levels 
far below or far above their applicable thresholds. However, a word of 
caution is in order. Low sampling precision is often associated with 
considerable savings in analytical, as well as sampling, costs and is clearly 
recognizable even in the simplest of statistical tests. On the other hand, 
low sampling accuracy may not entail cost savings and is always obscured in 
statistical tests (i.e., it cannot be evaluated). Therefore, although it is 
desirable to design sampling plans for solid wastes to achieve only the 
minimally required precision (at least two samples of.a material are required 
for any estimate of precision), it is prudent to design the plans to attain 
the greatest possible accuracy. 

NINE - 5 
Revision 0 

-.--~~ Date September 1986 

C-5 



The roles that inaccurate and imprecise sampling can play in causing a 
solid waste to be inappropriately judged hazardous are illustrated in Figure 
9-1. When evaluating Figure 9-1, several points are worthy of consideration. 
Although a sampling plan for a solid waste generates a mean concentration 
(X) and standard deviation (s, a measure of the extent to which individual 
sample concentrations are dispersed around X) for each chemical contaminant of 
concern, it is not the variation of individual sample concentrations that is 
of. ultimate concern, but rather the variation that characterizes X itself. 
That measure of dispersion is termed the standard deviation of the mean (also, 
the standard error of the mean or standard error) and is designated as sx. 
Those two sample values, X and sx. are used to estimate the interval (range) 
within which the true mean (p) of the chemical concentration probably occurs, 
under the assumption that the individual concentrations exhibit a normal 
(bell-shaped) distribution. For the purposes of evaluating solid wastes, the 
probability level (confidence interval) of 80% has been selected. That is, 
for each chemical contaminant of concern, a confidence interval (CI) is 
described within which p occurs if the sample is representative, which is 
expected of about 80 out of 100 samples. The upper limit of the 80% CI is 
then compared with the appropriate regulatory threshold. If the upper limit 
is less than the threshold, the chemical contaminant is not considered to be 
present in the waste at a hazardous level; otherwise, the opposite conclusion 
is drawn. One last point merits explanation. Even if the upper limit of an 
estimated 80% CI is only slightly less than the regulatory threshold (the 
worst case of chemical contamination that would be judged acceptable), there 
is only a 10% (not 20%) chance that the threshold is equaled or exceeded. 
That is because values of a normally distributed contaminant that are outside 
the limits of an 80% CI are equally distributed between the left (lower) and 
right (upper) tails of the normal curve. Consequently, the CI employed to 
evaluate solid wastes is, for all practical purposes, a 90% interval. 

9.1.1.2 Fundamental Statistical Concepts 

The concepts of sampling accuracy and precision have already been 
introduced, along with some measurements of central tendency (X) and 
dispersion (standard deviation [s] and sx) for concentrations of a chemical 
contaminant of a solid waste. The utility of x and sx in estimating a 
confidence interval that probably contains the true mean (p) concentration of 
a contaminant has also been described. However, it was noted that the 
validity of that estimate is predicated upon the assumption that individual 
concentrations of the contaminant exhibit a normal distribution. 

Statisti~al techniques for obtaining accurate and precise samples are 
relatively simple and easy to implement. Sampling accuracy is usually 
achieved b some form of random sam lin • In random sampling, every unit in 
the population e.g., every location in a lagoon used to store a solid waste) 
has a theoretically equal chance of being sampled and measured. Consequently, 
statistics generated by the sample (e.g., X and, to a lesser degree, sx) are 
unbiased (accurate) estimators of true population parameters (e.g., the CI for 
p). In other words, the sample is representative of the population. One of 
the commonest methods of selecting a random sample is to divide the 
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Figure 9-1.-lmportant theoretical relationships between sampling accuracy and precision and 
rwoulatory objectives for a chemical contaminant of a solid waste that occurs at a concentration 
margiMIIY less than its regulatory threshold. In this example, barium is the chemical contaminant. 
The true mean concentration of barium in the elutriate of me EP toxicity test is 85 ppm, a.s compared 
to a regulatory threshold of 100 ppm. The upper limit of the confidence interval for the true 
mean concentration, which is estimated from the sample mean and standard error, mun be lf!'S:S than 
the reoulatory threshold if barium is judged to be present in the waste at a nonhazardous level. 
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population by an imaginary grid, assign a series of consecutive numbers to the 
units of the grid, and select the numbers (units) to be sampled through the 
use of a random-numbers table (such a table can be found in any text on basic 
statistics). It is important to emphasize that a haphazardly selected sample 
is not a suitable substitute for a randomly selected sample. That is because 
there is no assurance that a person performing undisciplined sampling will not 
consciously or subconsciously favor the selection of certain units of the 
population, thus causing the sample to be unrepresentative of the population. 

Sampling precision is most commonly achieved by taking an appropriate 
number of samples from the population. As can be observed from the equation 
for calculating sx. precision increases (sx and the CI for p decrease) as the 
number of samples (n) increases, although not in a 1:1 ratio. For example, a 
100% increase in the number of samples from two to four causes the CI to 
decrease by approximately 62% (about 31% of that decrease is associated with 
the critical upper tail of the normal curve). However, another 100% increase 
in sampling effort from four to eight samples results in only an additional 
39% decrease in the CI. Another techni ue for increasin sam lin recision 
is to maximize the h sical size wei ht or volume of the sam les that are 
collected. That has the effect of minimizing between-sample variation and, 
consequently, decreasing sx. Increasing the number or size of samples taken 
from a population, in addition to increasing sampling precision, has the 
secondary effect of increasing sampling accuracy. 

In summary, reliable information concerning the chemical properties of a 
solid waste is needed for the purpose of comparing those properties with 
applicable regulatory thresholds. If chemical information is to be considered 
reliable, it must be accurate and sufficiently precise. Accuracy is usually 
achieved by incorporating some form of randomness into the selection process 
for the samples that generate the chemical information. Sufficient precision 
is most often obtained by selecting an appropriate number of samples. 

There are a few ramifications of the above-described concepts that merit 
elaboration. If, for example, as in the case of semiconductor etching 
solutions, each batch of a waste is completely homogeneous with regard to the 
chemical properties of concern and that chemical. homogeneity is constant 
(uniform) over time (from batch to batch), a single sample collected from the 
waste at an arbitrary location and time would theoretically generate an 
accurate and precise estimate of the chemical properties. However, most 
wastes are heterogeneous in terms of their chemical properties. If a batch of 
waste is randomly heterogeneous with regard to.its chemical characteristics 
and that random chemical heterogeneity remains constant from batch to batch, 
accuracy and appropriate precision can usually be achieved by sim le random 
sampling. In that type of sampling, all units in the population essentially 
all locations or points in all batches of waste from which a sample could be 
collected) are identified, and a suitable number of samples is randomly 
selected from the population. More complex stratified random sampling is 
appropriate if a batch of waste is known to be nonrandomly heterogeneous in 
terms of its chemical properties and/or nonrandom chemical heterogeneity is 
known to exist from batch to batch. In such cases, the population is 
stratified to isolate the known sources of nonrandom chemical heterogeneity. 
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After stratification, -which may occur over space (locations or points in a 
batch of waste) and/or time (each batch of waste), the units in each stratum 
are numerically identified, and a simple random sample is taken from each 
stratum. As previously intimated, both simple and stratified random sampling 
generate accurate estimates of the chemical properties of a solid waste. The 
advantage of stratified random sampling over simple random sampling is that, 
for a given number of samples and a given sample size, the former technique 
often results in a more precise estimate of chemical properties of a waste (a 
lower value of sx) than the latter technique. However, greater precision is 
likely to be realized only if a waste exhibits substantial nonrandom chemical 
heterogeneity and stratification efficiently "divides" the waste into strata 
that exhibit maximum between-strata variability and minimum within-strata 
variability. If that does not occur, stratified random sampling can produce 
results that are less precise than in the case of simple random sampling. 
Therefore, it is reasonable to select stratified random sampling over simple 
random sampling only if the distribution of chemical contaminants in a waste 
is sufficiently known to allow an intelligent identification of strata and at 
least two or three samples can be collected in each stratum. If a strategy 
employing stratified random sampling is selected, a decision must be made 
regarding the allocation of sampling effort among strata. When chemical 
variation within each stratum can be estimated with a great degree of detail, 
samples should be optimally allocated among strata, i.e., the number of 
samples collected from each stratum should be directly proportional to the 
chemical variation encountered in the stratum. When detailed information 
concerning chemical variability within strata is not available, samples should 
be proportionally allocated among strata, i.e., sampling effort in each 
stratum should be directly proportional to the size of the stratum. 

Simple random sampling and stratified random sampling are types of 
probability sampling, which, because of a reliance upon mathematical and 
statistical theories, allows an evaluation of the effectiveness of sampling 
procedures. Another type of probability sampling is systematic random 
sampling, in which the first unit to be collected from a population is 
randomly selected, but all subsequent units are taken at fixed space or time 
intervals. An example of systematic random sampling is the sampling of a 
waste lagoon along a transect in which the first sampling point on the 
transect is 1 m from a randomly selected location on the shore and subsequent 
sampling points are located at 2-m intervals along the transect. The 
advantages of systematic random sampling over simple random sampling and 
stratified random sampling are the ease with which samples are identified and 
collected (the selection of the first sampling unit determines the remainder 
of the units) and, sometimes, an increase in precision. In certain cases, for 
example, systematic random sampling might be expected to be a little more 
precise than stratified random sampling with one unit per stratum because 
samples are distributed more evenly over the population. As will be 
demonstrated shortly, disadvantages of systematic random sampling are the poor 
accuracy and precision that can occur when unrecognized trends or cycles occur 
in the population. For those reasons, systematic random sampling is recom
mended only when a population is essentially random or contains at most a 
modest stratification. In such ·cases, systematic random sampling would be 
employed for the sake of convenience, with little expectation of an increase 
in precision over other random sampling techniques. 
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Probability sampling is contrasted with authoritative sampling, in which 
an individual who is well acquainted with the solid waste to be sampled 
selects a sample without regard to randomization. The validity of data 
gathered in that manner is totally dependent on the knowledge of the sampler 
and, although valid data can sometimes be obtained, authoritative sampling is 
not recommended for the chemical characterization of most wastes. 

It may now be useful to offer· a generalization regarding the four 
sampling strategi~s that have been identified for solid wastes. If little or 
no information 1s available concerning the distribution of chemical 
contaminants of a waste, simple random sampling is the most appropriate 
sampling strategy. As more information is accumulated for the contaminants of 
concern, greater consideration can be given (in order of the additional 
information required) to stratified random sampling, systematic random 
sampling, and, perhaps, authoritative sampling. 

The validity of a CI for the true mean (p) concentration of a chemical 
contaminant of a solid waste is, as previously noted, based on the assumption 
that individual concentrations of the contaminant exhibit a normal 
distribution. This is true regardless of the strategy that is employed to 
sample the waste. Although there are computational procedures for evaluating 
the correctness of the assumption of normality, those procedures are 
meaningful only if a large number of samples are collected from a waste. 
Because sampling plans for most solid wastes entail just a few samples, one 
can do little more than superficially examine resulting data for obvious 
departures from normality (this can be done by simple graphical methods), 
keeping in mind that even if individual measurements of a chemical contaminant 
of a waste exhibit a considerably abnormal distribution, such abnormality is 
not likely to be the case for sample means, which are our primary concern. 
One can also compare the mean of the sample (X) with the variance of the 
sample (s2). In a normally distributed population, X would be expected to be 
greater than s2 (assuming that the number of samples [n] is reasonably large). 
If that is not the case, the chemical contaminant of concern may be 
characterized by a Poisson distribution (X is approximately equal to s2) or a 
negative binomial distribution (X is less than s2). In the former 
circumstance, normality can often be achieved by transforming data according 
to the square root transformation. In the latter circumstance, normality may 
be realized through use of the arcsine transformation. If either 
transformation is required, all subsequent statistical evaluations must be 
performed on the transformed scale. 

Finally, it is necessary to address the appropriate number of samples to 
be employed in the chemical characterization of a solid waste. As has already 
been emphasized, the appropriate number of samples is the least number of 
samples required to generate a sufficiently precise estimate of the true mean 
(p) concentration of a chemical contaminant of a waste. From the perspective 
of most waste producers, that means the minimal number of samples needed to 
demonstrate that the upper limit of the CI for p is less than the applicable 
regulatory threshold (RT). The formula for estimating appropriate sampling 
effort (Table 9-1, Equation 8) indicates that increased sampling effort is 
generally justified as s2 or the "t.zo" value (probable error rate) increases 
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and as h(RT -X) decreases. In a well-designed sampling plan for a solid 
waste, an effort is made to estimate the .. values of X and sZ before sampling is 
initiated. Such preliminary estimates, which may be derived from information 
pertaining to similar wastes, process engineering data, or limited analytical 
studies, are used to identify the approximate number of samples that must be 
collected from the waste. It is always prudent to collect a somewhat ~reater 
number of samples than indicated by preliminary estimates of X and s since 
poor preliminary estimates of those statistics can result in an underestimate 
of the appropriate number of samples to collect. It is usually possible to 
process and store the extra samples appropriately until analysis of the 
initially identified samples is completed and it can be determined if analysis 
of the additional samples is warranted. 

9.1.1.3 Basic Sampling Strategies 

It is now appropriate to present general procedures for implementing the 
three previously introduced sampling strategies (simple random sampling, 
stratified random sampling, and systematic random sampling) and a hypothetical 
example of each sampling strategy. The hypothetical examples illustrate the 
statistical calculations that must be performed in most situations likely to 
be encountered by a waste producer and, also, provide some insight into the 
efficiency of the three sampling strategies in meeting regulatory objectives. 

The following hypothetical conditions are assumed to exist for all three 
sampling strategies. First, barium, which has an RT of 100 ppm as measured in 
the EP elutriate test, is the only chemical contaminant of concern. Second, 
barium is discharged in particulate form to a waste lagoon and accumulates in 
the lagoon in the form of a sludge, which has built up to approximately the 
same thickness throughout the lagoon. Third, concentrations of barium are 
relatively homogeneous along the vertical gradient (from the water-sludge 
interface to the sludge-lagoon interface), suggesting a highly controlled 
manufacturing process (little between-batch variation in barium concen
trations). Fourth, the physical size of sludge samples collected from the 
lagoon is as large as practical, and barium concentrations derived from those 
samples are normally distributed (note that we do not refer to barium levels 
in the samples of sludge because barium measurements are actually made on the 
eTutriate from EP toxicity tests performed with the samples). Last, a 
preliminary study of barium levels in the elutriate of four EP toxicity tests 
conducted with sludge collected from the lagoon several years ago identified 
values of 86 and 90 ppm for material collected near the outfall (in the upper 
third) of the lagoon and values of 98 and 104 ppm for material obtained from 
the far end (the lower two-thirds) of the lagoon. 

For all sampling strategies, it is important to remember that barium will 
be determined to be present in the sludge at a hazardous level if the upper 
limit of the CI for~ is equal to or greater than the RT of 100 ppm (Table 9-
1, Equations 6 and 7). 
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9.1.1.3.1 Simple Random Sampling 

Simple random sampling (Box 1) is performed by general procedures in 
which preliminary estimates of X and s2, as well as a knowledge of the RT, for 
each chemical contaminant of a solid waste that is of concern are employed to 
estimate the appropriate number of samples (n) to be collected from the waste. 
That number of samples is subsequently analyzed for each chemical contaminant 
of concern. The resulting analytical data are then used to conclude 
definitively that each contaminant is or is not present in the waste at a 
hazardous concentration or, alternatively, to suggest a reiterative process, 
involving increased sampling effort, through which the presence or absence of 
hazard can be definitively determined. 

In the hypothetical example for simple random sampling (Box 1), 
preliminary estimates of X and s2 indicated a sampling effort consisting of 
six samples. That number of samples was collected and initially analyzed 
generating analytical data somewhat different from the preliminary data (s2 
was substantially greater than was preliminarily estimated). Consequently, 
the upper limit of the CI was unexpectedly greater than the applicable RT, 
resulting in a tentative conclusion of hazard. However, a reestimation of 
appropriate sampling effort, based on statistics derived from the six samples, 
suggested that such a ·conclusion might be reversed through the collection and 
analysis of just one more sample. Fortunately, a resampling effort was not 
required because of the foresight of the waste producer in obtaining three 
extra samples during the initial sampling effort, which, because of their 
influence in decreasing the final values of X, sx, t.20• and, consequently, 
the upper limit of the CI -- values obtained from all nine samples-- resulted 
in a definitive conclusion of nonhazard. 

9.1.1.3.2 Stratified Random Sampling 

Stratified random sampling (Box 2) is conducted by general procedures 
that are similar to the procedures described for simple random sampling. The 
only difference is that, in stratified random sampling, values of X and s2 are 
calculated for each stratum in the population and then integrated into overall 
estimates of those statistics, the standard deviation (s), sx, and the 
appropriate number of samples (n) for all strata. 

The hypothetical example for stratified random sampling (Box 2) is based 
on the same nine sludge samples previously identified in the example of simple 
random sampling (Box 1) so that the relative efficiencies of the two sampling 
strategies can be fully compared. The efficiency generated through the 
process of stratification is first evident in the preliminary estimate of 
n (Step 2 in Boxes 1 and 2), which is six for simple random sampling and four 
for stratified random sampling. (The lesser value for stratified sampling is 
the consequence of a dramatic decrease in s2, which m~re than compensated for 
a modest increase in ~.) The most relevant indication of sampling efficiency 
is the value of sx. which is directly employed to calculate the cr. In the 
case of simple random sampling, sx is calculated as 2.58 (Step 9 in Box 1), 
and, for stratified random sampling, sx is determined to be 2.35 (Steps 5 and 
7 in Box 2). Consequently, the gain in efficiency attributable to 
stratification is approximately 9% (0.23/2.58). 
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January 4, 1989. 

Mr. Jose Bou, 
Martin Marietta Corpoation, 
Aluminum Properties, 
6801 Rockledge, 
Bethesda, Maryland 20817 
U.S.A. 

Dear Hr. Bou: 

... 

Enclosed please find the results of the hydrolysis experiments on the 
supplied wastes. The results look very encouraging for using 
hydrolysis, with excellent destruction during all the runs. If you have 
any questions regarding this report or further testing, please do not 
hesitate to contact me. 

Our invoice for $2,000 is enclosed. 

Yours truly, 

~ 
Peter Top 
Waste Treatment Technology 
Energy & Environmental Engineering Division 

PT/id 
enc. 

(f) Yearsof 
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January 4, 1989. 

Martin Marietta Corporat1on, 
Aluminum Properties, 
6801 Rockledge, 
Bethesda, Maryland 20817 
U.S.A. 

Report No. 

Identification 

Specifications of Order 

(WED) 1. 4.'' :15:51 N0.2B81161115 PRGE 

48-25078 (88-48-WTS-035) 

Acceptance Letter 

Cyanide Hydrolysis Exper1ments 

Two cyanide waste samples were received from Mart1n Marietta Corporation, 
labelled "Hard Pitch Sample 11 CHP). and 11 Haste PHch Sample 11 (HP). A 
1,000 ml aliquot of WP ~ample was placed in the 2 litre hydrolysis 
unit. The temperature was set for 475°F and the unit was stirred at 
400 rpm. After approximately 30 minutes, the set temperature was 
reached, and the first sample was taken (i.e. t ~ 0 mins). Samples were 
also taken at 3, 6, 10 and 30 minutes. The feed and samples were tested 
for total cyanide and the 0, 3 and 6 m1nute samples were analyzed for 
free cyanide. 

The HP sample was hydrolyzed according to the above procedure, and the 
results are given in Table 1. 

Insufficient sample was available to specifically determine some of the 
free cyanide levels and, for these, "less thanh values are given. 

Significant destruction of the cyanide was achieved during the first 
sample period (1.e. t- 0 mins); 99.91 for the WP sample and 92.3% for 

. the HP sample. Therefore, rather than perform two runs at 450°F and 
425°F, as specified in the original quotation, the second experiment 
was 
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2 
Cyanide Hydrolysis 
For: Martin Marietta Corporation 

performed at a much lower temperature (350°F) and for a longer time 
(120 mins). To evaluate the hydrolysis of the mixed wastes, the HP and 
WP samples were mixed 50/50 by volume. Samples were taken at 0, 20, 60 
and 120 m1r\utes and analyzed for Tota1 and Free Cyanide. The results 
are given 1n Table 2. 

The free cyanide concentrations for the 60 minute sample was not analyzed 
because of insuff1cient sample. 

;!dt;-j;e---· 
Peter Top 
Waste Treatment Technology . 
Energy & Environmental Engineering Division 

Approved by: 

;;;~ !9 
Glenn Vicevic 
Manager. Waste Treatment Technology 
Energy & Environmental Engineering Division 
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Cyanide Hydrolysis 
For: Hartin Marietta Corporation 

TABLE 1 - Run 1 Cyanide Concentrations 

Time Total CN- Free CN-
(mins) (mg/U (mg/L) 

WP Feed 755 n.a. 
0 1.0 0.04 
3 0.57 n.a. 
6 0.14 <0.2 

10 0.13 n.a. 
30 0.09 <0.2 

HP Feed 19.4 n.a. 
0 1.5 <0.01 
3 0.19 n.a. 
6 0.16 <0.05 

10 0.16 n.a. 
30 0.15 <0.05 

TABLE 2 - Run 2 Cyanide Concentration 

Time: Total CN- Free CN-
(mins) (mg/L) Cmg/L) 

Feed 387. n.a. 
0 0.178 0.152 

2.0 0.0125 0.0108 
60 0.045 i. s. 

120 0.038 <0.00006 

· n. a. - not analyzed 
Ls. - 1nsuffic1ent sample 
... calculated average feed concentration 
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2 3 9 5 Speakman Drive 
Mississ.1uga, Oncario L5 K I B3 
(416) 822-4111 (800) 268-5390 
Telef.1x (416) 823-1446 

January 12, 1989. 

Ms. Loretta Gabrowski, 
Martin Marietta Corporation, 
3313 West Second, 
The Dalles, Oregon 97058 
U.S.A. 

Dear Ms. Gabrowski: 

Enclosed please find the cyanide analytical procedures you requested. 
These are the methods used for the cyanide analysis; the results of 
which were reported to you in Report No. 48-25078 (88-48-WTS-036). 

For determination of Total Cyanides, Method A (Sections 12 to 18) is 
used, and Method C (Sections 26 to 32) is -used for determination of Free· 
Cyanide. 

The reference for these procedures is the 1988 Annual Book of ASTM 
Standards, Volume 11 .02, ASTM, Philadelphia, PA, U.S.A .. 

I hope this information is of help to you. If you have any further 
questions, please do. not hesitate to call me. 

Yours truly, 

8$-
Peter Top 
Waste Treatment Technology 
Energy & Environmental Engineering Division 
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~~1~ Designation: D 2036-87 

Test Methods for 
Cyanides in Water 1 

il 
I· 

T~i~ standard _is issue_d under the fixe~ ?esignation D 2036;. th~ _cumber i~m~iately following the designation indicates the year of 
ongmal ~dopu~n or, 1~ th~ case of re':mo_n, the year ?flast reVISion. A number m parentheses indicates the year of last reapproval. A 
superscnpt eps1lon (•) md1cates an ed1tonal change smce the last revision or reapproval. 

'I 
II ., 
'I 

1. Scope 
1.1 These test methods cover the determination of cya

nides in water. The following test methods are included: . 

· Tot Method A-Total Cyanides after Distillation ...... : ....... . 
Tot Method B-Cyanides Amenable to Chlorination2 by Difference · 
Test Method C-Weak Acid Dissociable Cyanides ............. . 
Test Method D-Cyanides Amenable to Chlorination without Distil- · 

lation (Short-cut method) ........... ; ................... .. 

Sections 

12 to 18 
19 to 25 
26 to 32 

33 to 39 

1.2 Cyanogen halides may be determined separately. 

NoTE !-Cyanogen chloride is the most common of the: cyanogen 
halide complexes as it is a reaction product ·and is usually present when 
chlorinating cyanide-containing industrial waste water. For the presence 
or absence of CNCl the spot test method given in Annex A I can be used. 

1.3 These test methods do not distinguish between cya
nide ions and metallocyanide compounds and complexes. 
Furthermore, they do not detect the cyanates. 

NOTE 2-The cyanate complexes are decomposed when the sample 
is acidified in the distillation procedure. 

1.4 The cyanide in cyanocomplexes of gold, platinum, 
cobalt and some other transition metals is not completely 
recovered by these test methods. · 

i .5 Only a few organa-cyanide complexes are recovered, 
and those only to a minor extent. 

1.6 Part or all of these test methods have been used 
successfully with reagent water and various waste waters. It is 
the user's responsibility to assure the validity of the test 
method for the water matrix being tested. 

_1.7 This standard may involve hazardous materials, oper
atcons, 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 to use. Specific 
hazard statements are given in 8.8, Note 4, 8.20, Section 9, 
and 11.2. · 

2. Referenced Documents 

2.1 ASTM Standards: 
D I 129 Definitions of Terms Relating to Wate~ 

I . 

Wa These test meth.ods are und~r .~c jurisdiction o! ASTM Committee De 19 on 
A ler ~nd arc the d1rcct responslblhty of Subcommittee D 19.06 on MethOds for 

nalys1s for Organic Substances in Water. · 
;.urrent edition approved May 29, 1987. Published July 1987. Originally 

Pu 
2
hshed as D 2036- 64 T. Last previous edition D 2036 - 82u. · 
For an explanation of the term cyanides amenable to alkaline chlorination 

~ laney, L. E. and Zabban, W., M Analytical Methods and Instrumentation fo; 

1~ terrnining Cyanogen Compounds,~ Papers on Industrial Water and Industrial 
a;te Water. ASTM STP 337, 1962, pp. 32-45. 
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D 1193 Specification for Reagent Wate~ .. 
D 3370 Practice for Sampling Wate~ : : :· 
D 4210 Practice for Intralaboratory Quality Control Pro-

cedures and a Discussion on Reporting . Low-Level 
Data3 ;:. 

E 60 Practice for Photometric Spectrophotomeiric 
Methods for Chemical Analysis of Metals4 

.. ·: 

E 275 Practice for Describing and Measuring Perforinance 
of "Ultraviolet, Visible, and· Near Infrared Specti:o-
photometers5 · 

.! 
. ! 

3. Definitions 

3.1 For definitions of terms used in these test methods 
refer to Definitions D 1129. . : · ' 

4. Summary of Test Methods. 11: 

4.1 The cyanide as hydrocyanic acid (HCN) is ~~lea5ed 
from compounds by means of reflux distillation and ab
sorbed in sodium hydroxide solution. The conditions used 
for . the distillation distinguish the type . of cyanide. The 
sodmm cyanide in the absorbing solution can be determined 
colorimetrically, by titration or by selective ion electrode.' 

4.2 Test Method A, Total Cyanide, is based on the 
decomposition of nearly all cyanides in the presence ·of 
strong acid, magnesium chloride catalyst, and heat during a 
1-h reflux distillation. ~ . · · : ;, · 

4.3 Test Method B, Cyanide Amenable to Chlorina~i~rii' is 
based on chlorinating a portion of the sample under'· cdn
trolled conditions followed by the determination of total 
c~anide in both the ori~na~ and chlorinated samples. Cya
mdes amenable to chlonnatton are calculated by difference. 

4.3.1 This test method can be affected by compounds that 
~re converted during chlorination to color-producing coin
pounds or react with the reagents used, and cause interfer
ence in the procedure employed to determine cyanide in the 
absorption solution. .: 

4.4 Test Method C, Weak Acid Dissociable Cyanides; is 
based on the decomposition of cyanides in the presencei of 
weak acid, zinc acetate and heat during a 1-h reflux 
distillation. . ; 1 

4.5 Test Method D, Cyanide Amenable to Chlorination 
without Distillation, is a direct colorimetric procedure. ;1 

4.6 The minimum concentration of cyanide in the 
1lb

sorption solution that can be accurately deter!nided 
colori_met~cally is 0.005 mg/L, by titration 0.4 mg/L and! by 
s~le~tiv~ Ion electr~de 0.05 mg/L. Pretreatment in,clud~g 
distillatiOn tends to mcrease these concentrations to a de~ee 

I l I' 
i: lj • .~Mual Book of ASTM Standards, Vol 03.05. 

'Annual Book of ASTM Standards, Vol 14.01. :; !I 
, I 

!I I!' 
'i 
!' 
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FIG. 1 Cyanide Distillation Apparatus 
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determined by the amount of manipulation required and the 
type of sample. 

4.7 Round-robin data indicate the following minimum 
concentrations: colorimetric 0.03 mg/L; titration 1.0 mg/L; 
and selective ion electrode 0.03 mg/L. 

5. Significance and Use 

5.1 Cyanide is highly toxic. Regulations have been estab
lished to require the monitoring of cyanide in industrial and 
domestic wastes and in surface waters (Appendix XI). 

5.2 Test Method D is applicable for natural water and 
clean metal finishing or heat treatment effiuents. It may be 
used for process control in wastewater treatment facilities 
providing its appli~ability has been validated by Test Method 
B or C. 

.5.2 The spot test outlined in Annex A1 can be used to 
::t <.:yanide and thiocyanate in water or wastewater, and 

.pproximate its concentration, 

6. Interferences 

6.1 Common interferences in the analysis for cyanide 
include oxidizing agents, sulfides, aldehydes, glucose, and · 
other sugars, high concentration of carbonate, fatty acids, 
thiocyanate, and other sulfur containing compounds. 

6.2 It is beyond the scope of these test methods to describe 
procedures for overcoming all of the possible interferences 
that may be encountered. . · . :. · 

6.3 When the procedures must be revised to meet specific 
requirements, recovery data must be obtained by the addi
tion of known amounts of cyanide to the sample. . . 

7. Apparatus 

7.1 Distillation Apparatus-The reaction vessel shall be a 
l-L round bottom flask; with provision for an inlet tube and 
a condenser. The inlet tube shall be a funnel with an 8-mm 
diameter stem that extends to within 6 mm of the bottom of 
the flask. The condenser, which is recommended, shall be a 
reflux-type, cold finger or Allihn. The condenser shall be 
connected to a vacuum-type absorber which shall be in turn 
connected to a vacuum line which has provision for fine 
control. The flask shall be heated with an electric heater. 
Examples of the apparatus are shown in Fig. L Equivalent 
apparatus is acceptable provided cyanide recoveries of 100 ± 

• are documented. · 
.2 Spectrophotometer or Filter Photometer, suitable for 

measurement in the region of 578 nm, using 1.0-, 2.0-, 5.0-, 
and 1 0.0-cm absorption cells. Filter photometers and photo-

metric practices used in these test methods shall conform to 
Practice E 60. Spectrophotometers shall conform to Practice 
E275._ 

:7.3 Selective Ion Meter, or a pH ·rp.~et 'With expanded 
millivolt scale equipped with a cyanide activity electrode and 
a reference electrode. 

:7.4 Mixer, magnetic, with a TFE-fluorocarbon-coated 
stirring bar. 

7.5 Buret, Koch, micro, 2- or 5-mL, calibrated. in 0.01 
mL.· 

; toJ r 
daily; 

. _:;, 8.9 
'30% 

. weeki· 
. ~;~ .. 8.1 ( 
: ii.rthe 
.• !'-·· 

I , -~~~8.11 s: Reagents and Materials ·"1!8:1: 
· 8.1 Purity of Reagents-Reagent grade chemicals shall be ... (Pb(C: 

used in ail teSts. Unless otherwise indicated, it is intended · · . "acetat· 
that all reagents shall conform ~o the specifications of the . ~. ddrec 
American Chemical Society, where such specifications are '"-~}.8: 1·: 
available.6 Other grades may be used, provided it is first . /iL8~_1: 
ascertained that the reagent is of sufficiently high purity to . ·.'. magm 
pei-mit its use without lessening the accuracy of the determi." ~::·[\:.,:. · 
nation. }_g~~1~ 

8.2 Purity of Water-Unless otherwise indicated,· refer- '2~rJ1c 
ences to water. shall be understood to mean reagent water r baroit" 
conforming to Type II grade of Specification D 1193. . ;~e~oug 
. 8.3 Acetic Acid (1 +9)-Mix 1 volume of glacia.J. acetic _i;;··barbit 

acid with 9 volumes of water. · ·.,·. · .:.9:j:"r· · ·---.,.:o :hyc 
· 8.4 Acetate Buffer-Dissolve 410 g of sodium. acetate -~i§gJ_Pe 

trlhydrate (NaC2H 30 1 ·3H10) in 500 mL of water. A.dd:· -~bfthe 
glacial acetic acid to yield a solution pH of 4.5; approxi-_, ,l:fai:>b'~t 
mately 500 mL. . · ·,~ . .., · j;..Si;_8.17 
! 8.5 Barbituric Acid. . §O~oi ··1 
: 8.6 Calcium Hypochlorite Solution (50 g/L)-Dissolve 5 g ?#.:a'cetb'n 

of calcium hypochlorite (Ca(OOh) in 100 mL of water. ;~~~8.-18 
Store the solution in an amber glass bottle in the dark. ·fr.E6987 
Prepare fresh monthly. . ~~-tf 
: 8.7 Chloramine-T Solution (10 g/L)-Dissolve 1.0 g of ~Plf8~f9 

; the white-colored, water-soluble grade powder chloramine-T ·-;:NM:sc 
·.in 100 mL of water. Prepare fresh weekly. .';~~l({,. 
. I 8.8 Stock Cyanide Solution ( 1 mL = 250 !J.g eN-)- : ~~'Non 

_: Dissolve 0.6258 g of potassium cyanide (KCN) (Warning· ! -~~r~ 
f Precaution, See Note 3) in 40 mL of sodium hydroxide iw.nir.i.; 
: s~lution (40 g/L). Dilute to 1 L with water. Mix thoroughly.: -~(~~ 

; · . . ·~ter. 
! 6 MRcagent Chemicals, American Chemical Society Specifications," Am. Cbclll·~- '·: . .,..J.~~~-1 

ib.J Soe., Washington, DC. For suggestions on the testing of reagents not listed bY.' -~~~ 9i 
tile American Chemical Society, see MRcagent Chemicals and Standards, • bY : :1~~r8.22 
Joseph Rosin, D. Van Nostrand Co., Inc., New York, NY, and the "United SU!d.; .tsltlfam 
Pharmacopeia. • ·. f.4ij~;·.; 
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. 512odardize with standard silver nitrate solution following 
the titration procedure (see 16.2). . 

NoTE )-Warning-Precaution- Because KCN is highly toxic, avoid 
cQntact or inhalation (see Section 9). 

8.23 Sodium Thiosulfate Solution (500 g/L)-Dissolve 
785 g of sodium thiosulfate (Na2S20 3 • 5H20) in water and 
dilute to 1 L · :• . . " 

8.24 Sulfuric Acid (1+ I)-Slowly and carefully add. 1 
volume of sulfuric acid (H2S04, sp gr 1.84) to 1 volume~of 

• • .. I 

water, sttmng and cooling the solution during the additio'n. 
. 8.25 Zinc Acetate Solution (100 gjL)-Dissolve 120 g\of 

zmc acetate [Zn(C2H30 2h · 2H2] in 500 mL of water. Dilute 
to 1 L ! :I 

' :, 

8.8.1 Standard Solution, Cyanide I ( 1 mL = 25 J.lg 
an-Dilute a calculated volume (approximately 100 mL) 

. ofKCN stock solution to 1 L with NaOH solution (1.6 gjL). 
· 8.8.2 Standard Solution, Cyanide II (1 mL = 2.5 J.lg 
an-Dilute exactly 100 mL ofKCN standard solution I to 
1 L with NaOH solution (1.6 g/L). · 9. Safety Hazards i 

8.8.3 Standard Solution, Cyanide III (1 mL = 0.25 J.lg 9.1 Because_ ofthe toxicity of cyanide, great care must be 
CN-}-Dilute exactly 100 rnL ofKCN standard solution.II exercised in, its handling. Acidification of cyanide solutio

1
ns 

10 
1 L with NaOH solution (1.6 g/L). Prepare fresh solution produces toxic hydrocyanic acid (HCN). All manipulatio'ns 

daily and protect from light. ·. . must ~ d<~me in the hood so that any HCN gas that migbt 
8.8.4 Standard Solution, Cyanide IV (1 mL = 0.025 ~g · . escape 1~ S?fely vented. . · : ·,; 

eN-)-Dilute exactly 100 mL of KCN standard solution III . · :9.2 Ma~y of the. reagents u5ed in these test methods are 
to 1 L with NaOH solut~on (1.6 gJL). Prepare fresh solution ~y toXIc .. ~es~ reagents a:n~ their solu~ons m~~t;.pe 
daily and protect from light. . : .· .chsposed ~f p~operly. . .. , . ·.~ 

8.9 Hydrogen Peroxide Solution, 3 %-Dilute-'10 mL of . . . . I 

30% hydrogen peroxide (H
1
0

2
) to· fOO mL. Prepare fresh 10.· S~mple ~rid S~iriple Preservatio~-, . · .. ;~ ·-~- ~:· :_, 

v•eeldy. .. 10.1 ·:coilect the sample i~ ·. a'cco;dance with Practice 
8.10 Isooctane, Hexane, Chloroform (solvent preference D 3370. · _, .. · · . · . · · ... · : j . 

. in the order named). 19.2 Minimize exposure of samples to ultraviolet l-ad.la-
8.11 Lead Acetate Test Paper. tion that causes photodecomposition of some metal cyanide: 
8.12 Lead Carbonate · (PbC0

3
), Lead 'Acetate complexes and may significantly increase the concentration 

(Pb(C
2
H

3
0

2
h · 3H

2
0), or Lead Nitrate (Pb(N03) 2)-Lead of free cyanide in the sample. It is recommended that all 

acetate and lead nitrate can be put in solution with water if manipulations ·of the '$ample be performed in ·a· well-
. desired, at a suggested concentration of'SO g(L · · · ' ventilated hood under incandescent light. . · • . ~!: 

8.13 Lime, hydrate (Ca(OHh), powder. . 10.3 Oxidizing agents (chlorine) will destroy the cyanide 
8.14 Magnesium Chloride Solution-Dissolve 510 g of m st~rage. Sulfide can convert the cyanide to thiocyanate, 

magnesium chloride (Mg0
2 

• 6H
2
0) in water and dilute to 1 especially at the pH of the stabilized sample. The presence 'of 

L. either oxidizing agents or sulfides should be determined 
8.15 Potassium Iodide-Starch Test Paper. . '· befOre the addition of sodium hydroxide preservation. or· 
8.16 Pyridine-Barbituric Acid Reagent-Pl~e 15 g of further analysis. . 

barbituric acid in a 250-mL volumetric flask and add just · 10.3.1 Oxidizing Agents-Test for the presence of chic-
enough water to wash the sides of the flask and wet the rine by placing a drop of the sample on a strip of potassium 
barbituric acid. Add 7 5 mL of pyridine and mix. Add 15 mL iodide-starch test paper which has been previously moistened 
of hydrochloric acid (sp gr 1.19), mix, and cool to room with the acetic acid solution. Darkening (bluish) of the test 
temperature. Dilute to volume with water and mix until all paper normally indicates the presence of chlorine.· (Man-
of the barbituric acid is dissolved. This solution is usable for ganese dioxide, nitrosyl chloride, etc., if present, may· also 
about 6 months if stored in a cold dark place. . . cause discoloration of the test paper.) Add sodium arsenite 

8.17 Rhodanine Indicator Solution (0.2 gJL)-Dissolve solution dropwise to the sample and retest. In the event th'at 
0.02 g of (p-dimethylaminobenzylidene) in 100 mL of ~ blu~sh dis~o.Ioration is still perceptible, repeat the sodium 
acetone. · arserute add1t10n. · · . ! I' 

8.18 Standard Solution, Silver Nitrate (0.0 1 N)·--Dissolve 10.3.2 Sulfide-Test for the presence of sulfide by placing 
1.6987 g of silver nitrate (AgN0

3
) in water and dilute to 1 L. a ~op of the sample on a strip of lead acetate test p'ap~r 

Mix thoroughly. Store in a dark container. whtch has been previously moistened with the acetic acid 
8.19 Sodium Arsenite Solution (20 gJL)-Dissolve 2 g of solution. Darkening of the test paper indicates the preseriee 

NaAs0
2 

in 100 mL of water. , . of sulfide. The presence of sulfide can be assumed to indicate 

NoTE 4-Precaution-Waming- This material has appeared on. lists 
of suspected and known carcinogens. A void contact with skin. : . 

8.20 Sodium Hydroxide Solution (40 g/L)-:-Dissolve 40 g 
of sodium hydroxide (NaOH) in water and dilute to 1 L with 
Water. 

8.21 Sodium Hydroxide Solution (1.6 gjL)-Dilute 40 
tnl of NaOH solution (40 gjL) to 1 L. · 

8.22 Sulfamic Acid Solution (133 gjL)-Dissolve 133 g of 
sulfamic acid in water and dilute to 1 L. 
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the absence of oxidizing agents in the sample. Sulfide is 
removed by treating the sample with small increments of 
powdered lead carbonate or with the dropwise addition bf 
lead nitrate or lead acetate solution. Black lead sulfide 
~recipit:tes in samples containing sulfide. Repeat the opera
tlon untll no more lead sulfide forms, as indicated by testing 
the supernatant liquid with lead acetate test paper. Iminedi
ately filter through dry paper into a dry beaker and stabiliZe 
the sample according to 10.4 or 10.5. . 1j: 

10.4 If the sample cannot be analyzed immediately, 
stabilize it by the addition of sodium hydroxide (NaOH) 
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lets tq a pH of 12 to 12.5 and store it in a closed bottle 
trk bottle if available) in a dark and cool emironment. 
!0.5 Stabilize effiuents high in carbonate (coal gassifica
n wastes, atmospheric emission scrub waters. etc.) by the 
: of hydrated lime (Ca(OHh) with constant stirring to 
t<. •• _ pH of.I2 to 12.5. All_ow to settle and decant sufficient 
Iume 'of sample from the calcium carbonate and store as in 
.4. 

. Elimination of Interferences 

II. I The following treatments are for the removal or 
iuction of substances that can interfere in the various 
:thod.s. Care must be taken to keep time of pretreatment at 
ninimum to avoid loss of cyanide (see 9.1).· 
11.2 Fatty acids that distill and form soaps in the absorp
'n solution can be removed by extraction. Acidify the 
mple with dilute (1+9) acetic acid to ·a pH 6 to 7, 
recaution: See Note 5). Extract With isooctane, hexane or . 
Ioroform (preference in order named), with a :solvent 
Iume equal to 20% of the sample volume. One extraction 
usually sufficient to reduce the fatty· acids below the 

terference level. Avoid multiple extractions or a long 
ntact time at low pH in order to keep the loss ofHCN to a 
inimum. When the extraction is complete, immediately 
ise the pH of the sample to 12 to 12.5 With NaOH solution. 

NOTE 3: Prec:!Ution-Perfonn this operation in the hood and leave 
:sample there until it is made alkaline after the extraction. 

I 1.3 Aldehydes combine with cyanides to form cyanohy
ins which can hydrolyze to acids under distillation condi
)r~ 1-lydrogen cyanide is not liberated and is not available 
. ntitative determination in the absorption solution. 
1e 11.mnation of cyanohydrins also interferes in the direct 
,Jorimetric determination (Test Method D and spot test). 
entification and removal of aldehydes is described in 
ppendix X2. 
11.3.1 Glucose and other sugars if present in the sample 
n also form cyanohydrins with cyanide at the pH ·~r 
·eservation.'. · · · · ' · 
11.4 Carbonate, in high concentration, can affect the.· 
stillation procedures by causing violent release of carbon. 
oxide with excessive foaming when the acid is added, and· 
r lowering the pH of the absorption· solution. Use _·or 
.lcium hydroxide to-preserve the sample (10.5) :viii elimi-
lte these interferences. · .. 
I 1.5 Nitrite and· nitrate in the sample can react under 

mditions of the distillation with ·other contaminants 
·esent to form cyanides. The addition ·of an excess of 
tlfarnic acid to the sample prior to the addition of sulfuric 
:id will eliminate this interference. · 
11.6 Thiocyanate and other sulfur containing compounds 

m decompose during distillation. Sulfur, hydrogen sulfide, 
dfur dioxide, etc., formed can be distilled into the absorp
:m solution. The addition of lead ion to the absorption 
1lution before distillation followed by filtration of the 
ilution before the titration or the colorimetric procedure is 
;ed will eliminate sulfur and sulfide interference. Absorbed 
dfur dioxide forms sodium sulfite which reacts with 
t 1ine-T in the colorimetric determination. Test for the 
:t •.• ~..--e of chloramine-T by placing a drop of solution on a 
rip of potassium iodide test paper previously moistened 

with dilute acetic acid. If the test is negative, add chloramine. 
T until a positive test is obtained. 

11-.7 Thiocyanate in the presence of ferric ion is quantita. 
tively determined by the colorimetric procedure. Test 
Method D· outlines a procedure for masking any cyanide 
amenable to chlorination in order to determine thiocyanate 
by difference. . · 

11.8 Substances which contribute color or turbidity inter . 
fere with Test Method D . 

12. Scope 

TEST METIIOD A-TOTAL CYANIDES 
AFTER DISTILLATION 

12."1 This test method covers the determination of cya. 
nides in water, including the iron cyanide complexes (total 
cyanide): 

12.2 The cyanide in some cyano complexes oftransition 
metals, for example, cobalt, gold, platinum, etc., is not 
determined. 

12.3 Either the titration, colorimetric or selective ion 
electrode procedure can be used to quantify the cyanide 
concentration. 

12.4 This test method has been used successfully on 
reagent and surface water and coke plant, refinery, and 
sanitary waste waters. It is the user's responsibility to assure 
the validity of the test method for the water matrix being 
tested. •·· · 

13 .. Interferences 

13.1 All the chemical compounds as listed in Section 6, 
can interfere. · · 

· 13.2 For the removru of these interferences, proceed as 
instructed in Sections 10 and II. 

14. Apparatus· · 

14.1 The schematic arrangement of the distillation system 
is· shown in Fig. 1. 

•14.2 For the required equipment, instructions, and parts,' 
re_re·r to Section 7. 

15. Reagents an.d· Materials 

!S.1 Refer to reagents and materials listed in Section 8. ·· . .. . ~ . . .. 

16~ Procedure· · 

16.1 Distillation Procedure: 
16.1.1 Set up the apparatus as shown in Fig. 1.. , 
16.1.2 Add 10.0 mL of NaOH solution ( 40 g/L) to the 

absorber. Dilute with water to obtain an adequate depth of 
liquid. Do not use more than 225 mL of total volume in the 
absorber . 

. 16.1.3 Attach the absorber to. the vacuum and connect to 
the condenser. 

.'16.1.4 Place 500 mL of the sample in the flask. If cyanide 
content is suspected to be more than I 0 mgJL, use an aliquot 
so: that no more than 5 mg of cyanide is in the distilling flask 
and dilute to 500 mL with water. Annex A I describes a 
procedure for-establishing the approximate cyanide contenL 
Verify a negative reaction in the spot-plate technique bY 
using 500 mL of the sample. 

16.1.5 Connect the flask to the condenser. 

94 
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16.!.6 Turn on the vacuum and adjust the air flow to 

approximately 1 bubble per second entering the boiling flask 
through the air-inlet tube. · 

!6.1.7 Add 20 mL of magnesium chloride solution (8.14) 
through the air inlet tube. If the sample contains nitrite or 
nitrate, add 15 mL ofsulfamic acid solution (8.23). • 

16.!.8 Rinse the air-inlet tube with a few mL ofwater and 
alloW the air flow to mix the content of the flask for 
approximately 3 min. : , · 

16.1.9 Carefully add 50 mL of H2S04 solution ( 1+ 1) 
through the air-inlet tube. 

-:· 
. . 

NoTE 6-Precaution-Warning -Add slowly; heat is generated and 
foaming may occur. 

16.1.1 0 Turn on. the condenser cooling water. Heat the 
·solution to boiling, taking care to prevent the solution from 
backing into the air-inlet tube. · ·· 

16.1.11 Maintain the air flow as in 16.1.6. · · ·'·' 
!6.1.12 Reflux for 1 h. . 
16.1.13 Turn off the heat, but maintain the air flow·for at 

least an additional 15 min. 
. 16.1.14 Quantitatively transfer the absorption solution 
into a 250-mL volumetric flask.· Rinse· absorber ·and its 
connecting tubes sparingly with water and add to· the 
volumetric flask. . ·:, ·. -· 

16.1.15 Dilute to volume with water and mix thoroughly. 
16.1.16 Determine the concentration o( cyanide in the 

absorption solution by one of the three procedures (16.2, 
16.3, or 16.4). 

16.2 Titration Procedure: 
16.2.1 Place 100 mL of the ·-absorption solution or an 

accurately measured aliquot diluted to _106 mL wi~h NaOH 
solution ( 1.6 g/L) in a flask or beaker .. 

16.2.2 Add 0.5 mL of rhodanine indicator solution. 
16.2.3 Titrate with standard silver _nitrate solution (8.19) 

using a micro buret to the flrst change from yellow to ~m~n · 
~n~ . I 

16.2.4 Titrate a blank of 100 mL of NaOH solution (1.6 
gjL) (8.22). . 

16.2.5 Record the results of the titration and calculate the 
cyanide concentration in the original samples according to 
instructions given in 17 .1. 

16.3 Colorimetric Procedure: 
16.3.1 Standardization: . 
16.3.1.1 Prepare a series of cyanide standards based on 

the cell path which is used (Table 1). For this purpose use 
50-mL glass-stoppered volumetric flasks or graduat~d cylin-
duL · 

16.3. 1.2 Follow steps 16.3.2.2 through 16.3.2.6 of the 
Procedure. 

16.3.1.3 Calculate the absorption factor (17.2.1).. ·· 
· 16.3.2 Procedure: 

16.3.2.1 Pipet an aliquot of the absorption liquid, s.uch 
~hat the concentration falls within the standardization range, 
lnt? a 50-mL glass-stoppered volumetric flask or gradu~ted 
cyhnder. 

16.3.2.2 Dilute to 40 mL with the NaOH solution (1.6 
gJL). . ·. . 

16.3.2.3 Place 40 mL of NaOH solution (1.6 g/L) in a 
flask or cylinder for a blank. (Carry out the following steps of 
the Procedure on the blank also.) 
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TABLE 1 Guide for Selection of Appropriate Cell Paths· ! 
Standard 
Solution 

No. 

IV 
IV 
IV 
IV 
IV 
IV 
IV 
Ill 
Ill .. '·. 
Ill 
Ill 
Ill 
Ill 

Milntres of 
Standard 
Solution 

50ml 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 
40.0 
5.0 

10.0 
15.0 
20.0 
25.0. 
30.0 

0.0 (blank) 

Final Concen
tration.l19 

CNfmL 

0.0025 
0.0050 
0.0075 
0.0100 
0.0125 
0.0150 
0.0200 
0.0250 
0.0500 
0.0750 
0.1000 

. . 0.1250 . 
0.1500 

1.0 

X 
X 
X 
X 
X 
X 
X 

.I 

CeR Length, i ; :_\ 
em ! 1 

i' ; 

5.0 1o.o: 
X ' 

X X I 

X X i 
X X ; 

X X i X X ! 
X 
X 

.... 
' 

.. :·X . ·X 

·-... ··, ...... ~:~. ~,· . ·:·:~·;,. 
16.3.1.4 Add .. l:mL.of'chl~ramine~T solution and 1 mL:C,f 

acetate buffer, stopper,. mix by inversion two or three times, 
and'auow'to stand-for exactly i min. . .. ·.·- : : .· 

16.3'.2.5 Add 5·. mL of pyridine-barbituric acid reagent, 
dilute to volume with water, mix thoroughly, and.allow to 
stand 'exactly' 'g. mii:i for .coicir develo-pment. . .. ~-~ :·. ~ i' 

16.3.2.6 Measure at the absorbance maximum at 578. nm. 
Measure absorbance (A) VerSUS water. . . . . . .... _;_ 

16.3.2.7 Calculate'·t.he concentration. of :_cyanide' .(mg 
CN/L) in the original sample foll()wing instructions 'given in 
17.2. . .. 
· 16.4 Selective. ion Electrode Procedure: · I 

. 16.4, 1 Standardization: · · .. 
16.4.1.1 Place 1 00-mL aliquots of standard solutions I, II, 

III, and IV in 250-mL beakers. :._ :; 
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16.4.1.2 Follow 16.4.2.2 and 16.4.2.3. 
16.4.1.3 Pipet 10- and 50-mL'<iliquots of standard solu

tion IV into .250-mL beakers and dilute to 100 inL :with 
NaOH solution (1.6 gfL). · . · :···>:'·ti;:~·ti-.. 

16.4.1.4 Follow 16.4.2.2 and 16.4.2.3 of the procedure, 
starting with the lowest concentration. . · 

16.4.1.5 Plot concentration values of the standardizing 
solutions on the logarithmic axis of semilogarithmic graph 
paper versus the potentials developed in the standardizing 
solutions on the linear axis. Follow manufacturer's instruc-
tions for direct-reading ion meters. : :! 

16.4.2 Procedure: ; :· 
16.4.2.1 Place 100 mL of the absorption solution (or an 

accurately measured aliquot diluted to 100 mL with NaOH 
solution (1.6 g/L)) in a 250-mL beaker. ' :1: 

NOTE 7-Cbeck a small portion of the solution for s~lfide. J it!:is 
present, add either the PbC03 or Pb(CzH30 2h before inserting the 
electrodes. · • i: 

16.4.2.2 Place the beaker on a ·magnetic stirrer, pla·~~-a 
TFE-fluorocarbon-coated stirring bar in the solution, stir at a 
predetermined constant rate, and maintain constant temp~r-
ature. · · .: · · .. : . ! 

16.4:2.3 Insert the cyanide specific ion electrode and the 
reference electrode in the solution and measure potential or 
the cyanide concentration following ihe manufacturer's in-
structions. ·. I ·~ i \. 

16.4.2.4 Use values found from . the graph or 
1

d.iiect
reading ion meter to calculate the concentration in~ the 

I · -~ ~~ : 
I!,' 1,! 

lj: 

ill 
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TABLE 2 Reagent Water (Test Method A) 

· Technique 
Amount Added, Amount Found, 

. mgfL ·mg/L 

0.060 0.060 
Colorimetric 0.500 0.480 

0.900 0.996 
Electrode 0.060 0.059 

0.500 0.459 
0.900 0.911 
5.00 5.07 

Titrtmetric 2.00 2.10 
5.00 4.65 
5.00 5.18 

original sample following the instructions given in 17 .3. 

17. Calculation . 
17.1 Titration Procedure-Calculate the concentration .in 

milligrams of CN per litre in the original sample as follows: 
mg CN/L = [(A -B) x N A&N03 x o'.052/mL orlgi~ili sample] 

X (250/mL aliqu<;>t'used) X 106 

where: .. 
A = AgN03 solution to titrate sample, millilitr~s, and 
B = AgN03 solution to titrate blank, millilitres. 

17.2 Colorimetric Procedure-Calculate the concentra
tion in milligrams of CN per litre as follows: 

17 .2.1 Absorption Factor: 
mg CN/L 

Factor, mg CN/L/A 
A -AB .... ,.:. 

n 
... ·~ .... 

:ere: 
_ = sample absorbance, 

A B =.blank absorbance, and 
n = nuniber of solutions. 

17 .2.2 Concentration: 

'• -.. 
.. ' 

:_:·r,... 

mg CN/L = (A - A8 ) x Factor 
X mL final dilution/mL original 
sample in final. dilution ··,~f ~ 

= net A X Factor. '• · ~.: . .~.·~ 
· · x (250/mL original sampl~).: : .. - :~ . , 

' 
x (50/aliquot from 250) .; .. , .. . .·,... . • . ... . ..... . 

17.3 Selective-Ion Electrode Procedure--,-Calculate·· the 
concentration in mg/L as follows: .. ·.· · : ... ·· .. 
mg CN/L = mg CN/L from graph or niet.er · · ' . . 

x (100/aliquot) x (250/mL original_,~rilple) 

18. Precision a:nd Bias7 

18.1 Precision: 
18.1.1 Colorimetric-Based on the results of nine ope·ra~ 

tors in nine laboratories, the overall and single-operator : 
precision oftliis test method within its designated rang~ may. 
be expressed as follows: . · :.:· 

Reagent Water 

Selected Water Matrices· 

Sr= 0.06x + 0.003 ·. 
Sa = 0.11x + 0.010 . 
Sr= 0.04x + 0.018 
S0 = 0.04x + 0.008 

7 Supporting data arc available from ASTM Headquartco. Request· RR: 
019-1131. 

,t.:. Statb1lcal 
.n s, Bias !10 Bias Slgnlflcance, 

95 !10 CL 

26 -· 0.0101 . 0.000 .. 0 No 
23 0.0258 -0.020 -4 ~0 
27 0.0669 0.096 11 ··ves · 
18 .. , 0.0086 -0.001 2 'NO 
18. 0.0281 -0.041 -8 Yes 
16 0.0552 0.011 1 No 
18 0.297 0.07 1 No 
18 . 0.1267 0.10 ·5· Yes 
18 0.2199 -0.35 -7 ' Yes 
18 0.2612 0.18 4 Yes 

18.1.2 Electrode-Based on the results of six operators. in 
five laboratories, the overall and single-operator precision of 
this test method :within its designated range may be expressed 
as follows: 

Reagent Water 

Selected Water Matrices 

Sr = 0.06x + 0.003 
' Sa = 0.03x + 0.008 ' 

Sr= 0.05x + 0.008 
sa = o.o3x + o.o 12 

18.1.3 Titrimetric-Based on the results of six operaton 
in three laboratories;· 'the overall and single-operator preci
sion of this test method within its designated range may be 
·expressed as follows: · 

Reagent Water 

·· Selected Water Matrices · 

18.1.4 where: 

. . . 
Sr = 0.04x + 0.038 

.. , Sa= O.Olx + 0.018 
-S_;r= 0.06x + 0.711 
S0 = 0.04x + 0.027 

Sr = overall-precision, "' 
S0 :::;·single operator precision, and ·· . ·. · ·: 

· x = cyanide concentration; milligrams per litre.: ·.. · ·'-
18.1.5 ·Since- this is ari existing test· method·-' which has 

results from a' minimum.-of three'laboratories fo·r a· total of 
:six operators, 'it' does fiat require further collaborative· testing 
in accordance with Practice D 2777. . . ·~ 
· · 18.2 Bias~ RecoverieS 'of knowri ·amounts oFcyanide 
from Reagent Water Type II and selected water matrices an 
shown.in·Tables 2 aridT ·.·:.. -i;.. ~· i .. ,·_,'-' ~- .~ 

· 18:3 The ·precision and: bias: infor'mation' :·given': in· ~
section may not apply to waters ofuntested matri~. -·2r~~ 
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- .. . . . . . .. .. •. ':' .. : i. .· ~ ..... : '~ 

TEST METIIOD ~ANIDES AMENABLE TO · 
.•· .. .CHLORINATION BYTIIE D~RENCE: .: · 

19. ·scope · · =· · ' ~- · .. •· · 

19 ~ 1 Thls .. ~6t m~tbod covers the dete~!n~ti~~~ of cya:_ 
nides amenable to chlorination in water. . . . . , 
· 19.2 Iron cyanides. are the most commonly encounte~ 
compounds not amenable to chlorination. _ .:.. . : · : 

19.3 This test method has been used on reagent;.surface. 
and industrial waste waters. It is the user's responsibility to 
assure the validity of the test method for the water. matrix 
being tested. · . . f.! 

20. Interferences . 

20.1 All the chemical compounds listed in Section 6, c:in 
interfere. . :i 
· 20.2 For the removal of these interferences, proceed·~ 

instructed in. Sections 10 and 11. · ·· ? 
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.~~ 

>; 
.'"..l, 
.!'· 
~t:":' .. ~~ 
;.; 
A• .. ::.: 

, .. , 
itical ~ fl~ 

:anct' 'lf. 
CI . 

·(U 
) . ~-t~-
IS ',•:.,•,. 

·t:; 
IS ~JA. 
~ ·rn..,~: 
C) 

• .._3 
; R.' 

9S . :~~ 
es ,tlf 
33 Ji: 

I • 

\' 

~t D 2036 

TABLE 3 Selected Water Matrices (Test Method A) 

Technique 
Amount Added, Amount Found, 

mgfl mgfl 

Colorimetr1c 0.060 :. 0.060 
0.500 . 0.489 
0.900 0.959 

Electrode 0.060. 0.058 
0.500 0.468 
0.900. 0.922 
5.00 5.13 

Tttrimetrlc 2.00 2.80 
5.00 5.29 

.. 5.00 ,•• 5.75 

.... ... . ,;,, 

20.3 This test method can be affected by compciunds that 
are converted during chloriilati6n to· volatile compounds 
which are'·collected ""in the ·"absorption solution· ·and can 
interfere in the final determination. ·.'.: . :·. . r ': i·: .. · ' : :': 

. ;.- •,:·.:: ~ ... :!: ~ .. ·.···~; .. : .... ·. ::.~ .:·) . l 

21. :App~ratus';· ·:_ ;··=·::;·. ·. ,.:'' ,, . ?;: i: ::;> · ,._;: · 

· · i i .1 The sgh~~~tic ~~~g~~~-nt. ofth~ ·di~till~ti~ri' ~y;t~·n1 
is sho\vn in.Fig."l. · .· · ' .. '· ~·.· .'. ·:·· ... ~-· ··~ . · 
. 21.2. For the required equipment, instruments, and parts, 
'refer to Section 7. · · · · .. · · . . :;:· 

•.' . . .. ~. 
22. Reagents and Materials ? .. 

22.1 Refer to reagents and materials listed in Section 8. 
- .' ... ·• ~ ..... -:: . 

23. Procedure · ·. :! 

23.1 Sample Piepaiation-Divide the· sample· i~to two 
equal port16ns of 500 mL or -less. D.etermirie the· total 
cyanide in one portion as indicated in 23.2. Place the other 
portion in a ·I-L beaker and ·chlorinate a5· outlined in the 
following steps. · · · · · · 

. . ' 
NoTE 8-Protect the solution in the beaker from ultraviolet radia

tion by Mapping the beaker with aluminum foil or black paper and 
cover with a wrapped watch glass during chlorination .... 

23.1.1 Place the beaker on a magnetic stirrer, insef! a TFE 
fiuorocarbon~coated stirring bar in the beaker, and start 
stirring. · 

23.1.2 If necessary, adjust the pH to between 11 and 12 
with NaOH solution (40 g[L). . .-

23.1.3 Add Ca(OClh solution (50 g/L) 3 drops at a time 
until there is an excess of chlorine indicated on a strip. of 
potassium iodide~starch test paper previously moistened with 
acetiC acid solution. · · .. · 

23.1.4 Maintain the pH and ~xcess chlorine for 1· h while 
stirring. Add Ca(OClh solution or NaOH solu.tion, or both, 2 
drops at a time when necessary. 

23.1.5 At the end ·of the hour remove any reSidual 
chlorine by the dropwise addition of NaAs02 solution· (2 
UlOO mL) or by adding 8 drops of H20 2 solution (3 %) 
followed by 4 drops ofNa2S20 3 solution (500 g/L). Tesfwith 
l>Otassium iodide-starch test paper. . : 

23.2 Follow steps 16.1.1 through 16.1.16 of Test Method 
A for total cyanide. 

24. Calculations 
24.1 Calculate the total cyanide in each portion of the 

sample following the appropriate step, 17.1, 17.2, or 17.3. 
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n s, . Bias ~Bias 
Statfstlcal: il' 

Significance, , 
1
. 

95 ~ CL i ; •I 

25 
26 
24 
14 
21 
19 
20 

0.0145 0.000 ' 0 No . : 
· · 0.0501 -O.Q11 . -3 No .; 

0.0509 0.059 7 Yes 
,. 

. 0.0071 -0.002 -3 No 
0.0414 -0.032 -6 .No 
0.0532 0.022 2 No 1 

0.2839 0.13 3 No 1 , 

'18 
18 
18 . 

0.8695 0.80.. 40 ·· Yes·: ; 1 

1.1160 0.29 6 No :' ~; 
0.9970 0.75. .15 , .· Yes :; 1 

. ' . . : ~ ·' ! ' :j 
. 24.2 Calculate the concentration of cyanide amenable ito 
chlorination as follows: · · ::. · · · · ·. ,- ·, J:; ~:I 

... , :\; ::: .. · : ... : .. CN, mifL. =.G ~:Jf. :.:-·~::.', '·:.":: r J: 
where· ..... ·: ; i. il' 

• . ~ .f.: -: ~ ~- . 
G =cyanide, determined in the unchlorinated portion'ofthe 

sample, milligrams per litre, and . ·; -, ~, : : i L 
H.:::= cyanide determined in the chlorinated portion of.the 
· · sample, milligrams per litre. · ·· ... :.- ·. : . 1 

; -. ~_. t·: 

25. PrecisionandBias7 .-:· · . .. .i 
' I 

25.1 Precision: · · ..... : : · 
25.1.1 Colorimetric-Based on the results of eight opera

tors in seven laboratories, the overall and single~operator 
precision of this test method within its designated.x:ange" may 
be expressed as follows: · . .: ·.: . · : ·· ·j . 

·. ReagentWater · ~= 0.18x +0.00~ "'i 
u0 = 0.06x + 0.003 !· 

Selected Water Matrices Sr := 0.20x + 0.009 i 
. _so= 0.05x + 0.005 •I' 

... ... . . I 
25.1.2 Titrimetric-:-Based on the results of six operators 

.in three laboratories,'_the ov'!rall and single-operator. prc~ci
sion of this test method within its designated range may be 
expressed as follows: · : : i 
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. · I I 

Reagent Water Sr= O.Olx + 0.439 
S0 = 0.241 - 0.03x 

Selected Water Matrices Sr= 0.12x + 0.378 
S0 = 0.20~ - O.Ol . .x 

25.1.3 where: , i 
I 

Sr = overall precision, ;1 
So = single operator precision, and : i ~ . U 
·x = · cyanide concentration; milligrams per litre. ; ~ d 

· 25.2 Bias-Recoveries of known amounts of cyanide 
amenable to chlorination from reagent water Type II and 
selected water matrices were as shown in Tables 4 and 5.l 

25.3 The precision and bias information given in this 
section may not apply to waters of untested matrices. : j· 

'I '. .·• 
i 1 

TEST METHOD C-WEAK AOD I : 'I 
:·. DISSOGABLE CYANIDES : : i .J 

26. Scope : l :1· 
· · I' r 

26.1 This test method covers .the determinatio"n of c)ranide 
compounds and weak acid dissociable complexes in water. 

26.2 The thiocyanate content of a sample usually d6es'not 
cause interference. 11 i : 

26.3 Any of the three procedures, titration, colorimetric, 
or selective ion electrode, can be used to determine :the 
cyanide content of the absorption solution. The lower.lii:b.its 

• :) -1· 

; : j 1!: 
. ~ .~ ' I' 

: i !JI 
! 
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TABLE 4 Reagent Water (Test Method B) 

~ Technique 
Amount Added, Amount Found, 

mgfL mg/L 

Colorimetric 0.008 . 0.009 
0.019 0.023 
0.080 0.103 
0.191 0.228 

Titrimetric 1.00 0.73 
1.00 0.81 
4.00 3.29 

,[ detectability are the same as Test Method A-Total 
:yanide. 

26.4 This test method has been used successfully on 
:eage:1t and surface water and coke plant, refinery and 
5anitary waste waters. It is the user's responsibility to assure 
the validity of the test method for the water matrix being 
~m~ . 

27. Interferences 

27 .I All the chemical compounds listed in Section 6 can 
interfere. 

27.2 For the removal of these interferences proceed as 
instructed in Sections 10 and I 1. 

28. Apparatus 

28.1 The schematic arrangement of the distillation system 
is shown in Fig. 1. 

28.2 The required equipment, instruments, and parts are 
listed in SectioD:}. 

_ . Reagents and Materials 

29.1 Refer to reagents and materials Iisted.in·.s.ectiori 8. 
29.2 Methyl Red Indicator Solution. · · 

... . ~ 
- .:·:. 

30. Procedure .. ·.· 
30.1 Distillation Procedure: 

....... 

30.1.1 Set up the apparatus as shown in Fig. 1. ·.;. 
30.1.2 Add ·10.0 mL of NaOH solution (40 g/L) to the 

absorber. Dilute with water to obtain an adequate depth of 
liquid. Do not use more than 225 mL of.total volume in the 
absorber. · ., ·· · • ·, ,:.. .. · · 

30.1.3 Attach the absorber to the·vacuum and connect to 
the condenser. :· · · .. · 

30.1.4 Place 5.00 mL of sample in the flask If cyanide 
content is suspected to be more than 10 mg/L, use an aliquot 
so that no more than 5 mg of cyanide are in the flask;' and 
dilute to 500 mL with water. · .. , 

30~ 1.5 Connect the flask to the condenser. 

n . 

21 
20 
20 
21 . 
18 
18 
18 

. s, 

0.0033 
0.0070 

·0.0304 
0.0428 

. 0.350 

. 0.551 
0.477 

Bias 

0.001 
0.004 •. 
0.018 
0.037 

-0.27 
-0.19 
-0.71 

,; Bias 

13 
21 
23 
19 

-27 
-19 
-18 

Statlstlcal 
Slgniflcance, 

95% CL 

No 
Yes 
Yes 
Yes 
Yes 
No 
Yes 

~ 
::, CO!of1metri ··· . .., .. . 
.,:· ....... . 
!:~·t- ·d.;. 
:·~;. EJectrode 

2-· ..... ;:· I 
;~~:fitri.metric 
- •· I 

·30.1.6 Turn on the vacuum and adjust the air flow to :~~f · 
approximately 1 bubble per second entering the boiling flask · 
through the air-inlet tube. . ~~~;:. 

30.l.i Add 20 mL each of the. acetate buffer and zinc *}~i~~ed 
acetate solutions through the air-inlet tube. Add 2 or 3 drops . 1;t ,.,. 
of methyl red indicator solution. . R.f3it'2 E 

30.1_.8 Rinse the air-inlet tube with a few mL of water and five fabm:at 
allow the air flow to mix the content of th~. flasJ.s .. (If the Ulls'T~st me 
solution is t:~-Ot pink, add acetic acid (1+9) dropWi.se through asfollbws: 
the air-inlet tube until there is a permanent color change.) ;·ru.Wr>'!J: . 

>M.~cageot 

1
30t: 1.9 tTubrnili. on thkie. condenser cooling hwater; .heat the ;;·_.~.·. ~~I·ect~·.ed. 

so u ton o o ng, ta ng care to prevent t e solutiOn from ...,. "" 
backing into the air inlet tube. · ·. · -~\i}.}g·.:: 

30.1.10 Maintain the air flow as in 30.1.6. :::tt.<'-A:·; ~ 
30.1.11 Reflux for 1 h. · · · · • !13~~})_, 1 

tn:tlii'ee la 
: 30.1.12 Turn off the heat, but maintain the air flow for at · ·:....." f thi 

least an additional 15 min. 8~~~4'· expreSsed: 
30.1.13 Quantitatively transfer the absorption solution ~~"i:<ib;e·~t 

into a 250-mL volumetric flask. Rinse the absorber and ill ;:!1!:~,,,{. 
connecting tubes sparingly with .;,;.ater ·and add to volumetric >~~~l&iM 

n~~~ 1. i4. Dilut~ to vol~-~~ witli water and-.ni~ ~or~·u·ghl: ·y:. · ttw!~r, 
'~211":4!:, 

· 30J.l5 Determine the concentration of cy.anide.in the -'s'i-/;J:f.!ov< 
absorption solution by one of the three procedures 16.~ ·· T'"'!':'~ ... 
~6.3, or 16.4. .;·. · · ·. :, ,. · · 

1
• ·r.' · : • · :~ ~:;~.~ 

· :·~w:32:2EBi 
31. Calculation·' · · ··· ~ , ~~·>:~ . ,. ., . . . . •. . ,,. . ; · ..... -1!\~g· 
.. 31.1. Calculate.the concentration of weak' acid 'dissociable ).fsllo'Wn' 
cyanide· in the ·sample following the appropriate'step, '17.,(, }i.)}3~i.TI 
p.2, or _17.3. . . . . . :i,: .··~ ;secti.ollim 
-=;. ~ " ·: '.:""_;. ·. :!o'! :.. . . . . .:··: ... ··~ { .. :;,. 

32. Precision and Bias7 ... -~ •. ·, :; ,;:,:_: ~+.:· 
'····. ·.•. . . . . . .. ~~- . ,·.._· ·' .:·.t·. . ~~~~ 
!' 32.l.P,_recision:. . ,.- ·. ,..... .., .. :.:. :. -:l 
; ,.l2.1.1 . Colorin:zetric77Based on the results of riine. opera· 
torS in nine laboratorieS, the' overall and. single:qperatOi 
precision of this test.method within its designated range roar 
P~: ~~pr~ed as foliows:. . · · · · ;; · · , ~ ... ; 

Reagent Water .... ·s;= 0.09x + 0.010 ... ~ 
so = o.q&x +. 0.005 · / .. ... 

TABLE 5 Selected Water Matrices (Test Method B) ..... 

Technique 

Colorimetric 

Titrimetric 

Amount Added, 
mgjL 

0.008 
0,019 
0.080 
0.191 
1.00 
1.00 
4.00 

Amount Found, · ·n 
mg{L 

0.013 17 
0.025 18 
0.100 18 
0.229 18 
1.20 '18 
1.10 16 
3.83 .18 
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s, 

o.oon 
0.0121 
0.0372 
0.0503 
0.703 

'0.328 
0.818 . 

Bias 

0.005 
0.006 
0.020 
0.038 
0.20 
0.10 

-0.17 

,; Bias 

63 
32 
25 
20 
20 
10 
-4 

Statistical 
. Slgnmcance. · 1 

95,; CL 

. Yes 
Yes 
Yes 
Yes . 
No 
No 
No 
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TABLE 6 Reagent Water (Test Method C) 

"~ ·.:·~ 

··~-jr flo~~ 
.1iling flast' 

Technique 

EleCtrode 

rrtrimetric 

Amount Added, 
mg{L 

0.030 
0.100 
0.400 
0.030 
0.100 
0.400 
1.000 
1.00 . 
1.00 
4.00 

Amount Found,· 
mg/L 

0.030 
0.117 
0.361 
0.030 
0.095 
0.365 
0.940 
1.35 . 
1.38. 

3.67 

. 'lia• 
. .:)~M' ::, Selected Water Matrices ST= 0.08x + 0.012 
an9-_ ~ S0 = 0.05x + 0.008 

;:>r 3 drotis , · . . .• . ::. ~~JI; ' : 32.1 .2 Ele~trode-Based on th~ resul~ of six ope~t.o~ in · 
water and· ·five [aboratones, the overall and smgle-operat~r preclSlon of 

.sk._.(!_(tm: 'ihis test method Within its designated range, ina~ be exp~~sse~ 
:se iliro~ 1 ai follows: · · · · 
· :~an~~])~' ,:;.' .. Re:ag~nt water Sr ~- ·_o:o9~ + 0.004 .~ .. 
. :!e.:>t:~ . . s •. ..; ·o.o2x...: 0.009 _' . •· 
~tio_q'[rorn.. ·: · · Selected Water Matn= Sr .. · O.OS.i + 0.005 · 

·''';;~~ ;... s •.. ":' 0.02x+0.004. 

.. :~;. ,. 32.1.3 Titri~eiric-Based on the re~'~lts'of.six op~dtor;; 
·l -~ ·i~ three laboratories, the overall and single-operator preci

)W for1' :sian of this test method within its designated range may be 
~~: o c~pressed as f~llows: · · · · · · · 

solution 
;;r :>-·{ffi 

";·.· 
1C 

.. It' 

ReJgent Water 

Selected Water Matrices 

Sr = 0.532- O.IOx 
s. = 0.151 - O.Oix 
Sr "'· 0.604- 0.06x 

" s. •. 0.092 + 0.02x· 
.~~~ 

;ro~:#Jth.~· ·· 32.1.4 where: . . 
. ·n I e S ll .. · ·. ·-:;,' . r = overa prectston, · 
:.s .~6~d;. • S0 = single-operator precision,and · 

,: { .: x = cyanide concentration, milligrams per litre. 
,. · 32.2 Bias-Recoveries of known amounts of cyanide 
_'i~ from reagent water Type II and selected water matrices were 

issociable . as shown in Tables 6 and 7. 
"tep, '11(i, . 32.3 The precision and bias information given in this 

· .?.@ section may not apply to waters of untested matrices. 

. }/rt' TEST METHOD D-CYANIDES AMENABLE 
.. ·-~ TO CHLORINATION WID! OUT .'· . 
::·~i DISTILU.TION, SHORT-CUT METHOD 

· ope~; 33. Scope 
'pei:a fur : 
. <>e roa)' 33. l This test method covers the determination of free 
, -~; CN- and eN- complexes that are amenable to chlorination 

_,.lit. 

Statistical I !: n s, Bias ~Bias Significance, : i: 

95~ CL 

25 0.0089 0.000 0 No 
27 0.0251 0.017 17 . Yes 
27 0.0400 -0.039 -10 Yes 
21 0.0059 0.000 0 No 
21 0.0163 -0.005 -5 No 
21 0.0316 -0.035 -9 No 

:: 

21 0.0903 -0.060 -6 No 
18 0.4348 0.35 35 Yes 'I 
18 0.3688 0.38 38 Yes i 
18 0.1830 -0.33 -8 No 

,, 
t 

; .. ~ .~ 

in water. The ~rocedure does no't measure cyanates-nor ~~~ 
cyanide complexes. It ·does, however, determine cyanogen 
chloride and thiocyanate. 

0 

• • • • -· • • ' • • , • 

· 33.2 Modification·is outlined for its use'in the presence of 
thiocyanate. · - · · 1 

: . ! ~ ~ 
. .. . . .·. .. "; ··:;:· ..... . . 

34. Interferences •. 
• I • • ~ •· ·· .. ·· ... 

•• :1 

34.1 'All chemical cmnpounds,·as·listed in SectiOIJ, 6, Ca:n 
interfere. ·: · · · ··· · . · · · ·..: ' ::·= . ·; _,._,: - : · : '!' ·. 
· 34.2 For removal of the~e' interferences;· proceed a$' in-

structed in Sections 10 and 11. '· ·.:· ·· · .- : 
· '34.3 The thiocyanate ion which reacts with chloririnine-T 

will give a positive error equivalent to its concentration as 
cyanide. · ·.1 ·,, 
· · 34.4 Color and turbidity can interfere. '· •· · 

34.4.1 When color or turbidity producing substanees~are 
preserit, it is recommended that Test Method B or C be used. 

34.4.2 Color and turbidity can be extracted· from some 
samples with chloroform without reduction of the pH.· ' _; 

34.4.3 It is possible with some samples to' compensate fo'r 
color and turbidity by determining the absorbance of a 

. second sample solution to y.'hich all reagents except 
·· chloramine-T have been added. _,. · : >::·r·:ip~·_: 

34.5 Reducing compounds such as sulfites can ·interfere 
by preferentially reacting with chlorarnine-T. · · ! ~: 

34.6 The color intensity and absorption is affected by 
wide variations in the total dissolved solids content of the 
sample. . . t :-

34.6.1 For samples containing high concentrations' of 
dissolved solids, 3 000 to 10 000 mgjL, add 6 g ofNaQ to 
each litre of NaOH solution (1.6 gjL) used to prepare the 
standards. For samples containing dissolved solids concen
tration greater than 10 000 mgjL, add sufficient NaO to the 
NaOH solution to approximate the dissolved solids content. 

') .;.~: 
5 .. ·~ . TABLE 7 Seleeted:Water Matrices (Test Method C) 

... ;;: 
-_~)~· 
';-~ 

.;r~ 
··----;;!. 

; llCaJ ·ll\1( 
car.ce •.. :1! 

·~~·, 
:-; CL :j:.. 

Yes • ·.1 if... 
~es . · · ·w: · 
Ye~ ~~ 
·~es . -~-

o <* .;eli; 
~ 

.f: 
l 

Technique 

Colorimetric 

Electrode 

Titrimetric 

Amount Added. 
mg{L 

0.030 
0.100 
0.400 
0.030 
0.100 
0.400 
1.000 
1.00 
1.00 
4.00 

Amount Found; 
mg/L 

0.029 
0.118 
0.381 
0.029 
0.104 
0.357 
0.935 
1.55 
1.53 
3.90 

99 

n 

15 
24 
23 
20 
21 
21 
21 
18 
18 
18 

s, 

0.0062 
0.0312 
0.0389 
0.0048 
0.0125 
0.0372 
0.0739 
0.5466 
0.4625 
0.3513 

Statistical 
Bias ~Bias Slgnfflcance. 

95~ CL 

0.001 3 No 
0.018 18 Yes 

-0.019 -5 Yes 
-0.001 -3 No 

0.004 4 No. 
-0.043 -11 No I 

' . 
-0.065 -7 No .I 

0.55 55 Yes .. I 

0.53 53 Yes 
, 

I I! 
-0.10 -3 No 'I 

' 
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TABLE 8 Reagent Water (Test Method D) ; pJ(!£~::;· 
A .·~ 

mount Found, n s, Bias Statlstk:al -~~J_,. c: 1 

:iS-;;.--------(imu;g~fl-;--:-----:;;;-:----;:;-~~--~:-:;::::;--~-" -:-:8:-las ____ s_:l~~~~~~c~~L-.· -.~id;-. CN 

Amount Ad~ed. mg{L 

Oo007 42 ' 0.0049 ° 00002 40 .Yes - ·~ 
Oo036 41 Oo0109 00009 25 Yes :i:i~!:.O.OC 
0o100 42 000167 0 010 ··:'I OoO 
0°080 39 Oo0121 ° 11 

Yes :};-~ J' 0,0'-
0.276 42 Oo0320 -ooo10 11 Yes ·s~Ji;i Oo09 

0°006 2 No :.-'!tkll 0027 
·~ 
;!boul:='o:· 

3501 Spectrophotometer or Filter Photometer, ·suitable for 
measurements in the region of 578 nm, using 1.0-cm 
absorption cells. Filter photometers and photometric prac
tices used in these test methods shall conform to Practice 
E 60. Spectrciphotometers shall conform to Practice E 275. 

35.2 Water Bath, capable of maintaining temperature at 
21 ± 1·c. · · 

36. Reagents and Materials 
36.1 Refer to reagents and materials listed in Section 8. 
36.2 Pyridine-Barbit!lric Acid Reagent-For the prepara

tion of this reagent, refer to 8.17; however, for this test 
method, prepare a fresh solution weekly. Longer storage 
affects the results of the test. . - . . 0 

36.3 EDTA Solution (18.5 .. g/L)-Dissolve 18.5 · g of the 
disoclium salt of ethylenediamine tetraacetic acid ·dihydrate 
in water and dilute to 1 L. ·· · · 

36.4 Formaldehyde Solution (10 %)-Dilute 2i mL of 
formaldehyde (37 %) to 100 mL. · 

36.5. Hydrochloric Acid (HCl) (sp gr 1.19) (1+9)-Slowly' 
-~--1 1 volume of concentrated HCl (sp gr 1.19) to 9 volumes 

oater, stining during the addition. . . 0 · 0 
J6.6 Phosphate Buffer Solution_ ( 138 g/L)_:_Dissolve !59 g 

of sodium dihydrogen phosphate o(NaH2P04 • H 20) in water, 
dilute to 1 L and refrigerate. 0 --. 

36.7 Sodium Carbonate (Na2CO~). anhydrous. 
36.8 Sodium Chloride (~aO), crystals. 0 .... 0.. ..; ... 

-· ....... 
37. Standardization • • . • • • :; · •• : •. ~'"T 

0 : 37.1 From the cyanide standatd solutions, pipet a series. of 
aliquots containing from 0.5 to 5.0 Jlg of cyanide in volumes 
not exceeding 20 mL into 50-mL volumetric flasks. .::0 t. 
· 037:2'Dilute each solution to-20 mb\vith NaOHsolution 
(1.6 giL):· Follow steps 38.3 through:38.07 Ofthe'·procedure. 

0 37.3 Calculate ~he absorption factor (17.2.1) .. : 0 '; . o: 0 
.. :·. 

38. Procedure , ... ·· · · ;: ,: .- .·c ·'- 0 
• -0 

38.1 Adjust the pH of a small volume of sample (50 mL) 
to between 11.4 and ) 1.8. If the addition of acid is needed, 
add a small amount (002 to 0.4 g) of soaium carbonate 'and 
stir to dissolve. Tp~n add dropwise while stirring HCI 
solution (l +9). For r~ising the pH, use NaOH solution (40 
gjL). . : ,- .. , . .· 

. ·' ... 
3802. Pipet 20.0 mL of the sample into a so.::mL volu-

metric flask. If the CY,~nide concentration is greater than 0.'3 
mgjL, use a smaller-aliquot and dilute to 20 mL with NaOH 
solution (1.6 gjL). Do not exceed the concentration limit of 
"., mgJL. ·. 

8.3 To ensure :. uniform color development, both in 
calibration and testipg, it is necessary to maintain a uniform 

t:mperature .. Immerse the_flasks in a water bath held at 27 ~ :~T,:;, sin 
1 C for 10 mm before addmg the reagent chemicals and kee 'i;/' ~ cy< 
the samples in the water bath until all the reagents have be/ : 01~39:2 B 
added. " · """ · · from·reag 

38.4 Add 4 mL of phosphate buffer and swirl to mix. Add 0 re~vage (I 
one drop ofEDTA solution, and mix. oia~rables 

_38.5 Add 2 mL of c~loramine-T solution and swirl~ ;r/39 3 T 
mix. Plac~ 1 drop of_ sample ?n potassium iodide-starch t~ {{J:witers 

b~~~: ~~~~o~~ R~~::t P~~~~~~ra:~!~~e~d~~n a~~~ 0 :.·~.'~-~-~.t_;_~:.i_~_:i __ ·_ .:~-
qu_Ired. After exactly 3 min, add 5 mL of pyridine-barbituric ~.::-
acid reagent and sWirl to mix. · :.-:4iJ:'~Quali 

38.6 Remov~ the samples from the water bath, d.il~te 14 ·o ·:;·,; · •· 
volume and mix. Allow 8 min from the addition of th• ~gl19:.1 B· 
pyridine-barbituric acid reagent for color development. ' \por¥,fO_Plf 
·. 38.7 Determine the absorbance at 578 nm iri a 1.0-cm ce! _:;;$.~~~oct s 
versus water. · · ·;; concentr2 

38:8 C:Uculate t?7 conc~ntration oftyanide as milligrams ·!~ili~~~: ~I 
?er litre, m the ong~nal sample following instructions giver ~~!.~~~-~( 
1D 17.2. . . :~~:.4_0:2, c 

38.9 If the p~esence of thiocyanate is suspected, pipet 1 · !: I:fJ2.1.0). 
second 20-mL aliquot of pH-adjusted sample solution intoz ~:lzr~':-, 
50-mL volumetric flask. Add 3 drops of 10% fcrmaldehv~ :lt.:f{'£.·::~· 

1 
. M' J . 3-""'::tr.~-

SO utton. tx and allow to stand 10 min. Place in a watc }':mQ~:;J: 
bath at 27 ± t•c for a~ additional_IO ~n before theadd_itioi J~i~\t-~·:.:· 
of the reagent chemicals and hold m · the bath until ai 7'i~to· r:~ 
reagents have been- added> · '· .. 0 · • .. 0 · ·. 0 ·:,. 0 ,~~~l~P." 

38.10 Continue With 38.4 throu~ 38.7. · ·' ··. ·:y~l.fir!]\., 
· ·: 38.11. D:Icul~te the c.o~centrn.ti?ri' oCcya~de;':as · milli ,f..\iJi:'JY-&;0 
~msp<;r litre, I~;~~e ~~~n~ ~mple f?.V.?~?~ !~,st~cti?ii ~Ni~i' 
given m _17.2. _ . . 0 · , 0 0• • ... •o - . 0o . , , ifi~t\Hr••' 

38.12 In the presence of thiocyanate, cyanide amenable !e ~~~bSft!RP 
chl~rinati~?: is 7qual t~ !.~~.difference, bet\-veel?- the concen- ,dhic;p;"q~of 
tration of <:Yarud~ -?b!<Uon~-~:-~n 03?:?"o~ndo:~~~to·.?btained ~ i,~?'W~a 
38.11. - .· . .~ ,.,~ .. ··.,~ 0 '":~.~---· :·"~p_t2 

, -~J ~a~tab'S'ex: 
39. Precision and Bias8 

o. 
0 

• ~orarD.ii 
. • ... • • • • I • • .• : .. ,.. . . :; •• •• • I '.l ll~Df":J·· 

; 39.1 Preczszon: ·, · 0 :o:. : . 0 .. : : · •. .· .. At .. h3 
39.1.1 _Based on the resu_lts of 14 operat~~ in ~ ~.w~~er 

:laboratones, the overall and smgle-operator prec151on of tlul -$T5t)<~I!u:m 
. test metho?d within its d~ignatc:d_ range m'ay be expressed a! ~ffifJ~f:q~~ 
0 follows: .. · · 0 ..i,~~.-•• ~ana 

100 

· _,; ::; tion for ·eo 
Reagent Water Sr= O.lOx + 0.006 : ~~i-:F4 · 
Selected Water Matrices t: g:~i~ ~ g:gg~ · ~#If§.~t~~t 

S 0 = 0.02x + 0.005 ~~~t ~~~;j1 
; 39.1.2 where: 

Sr = overall precision, 

· 1 Supporting data arc available from ASIM Headquarteno Request 
D 19-1074. 

: 1 ·tcn'rilil 
~~ o, tt.~p:;;.; 
~.0• ~~.:'rif 
~~~~.,._te 
'l5.!{AL2··· 
~With"· .. ~-~h .. •..•.. •t e , 
f~-{~~~~ 
~i%:0:::_·· 
'J~ .. ~:f:to'. 

D-16 ~
"••,_,··· 0

:.0 lt~.!-' 
~ ·, ........ :~ ·.· . 
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TABLE 9 Selected Water Matrices (Test Method D) 

--
Amount Added, mg/L 

CN 

0.005 
0.027 
0.090 
0.090 
0.270 

SCN 

0.080 

Amount Found, 
mg/L 

n 

0.003 40 
0.026 42 
0.087 42 
0.068 37 
0.245 41 

.. , 

Sa = single-operator precision, and 
x = cyanide concentration, mi~igrams per litre. . . • · 

. 39.2 Bias-Recoveries of known amounts of cyanide 
from reagent water Type II, seven ~reek waters_, <?ne diiuted_ 
sewage ( 1 + 20) and one industrial waste water ¥ire as sho~ 
in Tables 8 and 9. · · _ . . __ .. . . . · . · 

39.3 This precision and bias info-rmation iuay not-apply 
to waters of untested matrices. 

' 
.:r·~ . 

40. Quality Assurance/Quality Control 

40.1 Before these test methods are applied to the analysis 
of samples of unknown concentration, the analyst should 
conduct six dupiicate analyses of known and nearly the same 
concentration by the complete procedures to be use.d (distil

_!ation, chlorination, etc. plus colorimetric, electrode or 
· titrimetric). . . . . 
. 40.2 Calculate the standard deviation of the; data (Practice 
D 4210). If the value obtained is within that given in the 

Statistical · 
s, Bias %Bias Significance, i: 

95% Cl: 

0.0042 -0.002 40 Yes. 
0.0093 -0.001 4 ·No 
0.0202 -0.003 3 No 
0.0146 -0.022 • 24 Yes: 
0.0319 -0.025 9 Yes 

procedure for single operator precision, construct a p~elimi-
nary control chart. .... . :· . . .. I 

40.3 Co_ntirlUe to ·analyse samples in dup'licate- until kt 
least'-40 data points have been accumulated: Follow suggds-
tionsinSection5,_PracticeD4210.· ___ .. · ·':'. 1· 
:·· 40A Prepare ·a ·control chart wiihuppe'r and lowe~ limits 
from: data obtained from imaiysing· replieaie .. standard solu~ 

· tions by the finish procedure selected (colorimetric; electrode 
or titrimetric) following Section 6, PracticeD 4210. : ·1 
... 4.0.5 To monitor precision and bias, a minimum of one 

·· stai1dard and one sample of known value or a spiked sample 
should be analyzed each day. , 
.- 40.6 Other quality assurance/quality control (QA/QC) 
portions of this test method have not been completely 
established at this 'time. Analysts performing this test method 
will be i:equin!d to measure their performance· against· the 
performance ·level achieved by the laboratories that partiCi
pated in the· ASTM round-robin sti.laies done oi:i"-the test 
methods. These formal QA;QC procedures will be incor-Po
rated at such time as they have been officially accepted by 
the ASTM. · . :·· ~ ··; .. -:··~ 

..... ~ ·. 

·.. •. 

·.: 

ANNEX 

. Al. SPOT TEST FOR SAMPLE SCREENING 

Al.I Scope 

A 1.1.1 The spot test procedure allows a quick screening of 
the sample to establish if more than 0.05 _ mg/L (ppm) of 
cyanides amenable to chlorination, cyanogen chloride, or 
thiocyanate are present in water, waste water, and saline 
water. 

A 1.1.2 The test may also be used to establish the presence 
and absence of cyanogen chloride by omitting the addition of 
chloramine-T. . ; 

A 1.1.3 With the addition of formaldehyde to the sample, 
the amenable Gyanide can be masked and under these 
conditions, the test is specific to thiocyanate. It is possible 
therefore to distinguish between the presence of cyanide and 
t~ocyanate or possibly judge the relative levels of concentra
tion for each. 

A 1.1 .4 With practice or dilution, the test can be used to 
estimate the approximate concentration range of these com
~unds, judging from the color development and comparing 
It to similarly treated samples of known concentration.,· 

AI.2 Interferences 

_Al.2.! All the chemical compounds listed 'in Section 6, 
W!th the exception of the nitrites, may interfere. For their 

, ... 

101 

removal refer to Sections 10 and 11. : .·. 
Al.2.2' The thiocyanate ion reacts in the same manner as 

the cyanide. The cyanide can be masked and then the test is 
specific- for thiocyanate. 

A L2.3 The presence of large amounts of- reducing sub
stances in the sample interferes by consuming the· chloram
ine-T added: Repeat the chloramine-T addition, ifnec5!ssary. 

A1.3 Apparatus 

· AL3.1 Spot Plate, porcelain with 6 to 12 
ferred. 

cavities 'pre-
. I, .,_ 

i' 
:! 

A1.4 Reagents : r 
A 1.4.1 Refer to reagents listed in Sections 8 and 36. : ;~ 
Al.4.2 Formaldehyde, 3! %, pharma~eutical grade. :; ·i 
A1.4.3 Hydrochloric Aczd (1+9)-Mix I volume of con-

centrated (HCl (sp gr 1.19)_with 9 volumes of water~ _; 
_Al.4.4 Sodium Carbonate,anhydrous Na2C03• '1· 

Al.S Procedure 

A 1.5.1 If the solution subject to spot tests is alkaline in a 
pH range greater than 10, neutralize a 20 to 25-mL porti~h. 



~@1 D 2036 

"':::' ~~-- .. : ........ ~ ~.;. ...... ~~ ......... : ........ ; .. . 
!Jti---

···--···"- ::--1:::.: .. ·::::.::~.:: ~-:r::.z :: .. ~::::..::-:.;::·::::- . . . ·r 
! .~~~ ~~t~~~ -~ti;~m~~ ~~ r~u \ ~~i~ ~~~1-~~g·J~ ~t~~-~ ;I, 

:j 
0 
1-
< z 
a: 
3 ~~~~-~~~~~~~~~~~~~~=±~~~~==7.±~~~~~~ 

i' 
I. 
1: 

::c 
u 
0 
1-

w 
:.J 

~ 
z 
w 
::i 

-~; ,, 
.,. 
q 
'i . . . ' ' . 

'i 
·I 

< ~-~~---~~'-~~~~~~~=-~~~=-~~=-~~~~-~~ z 
u 

-~ '?~ .. 
~~:,;.· 
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CONCENTRATION OF Fe(CN): AS CN-(mt;~/llhrl 
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FIG. X1.1 Photodecomposition R~;~s-for Fe{CN)8
4 In Direct Sunll~ht, 20°C, pH 7, In Buffered Distilled Water; 

75 mm Solution Layer, 1 h Exposure 

-1:!.l 
~~"'''·r ocentration ranges, aiding . dissociation which is acceler-

ted by complexing the cyanide ion with chloramine-:r. The 
litier frees additional cyanide ion to reestablish the equilib
. ·urn that was disturbed. The pH is reduced significantly by 

J<!P\1i0J11
1

!' 'ng the pyridine-barbituric ·acid reagent (pH 5 to 5.5), 
'nd·' the sample is previously heated to accelerate the 
diiOCiation and complexing with chloramine-T. The test 
thcrcfore has the necessary ability to measure certain 
~ndissociated cyanides, which could be converted by disso-

. cb'tion to toxic cyanides as a result of pH changes or dilution 
'Or.the sample. · 
1.X 1.2.8 All metal cyanide complexes are in equilibrium 
~ith the hydrolyzed HCN molecule, the concentration being 
~ndent on the pH of the water and the dissociation 
cOnstant of the particular metal cyanide complex present . 
. . c tightest complex is formed with iron. Since there is little 

diSsociation, we may say that the ferrocyanide and 
Jcnjcyanide compounds are themselves nontoxic (15, 16). 

. e iron cyanide complex is so tight that the standard 
tlkaline chlorination procedure will not affect it. Reported 
~ytical data showing a slight reduction in ferrocyanide 
. · ntcnt, either in the chlorination step or recovery in the 
.Jo~metric analysis procedure, is most likely due to impu
ty In the reagent or the handling of the sample. Analytical

di de ferrocyanide when dissolved always contains some 
1SS0ciated CN-(HCN). The sample has to be handled 

fully to avoid any photodecomposition which will .ap
r as an oxidizable portion of the total ferrocyanide 

. nt (17, 18, and 39). All other metal cyanide compounds 
~lli be chlorinated at a slower rate due to the slow dissocia

o_n of the metal cyanide complex. The equilibrium or.the 
.. ~tal cyanide complex and molecular HCN is continuously 
Pset, and as the dissociation occurs, the hypochlorite ·ion 
~ react with the c~anide ion, leading to further ~issociation 
"';the metal cyamde complex and then allowmg·· further 
~dation by chlorination. This implies a time dependence 
· ding the chlorination reaction with the cyanide ion that 
._cornpJexed by such metals as silver, gold, and nickel. The 

D-18 

chlorination of nickel cyanide at a concentration of 20 mg/L 
CN,'as an example, may not be complete after I h even when 
hypochlorite was added at a 10% excess of the stoichi6-
metric amount (14, 19, 20). Because iron cyanide complexes 
are not . destroyed by the practical methods of "alkaline 
chlorination" and cyanide in contact V;ith iron salts causes 
iron cyanide to be always present in metal finishing wast~, 
the question of proper waste treatment, or its lack, was many 
times raised when anaiyzing industrial ~aste using ·the 
standard analytical procedures. There is important practical 
value, therefore, that a distinction be made and analytical 
procedures be developed for "Cyanides Amenable to Chlori
nation" (10, 14). As it has been established that :the 
ferrocyanide complex is not toxic (1, 2, 15, 16) it might be 
assumed that a low-cyanide concentration of 1 to 10 mg/L; if 
not amenable to chlorination such as iron cyanides, would 
have no toxic effect on the environment. However, this 
assumption is based on the following two factors: . • ;: 

Xl.3 The Iron Cyanides Undergo Dissociation from 
Photodecomposition (16 and 39). \'. 

Xl.3.1 Under strong sunlight, 10 mg/L iron cyanide, 
expressed as CN-, may release 1 mgjL HCN in I h (Fig . 
Xl.l). ,! 

X 1.4 Dilution and Dispersion of the Treated Waste in the 
Receiving rVaters: :1, 

X 1.4.1 The kind of dilution, mixing in the diluting 
stream, clarity of the receiving waters, and the quantity of 
HCN release that may be expected are dependent upo'h 
particular environmental conditions, considering that. only 
the top layers of the receiving waters will be subject to the 
strong sunlight to cause decomposition. Oxidation by air ari.1d 
bacterial decomposition in the receiving waters will be 
additional factors mitigating against the development ~f 
toxic concentration levels. ; q\ 

103 

Xl.4.2 Deliberate complexing of simple cyanides with 
iron salts as an economical means of waste treatment 
naturally should be unacceptable. Higher concentrationS ~f 
iron cyanides, in view of the foregoing, require treatm'en'i. 

II 
!I 

'I ~ l ' 
d· ., 
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Suitable processes for the oxidative destruction of iron 
cyanides are available (21), leading to the complete destruc
tion of the cyanide and precipitation of iron oxide. Insoluble 
iron cyanide precipitates are soluble in alkali. Therefore, 

being insoluble under normal conditions is not an 
... ~ranee that the environment is protected. 

X 1.5 Cyanogen Chloride: 
X 1.5.1 Presently the destruction of cyanide compounds in 

waste treatment processes is done by oxidation with 
hypochlorite (OCl-) because the oxidation reaction is rapid 
and can be carried to completion using near stoichiometric 
equivalent of the reacting chemical. The chlorination reac
tion has to be conducted at an alkaline pH because the first 
reaction product formed is cyanogen chloride, a toxic gas, 
having very low solubility. The toxicity of cyanogen chloride 
may exceed the toxicity of HCN, both in water and in the 
c.tm9spher~ (<Q.l mg/L) (22, 23). Cyanogen chloride hydro
lyzes· -at (ln :alkaline pH to cyanate (CNO-). The rate of 
hyclro.Iysis is· dependent on the pH conditions and the 
available. excess chlorine, the higher the pH or the more 
chlorine present, the faster will the reaction go to comple
tion. At a pH of 9, with no excess chlorine present, cyanogen 
chloride may persist in the treated water for more than 24 h 
(24, 25, 26). In view of the low solubility of cyanogen 
chloride and the time dependence for its hydrolysis, it is 
desirable to maintain the alkalinity during chlorination at 
pH 1 i or higher. A pH of 12 to 13 may be required when the 
chlorination reaction is carried out on a waste water con
taining:high concentrations of cyanide (>100 mg/L). The 
low solubility of cyanogen chloride is reduced further by the 
reaction heat generated upon addition of chlorine. The vapor 

~ure of the ''cyanogen chloride gas is increased. Rapid 
;olysis of the cyanogen chloride is the only means 

available to avoid the escape of cyanogen chloride into the 
atmosphere. When conducting continuous treatment of an 
effiuent; the pH· of the waste stream is lowered after a few 
minutes of reaction time because a neutral effiuent has to be 
discharged. After the pH is reduced, any cyanogen chloride 
that has not yet undergone hydrolysis will escape as the toxic 
cyanogen chloride in the effiuent. At pH 11 and at lO"C, the 
half-life period of cyanogen chloride· before hydrolysis to 
CNO-, and in the absence of excess ·chlorine, is 12.5 min 
(24, 25, 26). It is regrettable that ::the importance orthis 
reaction and these conditions are not appreciated by Regula
tory Agencies and waste treatment engineers. Analysis for 
cyanogen chloride is not performed, whereas concern is 
shown for the posSible cyanate content of a treated waste. An 
analytical procedure for the distinction between HCN, ferro
and ferricyanide, respectively was published by Kruse and 
Thibault (9). 

X 1.6 Cyanate Compounds: 
X 1.6.1 As discussed in X 1.5, the cyanogen chloride that is 

formed due to the reaction of OCl- with cyanide ions and 
HCN during the chlorination reaction will hydrolyze to 
cyanate (CNO-). The reported toxicity of cyanate in water is 
> 100 mgJL. The reversion of cyanate to cyanide was 
attempted with photodecomposition and reduction, but 
could not be accomplished (27). Theoretical calculations also 

·=cate that cyanate cannot be reduced to cyanide. 
• 1.6.2 Acidification and dilution of the cyanate leads to 

hydrolysis of cyanate to the ammonium ion (NH4 +). Am-

monia toxicity was reported in the 2 to 2.5 mg/L range in 
hard water (15). Doudoroff reports toxic effects at even lower 
levels (<1 mgjL), (22). It can be assumed therefore that the 
toxicity of cyanate is mainly due to the fact that it will yield 
ammonia. Since chlorination is conducted at high pH, and 
the treated :vaste normally then neutralized, further PB 
reduction may occur due to the lower pH condition of 
natural waters. Therefore, we may assume that harmful 
concentrations of cyanate will not be easily encountered in a 
natural environment. A cyanate determination within 
ASTM has not yet been formalized. Recommended anal]'t. 
ical procedures are available from the literature (27, 28, 29, 
30). 

X 1.7 Thiocyanate Compounds: 
X 1. 7.1 The relatively nontoxic thiocyanate compounds 

{15) may become extremely" toxic due to conversion to 
cyanogen chloride (see X 1.5) when a waste stream con. 
taining the thiocyanate ion undergoes chlorination for disin. 
fectiori (22, 23). The ·probable reaction is: KCNS + 402 + 
4H20 ~ CNCI + KO + H2S04 + 6 HCI. 

X 1. 7.2 According to Doudoroff, this reaction will occur 
even if the chlorine added to the waste stream is not 
sufficient to provide a residual (22). Thiosulfate, a common 
reducing chemical used to detoxify chloramines, is not as 
effective for cyanogen chloride unless a large excess is used 
(23). 

X I. 7.3 The determination for "cyanides amenable to 
chlorination" will also include the thiocyanate ion ·due to the 
conversion to cyanogen chloride by chloramine-T. A specific 
test for thiocyanates is contemplated. 

X1.8 Total Cyanide: 
X 1.8.1 The distillation "method, followed by the v:rrious 

analytical techniques to establish the quantitative cyanide 
content of the sample, has prov~n to be reliable. :Extensive 
investigation and testing conducted in Germany has aided 
the evaluation. of the recommended procedures (31, 32, 33, 
34, 35, 36, 37). Cobalt cyanide is not recovered completely 
during the distillation:: The explanation for this condition 
was given by Leschber (34) and referred to by :original 
investigations by Ba.sSett and Corbet (38). Potassium~.cobalt 
cyanide, when boiled with dilute sulfuric acid, partially 
breaks down to carbon monoxide, carbon dioxide, and 
ammonium sulfate. ' . · "· · ' . . 
· . Xl.8.2 The determination· of total cyanide retains its 
significance. As discussed earlier in X 1.2, iron cyanides will 
not be revealed by the Cyanide$ Amenable to Chlorination 
analysis methods. To a lesser· extent, scime of the :nickel 
cyanide, cobalt cyanide, silver and gold cyanide will also not 
be completely recovered. Neither will the standard alkaline 
chlorination practices break down these complexes. It has 

. been noted that the toxic effects of these compounds are also 
' considerably less and of a different nature: photode· 
· composition for iron cyanides; slow dissociation for nickel-, 
: cobalt-, silver-, and gold cyanides. At the same time, there 

:: are many waste treatment installations that are either not 
: designed properly, or not operated properly; therefore, more 
· cyanide compounds that could have been treated are dis

charged in the effiuent. There are also some processes 
generating excessively large quantities of these comple:< 
cyanides, thereby producing a significant pollution hazard . 

As examples, we should list: 
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TABLE X1.1 Solubility of Metal Cyanide Precipitates 
In Water 

,~-

• Zinc cyanide 
copper cyanide 
Nickel cyanide 
cadmium cyanide 
Mercuric cyanide 

Solubility In 
Water, g{l 

0.000028 
0.0058 
0.014 
0.0592 

17 
93 

Temperature, 
·c ·-------
18 
18 
20 
18 
15 
14 

::(a) Heat treating processes; . 
.. (b) Coke and blast furnace operations; 
· . (c) 'Cyanide-type proc~sses used for stripping. nickel and 
cobalt-nickel alloy deposits; · . · 

.· (d) Rinse waters fr?m silver. and g?ld plating .operatio~s; 
·:(e) Accidentally .mixed .was:e commg from mckel_platmg 
solutions and cyamde floor spill;. , , .. . . , 

_ :
1
. (/) Regeneration ·and bas~ash water:; from IO~ .exchange. 

tyPe waste treatment· process.es used for the removal of. 
:plating salts .fro~ _rinse· w~ter ~~te. The t.reatmen~ of these 
wastes consists -usually . of miXIng, partially qe~Iberately, 
partially due to the process, and partially accidentally, nickel· 
and iron salts with cyanide compounds; and - ·_ . 

, ··(g) Some waste treatment processes still recommended 
- the use of iron sulfate for .the neutralization of cyanide salts, 
·etc. _ _ 

·_ Xl.8.3 The total cyanide determination therefore must be 
used to ensure good waste_~eatment practices. The mistaken 

· belief that the enumerated cyanide compounds are not 
· "toxic" must be avoided. The fact is that the toxicity is only 
- of a lesser magnitude. ., 

X 1.9 Cyanide in Solid Waste: 
X1.9.1 The waste treatment needs for soluble cyanide 

sludges is assumed, for example, sludges from plating solu
tions; cyanide salts removed from heat treat pots or in frozen 
condition as drag~out from heat treatment; or cyanide salts 

: as residue from the evaporation of processing solutions or 
rinse waters. The treatment requirements for these highly 
toxic residues is obvious. 

X 1.9.2 Most of the metal cyanide complexes are insoluble 
and are made soluble in water only in the presence of excess 
alkali metal cyanides. Milne ( 4) quotes a few examples 
which, while not complete, should be sufficient to show the 
insolubility of some metallic cyanides. 

· X 1.9 .3 During waste treatment, if the process is not 
conducted carefully, as the breakdown of the alkali metal 

cyanide is progressing, the metal cyanide will become 
insoluble, and will precipitate as the slightly soluble cyanide 
compound of the particular metal originally present. As seen 
from Table Xl.l, some sludges may contain high levels of 
relatively insoluble metallic cyanides having high potentiai 
toxicity. Laney and Zabban have reported (14) the cyanide 
content in the precipitates when conducting.slow chlorina
tion and with no or minimal chlorine excesses~ The complete 
treatment and removal of the cvanide concentration in-· the 
sludge can be accomplished only by either significant chlo
rine excess in the waste water, or by rapid chlorination to 
allow breakdown of the metal cyanide complex before it is 
precipitated and buried in the sludge. Some newer, waste 
treatment processes, such . as treatment with peroxygen 
compcninds, will Yield. considerably higher available 'cyanide 
concentrations in the sludge. · .. ;-- _,. - _ · ~- _ · · 

X1.9.4 Iron cyanide is always present in electroplatin-g 
solutions. The concentration is usually in the ·range fr6'm 20 
to 25 gfL. Only a small quantity of this iron cyanide will 
appear in the rinse water effiuent, and as it escapes chlorina
tion, it may form insoluble iron cyanide compounqs with 
other metals present, such as copper, zinc, iron, etc._ The 
metal iron cyanide compounds may be considered insoluble 
and nontoxic, but can become soluble in the alkaline range 
(pH >9) if the solid waste is leached with alkaline waste. The 
resolubilized iron cyanide can undergo photodec9mposition 
as discussed in XI.2. The insoluble iron cyarude content -of 
solid waste- may be a result of the best treatment that modern 
technology can do with regard to treatment and dispoSal :of 
particular cyanide compounds. The usual disposal is burial 
or landfill where acid conditions are far more coi:nnioh 'th'an 
excessive alkalinity which would cause the redissolution:· _; -

X 1.9 .5 The insoluble cyanide content of a solid waste can 
be determined by placing a 500-mg sample with 500 inL of 
distilled water into the distillation flask and following the 
total cyanide distillation. The calculations should consider a 
multiplication by 1000 to give the cyanide content of the 
solid waste sample in ppm. Insoluble iron cyanides in the 
solid waste can be leached out before analysis by stirring a 
weighed sample for 12 to 16 h in a 10% caustic soda 
solution. The leachate and wash waters of the solid waste will 
give the iron cyanide content of the sample using the 
distillation procedure. A previous chlorination will have 
eliminated all cyanide amenable to chlorination from· the 
sample. The sample should not be exposed to sunlight. A 
method allowing differentiation between HCN, ferro'- and 
ferricyanide, as mentioned earlier, is referenced (9, 39). : 

·' 

X2. DETECTION AND ELIMINATION OF THE INTERFERENCE CAUSED BY ALDEHYDES ·! 

X2.I Introductory Comments 

X2.1.1 The inference caused by the presence of aldehydes, 
causing the conversion of cyanide to cyanohydrins has been 
explained in 11.3. Section 6.4 discusses the cyanohydrin 
fonnation when aldose is present in the sample. The same 
Interference removal technique developed for the removal of 
the complexation caused by aldehydes may also be useful for 
the demasking of the complexes caused by the reaction with 
aldose. The aim is to recover the cyanide that is in a labile 
complex which also depends on the relative concentrations 
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of the cyanide and complexing organics, the time past since 
the reacting chemical mixtures occurred, the temperature ~f 
the solution, and the organics present forming the various 
cyanohydrins. · · . 'i, 

~ I ~:. 
X2.2 Summary of Methods 

,, 
' ., 

X2.2.1 Silver Nitrate Method-Formaldehyde present ~in 
the sample in excess of 0.5 mgjL noticeably interferes wiih 
the eN- determination (0.02 mg CN-/L). The cyanohydnn 
that is formed by the interaction of the cyanide and aldehyde 

. ·I 
': 
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. in the sample is in equilibrium. This equilibrium is upset by 
the addition of silver nitrate which oxidizes the aldehyde to 
the noninterfering carboxylic acid prior to the cyanide 
determination. The EDT A solution complexes the iron, if 
present in the sample, to avoid the formation of iron 
cyanide. 

X2.2.2 EthyleneDiamine Method-Ethylenediamine is a 
suitable demasking agent for the recovery of cyanide from 
labile cyanohydrins. 

X2.3 Description of Spot Test 

X2.3.1 E. Sawicki, et al, have developed a suitable 
colorimetric method for the detection and estimation of 
aliphatic aldehydes in water (41, 42, 43). This method has 
been adapted for a spot test procedure. 

X2.4 Apparatus 

X2.4.1 Spot Plate, white, \Vith 6 to 12 cavities. 

X2.5 Reagents and Materials 

X2.5J Ethylene Diamine Solution (3.5 %)-Dilute 3.5 
mL of pharmaceutical grade anhydrous NH2CH2NH2 to 100 
mL with water. 

X2.5.2 EDTA Solution (0.1 N)-Dissolve 37.2 g of so
dium-ethylenediamine-tetraacetate, dihydrated, in water and 
dilute to 1 L. 

X2.5.3 Ferric Chloride Oxidizing Solution-Dissolve 1.6 
g of sulfamic acid and 1 g of FeC13 • 6H20 in 100 mL of 
water. 

X2.5.4 MBTH Indicator Solution-Dissolve 0.05 g of 
3-rnethyl, 2-benzothiazolone hydrochloride in 100 mL of 
water. Filter if turbid. 

I ,. 

X2.5.5 Silver Nitrate Solution (17 g/L)-Dissolve 17 g or (1' 
silver nitrate (AgN03) crystals in water and dilute to l L. 1 •••. 

• '! .. 
X2.6 Procedure ' (1: 

I 
X2.6.1 If the sample is alkaline, add sulfuric acid (1 + I) · (t! 

dropwise to 10 mL of the sample to adjust the pH to less 
than 8.0. Place 1 drop of sample and I drop of water for a (2' 
blank in separate cavities of the spot plate. Add 1 drop of .. 
MBTH solution and then 1 drop of FeC13 oxidizing solution 
to each spot. Allow 10 min for color development. The color 
change will be from a fruit green-yellow to a deeper green 
with blue-green to blue at high concentrations of aldehyde, :;: .. 
The blank should remain yellow. The sensitivity of the test h §! 
approximately 0.2 mg/L CH20. · .. '(! 

X2.6.2 Silver Nitrate Method: : .,. 
X2.6.2.1 Add AgN03 solution dropwise to the sample

1 ·t· 
and retest on the spot plate. For each drop of AgN03 add' ·(:Z. 
also 2 drops of EDTA solution. One milligram CH20/100 J2~ 
mL of sample will require approximatdy 2 drops of AgN03' -

solution and 4 drops ofEDTA solution. · • ''(i, 
X2.6.2.2 The silver nitrate may also precipitate some of 

the thiocyanate if present in the sample. If this should be' . (2' 
avoided, add a few drops of concentrated ammonium · ~-~, 
hydroxide to the sample. In case AgN03 solution has been t . 

•. (2! 
added in excess and it is found that AgCN has precipitated, 
ammonium hydroxide can be added subsequent to the J<.. 
CH20 removal to resolubilize the eN- and Ag+. The dark .)g! 
precipitate that has formed is metallic silver and can be '! 

~-
filtered ofT if turbidity interferes with the test method. (31 

':-"!· X2.6.3 EthyleneDiamine Method: · 
X2.6.3. I Add 2 niL of the ethylene diamine solution for ···i, 

each 100 mL of sample to be used for the cyanide determi· 
nation. It has been found that this quantity of ethylene :~:• 
diamine addition is suitable to overcome the interference .,_..~· 
caused by up to 50 mg/L CH20 present. ··:~ 

X2.6.4 When applying a spike in testing or evaluation of :~: 
the methods do not expect necessarily 100 % recovery of the 1

;,;' 

·CN-. Recovery will depend on CH20 excess that has been ;$: 
present, time of contact, and temperature of the s·ample. ·~ 

~ ,K:. 
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Mr. J. Bou 

Martin Marietta Corp. 
Aluminum Properties 
6801 Rockledge 
Bethesda, Maryland 
20817 

I 

Re: Cyanide Hydrolysis System 
Our Quotation No. 8902 

Dear Mr. Bou: 

458 MASSEY ROAD. GUELPH. 
ONTARIO CANADA NIK 18~ 

( 519) 837·1899 

January 30, 1989 

Per your request, we are pleased to offer our quotation for a 
cyanide hydrolysis system for treatment of cyanide contaminated 
groundwater. The quoted price includes: system design, equipment, 
installation, start-up, and training of operating personnel. The 
process design is based on treating the cyanide water to a maximum 
discharge level of 0.5 and 0.1 total and free cyanide 
respectively. Two size options are given: 

Option 1: 60 US gallon/hour (for performance guarantee) 
Components will provided allowing flows to about 
90 USGPH 

Option 2: 120 US gallon/hour (for performance guarantee) 
~Components will provided allowing flows to about 
165 USGPH 

A. General Process Description 

Cyanide wastewater is pumped via a high pressure pump, through a 
tube in tube heat exchanger (countercurrent to treated effluent), 
and into a reaction vessel. Electric surface heaters are used to 
compensate for the difference between the heat exchanger outlet 
temperature and the reaction vessel operating temperature. 

When the solution in the vessel rises to a predetermined setpoint, 
a level sensing device actuates a control valve on the effluent 
tube, and the treated, cooled effluent is discharged to owners 
receiving tankage. Either high or low level in the vessel will 
effect a complete process shutdown. 

The normal operating pressure is approximately 625 psi. If 
pressure rises much beyond this point, a complete process shutdown 
will occur. If pressure continues to rise, a proportional pressure 
control valve is incorporated which will vent excess pressure. In 
the unlikely event of pressure continuing to rise (in the event of 
a fire, for example), a rupture disc in series with a pressure 
relief valve is included (relieving at 900 psi). This series 
arrangement has the advantage of allowing only a small amount of 
liquid to escape the vessel. 



I 
The cyanide hydrolysis system is designed to be completely 
failsafe. Any process variable falling outside of its normal 
operating range will result in a complete process shutdown. 

B. Preliminary Equipment Description 

1. Design: - 900 psi @ 500 F, ASME Section VIII, Division 1 
-Government inspected & approved ('U' Stamp) 

2. Materials: - High nickel alloys (eg. Incoloy 825, Hastelloy 
C-276 and/or Inconel 600) will be used on all 
high temperature liquid contact parts (these 
expensive alloys are required to eliminate 
the possibility of stress corrosion cracking 
with the caustic/fluoride containing solution) 

3. Reaction Vessel: - designed for - 15 - 20 minute time 
- various nozzle connections for inlet, 

outlet, relief valves etc. 
- exact configuration to be specified 

4. Ancilliary Equip: - tube in tube heat exchanger 
- about 24 and 48 kw electric heaters 

required for Option 1 & 2 respectively 
- high pressure st.st./PTFE diaphragm pump 
- control panel c;w indicators & controls 

for continuous failsafe operation 

5. Assembly: - Unit to be skid mounted and tested prior to 
shipment (skid- 20' x 5' x 8' high) 

C. Delivery and Installation 

Approximately 5 - 6 months from receipt of purchase order. 

D. Price 

Option 1: 
Option 2: 

$ 105,000. 
$ 138,000. 

E. Terms of payment 

To be negotiated. 

E. FOB Point 

Guelph, Canada 

(Cdn funds) 
(Cdn funds) 
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CYANIDE DESTRUCT 
SYSTEMS INC. 

~58 MASSEY ROAD. GUELPH. 
ONTARIO. CANADA NlK 184 
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F. Performance Guarantee 

CDS guarantees that the cyanide hydrolysis process 1 treating 
cyanide contaminated groundwater 1 at a flowrate of 60 US 
gallons/hour (Option 1) 1 or 120 US gallons/hour (Option 2) will 
yield an effluent containing a maximum of 0.5 mg/1, of total and a 
maximum of 0.1 mg/1 of free cyanide. CDS Inc., will, at its 
expense, modify the system to meet guarantee if not met during 
start-up. See the attached Terms and Conditions. 

I hope that this quotation is acceptable to you. Please call with 
any questions or comments that you may have. 

Your's very truly, 

H.L. Robey, P.Eng. 
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Terms and Conditions of Sale 

CYANIDE DESTRUCT 
SYSTEMS INC. 

~58 MASSEY ROAD. GUELPH. 
ONTARIO. CANADA NlK 184 

( 519 J 837·1899 

1. The shipping and installation time is an estimate. CDS Inc. 
will endeavor to meet that quoted, but CDS shall not be liable 
for any delays resulting from causes beyond their control. 

2. Plant services required for operation of the system (ie. plant 
air, water for start-up and electricity) will be provided by 
the Purchaser at the selected location of the system. 

3. ·All feed and effluent tankage is the responsibility of the 
Purchaser, as is the piping of pressure relief lines. 

4. CDS Inc. will not be held liable for any discharges from the 
hydrolysis process into sewers, receiving watercourses or soils 
which are above regulatory limits (ie. Purchaser is responsible 
for analyzing effluents to ensure compliance). 

5. The cyanide destruction guarantee is based on results obtained 
from batch scale tests. If performance guarantee is not met, 
CDS Inc. retains the right to have another test conducted on a 
sample to ensure that it is consistent with the original test 
results. If the new test results are comparable to the 
original sample test results, suggesting that the full scale 
system design is at fault, the unit will be modified at CDS 
expense to meet target. If new and original sample test results 
are not comparable, suggesting that a non-representative sample 
was used for the original test, then CDS will modify unit to 
meet target at Purchasers expense. 

6. Due to the present instability of the international nickel 
market, CDS Inc. reserves the right to adjust the quoted price 
in accordance with nickel prices at the time of sale. 
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CDS INC: 
CYANIDE 

Cyanide is an important 
industrial chemical. Its 
applications are numerous. and 
often there are no practical 
substitutions. The problem is 
how to dispose of this toxic 
residual of modern chemical 
processes. The regulations 
regarding this are very clear 
and result in a long-term 
liability with serious 
implications for all cyanide 
users. 

EXISTING TECHNOLOGY 

Currently. the most common 
treatment technique involves 
chlorine. in itself a toxic and 
·egula.ted chemical. as an 
oxidation agent. There are two 
major disadvantages to the 
chlorination process-extremely 
high operatin-g costs and the 
failure to destroy complex 
cyanides. particularly iron. 

THE ANSWER 

It's actually quite simple 
... Cyanide hydrolysis. This 
reaction has been known for 
decades. It occurs naturally, 
even at room temperature. but 
the reaction takes far too much 
time to be economically 
feasible. If the temperature 
could be increased and the 
pressure rigidly controlled in a 
specially designed reaction 
vessel. this simple chemical 
reaction can destroy all cyanide 
;:omplexes to well below 
compliance concentrations. All 
this at a rate and cost 
acceptable to businesses 
operating now and into the 
future. 

PROVEN RESEARCH 

With financial support from the 
American Electroplaters 
Society, the Ontario Research 
Foundation in Canada 
conducted a multi-year 
laboratory and field test 
program on the feasibility of 
cyanide destruction through 
"Thermal Hydrolysis". The 
results were conclusive. All 
cyanides. including iron. nickel 
and copper complexes. could be 
reduced to below acceptance 
levels. 

r------------------------~ 

TREATED 
EFFLUENT 

CYANIDE 
WASTE 

IN 

n-

Safe, reliablE 
CYANIDE DESTRUCT 
SYSTEMS INC. 

Based on management's years 
of prior experience in thermal 
hydrolysis. Cyanide Destruct 
Systems Inc. was incorporated 
in 1986. Since then. CDS has 
continued to develop this 
hydrolysis process. With a 
corporate mission to design, 
manufacture and install this 
equipment. CDS has successfully 
created a market niche. A clear 
understanding of the process and 
a firm commitment to after sale 
support has resulted in a product 
that meets the needs of cyanide 
users large or small. 

Canadian and U.S. patents are 
pending. 

:) 

CONTINUOU~ 
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yanide hydrolysis systems 
c. '\FETY AND CONTROL 

ln dealing with toxic material it 
is imperative that top quality 
industrial control systems are 
used. At CDS we use only the 
best commercially available 
materials and components. All 
units are tested to ensure 
maximum reliability and 
safety. Specifically designed 

-N SCHEMATIC 

T 
\IGER 

control loops have been 
developed with safety, 
simplicity and operational 
reliability in mind. Any process 
variable falling outside of its 
operating range will result in a 
complete system shutdown and 
will automatically inform 
personnel of this occurrence. 

REACTION 
VESSEL 

THE PROCESS EQUIPMENT 

Cyanide hydrolysis installations 
can be utilized by either large or 
small generators of cyanide 
waste. 

Smaller operations producing 
less than 300 gallons per day 
(gpd) can rely on the batch 
process for economical 
treatment of cyanide 
contaminated liquids or sludges. 
This alleviates the costly 
requirements and long-term 
liability of transportation to a 
hazardous waste land fill. 

For larger requirements (over 
300 gpd.), a continuous 
operating system may become 
more cost effective. 

FEATURES 

*no potentially dangerous 
chemicals involved 

*ONLY known process capable 
of destroying complex 
cyanides to levels consistently 
below compliance 

*requires minimal floor space 
*low operating costs 
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1.0 INTRODUCTION 

DCE/P 
June 30, 1989 

The purpose of this work plan is to identify the 

constraints imposed upon the standard design practice by the 

need for adherence to the remediation goals and requirements 

mandated by the EPA. In general, the activities associated 

with the selected alternative presented in the Record of 

Decision (ROD) consist of the following: 

o Excavating and consolidating materials from 
former cathode waste management areas 
consisting of: The Bath Recovery Pad; Old 
Cathode Waste Pile; Potliner Handling and 
Salvage Areas plus the Alumina Unloading Area 
into the existing landfill; 

o One time collection and treatment of perched 
water beneath the Cathode Waste Management 
Areas (CWMA) during consolidation activities 
west of River Road and to the extent 
practical, east of River Road; 

0 Cap the existing 
multi-media cap 
standards; 

landfill 
meeting 

in place with a 
RCRA performance 

o Collect and treat leachate generated from the 
existing landfill once construction of the cap 
is complete; 

o Cover Scrubber Sludge Ponds (SSP) 2 and 3 with 
a soil cover; 

o Abandon the following nearby production wells: 

0 

Rockline, Animal Shelter, Klindt and Residence 
wells. Connection of the City of The Dalles 
water supply system will be provided for the 
users of the Rockline, Animal Shelter and 
Klindt wells. The Residence well is on 
Martin Marietta Corporation (MMC) property 
and will not receive a water system extension 
as MMC has no intentions of future use) ; and 

Implement a 
plan which 

ground-water quality monitoring 
contains a contingency plan to 
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perform recovery and treatment of ground water 
in the event ground-water quality does not 
meet standards. 

In addition to these stated objectives, MMC intends to 

include as part of the excavation of former cathode waste 

management areas, the excavation of the materials contained 

in the Lined Pond. The Lined Pond is expected to be taken 

out of service in mid 1989 at which time it will no longer be 

required as part of the reduction facility process. MMC has 

determined that materials contained in the Lined Pond will be 

consolidated into the existing Landfill prior to capping. 

The purpose of the Design Criteria Evaluation and Permit 

Assessment (DCE/P) Plan is to discuss the following elements: 

o Description of Remedial Activities; 

o Review of Performance Standards; and 

o Design Criteria Evaluation. 

The description of remedial activities presents a basic 

outline and narrative of the construction schedule MMC 

intends to pursue. Construction activities have been divided 

into two phases, one starting in 1989 and another in 1990. 

Review of performance standard re-iterates the ARARs 

provided in the feasibility study (FS) and ROD. Performance 

standards for excavation, RCRA performance cap for the 

Landfill, soil cover for the Scrubber Sludge Ponds, and 

perched water treatment will be discussed. 

The design criteria evaluation will provide insight into 

how performance standards are expected to be obtained and 
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data required during the RD process to conduct the 

evaluations. Design criteria are primarily associated with 

treatment of perched water and leachate for cyanide and 

fluoride removal, and the capping and covering of the 

existing Landfill and Scrubber Sludge Ponds, respectively. 
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2.0 DESCRIPTION OF REMEDIAL ACTIVITIES 

The Scope of Work (SOW) submitted by MMC as part of its 

good faith offer, provided that design shall be completed 

within 270 days after approval of the work plans and notice 

to proceed. Remedial action would be initiated 45 days 

after notice to proceed and completed 30 months there after. 

The remedial action duration provides the 1989, 1990, and 

1991 construction seasons for implementation of the RA. 

In order to execute the activities described in the 

selected remedial action as presented in the ROD, MMC intends 

to conduct the remediation in two phases. The construction 

season in The Dalles area is generally between the months of 

April through September. In order to take advantage of the 

1989 construction season, MMC's goal is to implement a number 

of tasks which will result in complete remediation of certain 

areas of the site and to establish a basis for completing the 

remedial activities in the 1990 construction season. 

Collection of the engineering data required to provide 

compliance with design criteria is a critical path to being 

able to initiate construction activities in 1989. 

The following text discusses the individual construction 

seasons, the relative construction goals and objectives for 

implementation, and basic sequencing of construction. Table 

2-1 provides an overview of the construction activities 

desired by MMC to effect remediation by the end of the 1990 

construction season. 
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Construction Events Summary 
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June 30, 1989 

Pre-Design Report: Martin Marietta Reduction Facility 
Martin Marietta Corporation 

The Dalles, Oregon 

Phase I - 1989 Construction Scenario 

1. Interim Stormwater Management 

2. Cyanide Treatment Facility 

3. Tank Storage Facility 

4. Cover Scrubber Sludge Ponds 

5. Installation of interior leachate collection system 

6. Excavation/Consolidation/Reconstruction 

o Unloading Area 
o Potliner Handling Area 
o Lined Pond 

7. Excavation/Consolidation/Regrade 

o Old Cathode Waste Pile Area 
o Salvage Area 
o Bath Recovery Pad Area 

8. Well Abandonment/City Water Supply 

9. Initiation of Perched Water Recovery 

Phase - II 1990 Construction Scenario 

1. Perimeter Leachate Collection Trench/System 

2. Excavation/Consolidation/Reconstruction 

o Old Cathode Waste Pile Area 
o Salvage Area 
o Existing Landfill Leachate Collection Trenches 

3. Perched Water Recovery 

4. Landfill Cap Construction 

5. Final stormwater Management 

6. Survey/Institutional 

FL0018.RD2\TBL\1DRADCE.21T 
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A summary of the 1989 construction activities consist of 

several site civil elements resulting in partial or complete 

remediation. However, the critical element in the initial 

construction season is the installation of the perched water 

treatment system which includes storage tank and cyanide 

destruction unit. Many of the Cathode Waste Management Areas 

cannot be remediated totally in 1989, due to perched water 

being encountered during excavation activities. These areas 

will be initiated in 1989 and completed in 1990. The 

elements presented in Table 2-1 for the 1989 activities are 

described briefly in the following text: 

o Interim Stormwater Management. Primarily this 
task will focus on minimizing surface water 
entering the Landfill Sump Pump Station. The 
objective is to minimize the accumulation of 
additional perched water in this area. 

o Perched Water Treatment System. The system by 
Cyanide Destruct Systems, Inc. will be 
utilized for the destruction of cyanide in the 
perched water and later for leachate from the 
Landfill after capping is complete. It is 
anticipated that treatment system will be 
installed and ready for startup in late 1989. 

o Perched Water Storaqe Facilities. This 
facility must be erected prior to recovering 
any perched water. A bolted steel tank 
of approximately 250,000 gallons capacity has 
been selected by MMC and will have secondary 
containment designed to the requirements of 40 
CFR 264 Subpart J. 

o Cover for Scrubber Sludqe Ponds. Placement of 
the cover may involve regrading of materials, 
removal of vegetation (trees, shrubs, etc.), 
placement of soil cover, grading for drainage 
and final surface treatment (vegetative 
cover). Ponds 2 and 3 together are between 8 
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and 10 acres in size. Opportunities to 
mJ.nJ.mize stormwater runoff onto the Scrubber 
Sludge Ponds will be analyzed and implemented 
into the design of the cover. At the 
conclusion of remedial activity, a fence will 
be completed around Scrubber Sludge Ponds 1 
through 4. Surface drainage would be towards 
River Road and the abandoned discharge 
channel. Vegetation will be permitted to 
develop in the areas in a similar manner as on 
adjacent Scrubber Sludge Ponds 1 and 4. 

o Excavation/Consolidation/Reconstruction. 
Three areas will be completely remediated; the 
Unloading Area, Bath Recovery Pad Area and 
Potliner Handling Area. The materials will be 
consolidated into the Landfill and graded to 
shapes or slopes, as required. Perched water 
detected in these areas will be removed and 
the soils will be drained, at a minimum, to 
the extent that no liquid water will drain by 
gravity from the material before 
consolidation into the Landfill. There are a 
number of activities in the Potliner Handling 
Area which must be addressed during 
remediation. These activities are: crusher 
disassembly, stormwater catch basin and 
piping, railroad spur lines, buried 
utilities, etc. 

o Excavation/Consolidation/Regrade. The Old 
Cathode Waste Pile and Salvage Area will be 
excavated in two phases. The first phase will 
be to excavate surface soils above the perched 
water table. The resulting area will be 
graded to slope towards the Landfill Ditch to 
facilitate surface water runoff. In both of 
these areas soils will be drained, at the 
mJ.nJ.mum, to the extent that no liquid water 
will drain by gravity from the materials 
before consolidation into the Landfill. The 
Lined Pond is to be taken off-line in 1989 and 
the materials in this pond will be excavated 
and consolidated into the Landfill. 

o Well Abandonment/City Water Suoolv. This task 
will include abandoning the Klindt, Animal 
Shelter, Rockline and Residence wells, and 
replacement of the Animal Shelter, Rockline 

2-4 



Ar GERAGHTY & MILLER 
_,. ENGINEERS, INC. 

DCE/P 
June 30, 1989 

and Klindt wells with city water. The 
Residence well in on MMC property and will not 
receive a city water system extension as MMC 
has no intentions of future use. 

o Perched Water Recovery. The recovery of 
perched water will be initiated in 1989 for 
the purpose of conducting performance tests of 
the CDS system. Perched water will be 
collected from the trench excavations 
established in the Old Cathode Waste Pile and 
Salvage Area during the field investigations. 

0 Regrading of Landfill. 
the materials from the 
the materials will be 
Landfill in a manner 
future work activities. 

With the addition of 
Phase I excavations, 
consolidated in the 
which will minimize 

o Verification Sampling. Following the approval 
of the Project Work Plans by the EPA and the 
ODEQ, verification sampling (as described in 
the SAP) will be conducted in the Salvage, 
Bath Recovery Pad, and Unloading Areas for the 
purpose of defining the limits of excavation. 

2.2 PHASE II-1990 CONSTRUCTION SCENARIO 

The elements presented in Table 2-1 for the 1990 

activities are described briefly in the following text: 

o Leachate Collection Trench. During excavation 
and consolidation activities, the leachate 
collection will be installed. The number of 
sumps and handling systems (for the leachate 
collection and conveyance to the treatment 
system) will be determined after the 
performance of the field investigation. 

o Excavation/Consolidation/Reconstruction. The 
remaining materials in the Old Cathode Waste 
Pile Area, Salvage Area and existing ditches 
around the Landfill will be excavated, 
consolidated into the Landfill, and 
backfilled, as required. Perched water, if 
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encountered, would be collected and sent to 
storage for treatment. 

o Perched Water Recoverv. All remaining perched 
waters will be recovered from the CWMA for 
storage and treatment in the cyanide 
hydrolysis treatment system. 

o Landfill Cap Construction. Once all materials 
are consolidated and graded, then the 
installation of the Landfill cap will begin. 

o Final Stormwater Management. Once all major 
construction activities are complete, final 
stormwater drainage construction will be 
implemented. Storm waters will be drained 
off-site from the Landfill and CWMA along new 
or existing drainage paths. 

o survey/Institutional. The waste management 
areas (Landfill and Scrubber Sludge Ponds) 
will be surveyed and deed restrictions filed. 
Other institutional controls and implemen
tation mechanisms must be in place by the time 
construction is complete. 

Key elements to be considered during the 1990 

construction season are recovery of perched water, completion 

of consolidation activities, 

consolidated materials in 

and cap construction over the 

the existing Landfill. The 

treatment system will undergo start-up in late 1989 or early 

1990. Installation of the remainder of the perimeter 

leachate collection trench system must be undertaken before 

grading of the Landfill. Construction of the multi-layer cap 

will begin after grading of the landfill is completed. The 

placement of the soil barrier must be accomplished 

expeditiously due to anticipated adverse climatological 

conditions (hot temperatures, high winds and low humidity). 

Covering of the soil barrier with the synthetic membrane 

should minimize the effect of climatological factors. 

However, quality assurance control measures to be taken to 
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monitor adherence to the performance standard assigned to the 

soil barrier will be extensive and may deter the construction 

process from advancing as quickly as desired. Therefore, the 

soil barrier will require moisture monitoring. MMC's 

objective is to have the final cover over the Landfill before 

inclement wet weather begins in the fall and winter of 199U. 

2-7 



Ar GERAGHTY & MILLER 
Af ENGINEERS, INC. 

DCE/P 
June 30, 1989 

3 • 0 REVIEW OF PERFORMANCE STANDARDS (ARARS) 

The purpose for identifying and evaluating the 

performance standards to be utilized in the remedial design 

process is to incorporate the known goals for site 

remediation with the regulatory requirements (ARARS) for the 

proper conduct of the site remediation. The combination of 

these two elements forms a cohesive plan for the safe and 

effective completion of the RD/RA. 

The inputs for the evaluation of performance standards 

include the description of the selected remedy in the ROD and 

the scope of work (SOW) prepared for the RD/RA. In the 

following subsections the federal and state ARARs which may 

be applied to the RD/RA are discussed and subsequently 

incorporated into the preliminary design criteria. 

3.1 DEFINITION OF PERFORMANCE STANDARDS 

As determined in the Feasibility Study and presented in 

the ROD, the performance standards established for 

remediation of the MMRF site are defined for the major 

project tasks as follows. 

3.1.1 Waste Material Consolidation into the Landfill 

The residual cathode waste material, fill and 

contaminated soils from the Unloading Area and the Former 

Cathode Waste Management Areas will be excavated and 

consolidated into the existing Landfill. In addition, the 

materials existing between the Landfill and the northern bank 

of the Landfill Ditch will be consolidated into the Landfill. 
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The lateral and vertical extent of excavation will be 

limited in some areas by the known boundary of materials 

placed in the area. 

The volumes of soils to be consolidated in the Landfill 

are dependent on the results of a verification sampling 

program. The verification sampling program shall be prepared 

by MMC as part of the SAP and submitted to EPA. The 

following parameters have been established as ARARS for the 

soil removal: 

Arsenic 
cPAHs 
Fluoride 

65 mgjkg 
175 mgjkg 

2,200 mgjkg 

The contaminant specific criteria for each of the areas being 
excavated is identified in the SAP. 

3.1.2 Perched Water and Landfill Leachate Treatment 

The performance criteria 

water and Landfill leachate 

for the treatment of perched 

are based on the discharge 

concentration of free cyanide at the CDS system discharge, 

and the discharge of water containing fluoride is regulated 

by the NPDES permit for the in-plant treatment system. 

Discharge of fluorides to the in-plant treatment system has 

been accepted by the EPA and the discharge of in-plant waters 

containing fluoride are regulated by NPDES discharge 

criteria. Free cyanide discharge units of 0.4 mgjL and 0.1 

mg/L have been established for perched water treatment during 

the remediation period and thereafter, respectively. 

Treatment of Landfill leachate will occur after remedial 

actions are completed and the discharge criterion for free 

cyanide to the in-plant system has been established by the 

NPDES at 0.1 mgjL. 
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The performance standards (ARARs) for the cap at the 

Landfill are the RCRA performance standards for final closure 

of a landfill, which are contained at 40 CFR 264.310(a) (1) 

through (5) and described in the following: 

1. Provide long-term minimization of liquid 
migration through the capped area. 

2. Function with minimum maintenance. 

3. Promote drainage and minimize erosion or 
abrasion of cover. 

4. Accommodate settling and subsidence so that 
the cover's integrity is maintained. 

5. Have a permeability less than or equal to 
the permeability of the natural sub-soils 
that are present. 

The above performance standards for the Landfill will be 

met through the use of man-made materials (geomembranes and 

geotextiles) and through the judicious selection and 

combination of available soil materials. The properties of 

bentonite-enhanced soil materials are being evaluated in 

order to determine an optimal low permeability layer 

configuration, which will address the performance standards 

for protection and permeability of the cap and minimize 

construction costs. 

3.1.4 Scrubber Sludge Ponds Cover 

The performance standards (ARARs) established for the 

cover for Scrubber Sludge Ponds 2 and 3 are the RCRA 
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performance standards for final closure which are contained 

in 40 CFR 264.310{a) {2) through {4) and described in the 

following: 

1. Function with minimum maintenance; 

2. Promote drainage and minimize erosion or 
abrasion of cover; and 

3. Accommodate settling and subsidence so that 
the cover's integrity is maintained. 

3.2 DEFINITION OF ARARs 

In addition to 

Section 3.1, the 

Applicable, Relevant 

the performance standards presented in 

identification and application of 

andjor Appropriate Requirements (ARARs) 

is required in the development of design criteria. The 

subjects to be addressed in the development of ARARs include: 

1. Methods by which fugitive dust emissions are to 
be assessed and controlled during the RD/RA; 

2. The protection of the health and safety of 
personnel involved in the site remediation; 

3. The perched water treatment criteria; and 

4. The constituents to be utilized in the 
verification sampling program. 

Fugitive dust emissions are a concern to potential off

site recipients of the particulate matter. Applicable 

requirements for determining emission standards are contained 

in the Oregon Administrative Rules (OAR), Chapter 430, 

Sections 20, 21, and 31. Of particular concern are the 

special control area designation for particulate sources 

within three miles of a city having a population greater than 
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4,000 people (OAR 340-21-010.4). An assessment was performed 

by Versar, Inc. of the amounts of particulate matter which 

will be generated due to the remedial activities at the site. 

The analysis is presented as Appendix C of the Safety and 

Health Plan. 

Responsibility for the protection of the safety and 

health of personnel involved in the site remediation is the 

joint responsibility of MMC and the remedial contractor. 

Consistent with the language of the scope of work for the 

RD/RA, MMC will prepare a Safety and Health Plan (SHP) for 

the protection of personnel involved in the data-gathering 

tasks of the RD. The remedial contractor is, with historic 

data and the additional data collected by MMC during the RD, 

responsible for preparing a SHP suitable for protection of 

the contractors personnel. The SHPs prepared for the site 

remediation will conform to the provisions of 29 CFR 1910. 

A verification sampling program is proposed to determine 

the lateral extent of contaminated areas in the Unloading and 

former Cathode Waste Management Areas. The following 

constituents have been established as ARARs for the soil 

removal: 

Arsenic ~ 
cPAHs ~ 

Fluoride ~ 

65 mgjkg 
175 mgjkg 

2200 mgjkg 

Three areas of the site have been identified in which 

the lateral extent of contamination has not been adequately 

characterized. The verification sampling of the Unloading, 

Salvage and Bath Recovery Pad Areas is described in detail in 

the SAP and the specific constituents to be sampled, 

consistent with the results of the RI, are as follows: 
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Unloading Area 

Bath Recovery Pad Area 

Salvage Area 

Fluorides 

Fluorides 
cPAHs 

Fluorides 
cPAHs 

DCE/P 
June 30, 1989 

The specific cPAH compounds detected at the site, as 

identified in the Risk Assessment element of.the RI, are as 

follows: 

Benzo (a) anthracene 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Chrysene 
Dibenzo (a,h) anthracene 
Indeno (1,2,3 - cd) pyrene 
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4.0 DESIGN CRITERIA EVALUATION 

DCE/P 
June 30, 1989 

The finalization of the design criteria to be utilized 

in the development of the RD for the site is accomplished by: 

(1) incorporating the input from the ARARs as identified in 

the ROD; ( 2) incorporating the needs identified by the 

scheduling scenarios for the individual elements of the site 

remediation and; (3) incorporating the provisions for air 

monitoring, health and safety and verification sampling. 

For each of the major elements of the RD, the preliminary 

design parameters have been identified, as well as the 

additional data needs which require field investigation. 

The timing of the data gathering investigations to be 

performed at the site are influenced by the scheduling 

scenarios developed for the implementation of the RD. 

4.1 DESIGN CRITERIA 

The remediation of the MMRF site requires the 

application of standard civil engineering design practice in 

a number of different settings to achieve a number of 

different results. Therefore, the design criteria needs vary 

substantially and are usually particular to individual 

elements of the project. Table 4-1 presents a summary of the 

different areas of remediation, the remedial actions 

occurring in the area and the specific ARARs, performance 

criteria, design criteria and additional data needs 

associated with the area. Common elements to each of the 

design tasks presented in Table 4-1 are need for appropriate 

health and safety guidelines. Table 4-1 represents the basis 

of the Remedial Design for the different areas of the site. 

4-1 
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Project 
Description 

Potliner Handling 
Area (PHA) 

RH!edial 
Action 

Excavation of 
contaminated soil 

TABLE 4-1 
Preliminary Design Criteria 

Hartin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

ARARS/Performance 
Criteria 

Excavation of defined area 

Replacement of existing RR 
tracks 

Provide proper drainage for 
backfilled area 

Minimize erosion and 
settling of backfilled area 

Additional Data Needs/ 
Design Criteria/ 
Permits Required 

Air emission controls 
(as necessary) 

Backfill selection and 
placement criteria 

Identify the location of 
the storm sewer line 

Identify existence and 
location of any utility 
lines 

Design criteria for RR 
track replacement 

Coordination of 
activities with NYA 
operations 

Bench/Pilot 
Studies 

None 
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Project 
Description 

Old Cathode Yaste 
Pile Area 

Salvage Area 

Retnedial 
Action 

Excavation of 
contaminated soil 

Excavation of 
contaminated soil 

TABLE 4-1 (Continued) 
Preliminary Design Criteria 

Hartin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

ARARS/Perfor~ance 

Criteria 

Excavation of defined area 

Minimize settling and 
erosion of backfilled area 

Provide proper drainage 
for backfilled area 

Excavation of defined area 
Verification samplings as 
described in SAP 

Provide proper drainage for 
backfilled area 

Minimize settling and 
erosion of backfilled area 

Additional Data Needs/ 
Design Criteria/ 
Per~its Required 

Air emissions controls 
(as necessary) 

Protection of monitor 
well clusters 

Backfill selection and 
placement criteria 

Identify the existence 
and Location of any 
utility lines 

Air emissions controls 
(as necessary) 

Protection of monitor 
welL clusters 

Backfill selection and 
placement criteria 

Identification and 
existence of any utility 
lines 

Bench/Pilot 
Studies 

None 

None 
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Project 
Description 

Bath Recovery Pad 
Area 

Unloading Area 

Retnedi a l 
Action 

Excavation of 
contaminated soil 

Excavation of 
contaminated soil 

TABLE 4-1 (Continued) 
Preliminary Design Criteria 

Martin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

ARARS/Performance 
Criteria 

Excavation of defined area 
Verification sampling as 
described in the SAP 

Minimize settling and 
erosion of finished area 

Protection of the 
structural integrity of the 
Bath Recovery Pad 

Provide proper drainage 
for backfilled area 

Excavation of defined area. 
Any residual soils contain 
<2200 mg/kg fluorides 

Provide proper drainage for 
backfilled area 

Minimize settling and 
erosion of backfilled area 

Additional Data Needs/ 
Design Criteria/ 
Permits Required 

Air emissions controls 
(as necessary) 

Backfill selection and 
placement·criteria 

Identification and 
existence of any utility 
lines 

Air emissions controls 
(as necessary) 

Backfill selection and 
placement criteria 

Identification and 
existence of any utility 
and process lines 

Bench/Pilot 
Studies 

None 

None 
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Project 
Description 

Landfill 

TABLE 4-1 (Continued) 
Preliminary Design Criteria 

Martin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

Remedial 
Action 

Limited re-grading of 
existing wastes 

Leachate collection 
system installation 

Consolidation of 
contaminated soils and 
wastes 

Cap Construction 

Stormwater Management 

ARARS/Perfor~ance 

Criteria 

Conformance with provisions 
of 40 CFR 264.110 through 
264.120: 

Conformance with provisions 
of 40 CFR 264.310: 

0 

0 

0 

Minimize migration of 
liquid through capped 
area 

Minimize long-term 
maintenance 

Minimize erosion 

o Provide adequate 
drainage 

o Minimize and 
accommodate landfill 
subsidence 

Provide access and 
clearance for overhead 
power poles and lines owned 
by the Bonneville Power 
Administration 

Additional Data Needs/ 
Design Criteria/ 
Per•its Required 

Bonneville Power Ad
ministration access and 
clearance requirements 

Identification of 
·acceptable landfill cap 
configuration and 
materials 

Identification of 
adequate amounts of 
suitable backfill and 
cap materials 

Air emissions controls 
(as necessary) 

Bench/Pilot 
Studies 

None 
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Project 
Description 

Landfill Leachate 
Collection System 

Perched \later 
Collection System 

TABLE 4-1 (Continued) 
Preliminary Design Criteria 

Martin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

Ret1edial 
Action 

ARARS/Performance 
Criteria 

Design and construction Conformance with provisions 
of a leachate collection of 40 CFR 264.301 
and storage system 

Collection and handling 
of perched water 

0 

0 

Chemical resistance 
to leachate 

Yill function over 
life cycle without 
clogging 

o System will not 
collapse under design 
loadings 

Development of Blasting 
Plan (if blasting is 
required) 

Collection of perched 
water beneath former CYHA 

Collection of perched 
wotcr cost of River Road 

Additional Data Needs/ 
Design Criteria/ 
Per•its Required 

Blasting permit (if 
blasting is required) 

Investigation trenches 
for determination of 
basalt surface 
elevations. 

Construction of 
Investigation trenches 

Design of system for 
transport of perched 
water to storage system 

Bench/Pilot 
Studies 

None 

None 
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Project 
Description 

Perched Water 
Storage/Treatment 
System 

Re~~~edia l 
Action 

TABLE 4-1 (Continued) 
Preliminary Design Criteria 

Martin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

ARARS/Performance 
Criteria 

Additional Data Needs/ 
Design Criteria/ 
Per•its Required 

Storage/Treatment System 
of collected 
contaminated water 

Discharge Criteria: 0.4 
mg/L of free cyanide during 
remediation, 0.1 mg/L of 
free cyanide after 
remediation 

CDS design criteria 

Treatment of Landfill 
leachate 

Secondary containment 
required for 
storage/treatment system 

Discharge from cyanide 
treatment system to go to 
Northwest Aluminum in-plant 
treatment system, which 
will control fluoride to 
the level specified In the 
NPDES permit. 

Bench/Pilot 
Studies 

Performance 
testing of 
CDS unit 

Fluoride 
removal bench 
testing 
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Project 
Description 

Extension of the 
Municipal \Jater 
System 

Scrubber Sludge 
Ponds Cover 

TABLE 4-1 (Continued) 
Preliminary Design Criteria 

Martin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

Rell!edial 
Action 

ARARS/Perfor~ance 

Criteria 

Connect Rockline, Klindt Adherence to the City of 
and Animal Shelter The Dalles water system 
establishments to the design standards 
City of The Dalles 
municipal water system 

Abandon Rockline, 
Klindt, Animal Shelter 
and Residence production 
wells 

Consolidation of pond 
dikes and windblown 
sediments into pond 

Placement of soil cover 

Proper abandonment of the 
production wells in 
accordance with all 
applicable provisions of 
city, county, and state 
well construction codes 

Minimize long-term main
tenance of cover 

Minimize erosion of pond 
areas 

Promote draining and 
accommodate settling within 
the Scrubber Sludge Ponds 

Additional Data Needs/ 
Design Criteria/ 
Permits Required 

Locations of existing 
municipal system and 
acceptable tapping 
points 

City of The Dalles 
design standards for 
water systems 

Construction permit from 
City of The Dalles 

Applicable State and 
local well abandonment 
construction codes 

Characterization of Pond 
Sludge 

0 

0 

0 

Consolidation 
testing 

Determination of 
moisture content 

Atterberg limits 

Bench/Pilot 
Studies 

None 

None 

-·~ ~~ 
t'I10 
Zm 
8::o 
~6 
t'I1~ 
::0~ 
~en--< 
~~ 

~~ . ~ 
~ 

b; 
::0 



,:::. 
I 

\.0 

Project 
Description 

Scrubber Sludge 
Ponds Cover 
(Continued) 

Re.edial 
Action 

FL0018.RD2\LTR\DESCRIT.TBL 

TABLE 4·1 (Continued) 
Preliminary Design Criteria 

Martin Marietta Reduction Facility RD/RA 
The Dalles, Oregon 

ARARS/Perfor~ance 

Criteria 

Additional Data Needs/ 
Design Criteria/ 
Per•its Required 

Air emissions controls 
(as necessary) 

Backfill selection 
and placement criteria 

Bench/Pilot 
Studies 
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5.0 PERMITTING ASSESSMENT 

DCE/P 
June 30, 1989 

Permit requirements for the remediation of the MMRF site 

have been divided into two categories: those permits 

required for off-site and on-site remedial activities. 

The EPA has concluded that no permits are required for 

work conducted entirely on-site. In the language of the 

Consent Decree issued for the site remediation (Special 

Notice Letter (42 U.S.C. 9622 [e]) V.B.2). 

" The United States has determined that no 
federal, state or local permits are 
required for work conducted entirely on
site as described in the Scope of Work. 
Settling Defendant shall obtain all 
permits or approvals necessary for off-site 
work under federal, state or local laws and 
shall submit timely applications and 
requests for any such permits and 
approvals." 

A review of permitting agencies has identified off-site 

permit requirements for the RD/RA project. The permits 

include: (1) appropriate permits and approvals for 

construction of the City of The Dalles water supply extension 

to the Rockline and Animal Shelter establishments; (2) state 

and local permits for the abandonment of the Klindt, 

Residence, Rockline and Animal Shelter production wells; (3) 

any off-site modifications to existing drainage patterns will 

be permitted by the United States Soil Conservation Service 

or the local designee; ( 4) permits, as necessary, for the 

transport of fill materials to the site; and (5) permits for 

the removal of materials from the selected borrow areas. 

5-1 
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DCE/P 
June 30, 1989 

Permit requirements have been identified for potential 

borrow sources. Wasco County will require a borrow area 

permit for any soil removals occurring in the county. The 

information required for the permit includes the definition 

of haul routes, the identification of "sensitive receptors" 

to the noise and dust associated with the borrow operations, 

and identification of excavation areas and quantities. In 

addition to the Wasco County requirements, portions of the 

Columbia River Gorge have been classified as a National 

Scenic Area (NSA) by the United States Department of the 

Interior. Removal of borrow materials within the NSA will 

involve additional permitting activities. 

FL0018.RD2\RPT\1DRADCE 
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GWMP 
June 30, 1989 

INTERIM GROUND-WATER MONITORING PLAN 

1.0 INTRODUCTION 

As part of the Record of Decision (ROD) and negotiated 

in the Statement of Work (SOW), an Interim Ground-Water 

Monitoring Plan (IGWMP) and a Long-term Ground-Water 

Monitoring Plan (LTGWMP) are to be developed for the 

remediation activities at the Martin Marietta Reduction 

Facility (MMRF) in The Dalles, Oregon. 

1.1 INTERIM GROUND-WATER MONITORING PLAN 

The purpose of the IGWMP is to collect ground-water 

quality data from the initiation of Remediation Design (RD) 

activities through implementation of the Remedial Action 

(RA) . The locations of the wells to be sampled, as 

identified in the ROD and negotiated in the SOW, are 

summarized in Table 1. Water-level measurements will be 

recorded on a quarterly basis for the wells presented in 

Figure 1 and identified in Table 2. Variations in ground

water quality in the vicinity of the Unloading Area (UA), the 

former cathode Waste Management Areas (CWMA) and Chenoweth 

Wells will be monitored. Thus, a data base of ground-water 

quality and flow encompassing both temporal and spatial 

variations can be established prior to completion of the RA. 

The Quality Assurance Project Plan (QAPP) developed for the 

RD/RA will be utilized for the ground-water monitoring 

program. The wells to be monitored are screened in both the 

water table aquifer(s) and deeper aquifers to provide 

vertical monitoring of ground-water quality. Well 

construction details for the wells to be monitored are 

summarized in Table 3. 

1-1 
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ALUMINUM 
PLANT 
REDUCTION 
CELLS 

LEGEND: 

• MW-1 MONITOR WELL 
• PW-1 PRODUCTION WELL 

.to INTERIM AND LONG TERM 
MONITOR WELL LOCATIONS 

• LONG TERM MONITOR WELL 
LOCATIONS 

0 • 
MW-4 

LEA 

0 

\ 

~ 
N 

~ 
1000 FT. 

SCALE 

SLUDGE PONDS 

NOTE: CHENONETH WELL #3 LOCATED APPROXIMATELY 1750 FEET SOUTHWEST FROM WELL MW-34. 
CHENONETH WELLS #1 AND #2 LOCATED APPROXIMATELY 2850 FEET SOUTH FROM CHENONETH WELL #3 

SOURCE: FINAL REMEDIAL INVESTIGATON REPORT 
GERAGHTY & MILLER, INC. 

A
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Af ENGINEERS. INC. 
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TABLE 1. Monitoring Wells and Analytical Constituents 
Interim Ground-Water Monitoring Program 
Martin Marietta Reduction Facility 
The Dalles Oregon 

Aquifer System Wells to be Monitored 

s ss, as, 9S 

A SA, 8A, 9A 

B 8B, 9B 

Other Chenoweth Irrigation 1 or 2, and 
if operating at time of sampling 

Constituents to be analyzed: Total cyanide, free cyanide, 
fluoride, sulfate, pH and specific conductance. 

1-3 
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TABLE 2. Monitor Wells for Water Level Measurement 
Interim Ground-Water Monitoring Program 
Martin Marietta Reduction Facility 
The Dalles, Oregon 

Aquifer System 

s 

A 

B 

DGWR 

Other 

FL0018.RD2\TBL\GWPTAB2 

Wells to be Monitored 

2S, SS, 8S, 9S, 15S, 17S, 18S, 19S, 
21S, 24S, 26S, 27S, 29S 

lA, 4A, SA, 6AA, 7A, SA, 9A, lOA, 
12A, 13A, 14A, 15A, 27A, 30S, 33A 

lB, 3A, 8B, 9B, 12B, 14B, 18A, 26B, 
27B, 33B, 34A 

PW-1 

Chenoweth Irrigation 1 or 2, and 3 
if operating at time of sampling 

1-4 



MMRF, THE DALLES 

MW'R-18 
MIJ -2S 
MW'R-3A 
HW'R-4A 
HW' -55 
HW' -6AA 
HW'R-7A 
HW' -as 
HIJR-BA 

~ MW'R-88 
Ul HI,/ -95 

HW'R-9A 
HIJR-96 
HW' ·lOA 
HIJ ·12A 
HIJ -126 
HW' -13A 
HIJ -14A 
HIJ -148 
MIJ -ISS 
HW' -!SA 
HIJ -175 
HW' -185 
MIJ -18A 
MIJ -195 
HIJ -215 
HI,/ -24S 
MW' -265 
MW' -266 
HIJ -275 
HIJ -27A 
HIJ -276 
HIJ -295 

4 

2 
2 

2 

17-Jun-87 
17-Jul-87 
22-Jul-87 
22-Jul-87 
18-Jul-87 

2 16-Hay-84 
2 16-Jul-87 
2 25-Jun-87 
6 02-Jul-87 
8 02-Jul-87 
2 18-Jun-87 
2 18-Jun-87 
4 30-Jun-87 
2 21-Hu-85 
2 05-Jun-86 
4 06-Jun-66 
2 Jun-87 
2 10-Jun-86 
4 04-Jun-86 
2 15-Hay-86 
2 12-Jun-86 
2 09-Jun-86 
2 09-Jun-86 
6 14-Jul-87 
2 09-Jun-86 
2 13-Jun-86 
2 18-Jul-87 
2 08-Jul-87 
4 08-Jul-87 
2 Jul-87 
2 10-Jul-87 
2 01-Jul-87 
2 23-Jul-87 

186.0 - 196.0 
29.0 - 39.0 

151.5 - 161.5 
129.0- 139.0 

10.5 - 20.5 
121.0 - 126.0 
127.5- 137.5 
40.0 - 50.0 

120.0 - 140.0 
170.0 - 200.0 
44.0 - 54.0 

126.0 - 136.0 
190.0 - 200.0 
107.0- 117.0 
131.5 - 120.9 
192.4 - 202.5 
121.2 - 131.8 
130.2 - 140.8 
192.7 - 203.3 
46.9 - 57.5 

112.2 - 122.8 
19.4 - 30.0 
11.4 - 22.0 

112.0 - 132.0 
15.4 - 26.0 
54.4 - 65.0 
11.5- 21.5 
40.0 - 50.0 

181.5 - 191.5 
42.0 - 52.0 

127.0- 137.0 
179.0 - 189.0 
12.0- 22.0 

197.0 
40.0 

162.0 
139.0 
20.5 

126.0 
138.0 
50.0 

140.0 
200.0 
54.0 

140.0 
200.0 
117.0 
131.7 
205.0 
132.0 
141.0 
204.0 
58.0 

123.0 
30.0 
22.0 

132.0 
26.0 
65.0 
21.5 
50.0 

192.0 
54.0 

138.0 
169.0 
25.0 

RL 
R5 
RL 
RU 
L 

RU 
RU 
R5 
RU 
RL 
RS 
RU 
RL 
RT 
RU 
RL 
RU 
RU 
RL 
RS 
RU 
RS 
RS 
RL 
RS 
RT 

L 
6 

RL 
B 

RU 
RL 
RS 

TABLE 3 -- W'ELL CONSTRUCTION DETAILS SUMMARY 

146.81 
111.47 
138.30 
140.21 
141.56 
130.58 
129.38 
140.92 
139.02 
139.54 
141.4 7 
141.45 
141.73 
140.59 
141.77 
142.47 
140.34 
138.39 
138.44 
142.35 
141.80 
139.09 
111.31 
Ill. 61 
108.71 
106.46 
141.13 
132.85 
132.61 
138.64 
137.64 
138.60 
114.72 

146.16 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

141.24 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

132.13 
NA 
NA 
NA 
NA 

146.06 
110.15 
137.81 
139.94 
140.40 
128.75 
128.91 
140.49 

NA 
NA 

141.00 
140.94 
141.13 
139.69 
141.36 
141.69 
139.47 
137.96 
137.62 
141.52 
141.37 
138.54 
110.92 

NA 
108.37 
105.94 
139.91 
132.29 
132.00 
137.69 
137.52 
138.11 
114.18 

143.71 
108.63 
135.62 
138.10 
138.27 
128.25 
126. 77 
137.63 
137.86 
138.13 
138.11 
138.16 
138.71 
138.05 
139.34 
139.48 
137.85 
136.07 
135.75 
139.06 
138.79 
136.91 
109.03 
108. 76 
105.70 
104.39 
138.09 
129.95 
129.58 
135.75 
135.67 
135.83 
111.98 

3.10 
2.84 
2.68 
2.11 
3.29 
2.33 
2.61 
3.29 
1.16 
1. 41 
3.36 
3.29 
3.02 
2.54 
2.43 
2.99 
2.49 
2.32 
2.69 
3.29 
3.01 
2.18 
2.28 
2.85 
3.01 
2.07 
3.04 
2.90 
3. 03 
2.89 
1. 97 
2. 77 
2.74 

715,207.95 
717,007.60 
714,009.82 
713,268.56 
713' 799.64 
715,895.46 

NA 
715,568.18 
715,570.07 
715,571.46 
715,627.45 
715,623.51 
715,611.97 
713,940.82 
716,188.01 
716,194.13 
716,577.70 
716,624.08 
716,623.32 
715,574.91 
715,588.64 
713,733.85 
713,002.83 
712,998.69 
712,552.44 
714,092.42 
712,665.58 
715,781.03 
715,763.51 
715,002.89 
715,013.45 
715,025.85 
712,011.60 

1,818,481.56 
1,819,814.12 
1,820,395.66 
1,819,952.76 
1,819,950.79 
1,820,317.57 

NA 
1,820,238.72 
1,820,222.42 
1,820,200.09 
1,820,134.85 
1,820,122.49 
1,820, 135.79 
1.820,124.10 
1,819,164.71 
l, 819,182.27 
1,819,361.18 
1,819,978.83 
1,819,955.79 
1,820,399.91 
1,820,395.71 
1,820,280.23 
1,821,186.90 
1,821,172.19 
1, 821 • 072.93 
1,821,612.65 
l, 820' 323.13 
l, 820,811.58 
1,820,825.13 
1,820,519.27 
1,820,516.31 
1,820,513.94 
1,821' 145.83 

200.1 
42.8 

164.7 
141.1 
23.8 

128.3 
140.6 
53.3 

141.2 
201.4 
57.4 

143.3 
203.0 
119.5 
134.1 
208.0 
134.5 
143.3 
206.7 
61.3 

126.0 
32.2 
24.3 

134.9 
29.0 
67.1 
24.5 
52.9 

195,0 
56.9 

140.0 
191.8 
27.7 

BAILER 
HYDROSTAR 
HYDROSTAR 

BAILER 
BAILER 
BAILER 
BAILER 

SUB-PUMP 
SUB-PUMP 

BAILER 
HYOROSTAR 
SUB-PUMP 
HYDROSTAR 

BAILER 
SUB-PUMP 

BAILER 
BAILER 

SUB-PUMP 
BAILER 
BAILER 
BAILER 
BAILER 

BAILER 
BAILER 
BAILER 
BAILER 

SUB-PUMP 
BAILER 
BAILER 

BAILER 



t--' 
I 

01 

HHRF, THE DALLES 

WELL 
DIAH DATE 

WELL ID (IN) INSTALLED 

SCREENED 
INTERVAL 
(FT BLS) 

TABLE 3 -- WELL CONSTRUCTION DETAILS SUMMARY 

TOTAL TOPC 
DEPTH GEOLOGIC ELEVATION 

(FT BLS) UNIT (FT HSL) 

PUMP PORT 
ELEVATION 

(FT MSL) 

RISER 
ELEVATION 

(FT MSL) 

PAD RISER 
ELEVATION STICK-UP 

(FT HSL) (FT) 
NORTH 

COORDINATE 
EAST 

COORDINATE 

TOTAL 
DEPTH 

(FT BTOPC) 

-· .... ~~ 
~Cl 

PAGE 2 OF 2 CJ tT1 
_:;;a ze; 

TYPICAL ~ ::C: 
EVACUATION :;;o ~ 

METHOD 5fl ~ 
·==============================================================================================================================================================================~ ~ 

HW -30S 2 18-Aug-87 51.5 - 61.5 61.5 RU 109.25 NA 108.79 106.30 2.95 712,685.95 1,821.406.12 64.5 -- Z 
HI/ -33A 2 20-Aug-87 117.0- 127.0 127.0 RU 104.42 NA 103.85 101.42 3.00 716,286.76 1,820,532.47 130.0 BAILER n ~ . -HW -33B 2 Aug-87 156.0- 166.0 166.0 RL 104.69 104.49 104.16 101.47 3.22 716,295.05 1,820,531.84 169.2 HYDROSTAR ~ 

2 Aug-87 151.0- 161.0 161.0 RL 146.58 NA 146.03 143.46 3.12 713,843.96 1,818,851.67 164.1 BAILER ~ 
tT1 

HI/ -34A 

PRODUCT! ON WELL 

--------------
PW -1 20 01-Jul-57 220.0- 314.0 

OFF-SITE \/ELLS 
--------------
CHEN 11 Hay-46 OPEN HOLE 
CHEN 12 1949 OPEN HOLE 
CHEN #3 Hay-56 OPEN HOLE 

NOTES: FT HSL a FEET ABOVE MEAN SEA LEVEL 
FT BLS a FEET BELOW LAND SURFACE 
TOPC • TOP OF PROTECTIVE CASING 
NA • NOT AVAILABLE/NOT APPLICABLE 
B • BYRON 
L • LOLO 
RS x ROSALIA SUBAERIAL 
RT • ROSALIA TRANSITION 
RU • ROSALIA UPPER GLASS 
RL • ROSALIA LOWER GLASS 
SG X SENTINEL GAP 

314 SG 

258 NA 
260 NA 
275 NA 

NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 

144.30 

NA 
NA 
IIA 

NA 

NA 
NA 
NA 

NA 

NA 
NA 
NA 

All WELLS COMPLETED WITH PVC WITH THE EXCEPTION OF WELLS 8A, 8B, 1BA, PW-1, CHEN I l, 2, AND 3, WHICH WERE COMPLETED WITH STEEL. 

0470AL10:WELLCON.WK1 

NA 

NA 
NA 
NA 

:;;o 

NA SUB-PUMP 

NA SUB-PUMP 
NA SUB-PUMP 
NA SUB-PUMP 
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1.2 LONG-TERM GROUND-WATER MONITORING PLAN 

GWMP 
June 30, 1989 

During the last quarter of 1990, the LTGWMP shall be 

initiated to monitor variations in ground-water quality at 

the target remediation areas, and the effectiveness of the 

perched water recovery operation. Table 4 lists the 

monitoring wells that will be sampled as part of the long

term ground-water monitoring program, and the constituents 

that will be analyzed. The locations of long-term monitoring 

wells are provided on Figure 1, and well construction details 

are summarized in Table 3. 
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TABLE 4. Monitor Wells and Analytical Constituents 
Long-Term Ground-Water Monitoring Program 
Martin Marietta Reduction Facility 
The Dalles, Oregon 

Aquifer system 

s 

A 

B 

DGWR 

Other 

Wells to be Monitored 

2S, SS, 8S, 9S, lSS, 17S, 18S, 19S, 
21S, 24S, 26S, 27S, 29S 

lA, 4A, SA, 6AA, 7A, SA, 9A, lOA, 
12A, 13A, 14A, lSA, 27A, 30S, 33A 

lB, 3A, 8B, 9B, 12B, 14B, 18A, 26B, 
27B, 33B, 34A 

PW-1 

Chenoweth Irrigation 1 or 2 , and 3 
if operating at time of sampling 

Constituents to be analyzed: Total cyanide, free cyanide, 
fluoride, sulfate, pH and specific conductance. 

FL0018.RD2\TBL\GWPTAB3 
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GWMP 
June 30, 1989 

2.0 MONITORING PARAMETERS AND FREQUENCY 

2.1 INTERIM GROUND-WATER MONITORING PLAN 

The wells to be monitored during the interim period 

will be sampled on a quarterly basis and analyzed for 

temperature, pH, and specific conductance in the field and 

samples will be sent to the laboratory for analysis of 

fluoride, sulfate, total cyanide, and free cyanide. 

2.2 LONG-TERM GROUND-WATER MONITORING PLAN 

Monitoring shall be conducted quarterly in the long-term 

program for the first year, semi-annually for the second 

year, and annually thereafter through the end of year five. 

Laboratory analysis of total cyanide, free cyanide, fluoride, 

and sulfate will occur, in addition to field measurements of 

pH, temperature, and specific conductance. The analytical 

parameters are the same ones that will be measured during the 

Interim Monitoring Program. The monitoring program shall be 

reviewed by Martin Marietta and the USEPA on an annual basis, 

and modified if necessary. At the end of five years, Martin 

Marietta will evaluate the monitoring program, and 

determine, after review by EPA and ODEQ, if continued ground

water monitoring is required, or if adjustments to the 

existing program are needed. The program shall be evaluated 

annually thereafter. 

2-1 
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GWMP 
September 8, 1989 

3.0 FIELD PROCEDURES 

Field protocol to be used in the implementation of the 

Ground-Water Monitoring Plan will be consistent with those 

used during the Remedial Investigation completed at the site. 

These procedures are outlined below. 

3 • 1 GROUND-WATER LEVEL MEASUREMENTS 

The static water level will be measured in each well 

with a steel tape or electric sounder prior to evacuating the 

well. Water levels will be measured in all wells listed on 

Table 3 during each sampling period. The total depth in each 

well will also be measured annually to determine if excessive 

silting has occurred. Redevelopment of the well will be 

carried out if excessive silting has occurred. 

3.2 WELL PURGING 

Prior to sampling, the wells will be purged by 

evacuating a minimum of four casing volumes. Purged water 

will be discharged through the NPDES via the Recycle Pond. 

If the well pumps dry prior to evacuating four casing 

volumes, the well will be left to recover until a sufficient 

volume of water enters the casing for sample collection. 

Wells will be evacuated using either a 1075 ml Galtek Teflon 

bailer, a pneumatic Hydrostar™ pump, or an electric 

submersible pump. Evacuated volumes will be measured using.a 

5-gal bucket or a flow meter. The evacuation methods 

typically used for the wells to be monitored are summarized 

on Table 3. 

3-1 



Ar GERAGHTY & MILLER 
At ENGINEERS, INC. 

3 • 3 SAMPLE COLLECTION 

GWMP 
June 30, 1989 

After evacuation of the well, a ground-water sample will 

be collected directly into the sample containers. For wells 

that are bailed, the water sample will be transferred 

directly from the bailer to the sample container. Dedicated 

bailers have been installed inside the well casing suspended 

by a Teflon-coated wire from the well cap. Ground-water 

samples taken from wells with submersible and Hydrostar™ 

pumps will be taken from discharge spigots. 

On-site testing of ground water will be performed during 

sample collection for water temperature, specific conductance 

and pH. The specific conductance apparatus will be 

calibrated daily using a Standard 1990 J,Lmhojcm solution of 

KCl and the pH meter will be calibrated before each use to 

buffered pH7 and pH4 solutions. 
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GWMP 
June 30, 1989 

4 . 0 SAMPLE PRESERVATION AND ANALYSIS 

The samples will be stored with wet or blue ice in a 

cooler after collection. The types of bottles and 

preservatives to be used for analysis of the various 

parameters are identified in the QAPP. 

All wells will be analyzed by the laboratory for total 

cyanide, free cyanide, fluoride, and sulfate, per the QAPP. 
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5.0 DOCUMENTATION 

GWMP 
June 30, 1989 

A "Water Sampling Log" as shown in Figure 2, will be 

filled out for each well sampled. The "Chain of Custody" 

form and protocol as discussed in the QAPP will be followed. 

One replicate and one field blank will be collected per 20 

samples per matrix per sampling event. Equipment rinsate 

blanks will not be required because dedicated teflon bailers 

have been installed inside the well casing. Trip blanks will 

also not be required, because analyses for volatile organic 

compounds will not be performed. A copy of the sample bottle 

label is also shown in the QAPP. 

Data validation will be performed as discussed in the 

QAPP according to USEPA Laboratory Data Validation Functional 

Guidelines. 
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WATER SAMPUNG lCG Figure 2 

Date: ----------------
Time: -----------------

Sample I.D.: --------
Weather: ------------

Sampl~: ---------------------------

Wi~: ---------------------------
Film ~ Number: ---------- Plastic Groun:i cover: Yes 1 No 

Air Quality Measurements: ------- Inst.rurrent: -------------

Evacuation Data: 

A. Well D:pth: ft B. Water Level: ft 

C. Water Column (C=A-B) : ft -- D. Well Voll.llleS (GaljFt) 
2" = .16 611 = 1.46 
411 = .65 811 = 2.61 

E. Well Voll.111'e (E=CxD) : __ gal F. Purge Voll.111'e (F=4XE) : __ gal 

1?Llrrping Rate: gal/min ------ Purge Time: ______ min 

Rrrge Sbut: ----------- Purge Errl: -------
Comments: -------------------------

Sampling Data 

Terrperature: ______ pH: _/ _/ _/_ Specific Corrluctance: _/ _/ ___/_ 

Physical Appearance: Composite/Grab 

Samples Taken: Container Preservative Analysis 

Comments: --------------------------

Signature: ______________ _ 

FL0018.RD2\Tbl\figure 
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6.0 DATA REPORTING 

GWMP 
September 8, 1989 

6.1 INTERIM GROUND-WATER MONITORING PROGRAM 

Water quality data and a summary of the water level 

elevations will be reported to the EPA and the Oregon DEQ on 

a quarterly basis (four weeks after receipt of final 

laboratory results). In addition, two wate1.· level contour 

maps (seasonal high and low) for each of the aquifers, 

monitoring well hydrographs, and data summaries of water 

quality parameters will be submitted on an annual basis. 

Trend analysis plots will be completed for any of the water 

quality parameters indicating significant variation. 

6.2 LONG-TERM GROUND-WATER MONITORING PROGRAM 

Reporting for the long-term ground-water monitoring 

program shall consist of annual reports and data submissions. 

The annual report will summarize the water quality data and 

the results of the data validation. The water level data 

will also be summarized and represented in a water level 

contour map. Reporting during the first two years, in 

addition to an Annual Report, shall consist of submitting the 

analytical data from the ground-water sampling events to EPA 

after the laboratory analysis has been completed. 

Thereafter, the Respondent shall submit annual reports. 

Likewise, on an annual basis, the reporting requirements and 

program shall be reviewed by Martin Marietta and EPA, and 

modified if necessary. 

At the end of five years, Martin Marietta shall re

evaluate the entire ground-water monitoring program, and 
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GWMP 
June 30, 1989 

determine, after review by EPA and ODEQ, continued ground

water quality monitoring is required, or if adjustments to 

the existing program are needed. Re-evaluation shall occur 

annually thereafter. 
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GWMP 
November 28, 1989 

7.0 ASSESSMENT MONITORING PLAN 

An Assessment Moni taring Plan for ground water in the 

vicinity of the Unloading Area will be incorporated into the 

Interim Ground-Water Monitoring Plan. An Alternate 

Concentration Limit (ACL) of 9. 7 mg/L has been proposed as 

the remediation criterion for fluoride in the shallow ground 

water (S-aquifer) at the MMRF site. The only well that 

currently exceeds the proposed remediation criterion (MW-5S) 

is located in the S-aquifer near the Unloading Area. It is 

anticipated that soon after removal of the residual cathode 

waste material from the Unloading Area, fluoride 

concentrations in the s-aquifer near the Unloading Area, as 

measured by Monitoring Well MW-5S, will begin to decrease. 

Well MW-5S is included as part of the Interim Ground

Water Monitoring Plan. The quarterly monitoring data for 

fluoride for this well will be plotted and evaluated by trend 

analysis during the remedial design phase of the project and 

for a period of 5 years from completion of remediation of the 

Unloading Area. 

The trend analysis plots will be reviewed periodically 

during this time period and, if at three years from 

initiation of remedial action they do not indicate that the 

ACL will be attainable within 5 years from initiation of 

remediation or that the water quality will continue to 

decline to below the ACL, then ground-water pumping and 

treatment will be implemented. 

The RD/RA Scope of Work (2/89) discussed in detail the 

recovery well plan to be implemented, if necessary. 
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8.0 CONTINGENCY PLAN 

GWMP 
June 30, 1989 

The following plan would be implemented if the ground

water monitoring program indicates that appropriate ARARs or 

remediation criteria are exceeded. Different scenarios 

exists 

These 

which would 

include: 1) 

require ground-water 

contamination above 

response 

an ARAR 

actions. 

or other 

remediation criteria in the A-aquifer beneath the Landfill; 

and 2) contamination above an ARAR or other remediation 

criteria in the B-aquifer beneath the Landfill. Should an 

ARAR or other remediation criteria be exceeded in both the 

A- and B-aquifers, the response actions for both scenarios 

would be conducted simultaneously. 

A-Aquifer Response Plan. It is anticipated that 

recovery of ground-water could be conducted by installing two 

four-inch diameter recovery wells downgradient of the 

Landfill. It has been estimated that each well would be 

pumped at a continuous flow rate of 20 gpm for a total 

recovery rate of 40 gpm. The recovered ground-water would be 

transferred to a treatment unit if cyanide performance 

standards are exceeded and would then be routed to the roof 

scrubber recycle system directly if fluoride criteria are 

exceeded. 

B-Aguifer Response Plan. The recovery system here would 

be constructed by installing three four-inch diameter 

recovery wells in the B-aquifer downgradient of the Landfill. 

The recovery wells would be operated at a continuous flow 

rate of approximately 100 gpm for a combined flow rate of 300 

gpm. The recovered ground water would be transmitted to a 

treatment unit if cyanide performance standards are exceeded 
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GWMP 
June 30, 1989 

and would then be routed to the roof scrubber recycle system 

directly if fluoride criteria are exceeded. 

The recovery systems would require field testing to 

verify the design criteria presented herein. One recovery 

well would be installed initially and pumping tests (step and 

constant rate) would be performed to determine the location 

of additional recovery wells. The testing would also verify 

optimum pumping rates. Water quality sampling would also be 

conducted during test pumping to determine the fluctuation of 

the ARAR or remediation criteria with time. 

A critical part of the contingency plan is the 

statistical analysis of ground-water data. The water quality 

data will be plotted for trend analysis. These plots will 

determine if the results from a specific analysis lie within 

a projected trend or are anomalous. They will also evaluate 

the effectiveness of the recovery system to determine if 

other actions are required. 

Resampling will be required to substantiate water 

quality data prior to initiating any response action. The 

re-sampling of contaminated well (s) will occur within two 

weeks of data validation. If the second sample result is 

within remediation criteria then the well will be sampled 

again during the next scheduled sampling period to further 

verify that the earlier detected concentration was in error. 

FL0018.RD2\RPT\GWPLAN 
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In March 1988, Martin Marietta Corporation (MMC) 

submitted to the u.s. Environmental Protection Agency (EPA), 

the final Remedial Investigation Report (RIR) for the 

Remedial Investigation and Feasibility Study (RI/FS) 

conducted at the Martin Marietta Reduction Facility (MMRF), 

The Dalles, Oregon by Geraghty & Miller, Inc. (G&M) .· The 

Feasibility Study of the RI/FS was submitted in June 1988 and 

presented the remedial alternatives evaluated for remediation 

of the MMRF. 

A scope of work (SOW) for the selected Remedial 

Design/Remedial Action (RD/RA) was submitted in February 

1989. In accordance with the EPA's Record of Decision (ROD), 

(dated September 29,1988) MMC is required to ensure that the 

accomplishment of the work specified in the SOW meets the 

performance standards set forth in the November · 20, 1985 

National Contingency Plan (NCP), the Superfund Amendments and 

Reauthorization ACT of 1986, the consent order, and the ROD 

for the site. 

In order to achieve the objectives of the RD/RA, a 

Sampling and Analysis Plan (SAP) has been prepared. The 

purpose of the SAP is to provide input data to the RD through 

the use of field investigations and sample collection and 

analyses such that various parameters for the selected 

remedial action are designed to meet performance criteria. 

The remedial action consists of site civil work and unit 

treatment process evaluation. site civil work includes 

excavation, backfill, and construction of a cover and cap 

meeting RCRA performance standards. 
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Elements described within the SAP include bench analysis 

andjor pilot studies for the design of treatment unit 

processes, and 

work requires: 

of material 

site geotechnical evaluation. The site civil 

(1) The collection and geotechnical analysis 

in the Scrubber Sludge Ponds; (2) The 

identification, classification, and geotechnical testing of 

local borrow areas for general fill and fine-grained cohesive 

soils; (3) The laboratory testing of amended soils; (4) The 

general earthwork activities required to define the 

alignment and required construction effort for various design 

elements; and (5) Verification sampling trenches to be 

excavated in the Salvage, Bath Recovery Pad, and the 

Unloading Areas to determine the lateral and vertical extent 

of contamination. 

In order to ensure achievement of the required 

performance standards, sampling and monitoring plans must 

include a Quality Assurance Project Plan (QAPP). Sampling 

and laboratory analyses of soils, ground water, and other 

media must be performed in accordance with current EPA 

sampling and laboratory protocols and QA procedures. 

Therefore, a QAPP has been prepared in accordance with the 

EPA "Interim Guidelines and Specifications for Preparing 

Quality Assurance Project Plans," QAMS-005/80. As such, this 

QAPP defines the quality assurance procedures to be followed 

during the sampling and analyses phases of the RD/RA and the 

subsequent Ground-Water Monitoring Program. 

3.1 SCOPE OF WORK 

The scope of work for this investigation will consist of 

the following: 
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3.1.1 Remedial Design/Remedial Action Program 

The objectives of the RD/RA at the MMRF site are to 

accomplish the following: 

o Consolidate the residual cathode waste 
material and underlying fill material 
from the former Cathode Waste Management 
Areas; 

o Collect and treat perched water beneath 
the former Cathode Waste Management Areas 
during consolidation activities and east 
of River Road, to the extent practical; 

o Consolidate the cathode waste material 
from the Unloading Area into the 
existing Landfill; 

o Cap the existing Landfill in place with a 
multi-media cap meeting RCRA performance 
standards in 40 CFR 264.310; 

o Collect and treat any leachate generated 
from the Landfill once construction of 
the cap is complete; 

0 Cover Scrubber Sludge Ponds 
a soil cover meeting 
standards at 40 CFR 264.310 
and (4); 

2 and 3 with 
performance 
(a) (2), (3) 

o Abandon selected production wells 
specified in the SOW; 

o Recover contaminated ground water from 
the Unloading Area, if required, and 
discharge it to the Recycle Pond where it 
will be treated by the in-plant process; 

o Implement ground-water quality monitoring 
and a contingency plan to perform 
additional recovery and treatment of 
ground water, as required. 
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3.2 DESIGNATED TASKS 

3.2.1 Site Civil Evaluations 

3.2.1.1 Geotechnical Data 
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Geotechnical data will be gathered from Scrubber Sludge 

Ponds 2 and 3, the existing landfill, and local borrow 

sources. The sampling and testing of subsurface soils are 

requirements of the remediation efforts at the site, and will 

be performed in accordance with test methods identified in 

the Table 1 and in the SAP. The purpose of these activities 

is to provide geotechnical data including soil classification 

and properties, surface profiles of the underlying basalt 

formation, the properties of bentonite-soil admixtures and an 

evaluation of the quantity and quality of locally available 

borrow material sources. The details of the site civil 

evaluations are presented in the Section No. 2. of the SAP. 

3.2.1.2 Verification Sample Trenches 

Verification sampling to determine the lateral and 

vertical extent of contaminated areas is a requirement of the 

site remediation. The limits of contamination (as presented 

in Section 2. 4 of the SAP) have been determined by the 

historic location of buildings and other structures on the 

site but, in some areas, the limits of the contaminated 

material cannot be precisely determined. MMC proposes to 

excavate and sample a series of test trenches to precisely 

establish the limits of areal excavation. 
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Geotechnical Test Methods 
For Soil Evaluated at the MMRF. The Dalles, Oregon 

NAME OF TEST 

Soil Description 
Soil Classification 
Water Content 
Atterberg Limits 
Particle-size Analysis 
Moisture-density Relationship 
Falling-head Permeability with 

Pressure Chamber (Saturated Sample) 
One-Dimensional Consolidation 
Sampling by Auger Methods 
Thin-walled Tube Sampling 

METHOD 

ASTM D-2488 
ASTM D-2487 
ASTM D-2216 
ASTM D-4318 
ASTM D-422 
ASTM D-698 
EM 1110-2-1906 
USCE App. VII (6) 
ASTM D-2435 
ASTM D-1452 
ASTM D-1587 

NOTE: The individual tests to be conducted at each area 
identified in Tables 2-1 and 2-2 in the SAP (Appendix 
A) • 

FL0018.RD2\TBL\TABLE1.QAP 
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Verification sampling trenches will be excavated in the 

Salvage, Bath Recovery Pad, and the Unloading Areas for the 

purpose of verifying the boundaries of the contaminated 

areas. Samples will be obtained from the trench walls 

and tested for the presence of contaminants, as required, 

based on the identification of contaminants of concern in the 

particular verification sampling area. Details of the 

investigation methodology and laboratory testing are 

presented in Section 2.4 of the SAP. An investigation report 

summarizing the results of the verification analysis will be 

prepared and submitted with the final design documentation. 

3.2.1.3 Field Quality Control 

All procedures to be carried out for the development of 

geotechnical data will be done in accordance with the 

approved methods. All field activities will be recorded in 

Daily logs and all field measurements will be recorded in 

field logs as described in Sections 6.0 "Sampling Procedures" 

and Section 7. 0 "Sample Custody Procedures." Soil samples 

collected for analysis during the verification sampling 

program will be obtained from the outside wall of each 

verification trench. Four soil samples will be collected 

from randomly selected locations for each 200 square feet of 

outside trench wall as described in Section 2.4 of the SAP. 

Soil samples will be composited into single samples for 

analysis as described in Section 6. 0, "Sampling Procedures", 

and analyzed for the parameters described in Table 2. 

Field quality control samples to be collected for the 

verification sampling program will consist of one aqueous 

field blank and one equipment rinsate blank. These field 
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Location 

Unloading Area 

TABI.E 2 

Stmmary of Soil Sanplllg I.ocaticns, Parameters, 
arrl Field Qla.litv O:Xrtrol Sgnples for the 

Verificaticn Sallplilg Pt:ugam at the H4RF, 
'!he Dalles, oregon 

Number of 
Parameters1/ 

Aqueous Rinsate 
Samples Field Blank Blanks 

4 p;.! 1 1 

Bath Recovery Pad 4 F 
cPAHs3/ 4 1 1 

Salvage Area 4 F 
4 cPAHs 

Section 3.0 
Revision No. 0 
April 14, 1989 

Page 7 of 16 

Total 
Soil Blanks 

4 2 

4 
4 2 

4 
4 

1/ Methods of analysis for parameters listed are presented in Table 3. 

2/ F= Fluoride 

3/ cPAHs = carcin<::x]enic polynuclear hydrocarbons listed in Table 4. 

FL0018.RD2\TBL\TABIE 2.QAP 
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quality control samples will be collected at the locations 

shown in Table 2 and analyzed along with composite soil 

samples for the indicated parameters. 

Documentation of sample collection and custody will be 

in accordance with procedures described in Section 7.0 

"Sample Custody" and all samples will be submitted to the 

analytical laboratory in sealed coolers with standard Chain

of-Custody forms as described in Section 7. 0. Analysis of 

identified parameters will be in accordance with methods 

described in Table 3. 

3.2.2 Evaluation of Treatment Systems 

As described in the SAP developed as part of the RD/RA, 

the evaluation of treatment processes for cyanide 

destruction and fluoride removal are requirements of the 

remediation efforts at the site. The following sub-sections 

outline the methods and procedures to be used in the 

evaluation of the unit processes. 

3.2.2.1 Cyanide Destruction 

As described in the SAP (Section 3.1.1), MMC proposes to 

purchase a cyanide hydrolysis unit based on the results of 

the bench scale analysis. MMC proposes to conduct 

performance tests on the installed unit to verify that it 

will meet the performance standards for cyanide destruction 

outlined in the NPDES permit for site discharges. 

The performance tests will utilize perched water 

collected from the Cathode Waste Management Areas. The 

perched water will be pumped to a storage facility and then 
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Selected Chemical Parameters and Methods of Analysis for 
Water and Soils at MMRF 

The Dalles, Oregon 

Parameter Method Reference 

water Matrix 
Sulfate 375.4 1 
Fluoride 340.2 1 
Total Cyanide 335.2 1 
Free Cyanide 412.H 2 

Soil Matrix 
Fluoride 340.2 Mod 3 
cPAHs 8270 4 

Field Measurements 
pH 150.1 1 
Specific Conductance 120.1 1 
Temperature 170.1 1 

1. Methods for Chemical Analysis of Water and Wastes, EPA-
600/4-79-020. 

2. standard Methods for the Examination of Water and Waste
Water, 16th Edition, 1985. 

3. Methods for Chemical Analysis of Water and Wastes, EPA 
600/4-79-020. Method has been modified for analysis of 
fluoride in soil by employing a 24-hour leach of the 
soil sample and subsequent analysis of leachate. This 
procedure was presented in the Versar Inc., SOP, 
approved by EPA Region X, for the RI/FS. 

4. Test Methods for Evaluating Solid Wastes, 
Chemical Methods, SW-846, 3rd Edition. 
carcinogenic PAHs are listed in Table 4. 

FL0018.RD2\TBL\TABLE3.QAP 

Physical/ 
Specific 
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Carcinoqenic Polynuclear Aromatic Hvdrocarbons 
to be Analyzed in Soil Samples at MMRF, 

The Dalles, Oregon 

CARCINOGENIC PAlls 

Benzo(a) anthracene 
Benzo(b) fluoranthene 
Benzo(k) fluoranthene 
Benzo(a) pyrene 
Chrysene 
Dibenzo(a,h) anthracene 
Indeno(1,2,3-cd) pyrene 

FL0018.RD2\TBL\TABLE4.QAP 
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pumped to a cyanide hydrolysis unit for destruction of 

cyanide. The discharge from the cyanide hydrolysis unit 

will be recycled to the perched water storage facility during 

start-up and until the unit is operating under standard 

conditions. Under standard conditions, samples of the feed 

and discharge waters of the cyanide hydrolysis unit will be 

taken and analyzed by the analytical lab for total and free 

cyanide by methods described in Table 3. The discharge of 

the unit will continue to be recycled to storage until 

analytical results indicate compliance with the cyanide 

discharge criteria. At that time, the discharge will be sent 

to the in-plant treatment system. The efficacy of the 

treatment system will be determined by comparison of results 

obtained from analysis of the feed and discharge of the 

treatment system. 

3.2.2.2 Fluoride Removal 

Pilot testing for fluoride removal will be conducted to 

evaluate the degree of fluoride removal achievable by 

chemical precipitation. The feed source of fluoride 

contaminated water will be the discharge from the cyanide 

destruction system or the storage tank, as applicable. The 

purpose of the bench study will be to evaluate reagent usage 

and residence times required for achieving the fluoride 

discharge standard of 9.7 mgjL. 

A sample of the feed source will be collected for 

fluoride analysis and will provide the initial fluoride 

concentration. The sample will be analyzed by the analytical 

laboratory for fluorides in accordance with the method listed 

in Table 3. Jar tests will be set up using gang stirrers or 

equivalent to initially screen reagent additions. Reagents 
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will consist of caustic (NaOH), calcium chloride (CaC12 ) and 

lime (CaOH) in combination. 

Theoretical dosages will be calculated based on initial 

fluoride concentrations. Caustic will be added to each jar 

to adjust pH and dosages of lime andjor calcium chloride will 

be added to the jars in sufficient quantities to bracket the 

theoretical values. Samples will be agitated and physical 

observations noted. Sediment formed will be dried using a 

vacuum filter and the dry solids will be weighed to estimate 

sludge volumes. The supernatant will be drawn off and 

analyzed for fluoride concentration. The process may be 

repeated as necessary to optimize dosages to meet 9.7 mgjL. 

3.2.2.3 Field Quality Control 

The sample collection techniques required for the 

collection of the samples for both the cyanide destruction 

evaluation and the fluoride removal study are described in 

Section 6.0 "Sampling Procedures" and the selected test 

methodology to be followed is presented in Table 1. The 

cyanide-containing samples collected will be screened for the 

presence of sulfide and oxidizers, properly preserved, and 

labeled. These include one feed, one discharge, and a field 

replicate of the feed. 

The fluoride removal study (jar tests) will be conducted 

by MMC until dosage rates and residence times necessary to 

achieve the 9.7 mg/L discharge standard are obtained. Once 

the optimal dosage rates and residence times are determined, 

a sample of the discharge of the fluoride removal system will 

be collected and submitted to the analytical laboratory along 

with a field replicate for verification. 
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No sampler rinsate blanks or trip blanks will be 

required for either the cyanide destruction evaluation or the 

fluoride removal study. All samples will be submitted to the 

analytical laboratory with a field blank for fluoride and 

total and free cyanide. MMC will measure and record the pH, 

temperature, and specific conductance of all water samples at 

the time of collection. All samples will be analyzed within 

applicable holding times referenced in Section 5. 0 "Data 

Quality Objectives" and will be collected, transported and 

stored in accordance with procedures referenced in Section 

6.0 "Sampling Procedures" and Section 7.0 "Custody 

Procedures." 

3.2.3 Ground-Water Monitoring Sampling and Analysis 

The ground-water monitoring program for the RD/RA is 

divided into two phases, (1) interim ground-water monitoring 

and long-term ground-water monitoring. 

separately discussed below. 

Each of these are 

3.2.3.1 Interim Ground-Water Monitoring Plan 

The purpose of the Interim Ground-water Monitoring Plan 

is to collect ground-water quality data from the initiation 

of RD activities through completion of the RA. The wells to 

be monitored are shown on Figure 1 of the Ground-Water 

Monitoring Plan (GWMP). 

Ground-water quality in the vicinity of the Unloading 

Area, the Former Cathode Waste Management Areas and selected 

Chenoweth wells will be monitored. Thus, a data base of 

ground-water quality and flow, encompassing both temporal and 
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spatial variations, can be established prior to completion of 

the RA. The wells to be monitored are screened in both the 

water table aquifer(s) and deeper aquifers to provide 

vertical monitoring of ground-water quality. Well 

construction details for the wells to be monitored are 

presented in the GWMP. 

The wells to be monitored during the interim period will 

be sampled on a quarterly basis and analyzed for temperature, 

pH, and specific conductance in the field. Ground-water 

samples will be sent to the analytical laboratory for 

analysis of fluoride, sulfate, total cyanide and free cyanide 

by methods specified in Table 3. 

The static water level will be measured quarterly in 

each well as presented in the GWMP. Water-level measurements 

described in Section 6.0 will be made with a steel tape or 

electric sounder prior to evacuating the well. 

3.2.3.2 Long-Term Ground-Water Monitoring Plan 

During the last quarter of 1990, the long-term 

monitoring plan will begin in order to monitor the 

effectiveness of the remedial activities, in addition to 

verifying long-term ground water quality at the site. Long

term ground-water monitoring, as described in the GWMP, will 

be conducted semi-annually for the first year and annually 

thereafter, through the end of year five. However, on an 

annual basis, the ground-water monitoring program will be 

reviewed by the Respondent and EPA, and modified if 

necessary. 



Jr GERAGHTY & MILLER 
A' ENGINEERS, INC. 

3.2.3.3 Field Quality Control 

Interim Ground-Water Monitoring Plan 

Section No. 3.0 
Revision No. 0 
April 14, 1989 

Page 15 of 16 

The total number of samples expected to be collected and 

analyzed during each quarter of the interim ground-water 

monitoring program including field QC samples (replicates and 

blanks) is 10 to 12 depending upon which Chenoweth wells are 

operating at the time of sampling. 

Long-Term Ground-Water Monitoring Plan 

The total number of samples expected to be collected and 

analyzed during each sampling period of the long-term ground-

water monitoring program including field QC samples 

(replicates and blanks) is 43 or 44 depending upon whether 

the Chenoweth Irrigation Well No. 3 is operating at the time 

of sampling. 

Field replicates for all parameters will be collected 

and analyzed along with the ground-water samples at a 

frequency of 1 per 20 samples per matrix per sampling event. 

Equipment rinsate blank will not be required because 

dedicated teflon bailers have been installed inside the well 

casing suspended by a Teflon-coated stainless steel wire from 

the well cap. Field blanks for all parameters will be 

prepared at a frequency of 1 per 20 samples per matrix per 

sampling event. Trip blanks for volatile organic compounds 

will not be required. 

All samples for total and free cyanide analysis will be 

screened in the field prior to preservation, for the presence 
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of sulfide and oxidizers in accordance with the procedures 

described in Section 6.0. All samples will be maintained on 

ice, transported in sealed coolers using standard chain-of

custody forms and seals, and analyzed by the analytical 

laboratory identified in Section 4.0 "Organization and 

Personnel," in accordance with the required water analysis 

techniques described above and presented in Table 3. All 

samples will be analyzed within acceptable holding times 

referenced in Section 5.0 "Data Quality Objectives," and will 

be collected, preserved, transported, and stored in 

accordance with procedures referenced in Section 6.0 

"Sampling Procedures" and Section 7.0 "Custody Procedures." 

All field work including soil borings, pumping tests, 

treatability studies and sample collecting activities will be 

supervised by qualified personnel. 

3.2.4 Data Analysis and Report 

Upon completion, the results of the geotechnical data 

analyses and the unit treatment process evaluations will be 

evaluated and included, as appropriate, in the RD. The 

laboratory results from the sampling of the monitor wells in 

the interim ground-water monitoring plan will be reported to 

EPA on a quarterly basis, as described in the SOW. 
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4.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

This section provides a description of the 

organizational structure of personnel to be used on this 

project. This description illustrates the lines of authority 

and identifies the key personnel assigned to each function 

for the project. A proposed organizational structure chart 

for the investigation is shown in Figure 1. The analytical 

laboratory for this project is Versar, Inc. which operates 

facilities in Columbia, Maryland and Springfield, Virginia. 

The organizational structure and staff qualifications for the 

Versar, Inc. are described in their Quality Assurance Plan, 

presented in Appendix A. 

4.1 AUTHORITY AND RESPONSIBILITIES 

The responsibilities of the individual positions for 

this project are described in the following sections. 

4.1.1 Corporate Project Coordinator: 

Mr. Jose R. Bou, Vice President 
Martin Marietta Aluminum Properties, Inc. 
6801 Rockledge Drive 
Bethesda, Maryland 20034 
301-897-6809 

The Corporate Project Coordinator will review and 

approve the work plans and work activities for the duration 

of the RD/RA and direct the coordination of corporate policy 

and environmental agency objectives. 
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4.1.2 Site Manager: 

Ms. Loretta V. Grabowski 
Martin Marietta Corporation 
3313 W. 2nd Street 
The Dalles, Oregon 97058 
503-296-6118 
503-296-3236 (FAX) 
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The Site Manager will assist the Corporate Project 

Coordinator in carrying out the on-site activities described 

in the RD/RA. These activities include the coordination of 

the technical support groups and assurance that all site 

activities are in agreement with the environmental policies 

of the corporation. In the event the Corporate Project 

Coordinator is not available, the Site Manager will assume 

those responsibilities. Hod Utley is an environmental 

specialist working with the Site Manager and will be 

responsible for ground-water sampling and providing 

background on site layout and history. 

4.1.3 Project Officer 

Mr. David J. Jessup, P.E. 
Geraghty & Miller Engineers, Inc. 
14497 N. Dale Mabry Hwy 
Suite 200 
Tampa, Florida 
813-968-2248 

The Project Officer will serve as the primary G&M 

contact for environmental agency representatives, Martin 

Marietta personnel and subcontractors. Other duties, as 

required, may include: 
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o Approval of project-specific procedures 
and internally prepared plans, drawings, 
and reports; 

o Insuring that the technical, schedule and 
control requirements established by the 
QA Officer are enforced on the project; 

o Serving as the "collection point" for 
project staff reporting any changes or 
deviations from the project work plan; 
and 

o Determining the significance of these 
changes or deviations to the work plan, 
the appropriateness for reporting such 
items to the appropriate regulatory and 
MMC representative. 

4.1.4 Project Manager 

Mr. David c. Campbell, P.E. 
Geraghty & Miller Engineers, Inc. 
14497 N. Dale Mabry Hwy. 
Suite 200 
Tampa, Fl 33618 
813-968-2248 

The Project Manager is responsible for coordination of 

project personnel and 

financial, technical and 

the day-to-day management 

scheduling activities for 

project. Other duties, as required, include: 

o Arranging subcontractor services; 

o Assigning duties to the project staff and 
orientation of the staff to the 
requirements of the project; and 

o Preparation of status update reports and 
revisions to the project work plan. 

of 

the 
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4.1.5 Quality Assurance Officer 

Mr. Charles W. Ankerberg 
Geraghty & Miller, Inc. 
3820 Northdale Blvd. 
Suite 200 
Tampa, Florida 33624 
813-961-1921 
813-961-2599 (FAX) 
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The Quality Assurance Officer (QAO) will be responsible 

for liaison between the laboratory, G&M, MMC and the EPA QAO. 

The QAO will ensure the accuracy of the collected data 

through the performance of field and laboratory systems and 

performance audits, design of proper field sample collection 

techniques, analytical QA program design, design of field and 

analytical data validation procedures consistent with EPA 

guidelines, selection of the analytical laboratory, and 

preparation of laboratory contracts. 

4.1.6 Health and Safety Officer 

Dr. Ralph E. Moon 
Geraghty & Miller, Inc. 
3820 Northdale Blvd. 
Suite 200 
Tampa, Fl 33624 
813-961-1921 

The Health and Safety Officer is responsible for the 

evaluation of health and safety risks imposed by on-site 

activities as described in the plan. In addition, he is 

responsible for the enforcement of safety procedures that 

satisfy State and Federal regulations appropriate to the 

Site. 
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4.1.7 Project Advisor - Geology and Hydrogeology: 

Mr. Edward R. Rothschild 
Geraghty & Miller, Inc. 
14655 Bel-Red Rd., Suite 202 
Bellevue, WA, 98007 
206-644-7226 

The Project Advisor Geology/Hydrogeology is 

responsible for assuring the validity and review of 

ground-water monitoring plans and the review and analysis of 

ground-water data. He will act as the reviewer of technical 

documentation regarding ground-water contingency planning and 

monitoring. 

4.1.8 Project Advisor - Civil Design 

Mr. J. Lawrence Hosmer, P.E. 
Geraghty & Miller Engineers, Inc. 
929 West St., Suite 310 
Annapolis, Maryland 21401 
301-280-0024 

The Project Advisor - civil Design is responsible for 

the review and analysis of design work products and for 

providing input and guidance on technical activities for the 

project. 

4.1.9 Project Advisor- Process Design: 

Mr. Hugh J. Martin, P.E. 
Geraghty & Miller Engineers, Inc. 
14497 N. Dale Mabry Hwy., Suite 200 
Tampa, Florida 33618 
813-968-2248 
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The Project Advisor 

the review and analysis 

The project advisor 

- Process Design is responsible for 

of unit treatment process designs. 

will provide input on the 

characterization of perched water, design assumptions and on 

the start-up and operations of treatment systems. 

4.1.10 Project Leader - Civil Design: 

Mr. Jeffrey A. Petersohn, P.E. 
Geraghty & Miller Engineers, Inc. 
14497 N. Dale Mabry Hwy, Suite 200 
Tampa, Florida 33618 
813-968-2248 

The Project Leader - Civil Design is responsible for 

civil design aspects of the Remedial Design including the 

preparation of construction plans, technical specifications, 

borrow area investigations, construction cost estimates and 

design reports. 

4.1.11 Project Leader - Geology and Hydrogeology 

Mr. Bruce A. carpenter 
Geraghty & Miller, Inc. 
14655 Bel-Red Rd., Suite 202 
Bellevue, WA., 98007 
206-644-7226 

The Project Leader Geology and Hydrogeology is 

responsible for the development and implementation of ground

water monitoring plans and programs at the site and will 

participate in the development of well abandonment criteria 

for wells neighboring the project site. 
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4.1.12 Project Leader - Process Design 

Mr. Jack L. Kratzmeyer 
Geraghty & Miller Engineers, Inc. 
75 E. Wacker Drive 
Chicago, Ill 60601 
312-263-6703 
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The Project Leader - Process Design is responsible for 

the conduct and summary of bench andjor pilot studies at the 

site, and the preparation of construction plans and technical 

specifications for the perched water treatment system. 

4.1.13 EPA Project Coordinator 

Ms. Janet B. O'Hara 
U.S. Environmental Protection Agency 
Region X 
1200 Sixth Avenue 
Seattle, Washington 98101 
206-442-7215 

4.1.14 EPA Quality Assurance Officer 

Mr. Bruce Woods 
U. s. Environmental Protection Agency 
Region X 
1200 Sixth Avenue 
Seattle, Washington 98101 
206-442-7215 

4.2 ANALYTICAL LABORATORY 

The analytical laboratory selected for this project is 

Versar, Inc. with two locations as shown below. 
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Versar, Inc. 
9200 Rumsey Road 
Columbia, MD 21045 
301-964-9200 
Contact: Mr. Doug McGinnes 

Versar, Inc. 
6850 Versar Center 
Springfield, Virginia 22151 
703-750-3000 
Contact: Mr. Robert E. Maxfield 
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The primary laboratory for this project will be Versar 

in Columbia. However, it is possible that samples may be 

analyzed by Versar's Spingfield facility in the event of an 

overload. Both laboratories are within close proximity to 

each other and inter-laboratory transfers are common. In 

addition, both laboratories are approved EPA CLP laboratories 

in inorganics and organics analyses and have numerous other 

certifications including the U.S. Army Corps of Engineers. 

Versar's Laboratory Director is Mr. Robert E. Maxfield, 

who is located at Versar's Springfield facility. The Central 

Project Coordinator for this project will be Mr. Doug 

McGinnes, who is located at Versar's Columbia, Maryland 

facility. Mr. McGinnes will be responsible for liaison 

between Versar and the G&M QAO and Project Manager. He also 

will be responsible for reviewing all analytical reports from 

each laboratory to ensure: (1) data quality objectives have 

been met; (2) all requested work has been completed; (3) all 

reports have identical format; (4) quality assurance 

reporting requirements are complete; and, (5) timely delivery 

of the proper number of report copies to designated 

recipients. He will also be indirectly involved with sample 

receipt, log-in and tracking, analysis, quality assurance, 

report preparation, and initial review. 
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Versar's Quality Assurance Officer is Mr. Scott Powers. 

He is responsible for the establishment of identical quality 

assurance programs within each Versar Laboratory to provide 

consistency, accuracy and precision in the analysis of 

samples. He is also responsible for internal laboratory data 

validation programs and quality assurance audits. 

Qualifications of the Martin Marietta Corporation 

Consultant's ·personnel are presented in Section 17.0; 

Versar's personnel qualifications are described in their 

generic QAP presented in Appendix A. 

4.3 GEOTECHNICAL LABORATORY 

The selected geotechnical laboratory will be 

Professional Service Industries, Inc., (PSI) located at 611 

S.E. Harrison Street, Portland, Oregon, 97214, Telephone 

( 503) 232-2183. 
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The overall quality assurance objective is to ensure 

that data of known and acceptable quality are provided. All 

measurements will be made so as to yield consistent results 

representative of the media and conditions measured and 

reflective of the project objectives. All data will be 

calculated and reported in units consistent with those of 

other agencies and organizations to allow comparability of 

data bases. 

Quality assurance objectives for analytical data 

including parameters, units of measure, methods, and 

detection limits are presented in Table 5. Quality assurance 

objectives for precision, accuracy, and completeness also 

have been established by Versar for each measurement variable 

where possible and are presented in Table 5 and in Versar's 

generic QAP referenced in Appendix A. 

Detection limits for the water analyses (also presented 

in Table 5) are specified by the analytical methods. These 

methods have been selected in order to meet the required 

soil and water quality criteria, (ARARS) where possible. For 

the purposes of the unit process evaluation, extremely low 

levels of detection are not required. Instances may occur in 

which the condition of the sample will not permit attainment 

of the desired detection limits for various parameters either 

because of matrix interferences or high analyte 

concentrations requiring sample dilution. In Section 11. o 
the laboratory is instructed to provide sufficient 



Parameter Units 

Water matrix 
Sulfate mg/L 
Fluoride 11 mg/L 
Total CNl/ mg/L 
Free CN- mg/L 

Soil Matrix 
Fluor~9e mgjkg 
cPAHs mgjkg 

Field Measurements 

pH 
Temperature 
Conductivity 

pH units 
degrees C 
umhosjcm 

T.h~.uE 5 

QA Objectives For Measurement Data 

Method 

375.4 
340.2 
335.2 
412.H 

340.2Mod. 
8270 

150.1 
170.1 
120.1 

Detection 
Limits 

10 
2 

0.02 
0.02 

2/ 200 

MDL4/ 

Precision 

+/-25% 
+/-10% 
+/-15% 
+/-15% 

+/-40% 

+/-40% 

+j-0.05 pH 
+j-0.1 c 
+j-7.6 umhosjcm 

Accuracy Completeness 

+/-10% 
+/-10% 
+/-15% 
+/-15% 

+/-40% 

+/-40% 

+j-0. 2 pH 
+j-0.2 c 
+j-2umhosjcm 

95% 
95% 
95% 
95% 

95% 

95% 

95% 
100% 
95% 

1/ Samples to be analyzed for cyanide should be screened for sulfides and oxidizers 
first as described in the method prior to preservation. If detected samples must 
be treated to remove the sulfides andjor oxidizers prior to preservation. This 
task requires filtration and must be accomplished within twenty four hours of 
sample collection. It is recommended that the laboratory be notified and prepared 
to screen and treat samples if field screens turn up positive. 

2/ Method has 
(/) 

~(!) 
~(!)() Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020. 

been modified for analysis of fluoride in soil by employing a 24-hour 
soil sample and subsequent analysis of leachate. This procedure was 
the Versar Inc., SOP, approved by EPA Region X, for the RI/FS. 

leach of the ~ <: rt 
1-0 ::l I-'· I-'· 

presented in PJ ro Ul o 

3/ 

4/ 

Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods, 
Edition. Specific carcinogenic PAHs are listed in Table 4. 

MDL = Method Detection Limits. 

FL0018.RD2\TBL\TABLE5.QAP 

LQ I-'· ::l 
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information with each data package to allow reviewers of the 

data to be aware of analytical problems encountered. 

5.2 SITE GEOTECHNICAL INTERPRETATIONS 

Geologic interpretations made during field operations 

for the collection of geotechnical data will be recorded on 

Sample/Core Log forms such 

of developing geotechnical 

the remedial design 

as shown in Figure 2. The purpose 

data is to provide information for 

activities in regard to: (1) 

classification and soil properties of materials present at 

the site and from potential borrow sources; (2) determine the 

properties of various bentonite-soil admixtures for design of 

the Landfill cap; ( 3) to define the quantity of locally 

available borrow material sources; and (4) identify surface 

profiles of the underlying basalt surface. To obtain this 

information various geotechnical tasks and tests are 

scheduled to be performed as presented in the SAP. In these 

tasks selected samples will be taken of soils for 

geotechnical analysis. The methods of analysis are presented 

in Table 1 in Section 3.2.1. Soil classification tests will 

define the types of soils encountered at the site and at the 

borrow areas. Moisture content tests will be used in 

combination with Atterberg Limits determination to further 

define the effects of regrading and subsequent compaction of 

the materials. Consolidation tests will determine some of 

the engineering properties of the sludge material to be 

isolated from contact with the environment. Particle-size 

analysis and permeability tests will evaluate soil porosity 

and relative flow characteristics of liquids through the 

soils. 
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SAMPLE/CORE LOG 

Boring/Weii ____ ProjectJNo. ________________ Page ___ ot __ _ 

Site 
Location 

Drilling Drilling 
_______________ Started ______ Completed _____ _ 

Total Depth Drilled ------ (feet) 
Type of Sample/ 

Hole Diameter -------Qnches) Coring Device 
Length and Diameter 
of Coring Device-------------=-~-

Drilling Auid Used -------
Drilling 

______ feet 

Contractor ------~~----;;~~ :-'~..:_ __ Driller ______ Helper _____ _ 

Prepared Hammer Hammer 
By ----------=:::::;Sr=------------Weighl_ ___ Drop ___ inches 

Sample/Core Dep1h 
(f~t below Land .surlace) 

From To 

I 

I 

I 
I 
I 
I 

I 

I 
I 

I 

I 

I 

1ime!Hydn~ullc 

Core Pressure or 
Recovery Blows per 6 

(feet) Inches 

I 

I 
I 
I 
I 

I 

I 
I 

Figure 2 - Sample/Core Log 

Sample/Core Des.:::i;:-tion 

I 

I 
I 
I 

I 

I 

I 
I 
I 
I 
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The measurement of water levels is a critical aspect of 

any ground-water investigation. Water-level measurements are 

required during the course of the remediation and afterward 

to confirm the ground-water flow direction. As described in 

the Interim and Long-Term Ground-Water Monitoring Program 

water-level measurements are to be taken by the sampling team 

personnel during quarterly sampling events. All water-level 

measurements will be recorded to the nearest one 

one-hundredth of a foot. 

Water-level measurements will be made either with the 

use of a chalked tape or electronic measuring device. The 

use of a chalked tape and electronic measuring devices is 

described as follows: Chalk rubbed on a weighted steel tape 

will discolor or be removed when in contact with water, and 

the distance to the water surface can be obtained by 

subtracting the wet chalked length from the total measured 

length. The tape should be withdrawn quickly from the well 

because water has a tendency to rise up the chalk due to 

capillary action. These electronic measuring devices consist 

of a spool of dual conductor wire, a probe attached to the 

end, and an indicator. When the probe comes in contact with 

the water, the circuit is closed and a meter light and/or 

buzzer attached to the spool will signal the contact. 

Penlight batteries are normally used for a power source. 

All devices used to measure ground water levels shall be 

calibrated against the Invar steel surveyor's chain. These 

devices shall be calibrated to 0.01 foot per 10 feet length. 

Before each use, these devices shall be prepared according to 

the manufacturer's instructions (as appropriate) and checked 
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for obvious damage. These devices shall be rinsed with 

deionized water after use and also before being used in the 

next well to be measured. All calibration and maintenance 

data shall be recorded in the field log. All water-level 

measurement data will be referenced to mean sea level or 

common datum. 
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The quality of the data collected in an environmental 

study depends on the quality of the sampling activities. 

Field operations must be well conceived and carefully 

implemented. Detailed procedures and protocols for site 

selection, sample collection, handling, preservation, 

shipping and storage must be specified and documented. 

6.1 GENERAL SAMPLING PROCEDURES 

The general sampling plan that will be followed is 

described in Section 3.2.1 through 3.2.4. All sampling will 

be accomplished in accordance with generally accepted 

protocols established by the EPA and as explained in the 

following sub-sections. 

6.1.1 Types of Samples 

Samples to be collected for analysis by the laboratory 

will consist of soil samples from the verification sampling 

program and ground water from monitoring and irrigation 

wells. The number of samples of each matrix to be collected 

for each parameter to be analyzed, and the number of 

pertinent field QC samples required to be submitted for each 

parameter are described in the text and tables presented in 

Sections 3.2.1 through 3.2.4. 

6.1.2 Sample Containers 

All sample containers supplied for the collection of 

soil and ground-water samples by Versar will be new, 
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precleaned, and pre-baked as appropriate. Table 6 summarizes 

the required sample containers, handling and preservation 

procedures required for each type of sample and parameter. 

Sample containers will be kept closed and in the cooler until 

use. Containers for geotechnical samples will be the 

undisturbed sample tubes provided by the contracted 

geotechnical laboratory. Other soil and material sample 

containers will be in accordance with the requirements 

established by the methods presented in Table 1. 

6.1.3 Sample Labels and Soil and Water Sampling Logs 

Samples, including geotechnical samples, will be fully 

labeled as they are collected. Sample label information is 

presented in Section 7.0. Sample collection data, including 

label information, will be recorded in the bound field log 

book as the samples are collected. All recorded entries will 

be made in indelible ink. No erasures will be made. If an 

error is made, a correction may be made by drawing a line 

through the error, initialing the error, and starting a new 

entry on the next line. Sample containers will be returned 

to the cooler as soon as possible after sampling. 

A soil/sediment sampling log similar to the one 

presented in Figure 3 will be completed for the collection of 

every soil composite sample. A water-sampling log similar to 

the one presented as Figure 4 will be completed for the 

collection of ground-water samples. These records will be 

completed as samples are collected. Field replicate samples 

will be clearly identified on the water-sample log and in 

the field log book. 



Ar GERAGHTY & MILLER 
A' ENGINEERS, INC. 

TABIE 6 

Reo:••"errla:ticn far &mPl.i.rn and Preservat.icn 
of Sanples Acxxirdi.Ig to Jo!Pasut:ell:!ntl 

'!he I:alles r oregon 

VoL 
Req. 

cart:aineJ:2 Preservative3 ' 4 
(:ml) 

WATER MNIRIX 

Physical Properties 

Conductance 100 P,G Cool, 4 ·c 

pH 25 P,G None Required 

Temperature 1,000 P,G Non Required 

Tnorgani c..s. Non-Metal lies 

cyanides 500 P,G Cool, 4 ·c 
NaOH to pH> 12 
o. 6g asco:rbic 
acid6 

Fluoride 300 P,G None Required 

SOIL MNIRIX 

Fluoride lL p None 
Cool, 4"C 

cPAHs lL G None 
Cool, 4"C 

Notes: 
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Holdi.m 
T.i.Jne-5 

28 Days 

Analyze 
Immediately 

Analyze 
Immediately 

14 Days7 

28 Days 

28 Days 

14 Days 

1. More specific instructions for preservation an::l samplinc.::J are fourrl with each 
procedure as detailed in this manual. A general diSOlSsion on sampling water and 
industrial wastewater ma.y be fourrl in AS'IM, Part 31, p. 72-82 (1976) Method D-
3370. 
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of 5ffl!ples Accord.iJg to 'MeasuE!Il:!!ttl 

'Ihe r:alles, Oregon 

Notes: 
Continued 
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2. Plastic (P) or Glass (G). For metals, polyethylene with a polypropylene cap (no 
liner) is preferred. 

3. Sample preservation should be perfonned immediately upon sample collection. For 
composite samples each aliquot should be preserved at the tilne of collection. 
When use of an automated sampler makes it inp::lssible to preserve each aliquot, 
then samples nay be preserved by nainta~ at 4"C until cornpositing an::l sample 
splitting is completed. 

4. When any sarople is to be shipped. by COI'IliiOn carrier or sent through the United 
States Mails, it must comply with the Depa.rt:rrent of Transportation Hazardous 
:Materials Regulations (49 CFR Part 172). 'Ihe person offering such material for 
transportation is responsible for ensuring such compliance. For the preservation 
requirements of Table 1, the Office of Hazardous Materials, Materials 
Transportation Bureau, Department of Transportation has detemined that the 
Ha7.ardous Materials Regulations do not apply to the following materials: 
Hydrochloric (HC1) in water solutions at concentrations of 0. 04% by weight or less 
(pH about 1. 96 or greater) ; Nitric acid (HN03) in water solutions at 
concentrations of o .15% by weight or less (Iii about 1. 62 or greater) ; SUlfuric 
acid (H2so4) in water solutions at concentrations of 0.35% by weight or less (pH 
about 1.15 or greater) ; Scx:limn hydroxide (NaOH) in water solutions at 
concentrations of 0.080% by weight or less (pH about 12.30 or less). 

5. Samples should be analyzed as soon as possible after collection. 'Ihe tilnes listed 
are the rnaximurn tilnes that samples may be held before analysis an::l still 
considered valid. Sarrples nay be held for longer periods only if the permittee, 
or :rronitoring laborato:ry, has data on file to shaw that the specific types of 
sample un:::ier study are stable for the longer tilne, arrl has received a variance 
from the Regional Administrator. Some samples may not be stable for the maximum 
tirne pericxl given in the table. A permittee, or :rronitoring laborato:ry, is 
obligated to hold the sample for a shorter tine if knowledge exists to shaw this 
is necessary to maintain sarople stability. 

6. Should only be used in the presence of residual chlorine. 

7. Maximum holding tilne is 24 hours when sulfide is present. Optionally, all samples 
may be tested with lead acetate paper before the pH adjustment in order to 
detennine if sulfide is present. If sulfide is present, it can be reiOOVed by the 
addition of cadmimn nitrate ~er until a ~tive spot test is obtained. 'Ihe 
sample is filtered arrl then NaOH is added to pH 12. 

FL0018 .RD2\TBL\TABIE6 .QAP 
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SOl L/SEDIMENT SAMPLING LOG 

Project No. 

Site Location 

Pa<Je 

Coded/ Replicate N a. 

of 

Sample ID No. 

Date _____________ Time of SamplinCJ: Beqin __ _ End 

Weather 

Site Description 

SAMPLING DATA 

Collection Method ---------------------------
Depth Moisture Content : pH ----------- ----
Color Odor ---------------
Description ____________________________ __ 

Analyses Required Container 

S~mple MonitorinCJ {TIP, OVA, HNU, etc.) 

Remarks 

Sampler(s ) ___________________________ _ 

Figure 3 - Soil/Sediment Log 
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WATER SAMPLING LOG 

ProjectJNa. Page ____ of __ 

Site Location, ____________________ _ 

SiteM'ell No. 

Weather 

Coded/ 
Replicate No. 

1ime Sampling 
Began 

Date 

1ime Sampling 
Completed------

EVACUATION DATA 

Description of Measuring Point (MP) 

Height of MP Above/Below Land Surface -----

Total Sounded Depth of Well Below MP 

Held __ _ Depth to Water Below MP -----

Wet __ _ Water Column in Well ____ _ 

Gallons per Foot-----

Color _______ Odor ______ _ 

MP Elevation-------------

Water-Level Elevation ----------

Diameter of Ca5lng ----------
Gallons Pumped/Bailed 
P.riorto Sampling ------------

~~~~-er_,in_g ____________ _ 

, _______ Tem;:-era!ure ___ "F/"C 

Other (specific ion; OVA:. HNU; etc.) _________________________ _ 

Specific Conductance, 

umhos/cm ---------pH---------

Sampling Method and Material __________________________ _ 

Container Description 
Constituents Sampled . From Lab __ or G&M __ Preservative 

Rem~~-----------------------------------

Sampling Personnel -------------------------------

GAI...JFT 1-V•" - 0.077 
1-Y:t".- 0.10 

WELL CASING VOLUMES 

z· - o.1s 
2-lfJ•- 0 . .24 

::1" - 0.:37 
:;.Y:t" - c . .so 

Figure 4 - Water Sampling Log 

.c· - o.e.s 
li" - 1.46 



~,.GERAGHTY & MILLER 
.,- ENGINEERS, INC. 

6.1.4 Equipment Cleaning Procedures 

Section 6.0 
Revision No. 1 
June 29, 1989 

Page 7 of 21 

Sampling equipment cleaning procedures (pre- and post

sampling) in the field, will be in accordance with standard 

EPA approved cleaning procedures for field equipment. 

6.1.4.1 Introduction 

The cleaning procedures are to be used by all sampling 

personnel to clean sampling and other field equipment as well 

as sample containers prior to field use. Sufficient clean 

equipment and sample containers should be transported to the 

field so that an entire inspection or investigation can be 

conducted without the need for cleaning equipment in the 

field. However, this may not always be possible when using 

specialized field equipment. Emergency field sample 

container cleaning procedures are also included; however, 

they should not be used unless absolutely necessary. 

Specific cleaning procedures are presented in the following 

sections. 

The cleaning materials referred to in this discussion 

are defined in the following paragraphs. 

The laboratory detergent shall be a standard brand of 

phosphate-free laboratory detergent such as Alquinox™ or 

Liquinox™ The use of any other detergent must be justified 

and documented in the field logbooks and inspection or 

investigative reports. 

The standard cleaning sol vent shall be pesticide-grade 

isopropanol. However, sol vents may be substituted for a 

particular investigation, if needed. Pesticide-grade acetone 
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or methanol are both acceptable. However, it should be noted 

that if pesticide-grade acetone is used, the detection of 

acetone in samples collected with acetone rinsed equipment is 

suspect. Pesticide-grade methanol is much more hazardous to 

use than either pesticide-grade isopropanol or acetone, and 

use is discouraged. Pesticide-grade hexane and petroleum 

ether are not miscible with water; therefore, these two 

solvents are not effective rinsing agents unless equipment is 

dry. The use of any sol vent other than pesticide-grade 

isopropanol for equipment cleaning purposes must be justified 

and its use must be documented in field logbooks and 

inspection or investigation reports. 

Tap water may be used from any municipal water treatment 

system. The use of an untreated potable water supply is not 

an acceptable substitute for tap water. Deionized/organic

free water will be used at all times during all cleaning 

procedures for field equipment. The deionized water should 

contain no heavy metals or other inorganic compounds (i.e., 

at or above analytical detection limits) as defined by 

analysis of appropriate field and rinsate blanks submitted 

with samples. Organic-free water is defined as tap water 

that has been treated with activated carbon and deionizing 

units. Organic-free water should contain no pesticides, 

herbicides, extractable organic compounds, and less than 50 

~g/L of purgeable organic compounds as measured by 

appropriate analysis of field and rinsate blanks submitted 

with samples. The solvents, laboratory detergent, and rinse 

waters used to clean equipment shall not be reused. 

Field or sampling equipment that needs to be repaired 

shall be identified with a red tag. Any problems encountered 

with the equipment and needed repairs shall be noted on this 
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tag. Field equipment and reusable sample containers needing 

cleaning or repairs shall not be stored with clean equipment, 

sample tubing, or sample containers. All non-dedicated 

sampling equipment (stainless steel scoops, spoons, bowls, 

and augers) will be scrubbed with laboratory detergent 

solution, rinsed with deionized water, rinsed again with 

isopropanol, and triple rinsed with deionized water. 

Ground-water samples collected by bailing from 

monitoring wells at the site will be obtained by dedicated 

Teflon bailer suspended from the well cap in each monitor 

well by a Teflon coated stainless steel wire. Consequently, 

equipment rinsate blanks are not required. However, bailers 

will be decontaminated before being placed back in the well. 

6.1.4.2 Quality Control Procedures for Cleaning 
Operations 

This section establishes guidelines for specific quality 

control procedures to monitor the effectiveness of the 

sampling equipment and sample container cleaning procedures. 

All quality control procedures shall be recorded in a logbook 

maintained in the washroom. All quality control data shall 

be maintained in a separate quality assurance file. 

The quality of the deionized and organic-free water used 

shall be monitored by collecting samples at every sampling 

period in standard precleaned, sample containers and 

submitting them to the analytical laboratory, as described in 

Sections 3.2.2.3 and 3.2.3.3. 

The effectiveness of field cleaning procedures shall be 

monitored by rinsing field cleaned equipment with organic-
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free water and submitting the rinse water in standard sample 

containers to the laboratory as described in Sections 3.2.2.3 

and 3.2.3.3. Any time equipment is cleaned in the field at 

least one such quality control sample shall be collected. No 

more than five percent of the equipment cleaned during large 

scale field studies shall be subjected to these procedures. 

Cleaning procedures for Teflon andjor stainless steel 

sampling equipment used for the collection of samples for 

trace organic compounds andjor metals analyses: 

1. Equipment will be washed thoroughly with 
laboratory detergent and water using a 
brush to remove any particulate matter or 
surface film. 

2. The equipment will be rinsed thoroughly 
with deionized water. 

3. Rinse equipment twice with isopropanol 
solvent; rinse equipment thoroughly with 
deionized water. 

4. Wrap equipment completely with aluminum 
foil to prevent contamination during 
storage andjor transport to the field. 

5. Rinse the Teflon or glass sampling 
equipment thoroughly with tap water in 
the field as soon as possible after use. 

6.2 SOIL SAMPLING 

Soil samples will be collected from the outside walls of 

trenches during the verification sampling program as 

described in Section 3.2.1.2 and in the SAP. The sampling 

grids and grid locations will be identified in the field log 

and notes pertaining to physical conditions of the grid area. 

To prevent interference of the sampling areas by any smear 



Ar GERAGHTY & MILLER 
...,-ENGINEERS, INC. 

Section 6.0 
Revision No. o 
April 14, 1989 

Page 11 of 21 

or contact with other materials introduced by the excavation 

process, three inches of material will be removed from a 

selected area before sample collection begins, will be 

obtained using stainless steel scoops and/or spoons. 

Composite samples will be obtained by combining sub-samples 

collected from four locations selected at random (as 

described in the SAP) from the outside trench wall every 200 

square feet. Each sub-sample will be of approximately equal 

volume and coarseness as may be obtained and will be combined 

in a stainless steel bowl. Following collection, the sample 

will be carefully mixed to ensure homogeneity and then 

arranged into a cone in the center of the mixing bowl. The 

mixed sample pile will then be divided and separated into 

four smaller piles. Proceeding in a clockwise direction 

small but approximately equal portions of each quarter pile 

will then be placed sequentially into the sample containe:;: 

continuing until the container is filled. Containers will 

then be closed, labeled and placed on ice in a cooler. 

Sampling equipment will be decontaminated between the 

collection of each composite sample as described in Section 

6.1.4 or separate, clean stainless steel scoops, spoons and 

bowls will be used. 

6.3 GROUND-WATER SAMPLING 

6.3.1 Sampling Preparation 

Prior to the sampling event, the field personnel should 

be adequately prepared. The following items should be 

included for the field sampling: 
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o Site map, names of contacts, and access 
keys 

o Water sampling logs, chain-of-custody 
forms, sample labels, waterproof-ink pen, 
and tape 

o Sample containers (check for proper 
number, type, and preservatives), 
coolers, and ice 

o Cooler custody seals 

o Water-level measurement equipment 

o Well purging equipment 

o Water sampling equipment (Teflon bailers, 
pumps, etc) 

o Power source 

o Field analysis (pH, temperature, specific 
conductivity) instruments and standards 

o Teflon-coated cord or wire or disposable 
nylon rope, knife, and miscellaneous 
tools 

o Gloves and towels 

o Appropriate Safety & Health equipment and 
dress 

o Laboratory grade detergent and deionized 
water 

o Five-gallon bucket 

All equipment must be checked for proper operation. 

Equipment that will come in contact with the ground water 

must be properly cleaned before use. 

Arrange for site access prior to leaving for the sample 

location. Upon arriving at the site, the field personnel 
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should inform appropriate people of their presence and the 

approximate time they will be at the site. Field personnel 

can be apprised of any changes at the site of which the 

project manager was unaware. 

6.3.2 Well Preparation 

Upon arriving at the well, check the well for any above

ground damage and the grout for structural integrity. Unlock 

and remove the well cap (a wrench may be required) and allow 

the well water level to come to equilibrium with the 

atmosphere. Clean the top of the well casing prior to 

purging and sampling. Preliminary information can be 

recorded on the well sampling log at this time. 

6.3.3 Ground-Water Level and Total Sounded Deoth 
Measurements 

The static water level and the total sounded depth of 

the well should be measured prior to purging and sampling 

well water. An electronic water-level indicator (M-scope) or 

chalked steel tape may be used for the water-level 

measurement. Measurements should be referenced to the survey 

point (top of well casing). 

The total depth of the well will be measured from top of 

casing and be recorded. This is accomplished by lowering the 

tape or cable until the weighted end is felt resting on the 

bottom of the well. In deep wells, where the weight of the 

length of tape or cable lowered into the well is 

approximately equal to or greater than the weight of the 

weight at the tape or cable end, it can be difficult to 

determine when the bottom of the well is reached. 
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Appropriate weights will be available and used to provide 

accurate definition of total well depth. This datum can be 

used to confirm that the proper well has been identified, if 

the construction specifications are available, the well has 

not filled with silt, and if the volume of standing well 

water can be accurately calculated. Prior to measuring 

another well, wash the tape with a detergent solution and 

then rinse with deionized water. All total well depth 

measurements must be made and recorded to the nearest o. 2 

foot. 

All devices used to measure ground-water levels shall be 

calibrated against the Invar steel surveyor's chain. These 

devices shall be calibrated to 0.01 foot per 10 feet length. 

Before each use, these devices shall be prepared according to 

the manufacturer's instructions (if appropriate) and checked 

for obvious damage. These devices should be rinsed after use 

and also before being used in the next well to be measured. 

All calibration and maintenance data shall be recorded in a 

logbook. 

6.3.4 Purging the Well 

After a water-level measurement has been taken, the well 

should be purged to remove the standing water. Purging can 

be accomplished by pumping or bailing, but pumping is 

preferred. As the water level drops, the pump or suction 

tube intake should be lowered so that the water in the well 

casing is completely and efficiently removed. The tube 

should be removed before suction has been discontinued. 

Bailing the well is acceptable (except for deep wells); 

however, if a bailer is employed, use extreme care in 

lowering the bailer into the well to avoid "surging" the 
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water in the casing, which could disturb the formation 

deposits (i.e., sand) at the bottom of the well. 

The criterion used for determining the proper purging of 

the well is that four times the calculated standing well 

water volume is to be removed from the well. The volume of 

well water (in gallons) is calculated using the following 

equation: 

V = 7.48 rr r 2 h 

where, v = volume of standing water (gallons) 
r = radius of well casing (ft.) 
h =height of standing water (ft.) 

Wells that recharge slowly {those not filled back to the 

static level within eight hours), should be purged completely 

once and then sampled after the water level has recovered 

approximately 75 percent. The rate of recharge for all wells 

should be recorded for each sampling interval. 

Deciding when the required volume of water has been 

purged from the well can be determined by directly measuring 

the amount discharged into a container of known volume or by 

measuring the time of pumping with a calibrated pump. Flow 

measurement is preferred for submerged pumps in as much as 

pumping rates are a function of head. A purge pump 

(peristaltic or submersible) may be calibrated (i.e., the 

pumping rate may be determined) by measuring the time 

required to fill a container of known volume. Once the 

required volume to be purged and the pumping rate are known, 

the time necessary to pump the required amount may be 

calculated by the formula: 
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v 
R 

= 
= 

Volume of standing water (gallons) 
Rate of flow (gallonsjminute) 

Field water sample logs should have a table of well bore 

volumes per linear foot for various well sizes to allow 

calculation of well volumes in the field. 

6.3.5 Field Measurements 

After pumping the well, a water sample should be 

collected to obtain measurements of pH, temperature, and 

specific conductivity. Before obtaining these measurements, 

the field instrumentation must be properly calibrated with 

reference standards as described in Section 8.0. Calibration 

of pH meters should be in accordance with the manufacturer's 

recommendations and shall be checked at least daily against 

two different pH standards. Conductivity meters should be 

checked against known standards to assure they are performing 

properly. Calibration results should be recorded on daily 

logs. After calibrations, place the appropriate instrument 

probe in the water sample and allow it to equilibrate. Take 

the sample reading and record the values on the field well 

water sampling log. 

6.3.6 Sample Collection 

After obtaining the field measurements, the well is 

sampled for the parameters of interest. care should be 

exercised when selecting sampling equipment to ensure that 

the materials that make up the equipment are compatible with 

the sample parameters and also comply with state and federal 
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regulatory requirements for sampling. Generally speaking, 

Teflon is preferred but stainless steel, polyethylene, or PVC 

may be acceptable. Teflon is universally accepted by the 

EPA. All wells at the site have dedicated Teflon bailers. 

When samples require preservation, take care not to 

overfill the pre-preserved container. If the container needs 

to be preserved, use the appropriate preservative as listed 

in Table 6 and adjust to the correct pH if a preservative has 

not already been added by the laboratory. 

When bottle filling is complete, identify each sample 

container with a properly completed label as described in 

Section 7.0. 

6.3.7 Screening for Sulfides and Oxidizers 

Some of the sample bottles require preservation (total 

and free cyanide) . However, containers for samples to be 

analyzed for cyanides will not be pre-preserved because 

cyanide samples must be screened for sulfides and oxidizers 

before being preserved in accordance with the procedure 

described in Appendix B. Following this screen the samples 

should be preserved as described in Table 6 if the presence 

of sulfide and oxidizers has been ruled out. 

6.4 GEOTECHNICAL SAMPLING 

All geotechnical sampling will be performed in 

accordance with ASTM methods identified in Table 1. 

Geotechnical samples shall be sealed, shipped, and stored in 

accordance with the following procedures. 
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shall be placed in sealable 

then be placed in appropriate 

containers, such as cardboard boxes, with dividers for each 

jar to prevent movement and minimize breakage. Only borings 

from one location shall be placed in a shipping container. 

The containers shall be taped shut in the field and labeled 

on the top and two adjacent sides to show the project name 

and number, identification of sample location contained in 

the box, total depth interval of the samples, and other 

information as required by the on-site geologist or engineer. 

If the samples are to be temporarily stored on site, 

they shall be protected from the weather, including excessive 

heat and freezing. Indoor storage shall be employed, where 

possible. For commercial shipment, the containers should be 

marked "keep from heat and freezing". Samples shipped or 

hand carried to the geotechnical laboratory shall be 

accompanied by a chain of custody and laboratory log form 

providing a record of the samples. 

6.4.2 Undisturbed Soil Samples 

Upon recovery of a thin-walled tube used to obtain an 

undisturbed sample, at least one-half inch of soil shall be 

cleaned from each end of the tube and the ends of the soil 

sample squared off. Usually, the tip of the sample will 

contain drill cuttings and these must be removed prior to 

sealing. The in situ soil which has been cleaned from the 

tube can be used to give a visual classification for the 

sample. Under certain circumstances, a tube may be allowed 

to drain prior to the sealing process. 
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To seal the tube, the resulting space at each end shall 

be filled with a hot paraffin wax or equivalent melted 

sealing material or with expandable packers as approved by 

the on-site geologist or engineer. As an alternate for tubes 

containing partial samples, after sealing the ends of the 

sample (using approximately one inch of melted sealing 

material), a dry, clean filler, sand, etc., and be placed in 

the void areas and sealing again conducted. The filler 

prevents the sample from breaking the initial end seals 

during handling and shipment. The ends of the tube shall 

then be closed with tight-fitting metal or plastic caps and 

the seam, between the cap and tube, wrapped with tape. 

Finally, the ends of the tube shall be dipped in hot wax, 

beyond the tape, as a final sealing measure. 

The tubes shall be hand carried to the geotechnical 

laboratory in a vertical position to maintain an in situ 

orientation and shall be marked with a "way-up" arrow, using 

an indelible marker. This means that if the tubes are being 

transported via airplane, they shall be carried on the plane 

and not checked as baggage. If the tubes are to be 

transported by truck or automobile, they shall be carefully 

padded and wedged in placed to prevent movement (e.g., 

through use of a tube rack). If tubes must be shipped as 

freight, they shall be packed in secure wooden boxes which 

have dividers built in to prevent movement of tubes the 

tubes, or the boxes shall be tightly filled with packing 

material such as wood chips, paper, etc., to prevent 

movement. The boxes should be marked "fragile" and "keep 

from heat and freezing". All packaging of tubes for shipment 

will be directed by the on-site geologist or engineer. 
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Any changes in the sampling procedures as outlined in 

this QAPP will be discussed with the On-site coordinator and 

with the EPA project personnel to obtain technical 

concurrence and all changes will be documented in the field 

log book and described on the Sample Alteration Checklist 

(Figure 5) . Approval from the Site Manager will be necessary 

to implement an-site changes, major modifications of the 

sampling design or procedures. 

FL0018.RD2\RPT\QAPPSE16.1DR 
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Sample Program Identification: ________________________________ _ 

Material to be Sampled: ________________________________________ _ 

Measurement Parameter: ________________________________________ __ 

Standard Procedure for Analysis: ____________________________ ___ 

Reference: ______________________________________________________ _ 

Variation from Standard 
Procedure: ______________________________________________________ _ 

Reason for 
Variation: ______________________________________________________ _ 

Resultant Change in Field Sampling 
Procedure: ______________________________________________________ _ 

Special Equipment, Material, or Personnel Required: ________ __ 

Author's Name: ____________________________________ Date: ________ _ 

Approval: _________________________________________ Title: ______ __ 

Date: ____________________________________________ __ 

FL0018.RD2\TBL\FIG5.QAP 



~r GERAGHTY & MILLER 
Af ENGINEERS, INC. 

7. 0 SAMPLE CUSTODY 

Section No. 7.0 
Revision No. 0 
April 14, 1989 

Page 1 of 7 

Sample custody is a vital aspect of remedial action 

programs as well as ground-water monitoring studies because 

these type of programs generate data that may be used as 

evidence in a court of law. The samples must be traceable 

from the time of sample collection until the time the data 

are introduced as evidence in enforcement proceedings. 

7.1 FIELD RECORD LOG BOOK 

The key aspect of documenting sample custody is thorough 

record-keeping. A bound field log book with sequentially 

numbered pages will be maintained during the course of the 

field ~.;ark to document the collection of every sample. In 

addition, sample/core logs (geologic logs) , well completion 

logs, soil sample logs and water sample logs previously 

described in Section 6. 0 will be filled out for each well 

drilled and sampled. All loose-leaf log sheets will be 

arranged in sequential order and bound together upon 

completion of each site audit. 

7. 2 SAMPLE LABELING 

Sample containers will be labeled at the time of 

sampling with the following information: project code number, 

sampling date and time, sample identification number, 

parameters of interest, preservative, and initials of sample 

collector. An example of a typical sample label is 

presented in Figure 6. 
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All'& Lv11LLER, INC. 
,11/JJ/ Ground- Waur Consultants 

Sample 1.0.: -------------

Sample Type: 0 Grab 0 Composite 

Sample Medium: ------------

Date: ------- Time:------

Analysis Requested: ----------

Preservative:--------------

Sampled By: --------------

Sample Bottle Label- Example 
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Revision No. 0 
April 14, 1989 

Page 2 of 7 
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At the time of sampling, the appropriate sample 

containers will be selected, and the sample number for each 

subsample recorded on the sample log form. After each bottle 

is filled and before it is placed in storage, the sampler 

will initial the label to document proper sample handling. 

7.3 SAMPLE CONTAINER CUSTODY 

All sample containers to be provided by Versar for this 

project must be prepared as described in Section 6. 0. All 

containers will be shipped to the designated location from 

the designated Versar Laboratory described in Section 4.0 by 

common carrier in sealed coolers and will remain in the 

custody of Versar until received by a representative of the 

sampling team or the Site Manager. Versar will include a 

shipping form listing all containers shipped, specifying the 

purpose of each container. This list will become part of the 

Chain-of-Custody record. 

Thin-walled tube samplers to be provided by 

Professional Service Industries for this project must be 

prepared as described in Section 6.0. 

7 . 4 SAMPLE CUSTODY, SHIPMENT AND LABORATORY RECEIPI' 

For the purpose of these procedures, a sample is 

considered in custody if it is: 

o In actual possession of the responsible 
person; 

o In view, after being in physical 
possession; 
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o Locked so that no one can tamper with it, 
after having been in physical custody; or 

0 In a secured area, 
authorized personnel. 

restricted to 

The field samples to be collected can be classified into 

two categories: (a) in situ measurements, and (b) laboratory 

analyses. 

In Situ Measurements: These are those measurements made 

immediately after the sample has been collected. The data 

will be recorded directly in bound field logbooks along with 

identifying information on sampling conditions and location. 

In situ measurements include the following: pH, temperature, 

and conductivity. 

Laboratory Measurements: 

andjor preserved in the 

appropriate laboratory for 

These refer to samples collected 

field, to be shipped to the 

chemical analysis or geotechnical 

evaluation. Identifying information on sampling conditions 

and location will be recorded as indicated above together 

with a record of the required analyses for each of the 

samples collected. 

All samples will be maintained in the custody of the 

sampling personnel. At the end of each sampling day and 

prior to the transfer of the samples off-site, chain-of

custody entries will be made for all samples using the 

standard chain-of-custody form illustrated in Figure 7. All 

information on the chain of custody form and the sample 

container labels will be checked against the sample field 

log entries and samples will be recounted before leaving the 

sampling site. Upon transfer of custody, the chain-of-
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custody form will be signed by the sample team leader, 

including the date and time. Since common carriers (Federal 

Express, Purolator Courier, etc.) will not sign chain-of

custody forms, the chain-of-custody records will be sealed in 

plastic within each cooler of samples. 

A signed, dated custody seal (Figure 8) will be placed 

over the lid opening of the sample cooler to indicate if the 

cooler has been opened during shipment prior to receipt by 

the laboratory. All chain-of-custody forms received by the 

laboratory must be signed and dated by the Site Manager (see 

Section 4. 0) . The signed chain-of-custody forms will be 

placed in the cooler prior to sealing. 

The custodian at the laboratory will also note the 

condition of each sample received as well as questions or 

observations concerning sample integrity. 

custodian will also maintain a sample-tracking 

will follow each sample through all stages of 

The sample 

record that 

laboratory 

processing. The sample tracking records must show the date 

of sample extraction or preparation, and sample analysis. 

These records will be used to determine holding time limit of 

compliance during lab audits and data validation. 
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Figure 8 Chain-of-:Custody Cooler Seal 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

Calibration procedures, calibration 

standards for measurement variables and 

frequency, 

systems will 

and 

be 

employed by Versar in accordance with procedures stated 

within their generic QAP and Standard Operating Procedures 

Manual and PSI in accordance with ASTM standards referenced 

in the SAP. Notwithstanding the foregoing, all calibration 

procedures will be, at a minimum, in accordance with the 

calibration requirements and frequencies specified by the EPA 

in the methods selected. 

For all inorganic methods, calibration curves must be 

prepared from fresh standards analyzed at a minimum of three 

to five concentrations and each curve must be verified for 

accuracy with every analytical run by analyzing a known 

independent QC Check Standard. 

Procedures for calibration of field equipment for 

measurement of pH and specific conductance that will be 

employed for this project will be as described in Section 6.0 

and will be in conformance with the manufacturers 

instructions. All calibration and maintenance activities 

will be recorded in the field logbook. 
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The analytical procedures used for the RD/RA project 

described in this QAPP are described in Table 3 in Section 

3.2.1.3. Analysis of samples collected at the MMRF facility 

will only be performed by laboratories with established 

protocols and QA procedures that meet U.S. EPA guidelines. 

Versar is capable of meeting these requirements. 

Conductivity, pH and temperature will be measured in the 

field according to the procedures discussed in Section 6. 0 

and instrument manufacturers instructions. 

During the RI conducted at the MMRF, The Dalles, Oregon, 

ground-water and surface-water samples tested for cyanides 

were pre-screened in the field for the presence of sulfides 

and oxidizers as required by the method {Appendix B). In 

addition the laboratory also employed an optional sulfide 

scrubber in the analysis of the samples, {Section 8. 2 of 

method 335.2 for samples that contain sulfide). No sulfides 

were ever detected in any ground-water or surface water 

samples during the RI and the use of the optional sulfide 

scrubber proved to be an unnecessary and cumbersome addition 

to the analytical distillation equipment. Therefore, during 

the RD/RA and the ground-water monitoring program the pre

screening of ground-water samples for sulfide and oxidizers 

in the field will be continued as described in Appendix B but 

the use of the sulfide scrubber during distillation will not 

be required. 
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10. 0 INTERNAL QUALITY CONTROL CHECKS 

Internal laboratory control checks used by Versar are 

described in their generic QAP referenced in Appendix A. 

Versar will demonstrate the ability to produce acceptable 

results using the methods recommended. The data will be 

evaluated by Versar based on the following criteria (as 

appropriate for inorganic chemical analyses): 

o Performance on method tests the following QA 
checks: 

- Calibration curves 

- Initial calibration verification standards 

- Blanks 

- Continuing calibration verification standards 

- Spike recoveries (matrix and surrogate) 

- RPDs between Matrix spikes and matrix spike 
duplicates, samples and laboratory duplicates 

- Recoveries of laboratory control samples and 
independent QC Check samples 

o Percent recovery of internal standards 

o Adequacy of detection limits obtained 

o Precision of replicate analyses 

o Comparison of the percentage of missing or 
undetected substances among replicate samples (not 
known by lab) 

Internal quality control checks of sampling procedures 

and laboratory analyses will be conducted periodically. 

These checks will consist of the preparation and submittal of 

sampler (equipment) rinsate blanks, field blanks, trip 
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(travel) blanks, and field replicates for analysis of all 

parameters at frequencies described in Section 3.2. 

The above field QC blanks and replicates included as 

internal QC checks are described below as follows: 

o Equipment Rinsate blank: An equipment 
rinsate blank is made by taking 
organic-free deionized or distilled water 
and placing it in contact with the field 
sampling apparatus (bailer, pump tubing, 
etc.) or with the air near a well that 
conceivably could be a source of 
contamination. The water is then sealed 
in the same type of sample bottle as the 
other samples, preserved in the same 
manner (using the exact preservative 
source) transported to the laboratory 
with the samples and analyzed for the 
parameters of interest. 

o Field Blanks: A field blank consists of 
sample containers filled in the field 
with organic-free, deionized or distilled 
water prepared and preserved in the same 
manner as the samples. The field blank 
is transported to the laboratory with the 
samples and analyzed along with the field 
samples for the constituents of interest 
to check for contamination imparted to 
the samples by the sample container, 
preservative, or other exogenous sources 
including air near the sample source. 

o Trip Blanks: A trip (travel) blank is a 
sample container filled with organic-free 
water in the laboratory that travels 
unopened with the sample bottles. It is 
returned to the laboratory with the field 
samples, opened in the laboratory and 
analyzed along with the field samples for 
vocs. In some instances trip blanks may 
be submitted for parameters other than 
vocs. Trip blanks will not be required 
for the ground water monitoring program 
because analytes do not include vocs. 
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o Field Replicates: A field replicate is a 
duplicate sample prepared at the sampling 
location from equal portions of all 
sample aliquots combined to make the 
sample. Both the field replicate and the 
sample are collected at the same time, in 
the same container type, preserved in the 
same way, and analyzed by the same 
laboratory as a measure of sampling and 
analytical precision. 
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11. 0 DATA REDUCTION, VALIDATION AND REPORTING 

The laboratory procedures for data reduction, 

validation, and reporting are described within Versar's 

generic QAP referenced in Appendix A. Notwithstanding the 

foregoing, MMC will complete its own data validation to 

verify that the laboratory has performed in accordance with 

requirements specified by the QAPP. Therefore, all 

laboratories employed for the ground-water monitoring 

programs will be required to submit data that are supported 

by sufficient QA backup information and data to enable data 

reviewers to determine conclusively the quality of the data. 

The use of laboratories will be accomplished by a 

laboratory services agreement (contract) between MMC and the 

laboratory. The contract will specify the scope of services 

to be performed by the laboratory, the specific analytical 

quality assurance requirements to be met, and the information 

to be developed and reported, if beyond that stated herein. 

The G&M Analytical Quality Assurance and Laboratory 

Contract Program (AQA/LCP) will be used in part to accomplish 

the quality assurance and data validation objectives of the 

projects. The G&M AQA/LCP defines four levels of analytical 

reporting for laboratories with uniform analytical quality 

assurance performance requirements. For the RD/RA Level II 

reportables are required except that matrix spikes and 

laboratory duplicates will be "sample" specific instead of 

"batch" specific. These spikes and duplicates will be 

performed by the laboratory at a frequency of 1 per 20 

samples per matrix. These reporting requirements are 

specified in Appendix C. Because the analytical quality 

assurance requirements for all reporting levels in the 



Ar GERAGHTY & MILLER 
....,. ENGINEERS, INC. 

Section No. 11.0 
Revision No. 0 
April 14, 1989 

Page 2 of 10 

AQA/LCP are essentially identical, all of the data generated 

at any level potentially may be classified as quantitative. 

If increased defensibility of laboratory report data is 

required, additional documentation of analytical QA data will 

be available upon request to the laboratory to support 

validation conclusions and data usability determinations. 

The data validation procedures employed will include an 

evaluation of the field data package and an evaluation of the 

laboratory analytical data package. The data validation 

checklists presented in this section will be used as guides 

in evaluating sample collection, field records, and 

analytical performance; these checklists will aid in 

identifying valid data and classifying (usability 

determination) the data into one of three use categories: 

unusable data, qualitative data (class A) and quantitative 

data (class B) . 

11.1 VALIDATION OF FIELD DATA PACKAGE 

The field data package will be reviewed by the project 

QA officer and project manager for completeness and accuracy 

using the Field Data Validation Checklist (Figure 9). The 

field data package includes all of the field records and 

measurements developed by the sampling team personnel. 

Failure in any of these areas may result in the data being 

in-validated. The field data package validation procedure 

will consist of: 

o A review of field data contained in water 
sampling logs for completeness. 
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U CODE: DATA FLAGGED WITH A "U" MEANS THE ANALYTE WAS ANALYZED 
fOR BUT NOT DETECTED, I.E. THE ANALYTE WAS BELOW 
DETECTION LIMIT. 

0 CODE: DATA FLAGGED WITH A "8" CODE MEANS THAT THE ANALYTE WAS 
PRESENT ABOVE REPORTING DETECTION LIMITS WITHIN 
LABORATORY BLANKS: 8 CODES DO NOT NECESSARILY INVALIDATE 
THE DATA BUT ARE DEPENDENT UPON THE JUDGEMENT OF THE 
REVIEWER IN APPLYING THE VALIDATION GUIDELINES: 

CLASSIFICATION CODES 

CLASS A DA!At DATA IN TillS CLASS MUST HAVE MET ALL THE 
REQUIREMENTS SPECIFIED IN THE FIELD CHECKLIST AND IN SECTION I OF THE~· 
ANALYTICAL CIIECI:LIST. THIS DATA IS QUALITATIVE, ANY SAMPLE DATA 
RECE~VING AN R QUALIFIER CODE OR AN UNEXPLAINED 8 QUALIFIER CODE MAY 
NOT BE CLASSifiED AS CLASS A DATA, DATA THAT HAS BEEN GIVEN A J CODE 
MAY NOT DE CONSIDERED AS CLASS 0 DATA, 

CLASS fl DIUA.l. DATA IN THIS CLASS MUST HAVE MET ALL THE 
REQUIREMENTS SPECIFIED IN THE fi~LO CHECKLIST AND IN ALL SECTIONS (!, 
I I, AND I II l WIIERE APPLICABLE FOR TilE LEVEL OF REPORTING IN ORDER TO BE 
CONSIDERED AS QUANTITATIVE (CLASS Bl DATA, 

UtJUSABLE QAI.A_t DATA IN TillS CLASS HAS FAILED ANY OF TilE 
REQUIREMENTS WITHIN TilE FIELD CHECKLIST OR THE ANALYTICAL CHECKLIST, 
TillS DATA SHOULD DE FLAGGED WITH AN R AND MAY NOT BE USED FOR ANY 
PURPOSE, 
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equipment blanks, 
trip blanks were 

identified and 

o A check on field analyses for equipment 
calibration and instrument condition. 

o A review of chain-or-custody forms for 
proper completion, signatures of field 
personnel and the laboratory sample 
custodian, and dates. 

11.2 VALIDATION OF THE ANALYTICAL DATA PACKAGE 

After validation of the field data package, validation 

of the analytical data package will be performed by the 

project QA officer andjor site manager. The validation 

steps will be performed by applying where applicable the most 

current (7/88 Inorganic and 2/88 organic) EPA Laboratory Data 

Validation Functional Guidelines For Evaluating Organics and 

Inorganics Analyses, and the EPA Precision and Accuracy 

Statements (DQOs specified in Section 5.0) for the analytical 

methods employed. Figure 10 also contains an analytical data 

validation checklist to be used for validation of the data. 

The analytical data package validation procedure may 

include but not be limited to a review of the following: 

o A comparison of the data package to the 
reporting level requirements specified in 
Appendix c to ensure completeness in the 
analytical data package and compliance 
with the contract. 

o A comparison of sampling dates, sample 
extraction dates, and analysis dates to 
check that samples were extracted andjor 
analyzed within proper holding times. 



Ar GERAGHTY & MILLER 
Af ENGINEERS, INC. 

0 A review of analytical methods 
required detection limits to verify 
they agree with the QAPP (Section 
and the laboratory contract. 

Section 11.0 
Revision No. 1 
June 29, 1989 

Page 8 of 10 

and 
that 
5. 0} 

o A review of field and laboratory blanks 
to evaluate possible contamination 
sources. The preparation techniques and 
frequencies, and the analytical results 
(if appropriate) will be considered. All 
blanks will be evaluated in accordance 
with the EPA Functional Guidelines for 
Validation of Laboratory Data. 

o Field replicates will be reviewed to 
check the precision of chemical analyses 
and field sample collection techniques. 
Field replicates and laboratory 
duplicates for water matrices, if 
available will be reviewed. The results 
must be within the EPA specified 
requirements for each method's precision 
(DQOs specified in Section 5.0); in the 
absence of this information, inorganic 
parameter duplicates must have a relative 
percent difference (RPD) of 20 percent if 
analyte value is greater than five times 
the detection limit; if the value is less 
than five times the detection limit, the 
duplicates must have an RPD no greater 
than 5 percent. 

o Surrogate spikes must be within allowable 
control limits specified for the method. 

o Matrix spike recoveries for organic 
analyses are considered advisory by the 
EPA and will be used to evaluate the 
presence of matrix interferences that may 
be affecting recovery of a particular 
analyte. Control limits must be 
reported when matrix spike data is 
reported. When matrix spike duplicates 
are performed andjor reported, the 
relative percent difference (RPD) must be 
calculated and RPD control limits 
reported. 
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A data management flow chart is presented in Figure 10 

to iilustrate the flow of data through the validation 

system. 
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12.0 PERFORMANCE AND SYSTEM AUDITS 

Performance and system audits for sampling and analysis 

operations consist of on-site review of field and laboratory 

quality assurance systems and on-site review of equipment for 

sampling, calibration, and measurement. 

12.1 FIELD SYSTEM AUDIT 

The director of field operations, the project manager 

andjor the project QA officer will make a non-scheduled visit 

to the project site to evaluate the performance of field 

personnel and general field operations in progress. The 

director of field operations will observe the performance of 

the field operations team during each kind of activity, i.e., 

water-level readings and sampling rounds. "' -··-"'---- _ .... ..:!~ --= 
~ ::> j ::> l..t::lLL::> O.UU.J..l.. U J... 

field operations personnel by the project QA officer also may 

be performed. 

12.2 LABORATORY SYSTEM AUDIT 

A laboratory systems audit will be conducted by the 

project QAO at some point during the course of the project. 

This audit is designed to ensure that the systems and 

operational capabilities are maintained and test methodology 

and quality control measures for the project are being 

followed as specified by the QAPP. 

12.3 PERFORMANCE EVALUATION AUDITS 

A performance evaluation (PE) audit is an audit 

performed to evaluate a laboratory's ability to obtain an 

accurate and precise answer in the analysis of a blind check 
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sample by a specific analytical method. Following the 

analytical data validation described in Section 10.0, a 

performance evaluation audit of the laboratory may be 

conducted. This audit may be conducted if it is determined 

that the quality assurance data provided in the analytical 

data package or other parameters as described in Sections 

10.0 and 11.0 are outside acceptance criteria control limits. 

These PE audits may include a review of all raw data 

developed by the laboratory and not reported and the 

submission of blind spiked check samples for the analysis of 

the parameters in question. These check samples may be 

submitted disguised as field samples, in which case, the 

laboratory will not know the purpose of the samples or the 

samples may be obvious (known) check samples (EPA or NBS 

traceable) . 

PE Audits also may be conducted by reviewing the 

laboratory's results 

Contract Laboratory 

from certification testing andjor EPA 

Program (CLP) evaluation samples. An 

additional component of PE audits includes the review and 

evaluation of raw data generated from the analysis of PE 

samples and actual field samples that may be in question. 

12.4 REGULATORY AUDITS 

Analytical laboratories participating in the contract 

laboratory program (CLP) are required to take part in a 

series of performance and systems audits conducted by the 

National Enforcement Investigations Center (NEIC) . Versar is 

a CLP laboratory and has participated in these audit 

programs. 
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Field testing instruments sampling equipment employed by 

MMC which requires preventive maintenance are routinely 

serviced as required by manufacturer's recommendations. 

Records of calibration and maintenance activities for each 

instrument will be maintained in log books assigned to that 

instrument. Preventive maintenance for Versar's laboratory 

equipment is described in their generic QAP. 
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14 . 0 ASSESSMENT OF DATA PRECISION, ACCURACY, AND COMPLETENESS 

Precision is an estimate of the reproductibility of a 

method, and it is estimated by several statistical tests: the 

standard deviation of the error distribution, the 

co-efficient of variation and the relative percent difference 

between replicate (duplicate) samples. MMC may determine the 

precision of a method by analyzing replicate samples and 

laboratory duplicate samples (where applicable), then, if 

sufficient replicate data are obtained, the arithmetic mean 

and standard deviation may be calculated. 

Precision is then defined by the coefficient of 

variation (CV), which expresses the standard deviation as a 

percentage of the mean. Specific statistical comparison of 

duplicate samples (field and laboratory), as a measure of 

precision evaluating both sample collection procedures and 

laboratory instrument performance, may be accomplished by 

first comparing the obtained duplicate results with the 

published EPA criteria for method precision. If not 

available, the relative percent difference (RPD) may be 

calculated and compared to the laboratory precision criteria. 

The determined precision value will then be compared 

with the stated precision DQO for the analyte in question to 

determine whether the DQO has been satisfied. If not the 

data is not valid. 

The accuracy of a method is an estimate of the 

difference between the true value and the determined mean 

value. Certain QA parameters such as laboratory control 

samples, reagent water spike samples, QC Check samples, 

matrix spikes and surrogate spike samples all have known 
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concentrations in them prior to analysis. By comparing the 

percent recovery of the analysis of these samples to the 

known true value it is possible to measure the accuracy of 

the analysis. In routine practice the laboratory may 

collect the data for each of these parameters for a period of 

at least 30 measurements. The results of these 30 

measurements is averaged and the standard deviation of the 

measurements is calculated. Then, based on the desired 

level of confidence, two or three standard deviation ranges 

will be established as practical control limits. To be valid 

these control limits must meet the accuracy limits specified 

by EPA for each analyte measured by the method. If the 

determined control limits are within the range established 

for the analyte and method by EPA then the determined range 

becomes the practical control limits used by the laboratory 

until another set of data is developed and new control limits 

are calculated. 

Specific statistical comparison of percent recovery 

values reported by the laboratory as a measure of method 

accuracy will be compared with the published EPA criteria for 

the accuracy of an individual method and to the accuracy DQOs 

stated in Section 5.0. Data not meeting the DQO for accuracy 

will be considered invalid or unusable. 

Data completeness will be expressed both as the 

percentage of total tests conducted that are deemed valid and 

as the percentage of the total tests required in the scope of 

work that are deemed valid. 

Methods for assessing data precision, accuracy, and 

completeness by Versar are described in their generic QAP 

referenced in Appendix A. 
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During the course of the ground-water monitoring, the 

field personnel are responsible for seeing that field 

instruments are functioning properly and that work progresses 

satisfactorily. The field personnel also are responsible for 

ensuring performance of routine preventive maintenance and 

quality control procedures, thereby ensuring collection of 

valid field data. 

If a problem is detected by the field personnel, the MMC 

site Manager and GME Project Manager shall be notified 

immediately by the Field Manager, at which time the problem 

will be further investigated and corrective action will 

begin. Similarly, if a problem is identified during a 

routine audit by the project QAO or the EPA Project Manager 

or QAO, an immediate investigation will be undertaken and 

corrective action deemed necessary will be taken as early as 

possible. 

Corrective actions to be undertaken by Versar are 

described in their generic QAPP referenced in Appendix A. 

In all cases in which corrective actions are required a 

written report describing the nature of the problem, an 

evaluation of the cause, if known, and the action taken will 

be prepared by the Field Manager or the Project QAO and 

submitted to the Project Manager, the Project QAO (if not 

preparing the report) , or Project Officer. Versar will 

maintain a file of corrective actions implemented within 

their laboratory regardless of whether the actions performed 

were pertinent to the analysis of samples from the MMRF 

facility. 
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16.0 QUALITY ASSURANCE REPORT TO MANAGEMENT 

The Quality Assurance Report for the ground-water 

monitoring program will be prepared following each sampling 

period. The reports will address the following: 

o Quality assurance activities and quality 
of collected data (results of data 
validation) ; 

o Equipment calibration and preventive 
maintenance activities; 

o Results of data precision and accuracy 
calculations; 

o Evaluation of data completeness and 
contract compliance; 

o Field and/or laboratory QA problems and 
recommended andjor implemented corrective 
actions; and 

o Results of QA audit findings. 

The Quality Assurance Reports will be submitted to the 

EPA Region X and Oregon DEQ. 
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Resumes of key project personnel are included l.n this 

section. 
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Scientist 

CREDENTIALS/REGISTRATION 
M.S., Geology, Western Washington University, 1985 
B.S., Geology, Southern Oregon State College, 1980 

PROFESSIONAL AFFILIATIONS 
Geological Society of America 
Northwest Geology Society 
National Water Well Association 

FIELDS OF SPECIALIZATION 
- Modeling of subsurface stratigraphy and aquifers for 

regional ground-water resources 
- Interpretation of geophysical exploration data 
- Ground-water Contamination Investigations 
- Hydrogeology field Investigators 
- Regional correlation of depositional facies changes 

EXPERIENCE SUMMARY 
Mr. Anderson is experienced as a technical coordinator 
and investigator for ground-water contamination 
investigations and environmental audits and has 
evaluated remedial action alternatives and implemented 
remediation for contaminated sites. His work also 
includes the monitoring of drilled exploration borings, 
the installation of monitoring wells, completion of 
aquifer pumping tests, ground-water and soil sampling, 
and geologic mapping on both the reconnaissance and 
detailed level. 

KEY PROJECTS 
- completion of field activities for a Superfund site in 

oregon which included ground-water sampling for 
various contaminants potentially affecting several 
unconfined and confined aquifers in both 
unconsolidated deposits and basalt bedrock. 

- completion of monitoring wells and ground-water 
sampling at a silver and gold mine in Nevada to 
determine the integrity of heap leaching operations 
and their potential effect on unconsolidated deposit 
and partially confined bedrock aquifers. 

- Design and implementation of hydrocarbon recovery 
program to retrieve free-phase lighter-than-water 
hydrocarbons from unconsolidated aquifer partially 
controlled by tidal influences in unconsolidated fill 
deposits. 
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CREDENTIALS/REGISTRATION 

CHARLES W. ANKERBERG 
Senior Scientist 

B.A., Microbiology/Chemistry, Florida State University, 
1969 
M.T., Medical Technology, University of South Florida, 
1970 
American Society of Clinical Pathologists Certification 
as Medical Technologist, Bayfront Medical Center, 1970 
Certified Hazardous Materials Manager, Senior Level, 
Institute of Hazardous Material Management, 1985 

PROFESSIONAL AFFILIATIONS 
American Society of Microbiology 
Institute of Hazardous Materials Management 
American Chemical Society . 
American Society for Testing and Materials (ASTM) 

FIELDS OF SPECIALIZATION 
- Analytical and Field Quality AssurancejQuality Control 

Programs (EPA) 
- EPA Contract Laboratory Program 
- Hazardous Waste Management/Environmental Laws, 

Hazardous Materials Communications Act 
- Bio-remediation of Ground Water 
- Occupational Health and Safety 
- Medical Technology 

EXPERIENCE SUMMARY 
As a member of the Hazardous Waste Management Consulting 
Team, Mr. Ankerberg conducted numerous Facility Reviews 
and Environmental Audits for RCRA Compliance evaluations 
of companies in violation of state and federal hazardous 
waste laws. He is also project manager of several 
projects involving ground-water contamination 
remediation. 

KEY PROJECTS 
- Project Coordinator 

projects managed by 
companies. 

for 
G&M 

hydrocarbon contamination 
for numerous major oil 

- Performed laboratory audits for subcontractor 
laboratories used by G&M Florida offices, and in 
August 1986, was given the additional responsibility 
of G&M Quality Assurance Officer for several major 
Superfund (CERCLA) project. 

- In March 1987, he was appointed Quality Assurance 
Liaison Officer for the Tampa Office of G&M with 
oversight extending to G&M's Aiken and Oak Ridge 
offices. 
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DAVID C. CAMPBELL, P.E. 
Project Engineer 

B.S. Environmental Engineering, University of South 
Florida, 1984 

MSCE (Environmental Specialty}, University of South 
Florida, 1988 

Registered Professional Engineer in Florida 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 
National Society of Professional Engineers 
Florida Engineering Society 

FIELDS OF SPECIALIZATION 
- Water Distribution Systems Analysis 
- Sanitary Wastewater Planning, Collection, Treatment 

and Disposal systems 
- surface Water Modeling 
- surface Water System Planning, Design and Treatment 

Systems 

EXPERIENCE SUMMARY 
Mr. Campbell has over 5 years of experience in the 
environmental field encompassing urban water and 
wastewater planning and design, surface water modelingr 
and landfill and .resource recovery facility planning and 
site selection. He has performed hazardous waste site 
feasibility studies as well as planning and design 
activities on ground-water remediation projects. 

KEY PROJECTS 
Participated in site selection for a major regional 
solid waste landfill in west-central Florida. 
Responsibilities included identifying and delineating 
environmental and institutional constraints, 
identifying suitable land tracts, and conducting 
hydrogeologic investigations on finalist sites. 

- Mr. Campbell is presently managing source removal 
activities at an asphalt distillery in west-central 
Florida. Included are the removal and incineration of 
contaminated soil, the collection and disposal of 
liquid phase oil and the temporary support of affected 
distillery equipment. 

- Participated in a CERCLA remedial investigation/ 
feasibility study for a rayon manufacturing facility 
in northern Virginia. Included were modifications to 
an existing biological WWTP, ground water recovery in 
a . fractured bedrock system and dewatering and final 
cover of waste holding basins. 
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cm:DENI'IAI.S_IRE):;ISTRATION 
B.A. , Geolc:gy, I.e.high University, 1971 

BRUCE A. CARPENrER 
Senior Scientist 

Graduate Studies in Geology, University of Vennont, 1972-75 

PROFESSIONAL AFFILIATIONS 
National Water Well Association 

FIEI.I:S OF SPECIALIZATION 
- Hydrcgeolcgic Assessments 
- Remedial InvestigationjFeasibility Studies 
- Grourrl-water Resource Ceveloprrent 
- Grourrl-water Remediation Cesign 

~CE SUMMARY 
Mr. c.a:q;enter has st.J::P=XVised nurrerous hydrcgeolcgic investigations an:l 
projects throughout the United States arrl overseas. As project 
manager, he has conducted remedial investigations for irriust:ty with 
regard to plt.nne abatement an:l contamination source control. He has 
written Part B applications for RrnA compliance investigations arrl 
cleanup. He has designed water quality sarnplin; programs for sites on 
the National Priorities List. 

KEY PROJECTS 
- Conducted and evaluated purrpirxJ te.sts to dete...~.i.~ 

rates for a Seattle Water District's well field. 

- Performed a hydrcgeologic study, installed arrl collected "Water 
saiPples from a monitoring well system to COirply with State of 
Washington (I:OE) regulations for a landfill in Hc::quiarn, Wa..shi.n;ton. 

- Participated. in the development arrl implementation of a Irar,agement 
plan for a remedial investigation for the Seattle U.s. Arrrr:f Corps of 
EfBineers. 

- Performed numerous environmental audits to evaluate site histories 
regarding hazardous waste usage arrl disp:JSal throughout Washington 
state. 

- Designed and tested a dewater.inj system for a construction site in 
Hoquiam; Washington. / 

- Evaluated a multiple water supply well field for a large development 
in Snohomish County, Washington. 

- Designed and supervised the installation of a test production well to 
irrigate a golf course in Tukwila, Washington. 

- Performed an environmental audit to evaluate the hydrcgeology arrl the 
potential for hazardous was contamination for 12 sites in .Anchorage, 
Alaska. 



A
)r GERAGHTY & MILLER 

Af ENGINEERS, INC. 

rnEDENTIAISjREGISTRATICN 
B.S. Chemistry, University of Tanpa, 1982 

FRANCIS L. CDRDEN, · JR. 
staff Scientist 

M.S. Chemistry, University of South Florida, In Prc:gress 

PROFESSIONAL AFFILIATIONS 
American Chemical Society 
American Association for the Advancement of Science 
North American lake Ma.n.::lgement Society 
Florida Society of Environmental Analysis 

(Past President an:i Reg"ional Director) 

FIEI.C6 OF SPECIALIZATION 
- Field an:i I..a}x)ratory Quality Assurance/Quality Control Prccedures an:i 

Analytical Methodologies (EPA) 
Air Monitoring Prcgrarns for Remedial Activities 
Monitoring Prcgrarns for NPDES, Irx1ustrial Wastewater Discharge arx:1 
:Portj¥..arina Dredge arx:l Fill Pennits 
Monitoring Prcgrarns for Florida Administrative Cede 17-3 SUrface 
Water Discha:t:ges 
Enviromnental La.l:;oratory Managernent 

EXPERIENCE SUMMARY 
Mr. Corden is assigned to Geraghty & Miller's Ial::oratory Quality 
Assurance Prcgram. His initial responsibilities include writi.nj Qlality 
As.:,-ura."1Ce Project Plans, evaluatin:f laroratory data, an::i auditin; 
contract laboratories. He also provides project managers with guidance 
in evaluating and selecting appropriate analytical methcds for various 
types of environmental testirg prcgrams. Mr. Corden has also 1:>een 
involved with preparirg and intplernentirg air-rronitorl.n:r programs 
asscx::iated with remedial actions of contaminated site. 

Prior to joining Geraghty & Miller, Inc., Mr. Corden was a Branch 
Manager of Errvirolab, Inc., Tampa, w"here he was responsible for project 
management andjor technical supp:Jrt of a variety of laroratory programs 
including landfill ground---v.;ater monitoring, solid waste treabrent 
evaluations, NPDES permit . monitorl.n:r, marina dredge arrl fill permit 
evaluations, and non-point source surface-water p:Jllution studies. 

Previous employment also includes fonuer p:JSitions as a Technical 
Consultant and a I..a}x)ratory Supervisor for Enviropact, Inc., of 
Clearwater, Florida. 

KEY PROJECTS 
- Project manager for a chlorine spill cleanup arrl a laboratory 

training prcgrarn and was mvolve::l with cleanups of hazardous 
materials storage tanks and irrloor air-quality evaluations. 

- Involved with reviewing analytical ard quality control prccedures i11 
place at Enviropact facilities. 
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CREDENTIAIS/RffiiS'IRATION 
B.A., Geolcgy, University of Wisconsin-Madison, 1981 

I<ATHI..EEN C. IXJaiAC 
Staff Geologist 

M.S., Geolcgy, Louisiana State University, Baton Rouge, 1986 
Arkansas Certified. Professional Geologist, Number 204 
AHERA Accredited. Buildin; InspectorjManagement Planner 

PROFESSIONAL AFFILIATIONS 
Geological Society of America 
American Geophysical Union 
National Water Well Association 

FIELDS OF SPECIALIZAT10N 
- Hydrogeologic Field Investigations 
- Ground-water Contamination Investigations 
- Low-temperature Aqueous Geochemistry 
- Quality Assurance Coordinator 
- Health and Safety Coordinator 

EXPERIENCE SUMMARY 
As a project manager, Ms. D..lchac has coordinated and directed field 
activities for a variety of ground-water contamination projects and 
projects requirin; the evaluation of remedial action alte...."'112.tives and 
implementation of hazardous waste ma.nage.rnent prcce::lures. Hs. Thlchac 
has completed. numerous e.nvirorunental assessment-c:: rtJ!.ic.'1. h.?.·:e 1-:-:.cluded. 
the insPection of buildings at the facilities for asbestos-containing 
materials. 

KEY PROJECIS 

- Project manager for a "fast track," comprehensive e.rrvirornnental 
assessrne.nt prcgram to evaluate soil and groun:::l-water corditions at a 
food processing facility in Idaho. 

- Field Coordinator and Quality Assurance Officer for a Re.Ttledial 
Investigation/Feasibility Study during supple.l!'.ental data collection 
activities at an alumina reduction facility in Oregon. 

- Project manager for environmental assessments of two che.'lli.cal 
manufacturing facilities in northeastern Illinois. 

- Project manager for a project investigating a heavier-than-water 
plume for a paper mill in Wisconsin. 

- Member of the project team which developed ground-water assessment 
and subsequent design of a Corrective Action Plan for an irdustrial 
facility. 

- Supervised monitor-well installation, field data collection, logging 
of core and aquifer testing for an energy storage projE:Ct in west 
central Illinois. 
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A. CARL DUNCAN 
Assistant Staff Engineer 

CREDENTIALS/REGISTRATION 
B.S. Geology, University 
B.S. civil Engineering, 

1986 

of South Florida, 1985 
University of South Florida, 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 

FIELDS OF SPECIALIZATION 
- Civil Engineering Infrastructure Design, Studies and 

Project Management 
- CERCLA Feasibility Studies 
- Residential and Commercial Site Plan Design 
- Environmental Permitting 
- Evaluation and appraisal of underground storage tanks 

EXPERIENCE SUMMARY 
Mr. Duncan is an Assistant Staff Engineer with G&M 
consulting Engineers, Inc. with two years of experience 
in civil engineering. His experience encompasses all 
phases of site development for private development and 
municipal governments. 

KEY PROJECTS 
- Project Engineer for the City of Port Richey, Florida 

Sanitary Sewer System design. 

- Project Engineer for the City of New Richey, Florida 
Pennsylvania Avenue paving and drainage project. 

- Project Engineer for developing and writing 
Evaluation and Appraisal Report (EAR) for the 
comprehensive plan, as well as Traffic Impact 
Assessment for the City of Port Richey, Florida. 

the 
1930 

Fee 

- Engineer-In-Charge of Church Site Development for the 
Diocese of St. Petersburg. 

- Developed plans and specifications for residential, 
commercial, public, and recreational facilities. The 
projects included school sites, churches, office 
buildings, R.V. parks, golf courses, warehouses, 
retail stores, and subdivisions. obtained regulatory 
agency approval for master drainage plans, water and 
wastewater facilities, and lot and roadway layout. 

Engineer-in-Charge for assessment of 
damages to various private property owners 
right-of-way acquisitions by the State of 
several counties therein. 

engineering 
for various 
Florida and 



A..Ar GERAGHTY & MILLER 
_..,ENGINEERS, INC. 

CREDENTIALS/REGISTRATION 

ROBERT W. FOX 
Staff Engineer 

B.S. Civil Engineering, Louisiana State University, 1983 
E.I.T., Louisiana, 1984 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 
Chi Epsilon 

FIELDS OF SPECIALIZATION 
- Alternatives Assessment/Feasibility Studies 
- HazardousjSolid Waste Permit Applications 

Civil/Geotechnical Analyses and Designs 
- Construction Drawing/Technical Specifications 
- Construction Quality Assurance 

EXPERIENCE SUMMARY 
Mr. Fox has five years experience as a civil/geo
technical eng 1neer in waste · management. His current 
responsibilities encompass project management of 
alternatives assessments and feasibility studies, 
development of engineering plans and specifications, and 
a whole range of waste management projects. Mr. Fox has 
developed a number of closure plans and new facility 
designs and has conducted construction inspection/ 
observation and certification for a number of waste 
management projects. 

KEY PROJECTS 
Project Manager developing closure strategy for two 
wastewater treatment lagoon systems containing metal 
plating (F006) sludges. The project included 
alternatives assessment, design of a bench study, and 
preparation of the plan for regulatory submittal. 

- Lead Engineer providing technical support during 
ongoing agency and PRP negotiations for remediation of 
a precedence setting Superfund site in the Midwest. 
PRP group is seeking to have the ROD for the site 
amended after being issued in an effort to provide a 
more effective and efficient site remediation. 

- Project Manager for the design of a cap upgrade for an 
existing eight (8) acre landfill. 

- Project Engineer 
waste landfill 
Mississippi. 

for the design of a new hazardous 
for an industrial client in 

- Lead Engineer for design of a closure of a surface 
impoundment construction in erosional channels within 
a fractured basalt bench along the Columbia River. 



Ar GERAGHTY & MILLER 
Af ENGINEERS, INC. 

CREDENTIAI.SjREGISTRATION 

J. lAWRENCE HOSMER 
Principal Engineer 

M.S., Civil/Geotechnical Engineering; Univ. of illinois, 1972 
B.S., Civil/Geotechnical Engineering; Lehigh University, 1970 
Registered P.E., Maryland, Celaware, District of Columbia, New Jersey, 
Pennsylvania, Virginia, West Virginia, Wisconsin, New York 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 
Goverrnne.ntal Refuse Collection and Di.sp:Jsal .Association 
Society of American Military Engineers 
Water Pollution Control Federation 

FIELDS OF SPECIALIZNTION 
- Budgeting, Environmental Audits 
- Community Relations, Exf:ert Witness/I'estimony, Litigation SUpp:Jrt, 

Permit Assistance, Several Publications and Seminars 
- Field Investigations, Monitoring, Sa.npling, Hydrcgeolcgy 
- Feasibility Studies, RCRA, CERCI.A, SARA, and Remedial Investigations 

DCP.ER.IrnCE SUMMARY 
Hr. Hosmer provides expertise for a variety of waste management 
planning, facility design and remediation prcgrarns. He has served as 
Project Manager and consultant on assignments primarily related to 
solid and hazardous waste :rra.nagernent, geotechnical engineerin:j, ground.
water hydrolcg'_[, and water-quality assessmo-nt. His activities J:;::.•.r~ 
centere:l on investigation and remediation of past lan:l diSp:Jsal 
facilities; site selection, study and design of new land disposal and 
other waste rra.na.ge.rnent facilities; and assistance i.'"'l the negotiation of 
environmental permits. He has served as an expert witness in state 
courts relative to field investigationsjrr.onitorin:j and. landfill 
closure design techniques. 

KEY PROJECTS 
- Project manager for CERCIA re.-rr.eclial investigation/feasibility studies 

(RI/FS) at 4 sites. 'Ihese projects involved all aspects of the 
CERCIA-rnandated remediation prcgram. 

- Project manager for t:w-'o Environmental Audits of industrial property 
to prepare for financing transfer. Projects included field and lab 
assessments of the air, water and soil media for p::>tential past 
contamination through on-site or off-site disposal practices. 

- Project manager for the siting, permitting, design and construction 
oversight of several landfills including Hawkins Point Hazardous 
waste Landfill in Maryland and a new 2,000 ton-per-day facility for 
Virginia Beach, Virginia. 

- To meet a State of Maryland Emergency Health Order, ll1anaged the site 
selection, evaluation, conceptual design and permittin:j of a 
replacement 1,400 ton-for-day landfill for Montgomery County, 
Maryland in 1978. 



CREDENTIAISjREGISTRATION 

DAVID J. JFSSUP,P.E. 
Principal Engineer 

B.S. Civil Engineering, Purdue University, 1975 
M.S. Envirornnental Engineering, University of Tennessee, 1977 
Registered P. E. , louisiana, Oregon, Mississippi, Arkansas, 
Washington, Illinois, Alabama, South carolina and. Icwa 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 
American Water Resources Association 
Louisiana Engineering Society 
Ori Epsilon 

FIELDS OF SPECIALIZATION 
- Hazardous Waste Remedial Action I:esign and Implementation 
- Closure Plans and. Alternative Assessments 
- Iandfarm Facility Cesign 
- HazardousjSolid Waste Permit Applications 
- Wastewater Treatment 

EXPERIENCE SUMMARY 
Mr. Jessup is Vice President in charge of en:Iineo--ring for G&H 
Consulting Enginee--rs, Inc. and he has extensive experience on 
projects that encompass all aspects of remediation. He has been 
involved. in the development of designs, technical specifications, 
alternative assessments, CERCIA work plans, rerr:edial investiaa
tions and feasibility studies, waste stabilization; solidification 
studies, and State and Federal pennitting. Mr. Jessup has 
successfully negotiated several design concepts with regulatory 
agencies which have beo._n .inplernentable, environmentally acceptable 
and cost effective. 

KEY PROJECTS 
- landfill Cap Upgrade. "As Project Manager, direC-...ed an 

alternatives assessment, construction plans and specifications, 
consb:uction observation, and final dcct.nnentation. 

- Closure Plans. As Project Manager, directed the preparation of 
several closure assessments and closure plans for various 
hazardous and non-hazardous waste management facilities. 

- Closure Cesigns. As Project Manager, was responsible for the 
development of the closure designs, technical specifications, 
and certifications for several hazardous and non-hazardous waste 
management facilities. 

- Feasibility Study Officer, The Dalles RifFS, Oregon, responsible 
for the reduction of data to determine the appropriateness of 
any remedial action for 10 suspected sources and ground water. 

- Project Manager for the Old Inger SUJ_Je.rfund Site, Ihase III 
Engineering Cesign. 



)W' GERAGHTY & MILLER 
. ;CYENGINEERS, INC. 

GORDANA MILIC JOVANOVIC 
Staff Engineer 

CREDENTIALS/REGISTRATION 
B.S. civil Engineering, University of Belgrade, 
Yugoslavia, 1984 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers (ASCE) 
Yugoslav Society of Civil Engineers (DIT) 

FIELDS OF SPECIALIZATION 
- Roadway design, residential and commercial site plan 

design, storm water control, sanitary sewer design, 
computer aided design and calculations from field 
data 
soils lab management and supervision, engineering 
analysis, and direction of all the testing and 
execution of in-house training programs 

- Testing of bituminous pavement cores, bitumens and 
additives 

- Design of highways, urban traffic routes, 
intersections, new traffic and parking patterns, and 
drainage 

EXPERIENCE SUMMARY 
Ms. Jovanovic is a Staff Engineer with G&M Consulting 
Engineers, Inc. She has extensive experience in 
geotechnical engineering. Her responsibilities include 
soil lab supervision and engineering analysis data, 
direction of all testing which is performed in 
accordance with current ASTM and AASHTO specifications. 
She is familiar with the full set of testing procedures 
for rock and soil, visual classifications of soil, index 
properties, graduation analysis, moisture-density 
relationships, consolidation, permeability, organic 
content, and all types of triaxial tests. 

Prior to joining GHCE, Ms. Jovanovic designed major 
residential and commercial subdivisions, . roadways, 
intersections, drainage, and sanitary and storm sewers 
as a consultant. 

KEY PROJECTS 
- Geotechnical Engineer for The Dalles RifFS, Oregon. 

Responsible for geotechnical preparation for closure 
at this Superfund site. 

- Logan Project, Philadelphia, P~nnsylvania. Settlement 
problems involving the sinking of 1200 homes build on 
ash and cinder. Responsible for all laboratory 
testing and classification. 

- Hudson County Correction Facility, New Jersey. 
Responsible for over 500 soil tests, including field 
testing such as pile load tests and plate load tests. 



A..Ar GERAGHTY & MILLER 
~ ENGINEERS, INC. 

CREDENTIALS/REGISTRATION 

JACK L. KRA'!'ZMEYER 
Principal Engineer 

M.S. Environmental Engineering, Northwestern University, 1983 
B.S. Mechanical Engineering, Purdue University, 1974 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 
National Water Well Association 

FIELDS OF SPECIAI.J:ZATION 
. - CERCI.A Feasibility Studies, RCRA Corrective Actions 

- Environmental Site Assessments 
- roo DERP studies 

EXPERIENCE SUMMARY 

Mr. Kratzrneyer has conducted field investigations of nurr.erous 
landfills, industrial facilities, CERCIA hazardous was-u: sites, 
and RCRA facilities. He has conducted all a..sp=cts of hazardous 
waste remediation projects, including development a..t1d 
imnlementation of technical plans for site investiaations ~·~ -' I 

development of quality assurance, and health and safety prcgrams, 
validation of analytical data, alternative assessments, 
feasibility studies, evaluation of regulatory co~liance, design 
and preparation of technical specifications. 

KEY P.RO.i .. ECIS 

- Project Engineer for the cross Brothers NPL site in Illinois. 
Resr:onsibilities included preparation and execution of the 
sampling and analysis plan. 

- Project Engineer for the design of a RCPA surface cap. 
Prepared plans and technical specifications for the cap syste.'TI, 
which was designed to allow continued use of the ey..istirq 
transfer chain structure. 

- Project Engineo..._r for an investigation into the source of 
gasoline component contamination of private wells in Liston, 
Illinois. 

- Project Engineer for the DERP Confinnation Study at the forrr.er 
DOD Tyson Valley Powder Fann in Eureka, Missouri. 

- Project Engineer and principal investigator for an 
envirorunental site assessment of a detinning plant in Gary, 
Indiana. 

- Principal author of report to the USAF Cccupational & 
Environmental Health Laboratory on ground-water corrlitions at 
the Wurtsmith AFB in Iosco County, Michigan. 



A~~ GERAGHTY & MILLER 
,. ENGINEERS~ INC. HUGH J. MA.Rl'TIT, P. E. 

Principal ~ineer 

CREDENTIAI.SjRffiiSTRATION 
B.S. Olemical Engineering, Univ. of Colorado, 1950 Registered 
P. E. , Colorado 

PROFESSIONAL AFFILIATIONS 
American Water Works Asscciation 
Water Pollution Control Federation 

FIELDS OF SPECIALIZATION 
- Conventional and Specialized Water and Was'""~ Treatment 

Technolcgy 
- Precess r::esign and Equipment Selection 
- Preparation of Equipment Specifications and Evaluation of Bids 
- Development of capital, Operating and Maintenance cas-I-S 
- Interpretation of Envirornnental R~ations am 'Agency 

Negotiations 

EXPERIENCE SUMMARY 
Mr. Martin has over 30 years of extensive e.xp=rie.11ce in process 
selection and system design related to water, ir.dustrial wc.Ste, 
and se<,.;age treabnent. He specializes in the areas of water reuse 
and recovery, primary water treabnent, filtration, de.rnineraliza
tion, sewage treabnent and sludge management. Mr. Martin brings 
to GME vast technical expertise in the areas of roth conve.11tional 
and innovative treabnent technolcgies as related to grom.d;-ater 
and leachate treabnent. 

KEY PROJECTS 
- Developed water balance and treatment systems to allcw "Zero 

Discharge" operation at the Antelope Valley Station, Easin 
Electric Power, Eeulah, North r:akota. 

- Evaluated the operating and test data obtained during wet air 
oxidation of municipal sewage sludge in a pilot model da~n-hole 
vertical tube reactor; assisted in preparation of final refQrt 
to USEPA. 

- Prepared study and COIT'prehensive report regarding treatment 
options, treatment costs and transportation of secondary 
nn.micipal sewage for reuse as cooling tcwer Irakeup, Nevada 
Power, las Vegas, Nevada. 

- Prepared engineering cost estinates, mechanical flow diagrams 
and precess and instrumentation diagrams for treabnent of 
fireside wastes (heavy metal removal} at Southern california 
Edison coastal steam generating stations. 

- Participated in an intensive engineering study for the proposed 
TVA Northern Alabama Coal-to-Methanol plant, including waste 
treatment for biological dentrification ancl cyanide removal via 
ion exchange. 



~r GERAGHTY & MILLER 
~ ENGINEERS, INC. 

CREDENTIALS/REGISTRATION 

JEFFREY D. MAYFIELD 
Assistant Staff Engineer 

B. Geotechnical Engineering, Univ. of Minnesota, 1987 
E.I.T. State of Minnesota, 1987 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 

FIELDS OF SPECIALIZATION 
- Geotechnical Engineering 
- Environmental Audits 
- Asbestos Abatement 

EXPERIENCE SUMMARY 
Mr. Mayfield recently joined G&M Consulting Engineers, 
Inc. and has been involved in the performance of a 
feasibility study for the remediation of a contaminated 
coal-tar facility in Salisbury, Maryland and, on another 
project, the remediation of a major ore processing 
facility in Baltimore, Maryland. Prior to joining GMCE 
he served as the field engineer for an underground 
storage tank removal project in New Jersey. Multiple 
leaking underground storage tanks were removed under New 
Jersey's Environmental Cleanup Responsibility Act 
(ECRA) . He also served as the field engineer at an 
AHERA asbestos abatement, and has conducted multiple 
environmental audits for industry and financial 
institutions. 

KEY PROJECTS 
- Field engineer for multiple underground storage tanks 

removal project. Oversaw tank removals, soil staging, 
soil sampling, selection of soil disposal site, proper 
backfill and compaction of clean soil. 

- Field engineer for 15, ooo sq. ft. Asbestos Hazard 
Emergency Response Act (AHERA) asbestos abatement 
project. Oversaw removal and replacement of multiple 
types of asbestos-containing building material. 

- Conducted environmental environmental audits at a 
major TSDF incinerator, vinyl-sided window 
manufacturing facility, a major department store auto 
service center, and various commercial properties. 

- Developed and reported contaminated· soil treatment 
alternatives for a coal-tar site in eastern Maryland. 



A~~ GERAGHTY &·MILLER 
WENGINEERS,INC. 

CREDENTIALS/REGISTRATION 
B.S., civil Engineering, 

Omaha, 1988 
E.I.T. State of Nebraska, 

PROFESSIONAL AFFILIATIONS 

DOUGLAS W. MELLEMA 
Assistant Staff Engineer 

University of Nebraska at 

1988 

American Society of Civil Engineers 

FIELDS OF SPECIALIZATION 
- Geotechnical designjanalysis including field 

investigations, field testing, laboratory analysis, 
foundation design, and earth retaining structures 

- Remediation of Superfund sites 
- Management of construction operations 

EXPERIENCE SUMMARY 
Mr. Mellema recently joined G&M Consulting Engineers, 
Inc., and is currently providing engineering assistance 
for Superfund sites. 

Prior to joining GMCE, Mr. Mellema was a student at the 
University of Nebraska, where he specialized in 
geotechnical and hydraulic engineering. He was also 
employed by the U.S. l'.rmy Corps of Engineers (CoE) in 
its Construction . and Environmental Divisions as an 
Assistant to Regional Project Managers. Mr. Mellema 
also performed field and laboratory tests on soils and 
construction materials for Geotechnical Services, Inc. 

KEY PROJECTS 
- Assistance in remedial design of a RCRA landfill cap 

and contaminated water storage and treatment 
facility. 

- Engineering Assistant for Corps of Engineers B-1 
Bomber maintenance facilities and Air Launched Cruise 
Missile construction projects. 

Engineering Assistant for Project Managers of Rocky 
Mountain Arsenal Superfund site. 

Field Inspector for a large shopping_plaza in omaha, 
Nebraska, including site preparation, soils testing, 
and asphalt placement inspections. 

- Quality Assurance Inspector for several residential 
subdivision projects. Responsibilities included 
complete geotechnical investigations, site 
preparations, and site inspections. 



..AIIf GERAGHTY & MILLER 
,CYENGINEERS, INC. 

CREDENTIALS/REGISTRATION 

RALPH E. MOON 
Principal Scientist 

B.S., Biology, Western Michigan University, 1972 
M.S., Botany, University of South Florida, 1975 
Ph.D., Biology, University of South Florida, 1980 
Post Doctoral Fellowship, University of South Florida, 
Department of Chemistry, 1981 
certified Hazardous Materials Manager, Master Level, 
1985 

PROFESSIONAL AFFILIATIONS 
Sigma XI 
Chemical and Environmental Management Service (CHEMS) 
Board of Directors, University of South Florida 
American Chemical Society 
Institute of Hazardous Materials Management 
National Water Well Association 
Society for Risk Analysis 

FIELDS OF SPECIALIZATION 
Investigation and evaluation of ground-water 
contamination incidents 
Health and safety assessments at hazardous-waste sites 
Public health evaluations and risk assessments 
Real estate site assessments 

EXPERIENCE SUMMARY 
Dr. Moon joined Geraghty & Miller, Inc., (G&M) in 1984 
from employment with the Florida Department of 
Environmental Regulation where he served as the 
Southwest District Hydrologist. 

Dr. Moon was also a course instructor at the University 
of South Florida's School of Public Health, a Clinical 
Assistant Professor in the Department of Comprehensive 
Medicine, and served as an industrial hygiene consultant 
to the Jim Walter Research Corporation in St. Petersburg, 
Florida. 

KEY PROJECTS 
Project Manager for several ground-water contamination 
projects 

Health and Safety Officer for an Oregon Superfund site 
where the production of cyanide containing waste as a 
by product of an aluminum production facility prompted 
special health and safety provisions 

Endangerment Assessment Reports at several Superfund 
sites throughout the U.S. 



A~~ GERAGHTY & MILLER 
.. ENGINEERS, INC. KEVIN J. ORMSBY 

Regional Health and Safety Manager 

CREDENTIALS/REGISTRATION 
Attended Eastern Montana College, 1976-1978 
Hazardous Materials Incident Response Course, U.S. 

Environmental Protection Agency, January, 1983 
Hazardous Material Response, U. S. Coast Guard, April, 

1983 Respiratory Protection. U.S.C.G., March 1984 
Hazardous Material Spill Control School, Corpus Christi 

State University, April, 1984 
First Responders at Hazardous Materials Incidents, 

University of California at Davis, June, 1984 
Chemical First Fire Fighting, Texas A&M, August, 1984 
Air surveillance Hazardous Materials Incidents, U.S. 

Environmental Protection Agency, July, 1985 

FIELDS OF SPECIALIZATION 
Hazardous Waste Site Remediation 
Site Safety Officer 
Development of Site Health and Safety Plans 
Implementation of the Site Safety Plan 

EXPERIENCE SUMMARY 
Mr. Ormsby was employed by the U.S. Coast Guard from 
1979 to 1985 and was a member of the National Strike 
Team for three years, assigned to the Pacific Strike 
Team. While on the Strike Team, he was di:!:'ectly 
involved with emergency response, planning, and 
recovery and disposal of oil and hazardous material 
spills throughout 14 western states, Alaska, Hawaii 
and the Trust Territories. His efforts included 
developing an on-scene organization and directing the 
efforts of the clean-up contractor. 

Prior to joining Geraghty & Miller, Inc. in 1986, Mr. 
Ormsby was employed by Industrial Clean-up Inc. of 
Garyville, Louisiana where he was directly involved 
with hazardous waste remediation at several 
industrial facilities. There he served as Operations 
Manager, Health and Safety Officer and Air/Safety 
Trailer Manager. He was also a member of the safety 
and inspection team for the Port Authority of New York 
and New Jersey where he supervised the acquisition of 
data and sample for asbestos in Port Authority 
buildings. 

As a Health and Safety Scientist with Geraghty 
Miller, Inc., Mr. Ormsby has developed numerous 
health and safety plans for investigations at 
potentially hazardous sites. He has also played a key 
role in the development and organization of Geraghty & 
Miller's 40-hour health and safety training program. 



~~GERAGHTY & MILLER 
~ENGINEERS, INC. 

JEFFREY A. PETERSOHN, P.E. 
Senior Project Engineer 

CREDENTIALS/REGISTRATION 
B.S. civil Engineering, 
Registered P.E., Florida, 
Minnesota, Nebraska 

University of Florida, 1980 
Georgia, Alabama, Montana, 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 
National Society of Professional Engineers 
Florida Engineering Society 

FIELDS OF SPECIALIZATION 
- Geotechnical Investigations 
- Geotechnical Designs for Waste Management Facilities 
- Geotechnical Construction Quality Assurance Soil 

and Ground-water Remediation 
- Hydrogeologic Investigations for Industrial 

Impoundments and Landfills 

EXPERIENCE SUMMARY 
As a Project Engineer with G&M Consulting Engineers, 
Inc., Mr. Petersohn has seven years of practical 
experience in the field of civil/geotechnical 
engineering. His current responsibilities include the 
management of projects ranging from feasibility studies 
to the development of engineering plar.s and -;:echnica.l 
specifications for site closures. 

KEY PROJECTS 
- Project Engineer for the preparation of a Feasibility 

study for industrial lagoons in Virginia containing an 
industrial by-product. 

- Project Engineer for design of a RCRA cap system and 
slurry wall for an industrial waste lagoon located in 
Gulfport, Mississippi. 

- Project Manager for installation 
interceptor drain for a Tennessee 
site. 

of a 
state 

subsurface 
Superfund 

-Project Engineer on a major hydrogeologic 
investigation of 16 sites to support the disposal of 
treated wastewater in Escambia County, Florida . 

- Performed hydrogeologic investigation of a jet fuel 
spill site and installation of monitor wells in 
northwest Florida. 

- Project Engineer for the geotechnical investigations a 
1.5 million gallon potable water storage tank for the 
Santa Rosa Island Authority, Pensacola Beach, Florida. 



). GERAGHTY & MILLER 
,CYENGINEERS, INC. 

CREDENTIALS/REGISTRATION 

LORANNE M. PIPER 
Assistant Staff Engineer 

B.S. civil Engineering, University of Maryland, 
1988 

PROFESSIONAL AFFILIATIONS 
American Society of Civil Engineers 

FIELDS OF SPECIALIZATION 
Environmental Engineering 
Water Treatment Alternatives 
Health and Safety 

EXPERIENCE SUMMARY 
Ms. Piper recently joined G&M Consulting 
Engineers, Inc. and has been involved in 
developing ground-water treatment alternatives 
for the remediation of a contaminated coal-tar 
facility in Salisbury, Maryland. Her 
responsibilities include data analysis and 
preparation of technical reports. 

As Health and Safety Officer, Ms. Piper has 
coordinated the implementation of the firm's 
health and safety program. 

Prior to joining G&M Consulting Engineers, Ms. 
Piper was employed by a small, high tech 
manufacturing firm as Safety Coordinator. While 
there, she was responsible for health and safety 
training, hazardous waste disposal, and safety 
aspects of a new facility design. 

KEY PROJECTS 
Developed and reported ground-water 
treatment alternatives for remediation of 
contaminated site in Salisbury, Maryland. 



.AW GERAGHTY & MILLER 
,CYENGINEERS, INC. GREGORY J. RORECH 

Staff Engineer 

CREDENTIALS/REGISTRATION 
B.S. Chemical Engineering, University of 
Graduate Studies in Environmental 

Manhattan College, 1987 
Engineer-in-Training, New York 

PROFESSIONAL AFFILIATIONS 
American Institute of Chemical Engineers 
Water Pollution Control Federation 

FIELDS OF SPECIALIZATION 

Buffalo, 1985 
Engineering, 

- Design of Ground-Water Recovery and Treatment systems 
- CERCLA Feasibility Studies 
- Environmental Assessments 
- Remedial Action Planning and Implementation 
- Environmental Compliance Strategies 

EXPERIENCE SUMMARY 
Mr. Rorech has four years of experience in ground-water 
and wastewater treatment design, hazardous waste site 
assessments, remedial action planning, environmental 
compliance strategies and CERCLA feasibility studies. 

KEY PROJECTS 
- Designed 

disposal 
floating 

the recove=y, fluid handling, treatment and 
systems of two petroleum spills that we,re 

on the ground water. 

- Designed a wastewater treatment system for a petroleum 
waste product in a environmentally sensitive coastal 
area. 

Managed the preparation of a Feasibility Study for an 
electric utilities site that was contaminated with 
PCBs and volatile organic compounds. 

- Prepared several remedial action plans 
with the State of Florida Department of 
Resources, Petroleum Contamination 
Criteria, 17-709. 

in accordance 
Environmental 
Site Cleanup 

- site investigation, development of a sampling plan and 
implementation of pilot scale program for interior 
surfaces and grounds of a manufacturing facility. 

- successfully negotiated with the Wisconsin Department 
of Natural Resources one of the first variances to 
store pentachlorophenol. 

- Designed a multi-layer cap to close a salt 
manufacturers waste lagoon. 



Ar GERAGHTY & MILLER 
AI ENGINEERS, INC. 

CREDENTIALS/REGISTRATION 

EDWARD R. ROTHSCHILD 
Vice President 
Principal Hydrogeologist 

M.S. Geology, University of Wisconsin, 1982 
B.A. Geology and Zoology, University of Vermont, 1979 
Certified Professional Geological Scientist (CPGS) No. 7360 
North Carolina Licensed Geologist, Number 257 
Editor, Journal of Ground Water 

PROFESSIONAL AFFILIATIONS 
American Geophysical Union 
Geological Society of America 
National Water Well Association 
Wisconsin Ground Water Association 

FIELDS OF SPECIALIZATION 
- Evaluation of contamination and investigation of remedial 

actions for radioactive and hazardous waste burial facilities 
Contaminant transport modeling and assessment 
Management of hazardous waste projects 
Design and implementation of well field management programs 
Underground storage tank management and remediation 

EXPERIENCE SUMMARY 
Mr. Rothschild is resnonsible for the oraanization and 
supervision of ground-wat~r projects and analysi~ of hydrologic 
data. His work includes the design and implementation of 
remedial investigations and feasibility studies for sites 
involving ground-water contamination. His experience also 
includes the design of a well field management, development, and 
environmental protection program for a major municipal ground 
water supply. 

Design and evaluation of remedial measures for several US EPA 
Superfund hazardous waste sites in_the upper midwest. 

Evaluation of a major well field for the City of Dayton, Ohio 
and the design of well field management, development and 
protection programs. 

Design and implementation of a site characterization program 
for evaluating a potential low level radioactive waste 
disposal area at Oak Ridge National Laboratory, TN. 

Design and implementation of a subsurface investigation to 
evaluate the extensive losses of metallic mercury at the Oak 
Ridge Y-12 Plant, TN. 

Authored over a dozen publications and abstracts. 



~!'GERAGHTY & MILLER 
.ENGINEERS, INC. 

CREDENTIALS/REGISTRATION 

ALLISON M. VIDAL 
Assistant Staff Engineer 

B.S.Ch.E., University of South Florida, 1986 
B.S.N., Registered Nurse, Univ. of South Florida, 1979 
Engineer-in-Training, State of Colorado, 1987. 
Completed 40-hour hazardous material Health and Safety 

training 1988. 

PROFESSIONAL AFFILIATIONS 
American Institute of Chemical Engineers 

FIELDS OF SPECIALIZATION 
- on-site management and inspection of ground-water 

plume stabilization installation 
- Corporate Health and Safety Officer 
- Site Health and Safety Officer 
- Pilot project documentation 
- Project scheduling 

EXPERIENCE SUMMARY 
Ms. Vidal's responsibilities concern overseeing proper 
assembly, material specifications, work team interface 
and on-site management of process equipment 
installation, process control and instrumentation, and 
electrical power controls. As site Health and Safetv 
Officer, she is responsible for testing and detection of 
hazardous substances in the work environment, evaluating 
and acting decisively.on collected information. 

KEY PROJECTS 
Assisting project manager in handling of a major 
superfund site remediation project. 

- Field engineer on a ground-water plume stabilization 
installation. 

- startup of air stripping, granulated activated carbon 
treatment system. 

Chemical sampling of ground-water treatment facilities 
and process equipment. 

- Set up sampling program for treatment system. 

- Established employee health program. 

- Organized medical monitoring and surveillance. 

- Investigated and selected occupational health 
physician. 



Ar GERAGHTY & MILLER 
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APPENDIX A 

VERSAR, INC. QAP 

(COPY ON FILE WITH EPA REGION X) 



Ar GERAGHTY & MILLER 
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APPENDIX B 

AQUEOUS CYANIDE PRESERVATION PROTOCOL 



Aqueous Cyanide Preservation P['otocol 

(as adopted by Region 10 RQAMQ) 

Octobe[', 1986 



!. SUMMARY 

In order to meet EPA requirements for collection of aqueous samples for- cyanide 
analysis the spot tests for sulfide and oxidizing agents described below should be 
performed in the field prior to preset"Vation of the sample with sodium hydroxide. Sulfide 
and oxidizing agents (e.g., chlorine) are interferences in the measurement of cyanide in 
aqueous samples and must be removed the day of sample collection. Samples must be 
analyzed for cyanide within 14 days of collection. 

Note: Perform the sulfide spot test first. If positive, it may be assumed that 
oxidizing agents are not present and therefore the oxidizing agent test need not be 
performed. 

II. SULFIDE SPOT TEST AND REMOVAL 

A. Test Summary 

In genernl, a small aliquot of the sample will be tested for the presence of sulfide 
using two techniques: the lead acetate indicator- paper spot test and the cadmium nitrate 
powder spot test. Both tests result in a color change in the presence of sulfide. The lead 
acetate paper darkens in the presence of sulfide while a yellow precipitate is formed upon 
addition of cadmium nitrate powder. Both visual tests will be used and if positive, sulfide 
will be removed before sample preset"Vation. Sulfide will be removed before sample 
preset"Vation. Sulfide is removed as a yellow precipitate by the addition of cadmium 
nitrate powder and separated from the sample by filtration. 

B. Apparatus 

1. Eyedropper or Pastuer pipette 

2. Plastic weighing boat or disposable beaker 
(for performing spot test) 

3. Lead acetate indicator paper 

4. Spatula . 

<:>. Filtration apparatus 

a) A suitable apparatus of polyethlene or- glass construction to rapidly filter 
the volume of sample needed should be used. All pieces must be thoroughly cleaned 
between uses to avoid contamination. 

b) Filter papet'S of Whatman #l grade or equivalent 
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C. Reagents 

l. Cadmium nitrate powder [CD(N03)2] 

2. Sodiwn acetate buffer solution (ph 4.0) 

--Dissolve 146 g anhydrous NaC2H302>. or 243 g NaC2H302 
*3H20, in 400 ml distilled water. Add 480 g cone. acetic acid, and dilute to 1 L with 
distilled water. 

D. Procedure -- Spot Test 

.... Collect the appropriate volume of sample (at least 1 Liter) in the plastic 
bottle (Note: do not preserve the sample with NaOH>. Pour' about 50 ml of the sample 
into the plastic weighing boat or disposable beaker. The spot tests will be performed on 
this aliquot. 

l. Lead acetate indicator paper spot test 

a) Moisten a strip of the Lead acetate indicator paper with the sodium acetate 
buffer solution. 

b) Using an eyedropper or Pastuer pipette, place a drop of sample to be tested on 
the moistened lead acetate indicator paper . 

. 
c) Observe any color change of the lead acetate indicatoc- paper. Darkening of 

the paper indicates the presence of sulfide. 

d) If a positive test should occur' then the sulfide must be removed from the 
sample by precipitation with cadmium nitrate powder, followed by filtr-ation to remove 
the cadmium sulfide precipitate (described below, Section £). 

2. Cadmium nitr-ate powder addition spot test 

a) Add a small portion (spatula tip) of cadmium nitrate powdel.' to the sample 
aliquot. The formation of a yellow precipitate indicates the presence of sulfide. 

b) If a positive test should occill' then the sulfide must be removed from the 
sample by precipitation with cadmium nitr-ate powder, followed by filtration to remove 
the cadmium sulfide precipitate (described below, Section £). 

E. Pr-ocedure -- Sulfide Removal 

l. If there are any particulates present in the sample (indicated by the presence of 
sediment on bottom or turbid sample), and especially if metal/cyanide complexes are 
suspected in the sample, then the sample must be filtered (using the same apparatus and 
paper as for the sulfide precipitation) before sulfide removal. Save the filtered 
particulates for reconstitution of the sample (step 4 below) once sulfide removal has been 
completed. 
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2. To precipitate suU'ide from the sample add cadmium nitrate powder in small 
amounts (spatula tip) until a drop of treated sample no longer causes the lead acetate 
inclicator papel' to darken and a yellow ppt. no longel' fol'ms. 

3. Filtel' the sample to remove the cadmium sulfide precipitate. Discard the yellow 
precipitate. 

4. Reconstitute the sample by returning the particulates removed in step (l} with 
the filter paper to the sample. 

F. Quality Control 

·A clean distilled watel' sample should be treated as described above at a frequency 
of 1 per 10 samples. Label the sample as a cyanide spot test blank (e.g., CN spot test 
BLK} and note the group of corresponding samples if more than one CN spot test bl.k was 
run that day. Send samples to the laborntocy for cyanide analysis. This procedure checks 
for contamination introduced during sample pretreatment. 

III. OXIDIZING AGENT SPOT TEST AND REMOVAL 

A. Test Summary 

In gener-al a small aliquot of the sample will be tested for the presence of oxidizing 
agents (e.g., chlorine) using potassium iodide-starch inclicator paper. A hluish 
discolor-ation of the potassium iodide-starch paper indicates the presence of oxidizing 
agents. Oxiclizing a{',"ents can be removed by the addition of ascorbic acid. 

B. Apparatus 

l. Eyedropper or Pastuer pipette 

2. Spatula 

3. Filtrntion apparatus 

a) A suitable apparatus of polyethylene Ol' glass construction to rapidly filter the 
volume of sample· needed should be used. All pieces must be thoroughly cleaned between 
uses to avoid contamination. 

b) Filter papet'S of Whatman #l grade or equivalent 

C. Reagents 

1. Potassium ioclide-starch indicator paper 
(KI-starch paper) 

2. Ascorbic acid, crystal <CsHsOs) 
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3. Sodiwn acetate buffet' solution (ph 4.0) 

Dissolve 146 g anhydrous NaC2H302, O!.' 243 g NaC2H302 
3H20, in 400 ml distilled watel'. Add 480 g cone. acetic 
acid, and dilute to l L with distilled watel.'. 

D. Procedure 

l. The sample aliquot collected fol' the spot test p!.'ocedure, Section II, D above, 
may be used fo[' this test. 

2. Potassium iodide-starch indicato!.' paper spot test. 

a) Moisten a strip of KI-starch paper with the sodium acetate buffe~: solution. 

b) Using an eyedroppel.' or Pastuer Pipette, place a drop of sample to be tested on 
the moistened KI-starch paper. 

c) Observe any colo~: change of the KI-starch paper. A bluish discoloration of the 
papel.' indicates the p!.'esence of oxidizing agents. 

d) If a positive test should occur then the oxidizing agents must be removed by 
the addition of ascor-bic acid. · 

e) If there are any particulates present in the sample, and especially if metal 
cyanide complexes are suspected in the sample, then the sample must be filtered before 
oxidizing agents are removed. Save the filtered pa...roticulates fol.' reconstitution of the 
sample (step h) once oxidizing agents have been removed. 

0 To remove oxidizing agents in the sample, add 0.6 g of ascorbic acid and retest 
with the KI-starch pape~:. Repeat addition if necessary. 

g) When a drop of treated sample no longer discolors the KI-starch pape~: an 
additional 0.6 g of ascorbic acid should be added to the sample. 

h) Reconstitute the sample by returning the particulates removed in step (e) with 
the filtel.' paper to the sample. 

E. Quality Control 

A clean distilled watel.' sample should be treated as described above at a frequency 
of l pe[' 10 samples. Label the sample as a cyanide spot test blank (e.g., CN spot test 
BLK) and note the group of corresponding samples if more than one CN spot test blk was 
I'1.lil. that day. Send samples to the laboC"atory for cyanide analysis. This pC'ocedure checks 
fo[' contamination introduced during during sample pretreatment. 
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/ 
LEVEL II LABORATORY QUALITY ASSURANCE REQUIREMENTS 

I. LABORATORY REPORTABLES: 

The following information will be included in the data package 
for each sample where applicable: 

A. General Information: 

1. The results of sample analysis; 

2. The parameters of interest; 

3 . The method of analysis; 

4 . The detection limits of analysis; 

5. For large numbers of samples per report, a master list 
of laboratory tracking ID numbers correlated with field 
sample ID numbers and sample analysis batch identifica
tion to correlate QA samples to sample analysis batch; 

6. Sample collection date; 

7. Sample received date; 

8. Sample preparation/extraction date; 

9. Sample analysis date; 

10. Copy of the chain-of-custody form signed by the 
laboratory sample custodian; 

11. A narrative summary identifying any QA or sarnole 
problems encountered, required sample manipulations 
(dilutions), and the corrective action taken. 

Level II Reoortables 

B. Inorganics Analyses: 

734/4 

For inorganics analyses involving the use of atomic 
absorption (flame or furnace), inductively coupled pl a srna 
( I C P ) , ion c h r o rna tog rap h ( I C) , 1 i g h t ( vis i b 1 e or 
ultraviolet) spectrophotometric methods, other 
turbidimetric, gravimetric, auto analyzer procedures and 
inorganic procedures generally referred to as "wet bench" 
chemistry, the following QA data should be provided where 
applicable: 

1. Results of method blanks; 
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2. Results of batch specific laboratory duplicates, 
relative percent difference (RPD) from sample, and 
control limits; 

3. Results of batch specific matrix spikes, expected 
value, percent recovery, control limits, and source; 

4. Results of a Laboratory Control Sample (LCS) spiked 
into reagent water and carried through the preparation 
method prior to analysis (may also be called a digested 
spike or QC Check Sample), expected value, percent 
recovery, and control limits; 

5. Results of a QC Check Sample (Initial Calibration 
Verification Standard) spiked into reagent water 
(non-digested), expected value, percent recovery, and 
control limits. This sample is an analytical spike, 
not carried through the method. Lot No. and source 
should be provided. 

c. Organics Analyses: 

1. Gas Chromatography (GC) Analysis: 

734/4 

The results of the following analyses should be 
reported where applicable: 

a. Blanks: 

(1) Water blanks (Non-extraction); 
(2) Extraction blanks (Laboratory blank); 
(3) Trip blanks 

Note: Field blanks are treated as samples. 

b. Results of most recent independent QC check sample, 
expected value, percent recovery, and control 
limits (include Lot No. and source); 

c. Results of batch specific matrix spikes, expected 
value, percent recovery, and control limits; 

d. Results of batch specific laboratory duplicates or 
matrix spike duplicates; 

e. Results of surrogate spikes, expected value, 
percent recovery, and control limits; 

f. Results of reagent water spikes and reagent water 
spike duplicate of compounds of interest, expected 
value and percent recovery, and control limits 
should be reported if matrix spikes are outside 
control limits. 
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2. GC/Mass Spectrometer Analysis: 

734/4 

The results of the following analyses should be 
reported where applicable: 

a. Blanks: 

(1) Water blanks; 
(2) Extraction blanks; 
(3) Trip blanks. 

b. Results of most recent independent QC check sample 
results expected value, percent recovery, and 
control limits (include Lot No. and source); 

c. Results of batch specific matrix spikes; 

d. Results of batch specific matrix spike duplicates; 

e. Laboratory duplicates - optional; 

f. Surrogate spikes expected value, percent recovery, 
and control limits; 

g. For matrix spike/matrix spike duplicate, the 
expected value, percent recovery, matrix spike 
control limits, relative percent difference (R?D), 
and RPD control limits. 

h. Results of reagent water spikes and reagent water 
spike duplicate of compounds of interest, expected 
value, and percent recovery and control limits 
should be reported if matrix spikes are outside 
control limits. 
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II. LABORATORY NON-REPORTABLES: (LEVEL II) 

All raw data and data not included under the reportables 
described in paragraph I developed by the contracted laboratory 
during sample analysis must be maintained by that laboratory as 
a record for a period of three years unless specified otherwise 
by the contract. Such data may include, but not be limited to, 
the following: 

A. Inorganics Analyses: 

1. Concentration of calibration curve standards; 

2. Results of analysis of initial calibration verification 
standards, percent recoveries, and expected values; 

3. Results of analysis of continuing calibration 
verification standards, percent recoveries, and 
expected values; 

4. Results of linear range check samples for ICP; 

5. Results of linear range (1 to 4) dilution sample for 
ICP; 

6. Results of interference check sample (ICS) analysis and 
expected value (ICP only); 

7. Results of analytical (post-digested) spike analysis; 

8. Sequential measurement readout records; 

9. Digestion logs; 

10. Percent solids raw data; 

11. Raw data calculation worksheets. 

B. Organics Analyses: 

734/4 

Records of the analysis results of the following types of 
QA samples: 

1. Initial calibration data; 

2. GC/Mass Spectrometer tuning with BFB or DFTPP and mass 
calibration summary; 

3. Continuing calibration standards including results of 
system performance check compounds (CCC) and expected 
results; 
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4. Response factors and relative retention time for each 

parameter; 

5. Internal standard parameter (compound) and 
concentration; 

6. Sample chromatograms; 

7. Mass spectral data for each sample. 

NOTE: The laboratory non-reportable inorganic and organic informa
tion is not required to be submitted with the laboratory 
report, but should be available for audit review upon 30-days 
notice. 

734/4 
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~ENERAL QA REQUIREMENTS AND FREQUENCY OF PERFORMANCE: 

The guidelines described below are to be followed where 
applicable by the contracted laboratory regardless of whether 
they are to be reported. 

A. General References: 

QA for all analyses (inorganic and organic) will be 
consistent with the requirements appropriate for all the 
methods of analysis specified under the scope of services 
and will be conducted as specified by the applicable 
reference document listed below: 

734/2 

1. Methods for Chemical Analyses of Water and Wastes. EPA 
600/4-79-020, March 1983; 

2. Test methods for Evaluating Solid Waste, SW-846, Second 
Edition; U.S. Environmental Protection Agency, Office 
of Solid Waste and Emergency Response, Washington, DC, 
1982; 

3. Test methods for Evaluating Solid Waste, SW-846, Third 
Edition; U.S. Environmental Protection Agency, Office 
of Solid Waste and Emergency Response, Washington, 
D.C., November 1986; 

4. Methods for Organic Chemical Analysis of Municioal and 
Industrial Wastewater, EPA 600/4-82-057, July 1982; 

6. Handbook for Analytical Quality Control in Water and 
Wastewater Laboratories, EPA 600/4-79-019, March 1979; 

7. EPA CLP Statement of Work, most recent version; 

8. Standard Methods for the Examination of Water and 
Wastes, 16th Edition, American Public Health 
Association, American Water Works Association, Water 
Pollution Control Federation, 1985. 

~. Other approved regulatory methodology appropriate for 
the parameters described in the contract but not 
included in references cited above. 

F-10 



B. Blanks: 

The assessment of blank analysis results is to determine 
the existence and magnitude of contamination problems 
within the analytical system. The criteria for evaluation 
of blanks applies to any blank associated with the samples. 
If problems with any blank exist, all data associated with 
the batch of samples analyzed with the blank must be 
carefully evaluated to determine whether or not there is an 
inherent variability in the data with that batch, or if the 
problem is an isolated occurrence not affecting other data. 

1. Inorganics Analysis: 

734/2 

a. Method blanks should be analyzed at a frequency of 
at least 1 per 20 samples per matrix unless other 
frequency is specified in the contract or 
Laboratory Task Order. 

b. Criteria: No contaminants should be in the 
blank(s); See Laboratory Data Validation, 
Functional Guidelines for Evaluating Inorganics 
Analyses, July 1, 1988. 

2. Organics Analysis: 

a. Water blanks: analyze at a frequency of 1 per 20 
samples (VOA only); or per 12 hours, whichever is 
more frequent. 

b. Extraction blanks: analyze at a frequency of 1 oer 
20 samples per matrix, or 1 per extraction date;. 
whichever is more frequent; 

c. Solvent blanks or associated reagent water blank: 
analyze at a frequency of one per lot of solvent 
reagent. Data should be maintained in a file for 
future reference when needed. 

d. Criteria: No contaminants should be in the 
blank(s); See Laboratory Data Val dation, 
Functional Guidelines for Evaluat ng Organics 
Analysis, February 1, 1988. 
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c. Laboratory Independent QC Check Samoles (EPA or NBS 
Traceable) or Laboratory Control Samoles (LCS): 

734/2 

1. Inorganics Analysis: 

a. LCS (digested standard) 
frequency of 1 per 20 
Soil LCS not required; 

should 
samples 

be 
per 

analyzed at a 
water matrix, 

b. QC check samples should be EPA, NBS, or other 
certified source; these should be analyzed at least 
on a quarterly basis through state or federal 
"round-robin" or other certification programs. The 
latest result applicable to the requested analysis 
should be included with laboratory reports where 
indicated by the level of reportables. Results 
should include Lot No. and source of sample. 

2. Organics Analysis: 

a. QC check samples should be EPA, NBS, or other 
certified source; these should be analyzed at least 
on a quarterly basis through state or federal 
"round-robin" or other certification programs. The 
latest result applicable to the requested analysis 
should be included with laboratory reports where 
indicated by the level of reportables. Results 
should include Lot No. and source of sample. 

3 . F o r i no r g an i c s o r o r g an i c s an a 1 y s e s , the f o ll o ·...r i n g 
criteria applies: 

The Laboratory must take whatever corrective action is 
n e c e s s a r y to s a t i s f y the ACCURACY D a t a Qua 1 i t y 
Objectives for each analyte as specified for the 
project either in Item 3 Exhibit One or on the 
Laboratory Task Order. 



D. Calibration Curves and Initial Calibration Verification: 

Requirements for satisfactory instrument calibration are 
established to ensure that the instrument is capable of 
producing acceptable quantitative data. Initial cali
bration demonstrates that the instrument is capable of 
acceptable performance at the beginning of the analysis 
run. 

734/2 

1. Inorganics Analysis: 

a. Instruments must be calibrated daily and each time 
the instrument is set up. 

b. For ICP Instruments: 
standard must be 
analytical curve. 

A blank 
used in 

and at least 
establishing 

one 
the 

c. For Atomic Absorption Instruments: A blank and at 
least three standards must be used in establishing 
the analytical curve. The lowest calibration 
standard must be no greater than the limit of 
quantitation (LOQ) determined as specified in the 
General Scope of Services. If LOQs are not used, a 
value of 2-3 times the IDL is acceptable. The 
correlation coefficient for all curve standards 
must be greater than or equal to 0.995. 

d. For Hercury J..nalysis: A blank and at least four 
standards must be used in establishing the 
analytical curve. The correlation coefficient must 
be greater than or equal to 0.995. 

e. For Cyanide Analysis: A blank and at least three 
standards must be used in e s tali shi ng the 
analytical curve. The coorelation coefficient must 
be greater than or equal to 0.995. 

f. For other parameters: A blank and at least three 
standards must be used in establishing analyt i ca 1 
curves or as specified by the method if ather than 
described here; parameters not requiring analytical 
curves should be calibrated as specified by the 
method. 

g. The initial Calibration Verification of all 
instruments must be verified with EPA or NBS 
traceable or other certified source standards. 
This control is referred to as in revs and is not 
digested. revs must be run with each calibration 
to verify the curve validity. For all metals 
analysis by ICP or AA, the control limits of 90 -



110 percent recovery {%R) of the true value for all 
analytes except mercury. Analysis results for 
mercury must fall within the control limits of 80 -
120 %R. Analysis results for cyanide must fall 
within the control limits of 85 - 115 %R. 

2. Organics Analysis: 

734/2 

a. Calibration curves must be three-to-five-point 
curves based on whether the me thad requested is 
associated with a Clean Water Act {CWA), Safe 
Drinking Water Act (SDWA), CERCLA, or RCRA program; 
concentrations of calibration curve standards must 
be as specified by the method; calibration 
standards must be checked against EPA standards or 
other traceable source. 

b. For GC analyses, linearity of the instrument must 
be checked by analyzing the compounds of interest 
at at least three concentration levels. For cases 
where the number of analytes (i.e., pesticides/ 
PCBs) would make this effort unreasonable, at least 
three representative compounds should be run at 
three levels. Relative standard deviations (RSDs) 
of response factors (RF) must be less than 10% for 
quantitative analyses only. 

c. For GC/Mass Spectrometer analyses under CE~CLA and 
RCRA programs, relative (average) response factors 
(RRF) for all compounds including system 
performance check compounds (SPCC) and calibration 
check compounds (CCC) must be greater than O.OS. 

d. For GC/Mass Spectrometer analyses, calculations of 
response factor relative standard deviation 
(internal standard) or the calibration factor 
(ratio of the peak area to the standard concen
tration) percent relative standard deviation must 
be less than 30 %RSD for CERCLA and RCRA programs 
and less than 10% for CWA and SDWA programs. 

e. For GC/Mass Spectrometer analyses, the instrument 
must be properly tuned with BFB or DFTPP and meet 
all acceptance criteria before analysis of 
calibration curve standards or calibration check 
standards. Tuning must be performed at least once 
every 12 hours during which analyses are performed. 
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E. Continuing Calibration Verification Standards (CCVS) and 
Continuing Calibration Checks: 

Continuing Calibration verification and Continuing 
Calibration Checks document that the initial calibration in 
inorganics analysis is still valid and that satisfactory 
maintenance and adjustment of the instrument on a 
day-to-day basis has occurred in organics. 

734/2 

1. Inorganics Analysis: 

a. CCVS (may be referred to as an undigested QC check 
sample) must be run at a frequency of one standard 
for every ten samples as a continuing calibration 
check. 

b. A zero level 'standard (Calibration Blank) or water 
blank should be run before each calibration 
standard. 

c. CCVS QC samples should be analyzed for each 
inorganic parameter at a concentration between the 
upper and lower limits of the test system working 
range. Far cyanide, a midrange standard must be 
distilled. 

d. CCVS recoveries must be consistent with EPA CLP SOW 
acceptance criteria for CCVS. This control limit 
range i s 9 0 to 11 0 % f o r a 11 A..'A. an a 1 y t e s ex c e a t 
mercury for whi

1

ch the limits of 80 to 120 % apply. 
For cyanide the limits are 85 to 115 %. 

2. Organics Analysis: 

3 . 

a. The working calibration curve or response factor 
must be verified on each working day by the 
analysis of one or more calibration standards and 
must be consistent with EPA CLP SOW or the 
acceptance criteria stated by the method. 

b. For analyses involving only GC/Mass Spectrometer, 
continuing calibration standards including System 
Performance Check Compounds (SPCC) and Calibration 
Check Compounds (CCC) should be analyzed after 
tuning with BFB or DFTPP before analysis of any 
samples at least once every 12 hours during which 
samples are analyzed. 

c. Calibration checks must be consistent with EPA CLP 
SOW (acceptance criteria). 

For both 
laboratory 
necessary 

inorganics 
must take 

to satisfy 
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objectives and those 
either Item 3 Exhibit 
Order. 

specified 
One or on 
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F. Spikes (Matrix Spikes, Matrix Spike Duplicates and 
Surrogate Spikes): 

1. Inorganics Analysis: 

734/2 

a. For all QA Levels, at least one sample-specific 
Hatrix Spike (digested spike) sample analysis must 
be performed on each group of samples of a similar 
matrix type and concentration for each 20 samoles 
received. Samples identified as field blanks- may 
not be used for spike sample analysis. The analyte 
spike must be added in the amount specified in the 
EPA CLP statement of work for each element 
analyzed. 

b. No Matrix Spike duplicate (MSD) or surrogate spikes 
are required for inorganics analyses. 

c. If a Laboratory Control Sample (LCS) is not 
analyzed, a reagent water spiked with the compound 
or element of interest and carried through the 
sample preparation method must be performed in 
addition to matrix spikes to check for method and 
instrument performance. 

d. Analytical (Post-Digestion) Spikes: 

For all analyses conducted by atomic absorption 
furnace method, analytical spikes shall be 
performed at a frequency of once per samole oer 
element analyzed to determine if the method of 
standard additions (MSA) will be required for 
quantitation. Spikes are to be post-digestion 
spikes and are to be prepared prior to analysis by 
adding a known quantity of the analyte to an 
aliquot of the digested sample. If the concen
tration of the analyte, determined from an initial 
analysis is less than or equal to the LOQ (deter
mined as stated in Item 3 Exhibit One) the soike 
concentration (in the sample) will be required to 
be at the LOQ. If the concentration of the 
analyte, determined from an initial analysis is 
greater than the LOQ, the concentration of the 
spike cannot be greater than twice the concen
tration of the analyte. Also, in adding the spike, 
the sample cannot be diluted by more than 10%. 

2. Organics Analysis: 

a. Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

(1) For QA Level I, a reagent water spiked with the 
compounds of interest and carried through the 
sample preparation method may be analyzed with 
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submitted sample batches in lieu of batch
specific or sample-specific matrix spikes to 
check for method and instrument performance. 
[Batch soecific and sample specific are defined 
in F(2)(a) belo•..,r.J 

(2) For GC Analysis: 

(a) A batch-specific or sample-specific matrix 
spike should consist of the appropriate 
matrix spiking compounds of interest for the 
method. Surrogate spiking compounds are not 
acceptable as matrix spiking compounds. 
Batch-specific means laboratory analysis 
batch, i.e., samples from other sources may 
serve as the spiked matrix. (Sample
specific means spike is placed into samples 
submitted for analysis from the same source, 
and not samples from other sources.) 

(b) The frequency for the batch-specific matrix 
spike must be 1 per 10 samples per matrix 
for GC analysis or matrix spike and matrix 
spike duplicate at 1 set per 20 samples. 

(c) Hatrix spike duplicates are not mandatory 
for GC analysis if laboratory (sample) 
duplicates are analyzed; if not, the 
frequency of matrix spike duplicates must be 
1 per 20 samples per matrix. 

(3) For GC/Mass Spectrometer analysis: 

(a) Both matrix spike and matrix spike duplicate 
must be analyzed at a frequency of 1 per 20 
samples per matrix and may be either 
batch-specific or sample-specific (i.e., 
samoles submitted for analysis from the same 
source will be spiked, not samples from 
other sources) depending upon the specified 
level of reporting. 

( b ) f-1 a t r i x s p i k i n g so 1 u t i on s h o u 1 d i n c 1 u de the 
compounds specified in the EPA CLP statement 
of •,o~ork for volatile organic compounds or 
semi -val at i 1 e compounds depending upon the 
chemical analysis being performed. 

(c) The percent recovery of matrix spike and 
matrix spike duplicate compounds should be 
calculated as follows for both GC or GC/Mass 
Spectrometer analysis: 
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Matrix Spike Percent Recovery SS?.-SR X 100 
SA 

where: 

SSR Spike Sample Results 
SR Sample Result 
SA Spike Added from spiking mix 

(4) For GC or GC/Mass Spectrometer Analysis: 

(a) If matrix spike or matrix spike duplicate 
have parameter percent recoveries outside 
control limits the laboratory must determine 
1r the recoveries are matrix related or 
analysis related. 

If the lab analyzes only a matrix spike and 
the recoveries are outside acceptance 
control limit range, the lab must duplicate 
the results with a matrix spike duplicate or 
alternatively analyze a water blank spiked 
with the matrix spike solution with 
acceotable recoveries. For volatiles, the 
blank spike may be run folloNing the sample 
analysis. For extractable organics, the 
blank spike or matrix spike duplicate should 
be extracted 'tli th the samples and held for 
analysis as necessary. 

If both the matrix spike and matrix spike 
duplicate analyses produce similar results 
(recovery outside control limit range, but 
RPD within control limit range) it can be 
assumed that the effect is matrix related. 

If one or both percent recoveries and RPDs 
are unacceptable, the lab must analyze the 
spiked blank with acceptable results, and 
repeat the matrix spike extraction and 
analysis until RPDs are acceptable. The 
analysis of the spiked blank must be per
formed during the same tune or calibration 
of the instrument as the matrix spike 't~as 
run. 

(b) Although the percent recovery of matrix 
spike and matrix spike duplicate compounds 
should be within the control recovery limits 
specified by the method or developed by the 
laboratory or in the EPA CLP statement of 
work, it is recognized these limits are 
advisory; ho,,.;ever, this does not preclude 
performing the steps indicated above. 
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(c) The laboratory is required to calculate the 
relative percent difference (RPD) between 
the matrix spike and matrix spike duplicate. 
The relative percent differences (RPD) for 
each component are calculated as follows: 

RPD = 

where: 

jA- Bj 
(A + B)/2 X 100 

RPD = Relative Percent Difference 
A = First sample value 
B Second sample value 

(5) Surrogate spikes: 

(a) For both GC and GC/r1ass Spectrometer 
analysis at all QA levels, surrogate spikes 
must be used as specified by the method. 
All samples, including blanks, standards, 
and QC check samples will be spiked ,,.,i th 
surrogate spiking solution in accordance 
with the specified EPA method and/or the CLP 
statement of work for organics analysis, 
using reauired surrogate compounds as 
appropriate for the method. 

(b) Performance 
spikes: 

reauirements for surrogate 

[1] For volatile (purgeable) organic com
pounds (VOCs), no surrogate spikes may 
be out of control limits. Any sample 
with surrogates out of range must be 
re-analyzed and the result flagged. 

[2] For semi-volatile organic compounds 
(e.g., phenols, polynuclear aromatics, 
or compounds classified as base/neutral 
and acid extractables), one surrogate 
compound may be out of range per frac
tion provided the recovery is at least 
10%; otherwise, the sample must be 
re-extracted and. re-analyzed and the 
result flagged. 

3. The Laboratory must take whatever corrective action is 
necessary to satisfy the precision and accuracy data 
quality objectives as stated above and specified either 
in Item 3 Exhibit One or on the Laboratory Task Order. 
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G. Laboratory Duplicates: 

1. Inorganics: 

a. At QA level I, sample duplicates should be run and 
RPD should be calculated. The frequency should be 
at least one duplicate per batch of samples. 
Duplicates must be batch-specific. 

b. At QA Levels II, III or IV, laboratory duplicates 
(sample duplicates) for inorganics analysis are to 
be analyzed at a frequency of one laboratory 
duplicate for each parameter by matrix for every 10 
samples submitted. 

c. A matrix spike duplicate for inorganics analysis 
may be considered as satisfying the laboratory 
duplicate requirement. Field blanks may not be 
used for laboratory duplicates. 

2. Organics: 

a. GC Analysis: 

(1) Laboratory duplicates for organics analysis by 
GC methodology are to be analyzed at a 
frequency of 1 laboratory duplicate for each 
batch of 20 samples per matrix. R?Ds must be 
calculated for parameters of interest. 

734/2 

Reagent water spiked with parameters 
interest may be analyzed in duplicate in 
of a sample duplicate. The RPO for 
duplicates must be calculated. 

of 
lieu 

the 

The RPDs for all duplicates must meet precision 
data quality objectives specified in the 
laboratory quality assurance plan for ac
ceptable performance. If the RPD is greater 
than the specified OQO for RPD the sample must 
be re-analyzed until the OQO for precision is 
achieved. 

(2) Matrix spikes and matrix spike duplicates may 
be used to satisfy the laboratory duplicate 
requirements. Again, the specified DQOs for 
precision must be met. 

(3) Duplicate results are to be reported together 
with the sample results, the calculated RPD, 
and the control limits. 
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b. GC/Mass Spectrometer Analysis: 

(1) At all QA Levels, duplicates are optional 
because of cost and should be analyzed only if 
specified in the Laboratory Task Order. 

(2) Matrix spike duplicates, however, should be run 
at a frequency of 1 per 20 samples per matrix. 
Matrix spike duplicates should be reported with 
matrix spike 1 showing spike 1 recovered value 1 

percent recovery, control limits, and RPD and 
control limits. 

(3) Matrix spike duplicates may not be used to 
satisfy the laboratory duplicate requirements. 

3. The laboratory must take whatever corrective action is 
necessary to satisfy the precision DQOs specified for 
the project either in Item 3 Exhibit One or on the 
Laboratory Task Order. 
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2.0 INTRODUCTION 
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This Safety and Health Plan (SHP) has been prepared for 

Martin Marietta Corporation {MMC) by Geraghty & Miller, 

Inc., as a supporting document to the Remedial Design/ 

Remedial Action Program (RD/RA) to be conducted at the Martin 

Marietta Reduction Facility (MMRF) located in The Dalles, 

Oregon (the Site). The purpose of this SHP is to provide 

guidance on safety and health issues related to the field 

investigation activities of the Remedial Design and Remedial 

Action. 

In September of 1985, MMC initiated the implementation 

of the Remedial Investigation/Feasibility Study (RI/FS) for 

the Site. The program involved various data collection 

tasks, including construction of monitor wells, sampling of 

ground-water, surface water, soils, sludges and wastes. 

Historical data describing waste disposal practices and 

previous ground-water sampling results indicated the presence 

of chemicals that posed a potential hazard to workers 

conducting the RI/FS program. The chemicals found to be of 

concern were cyanide, fluoride, and carcinogenic polynuclear 

aromatic hydrocarbons. A risk assessment (RA) was performed 

by the firm of Clement Associates, Inc. based on the results 

of the RI. The purpose of the RA was to assess the potential 

impacts of the no-action alternative on human health and the 

environment and to estimate the exposures to workers during 

remedial activities. Numerous references are made in this 

document to the results of the RA in regard to the exposures 

introduced by these remedial activities. The RI/FS was 

completed and a final report generated in March of 1988. 
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This SHP has been prepared in conjunction with a 

Sampling and Analysis Plan (SAP) which will be submitted to 

EPA for the RD/RA program. The sampling activities outlined 

in the SAP require workers to enter areas where hazardous 

chemicals are known to be present. In addition, this SHP 

projects potential exposures based on scenarios discussed in 

the RA and provides health and safety requirements for those 

actions during the Remedial Action. 

This SHP has been assembled based upon requirements 

described in the "Standard Operating Safety Guides" U.s. 

Environmental Protection Agency, Office of Emergency and 

Remedial Response, and in accordance with applicable 

standards promulgated by the U.S. Occupational Safety and 

Health Administration (29 CFR OSHA 1910.120). Guidelines 

provided by these agencies have been supplemented by data 

generated during the RI/FS and by information obtained during 

visits to the Site by Dr. Ralph Moon (Geraghty & Miller). 
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3.0 ORGANIZATION AND RESPONSIBILITIES 

MMC is responsible for its personnel and subcontractors' 

adherence to the SHP throughout all phases of the 

investigation. MMC agrees to perform all work in accordance 

with the health and safety requirements described herein, and 

all Federal, EPA, OSHA, State and local health and safety 

regulations. 

3.1 STAFFING AND LINES OF AUTHORITY 

The project Safety and Health Organization Chart (Figure 

1) indicates the relationship and responsibilities of members 

of the investigative team listed below. 

Corporate Project Coordinator: 

o Mr. Jose R. Bou, Vice President 
Martin Marietta Aluminum Properties, Inc. 
6801 Rockledge Drive 
Bethesda, Maryland 20034 
(301) 897-6809 

The Corporate Project Coordinator will review and 

approve the SHP and all activities related to safety and 

health as well as direct the coordination of corporate policy 

and environmental agency objectives. 

Site Manager: 

o Ms. Loretta V. Grabowski 
Martin Marietta Corporation 
3313 w. 2nd street 
The Dalles, Oregon 97058 
(503) 296-6118 
(503) 296-3236 (FAX) 
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MARTIN MARIETIA 
ON-SITE PROJECT 

MANAGER 

MARTIN MARIETTA 
COORDINATOR 

CORPORATE PROJECT 
MR. JOSE R. SOU MS. LORETTA GRABOWSKI 

GERAGHTY & MILLER, INC. 

PROJECT MANAGER 

MR. DAVID CAMPBELL 

GERAGHTY & MILLER, INC. 
SITE SAFE1Y AND HEALTH OFFICER 

DR. RALPH E. MOON 

GERAGHTY & MILLER, INC. 
SITE SAFETY AND HEALTH SUPERVISOR 

MR. DOUGLAS W. MELLEMA 

SUPPORT STAFF 

Safety and Health 
Organizational Chart. 

CLIENT NAME: 

Martin Marietta Corporation 
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The Site Manager will assist the Corporate Project 

Coordinator in carrying out the on-site activities described 

in the SHP. These activities include the coordination of the 

technical support groups and assurance that all site 

activities are in agreement with the safety and health 

practices of the corporation. In the event the Corporate 

Project Coordinator is not available, the Site Manager will 

assume those responsibilities. 

Project Manager: 

o David c. Campbell 
Geraghty & Miller Engineers, Inc. 
14497 N. Dale Mabry Highway 
suite - 200 
Tampa, Florida 33618 
(813) 968-2248 

The Project Manager is responsible for coordinating the 

review of the SHP. 

Safety and Health Officer (SHO): 

o Dr. Ralph E. Moon 
Geraghty & Miller, Inc. 
3820 Northdale Blvd. 
suite - 200 
Tampa, Florida 33624 
(813) 961-1921 

The SHO reports to the Geraghty & Miller Project Manager 

and is responsible for the preparation of the SHP. In 

addition, the SHO is responsible for all aspects of safety 

and health as described in the plan including site 

orientation and medical monitoring. 
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Safety and Health Supervisor CSHS): 

o Douglas W. Mellema 
Geraghty & Miller Engineers, Inc. 
14497 N. Dale Mabry Highway 
Suite - 200 
Tampa, Florida 33618 
(813) 968-2248 
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The SHS assures compliance with all prov1s1ons of the 

SHP by Geraghty & Miller employees and support staff. The 

SHS controls the entry and exit of all personnel at each 

excavation, boring, monitor-well installation, and sampling 

location. The SHS performs the tasks necessary to evaluate 

the air quality in the breathing zone, and monitor for heat 

stress. The SHS is responsible for assuring that all 

appropriate forms and logs are completed accurately and 

thoroughly. 

The SHS has the highest health and safety authority at 

the site and is responsible for notifying the SHO if 

hazardous conditions occur at the site that are not described 

in the SHP. The SHS must also report to the SHO any changes 

in ambient conditions that require a change in the personnel 

protection level. 

Support Staff: 

All support staff must comply with the provisions of the 

SHP. 

3 • 2 INTERNAL AUDITS 

MMC will conduct internal safety and health audits to 

ensure compliance with the requirements of this plan. An 
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audit of the instrument log book will be conducted by the SHO 

to determine if there were any violations of safety and 

health standards. Results of the audit and a description of 

any follow-up actions will be supplied to the project 

manager. 
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4.0 SITE DESCRIPTION AND WASTE CHARACTERISTICS 

The areas of the site to be remediated include: (1) the 

former Cathode Waste Management Area (CWMA), which includes 

the Old Cathode Waste Pile, the Potliner Handling Salvage and 

Bath Recovery Pad Areas; (2) the Unloading Area; 

( 3) Scrubber S 1 udge Ponds 2 and 3 , and; ( 4) the existing 

Landfill. An additional area of health and safety concern is 

the perched water. Figure 2 presents a site plan which 

identifies the remediation areas. In this section, Tables 2 

through 4 list the chemicals of greatest health concern and 

toxicological information including: exposure levels, routes 

of entry, toxicity, and target organs. Recommendations for 

proper protective clothing for the specific chemicals 

referenced for each site is also described in Tables 2 

through 4. A description of each potential contamination 

source, and the chemicals suspected to be present are 

assembled in Sections 4.1 through 4.6, along with the 

recommended levels of personnel protection. 

The Risk Assessment (RA) prepared as an element of the 

RI evaluated exposures to construction workers involved in 

scraping and grading operations in the remediation areas. A 

copy of the RA is included as Appendix B of this document. 

The evaluation considered nine months of on-site construction 

activity, yielding a total of 180 days of exposure. Using 

the concentrations of chemicals in the soil of the different 

remediation areas from the RI, the exposure via direct 

contact and contact with airborne dust were estimated. Table 

1 presents a summary of the concentrations of site-related 

chemicals in the air resulting from these exposures. The 

average and maximum concentrations detected in the soil were 

used to estimate the average and maximum exposure scenarios. 
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TABLE 2 

SUBSTANCES OF HEALTH AND SAFETY CONCERN 
HYDROGEN CYANIDE 

SYNONYMS: 

PERMISSIBLE EXPOSURE LIMIT: 

IDLH LEVEL: 

PHYSICAL DESCRIPTION: 

PERSONNEL PROTECTION AND 
SANITATION: 

ROUTES OF ENTRY: 

SYMPTOMS: 

FlRST AID: 

TARGET ORGANS: 

Hydrocyanic acid, Prussic acid, 
Formonitrite 

4.7 ppm (5 mg;m3 , 1/ 
(NIOSH) 
10 minute ceiling: 
5mgjm3 (ACGIH) 

50 ppm 

Colorless or pale blue liquid 
or gas with a bitter almond 
odor 

Clothing: Required, see 
Section 8.0 

Goggles: Required, see Section 
8.0 

Respiratory Protection: see 
Section 8.0 

Wash: Immediately upon 
dermal contact 

Chu.nge: N/A 
Remove: Any wet clothing 

immediately (flammable) 
Provide: Eyewash, quick drench 

Inhalation, adsorption, 
ingestion, contact 

Asphyxia and death at high 
levels; weak, headache, 
confusion, nausea, vomiting; 
increase rate & depth of 
respiration or respiration slow 
and gasping 

Eye: Irrigate immediately 
Skin: Water flush immediately 
Breath: Artificial respiration/ 

use Amyl Nitrite Pearls 
Swallow: Drink water, force 

vomit 

CNS, cvs, liver, kidneys 

1/ Limit applies to Total cyanides (as CN) as respirable 
dusts. Federal Register Vol. 54, No. 12, January 19, 
1989. 

FL0018.RD2\H&S\RDRATBL2.H&S 
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TABLE 3 

HYDROGEN FLUORIDE 

SYNONYMS: 

PERMISSIBLE EXPOSURE LIMIT: 

IDLH LEVEL: 

PHYSICAL DESCRIPTION: 

PERSONNEL PROTECTION AND 
SANITATION: 

ROUTES OF ENTRY: 

SYMPTOMS: 

FIRST AID: 

TARGET ORGANS: 

Anhydrous hydrofluoric acid; 
HF-A 
3 ppm (2.5 mg;m3 ) 1/ 
(NIOSH) 
15 minute ceiling: 
6 ppm (ACGIH) 

20 ppm 

Colorless, fuming liquid or 
gas with a strong, irritating 
odor 

Clothing: Required, see 
Section 8.0 

Goggles: Required, see Section 
8.0 

Respiratory Protection: see 
Section 8.0 

Wash: Immediately upon 
contact 

Change: N/A 
Remove: Immediately upon 

dermal contact non-imperv 
Provide: Eyewash, quick drench 

Inhalation, adsorption, 
ingestion, contact 

Eye, nose, throat, irrit; 
pulmedema; skin, eye burns, 
nasal congestion, bronchial 
irritation 

Eye: Irrigate immediately 
Skin: Water flush immediately 
Breath: Artificial respiration/ 
Swallow: Water, NO VOMlT 

Eyes, respiratory system, skin, 
lungs 

1/ Limit applies to fluorides as respirable dusts. Federal 
Register Vol. 54, No. 12, January 19, 1989. 

FL0018.RD2\H&S\RDRATBL3.H&S 
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POLYNUCLEAR AROMATIC HYDROCARBONS 

SYNONYMS: 

PERMISSIBLE EXPOSURE LIMIT: 

IDLH LEVEL: 

PHYSICAL DESCRIPTION: 

PERSONNEL PROTECTION AND 
SANITATION: 

SYMPTOMS: 

FIRST AID: 

TARGET ORGANS: 

Polynuclear aromatics, e.g., 
Fluoranthe~l' Napthalene, Benzo 
(a) pyrene 

0.2 mg;m3
17or coal tar pitch 

volatiles 
OSHA 
8 hour time weighted average 

N/A 

Yellowish crystalline solid 

Clothing: Required, see 
Section 8.0 
Goggles: Required, see Section 

8.0 
Respiratory Protection: see 

Section 8.0 
Wash: Immediately upon dermal 

contact 
Change: N/A 
Remove: Any wet clothing 

immediately 
Provide: Eyewash, quick drench 

Lung irritation 

Eye: Irrigate immediately 
Skin: Water and soap 
Breath: Artificial respiration 

Skin, lungs 

1/ Suspected carcinogen (ACGIH) Federal Register, Vol. 54, 
No. 12, January 19, 1989. 

FL0018.RD2\H&S\RDRATBL4.H&S 
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The Landfill was started in 1958 and operated through 

December of 1984. During this period of activity, the 

Landfill was used to store construction rubble, and wastes 

including wooden pallets, refractory brick, bagged asbestos 

( 1979-1982) and non-specific wastes. In the early 1970's, 

the area was used to disassemble the collector bar and carbon 

block assembly unit. The Landfill, however, was not 

designated as a cathode disposal area. 

disposed of at the Landfill. 

Remediation Activities 

PCB's were not 

The remedial actions occurring in the Landfill are: (1) 

consolidation of the CWMA, PHA, and Unloading Area materials; 

(2) the construction of a leachate collection system; (3) 

shaping and grading of the Landfill materials into the 

Landfill cap configuration, and; (4) the construction of a 

multi-layer cap meeting the requirements of 40 CFR 264.310. 

The consolidation of site materials will occur in the 

1989 and 1990 construction years. The leachate collection 

system requires a field investigation of the surface of the 

basalt formation under the Landfill and construction of the 

interior leg of the system during 1989 and construction of 

the remainder of the system in 1990. 
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Based on the results of the RI, the principal materials 

disposed of in the Landfill are construction debris (rocks, 

soil and building materials), Paste Plant waste (off

specification coke pitch and briquettes) and minor amounts of 

cathode waste materials and asbestos insulation. The areas 

of asbestos disposal have been identified and will not be 

disturbed during the investigation or consolidation 

activities. 

Safety and Health Indications 

On the basis of the exposure scenarios and concentra

tions developed in the RA (presented in Table 1} and the 

personnel exposure limits (PEL} values for the site-related 

chemicals, a personnel protection of Level D is indicated. 

A fugitive dust mask will be issued to field personnel and 

will be used during periods of high winds andjor dust 

generation, and at the discretion of the SHO, to reduce 

employee exposure to wind blown dusts. Skin contact with 

and ingestion of soil materials from the Landfill should be 

avoided through the use of gloves and sleeved coveralls. 

4 • 2 CATHODE WASTE MANAGEMENT AREAS ( CWMA) 

Site Description 

The CWMA includes the former Cathode Waste Pile and the 

Salvage, Bath Recovery Bad and Potliner Handling Areas. The 

former cathode Waste Pile was activated in 1972 and served as 

a periodic accumulation area until late 1984. During this 

time period, cathode and incidental core wastes were 
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disposed. In 1984 the cathode wastes were consolidated into 

a permitted cathode waste storage pad area. The Salvage 

Area was used for storage of unused shells and scrap 

collector bars. The Bath Recovery Pad Area was used for 

storage and handling of the metal bath materials to be 

recycled to the reduction facility. The Potliner Handling 

Area was used to crush cathode waste and to separate 

refractory brick (where it was accumulated and shipped to a 

recovery facility). 

Remediation Activities 

Remediation activities in the CWMA include the 

excavation and consolidation of all soil materials into the 

Landfill and the recovery and treatment of perched water. In 

the investigation phase of the Remedial Design a series of 

linear test trenches are proposed to characterize the surface 

of the underlying basalt formation and identify the presence 

and location of perched waters. 

A series of verification sampling trenches to be used to 

document the lateral extent of contamination in the Salvage 

and Bath Recovery Pad Areas. 

Substances of Health and Safety Concern 

The CWMA was the former storage and handling area for 

cyanide- and fluoride-containing waste materials. After the 

removal and storage of the cathode waste materials onto the 

permitted cathode waste storage pad area, some soil 

contamination as well as perched waters containing cyanide 

and fluoride remain. The Potliner Handling Area contained a 

material crusher which was used to crush cathode waste 
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materials in preparation for transport or storage. The 

crushing operation generated large amounts of waste fragments 

and fugitive dusts. Polynuclear aromatic hydrocarbons, a 

component of the cathode waste which is relatively immobile 

in the Potliner Handling Area sediments, has also been 

detected in this area. 

Health and Safety Indications 

On the basis of the exposure scenarios and 

concentrations developed in the RA (presented in Table 1) and 

the personnel exposure limits (PEL) values for the site

related chemicals, a personnel protection of Level D is 

indicated. A fugitive dust mask will be issued to field 

personnel and will be used during periods of high winds 

andjor dust generation, and at the discretion of the SHO, to 

reduce employee exposure to wind-blown dusts. Skin contact 

with and ingestion of soil materials in the CWMA should be 

avoided with the use of gloves and sleeved coveralls. 

4 • 3 UNLOADING AREA 

Site Description 

The Unloading Area is a small area south to the Alumina 

Unloading Building which received cathode waste material to 

fill a low spot in the area. The waste material was placed 

in the area around 1964. 

Remediation Activities 

The Unloading Area was the recipient of small amounts of 

cathode waste which were used as general site fill in this 
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area of the site. The remedial activities for the Unloading 

Area include the identification and removal of contaminated 

fill material. During the investigation phase of the 

Remedial Design a verification sampling trench will be 

excavated to determine the lateral extent of the contaminated 

area. 

Substances of Health and Safety Concern 

The material used as general fill in the Unloading Area 

was spent cathode waste material. The levels of cyanide and 

fluoride detected are similar to those encountered in the 

landfill and CWMA. 

Health and Safety Indications 

On the basis of the exposure scenarios and concen

trations developed in the RA (presented in Table 1) and the 

personnel exposure limits (PEL) values for the site-related 

chemicals 1 a personnel protection of Level D is indicated. 

A fugitive dust mask will be issued to field personnel and 

will be used during periods of high winds andjor dust 

generation 1 and at the discretion of the SHO 1 to reduce 

employee exposure to wind-blown dusts. Skin contact with and 

ingestion of soil materials in the Unloading Area should be 

avoided through the use of gloves and sleeved coveralls. 

4 • 4 SCRUBBER SLUDGE PONDS 

Site Description 

The Scrubber Sludge Ponds and sedimentation ponds were 

active from the mid-1960's through 1977. The wastes received 
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at the ponds were segregated into three areas and included: 

primary (treated and untreated) air scrubber wastes, 

secondary (treated and untreated) air scrubber wastes and 

dredging wastes from the secondary recycle pond (1975). 

Remediation Activities 

The remedial actions for Scrubber Sludge Ponds (SSP) 2 

and 3 include the consolidation of: (1) waste materials 

excavated from the Ponds; (2) wind-blown sediments existing 

outside of the ponds, and; (3) the berm separating the two 

SSPs into the ponds and the placement of a 24-inch soil cover 

over the materials. During the investigation phase of the 

Remedial Design, geotechnical sampling of the ponds will be 

conducted to determine the depth of sediments in the 

facilities and to obtain samples for the geotechnical 

characterization of the materials. 

Substances of Health and Safety Concern 

The SSPs received roof scrubber liquids, which contain 

many compounds and two of health and safety concern, which 

are carcinogenic polynuclear aromatic hydrocarbons ( cPAHs) 

and fluorides. 

Health and Safety Indications 

On the basis of the exposure scenarios and concen

trations developed in the RA (presented in Table 1) and the 

personnel exposure limits (PEL) values of the site-related 

chemicals, a personnel protection of Level D is indicated. 

A fugitive dust mask will be issued to field personnel and 

will be used during periods of high winds andjor dust 
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generation, and at the discretion of the SHO, to reduce 

employee exposure to wind-blown dusts. Skin contact with and 

ingestion of soil materials in the Scrubber Sludge Ponds area 

should be avoided through the use of gloves and sleeved 

coveralls. 

4. 5 PERCHED WATER TREATMENT TEST AREA 

Site Description 

A structure will be constructed during the RD/RA to 

house a cyanide hydrolysis unit. The cyanide hydrolysis unit 

will be used in the treatment of perched water and Landfill 

leachate. 

Remediation Activities 

Upon the initiation of perched water recovery from the 

CWMA, the Cyanide Hydrolysis Unit will undergo performance 

testing to verify the removal efficiencies guaranteed by the 

manufacturer. The system will operate continuously during 

the remediation period to treat perched water. 

Substances of Health and Safety Concern 

The perched water to be treated during the performance 

test contains approximately 3 and 290 mgjL of free and total 

cyanide, respectively and 3,000 mg/L of fluorides 

(principally sodium fluoride) . 
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Due to the low concentrations of free cyanide found in 

the perched water, accidental contact or inhalation of water 

vapors at this concentration are below the 5 mgjL PEL 

identified previously and, therefore, Level D is recommended. 

General health and safety considerations recommended for 

the treatment area include provisions 

ventilation and illumination of the test area. 

for adequate 

Skin contact 

with and ingestion of perched water should be avoided through 

the use of gloves and lab aprons or other impermeable 

garments. 
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A control area will be established at each work area 

before the start of work activities. Controlled areas 

include, but are not limited to, any work areas that meet the 

following condition: 

o The potential exists for the dispersal of 
material containing chemicals from the 
work area by personnel or equipment. 

A fence will prevent exposure of people, vehicles, and 

equipment to chemical-containing materials. 

Controlled areas at sampling and excavation sites will 

be marked conspicuously at points of potential access with a 

sign according to applicable posting and labeling 

requirements. 

The support area will be prepared for foot and vehicular 

traffic by removal of all obstructions at the work site. In 

addition, the site SHS will visually inspect the immediate 

support area for sharp objects and holes in the pavement. 

Review of the most current engineering diagrams (where 

available) will facilitate location of underground conduits 

prior to soil borings and excavations. 

The following guidelines are recommended for use in 

eliminating safety hazards and to minimize conflicts with 

work activities occurring within the reduction facility: 

1. Construct roadways to provide ease of 
access and a sound roadbed for heavy 
equipment and vehicles. 
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2. Modify traffic flow patterns to ensure safe 
and efficient operations around the 
reduction facility operations. 

3. Identify and eliminate 
from the work area as 
including: 

physical hazards 
much as possible, 

ignition sources in flammable hazard 
areas. 

exposed or ungrounded electrical 
wiring, and low overhead wiring that 
may entangle equipment. 

sharp or protruding edges, such as 
glass, nails, and torn metal, which 
can puncture protective clothing and 
equipment and inflict puncture 
wounds. 

debris, holes, loose steps or 
flooring, protruding objects, 
slippery surfaces, or unsecured 
railings, which can cause falls, 
slips, and trips. 

debris and weeds that obstruct 
visibility. 

4. Install skid-resistant strips and other 
anti-skid devices on slippery surfaces. 

5. Construct operation pads for mobile 
facilities and temporary structures. 

6. Construct loading docks, processing and 
staging areas, and decontamination pads. 

7. Provide adequate illumination for 
activities. Equip temporary lights 
guards to prevent accidental contact. 

work 
with 

8. Install all wiring and electrical equipment 
in accordance with the National Electric 
Code. 
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In order to initiate any excavation activities on-site, 

approvals must be obtained from the site file retention area. 

Because of the lease arrangement between Martin Marietta 

Corporation and Northwest Aluminum, all information requests 

and requests for locations of site utilities must be cleared 

with the manager of the site drawings retention area. Mr. 

Harold Bergen of Northwest Aluminum is the designated contact 

for requests for site information and all requests for such 

information must be acknowledged and researched under the 

direction of this individual. Figure 3 presents a sample of 

a representative document to be used in requests for 

utilities information. 
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AUTHORIZATION FOR EXCAVATION 

Request To: No~thwest Aluminum 

Other --------------------------------------------

Request Number: Date: 

Requested By: 

Nature Of Request: 

Drawing/Sketch Attached? Yes No 

THE FOLLOWING ITEMS TO BE COMPLETED BY RESPONDENT: 

Person Performing Records Research: 

Date: 

Results of Research: 

Drawing/Sketch Attached Yes No 

Authorization From Northwest Aluminum: Date: ----------
Authorization From Other Party: __________________ _ Date: 

FL0018.RD2\Adm\request.eng 
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6.0 DETERMINATION OF WORK AREAS 

The SHS will define and identify the following areas at 

each work site and specify the equipment and personnel in the 

areas. Prevailing site conditions, access restrictions, and 

activities performed will influence the specific size of the 

zone. 

6. 1 ZONE 1: EXCLUSION ZONE 

The exclusion zone is the zone where contamination 

exists or could occur. All people entering the exclusion 

zone will wear the prescribed level of protection (see 

Personnel Protection Zone Requirements). An entry and exit 

check point will be visually defined at the periphery of the 

exclusion zone to regulate the flow of personnel and 

equipment into and out of the zone. 

6. 2 ZONE 2: CONTAMINATION REDUCTION ZONE 

The area between the exclusion zone and the support zone 

is the contamination reduction zone. This zone provides a 

transition between the work area and the support zone. Zone 

2 serves as a buffer to further reduce the possibility of the 

support zone becoming contaminated. It provides additional 

assurance that the physical transfer of chemicals on people, 

equipment, or in the air is limited through a combination of 

distance between exclusion and support zones, air dilution, 

zone restrictions, and work functions. 
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This area is the area outside Zones 1 and 2. The 

support zone will be marked and will be protected against 

contamination from Zone 1 (work/sampling site). The area 

includes: 

a. An entry area for personnel, materials, 
and equipment. 

b. An exit area for decontaminated personnel, 
materials, and equipment. 

c. A storage area for clean safety and work 
equipment. 

d. An area for rest breaks, the consumption 
of food and beverages, and similar 
activities. 
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7.0 PERSONNEL PROTECTION PROGRAM 

The Safety and Health Information Log Book included as 

Appendix A to this document will be utilized for work 

activities at the site. A safety and health orientation 

meeting will be held for all subcontractors, and service 

personnel assigned to a site investigation-related function. 

All employees performing Remedial Design field activities at 

the site will have completed 40-hour Health and Safety 

training which satisfies the requirements of 29 CFR 1910.120. 

The level of protection required at each excavation or 

sampling location has been designated by the sso (Sections 

4.1 through 4.6). This determination is based upon a hazard 

evaluation of the Site and previously documented information 

(see 4.0 Potential Contamination Sources and Waste 

Characteristics). 

7.1 GENERAL PRECAUTIONS 

In addition to danger due to the physical, chemical, and 

toxicological properties of the material (s) present, other 

types of hazards (electricity, water, heavy equipment, 

falling objects, or other hazards that could result in loss 

of balance or tripping) might have an adverse effect on the 

safety and health of personnel. The following paragraphs 

describe the requirements to be implemented to minimize these 

potential adverse effects. 

Physical Agents 

Safety practices employed on site to protect employees 

from injury by physical agents include a program for heat 
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stress monitoring (Section 8.2), the use of noise suppression 

devices when appropriate, and the use of hearing protection. 

While in use, a backhoe or other device will be no less than: 

o 10 feet from a 50-KV line. 
o 20 feet from a 345-KV line. 
o 34 feet from a 750-KV line. 

In transit, with the boom or other appurtenances 

lowered, a crane or drilling rig will be no less than: 

o 4 feet from a 50 KV line. 
o 10 feet from a 50-345 KV line. 
o 16 feet from a 345-750 KV line. 

All support staff will wear safety glasses, hard hats, 

protective clothing, steel-toed shoes, and respiratory 

protection as determined by the SHO. 

7.2 DECONTAMINATION FACILITIES AND PROCEDURES 

Conditions at the site justify a Level D work operation 

for the Remedial Design field investigations. 

Decontamination procedures for the field investigations 

include segregated equipment and outer garment drop-off 

points, the use of plastic-lined garbage cans for discarding 

of disposable outer garments and shower facilities and 

lockers for personal hygiene and clothing storage, 

respectively. The following paragraphs discuss in detail the 

above-mentioned decontamination provisions. 
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Equipment used on-site (tools, sampling devices, and 

containers, clipboards, etc.) will be placed on plastic drop 

cloths or in separate containers with plastic liners. The 

equipment will only be handled after protective garments 

(outer protective garments, outer gloves) are donned and at 

the conclusion of the field operations the equipment will be 

scrubbed thoroughly with detergent solution and allowed to 

dry in clean containers or set onto clean materials. 

outer Garment Handling and Disposal 

Disposable outer garments (outer gloves, tape, etc.) 

will be disposed of in plastic-lined garbage cans, with the 

plastic liners sealed with wire ties and changed on a weekly 

basis or sooner, as conditions dictate. The outer work 

garments (cotton or cotton blend coveralls) will be of 

similar construction as the garments provided by Northwest 

Aluminum for their work personnel. As the substances being 

encountered by the field work crews are identical to the 

substances encountered by Northwest Aluminum employees in 

their daily work activities, similar handling and laundering 

procedures are also deemed appropriate. As such, the outer 

garments will be laundered in the same manner as the plant 

garments. 

Shower facilities will be provided to field employees 

for the purposes of personal hygiene and to minimize the 

potential for dermal contact with substances at the site. 

The shower water and fluids used for decontamination will, 

as mentioned above, be identical to the shower and wash 
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waters generated by Northwest Aluminum employees, and will be 

conveyed and treated by the same permitted treatment system. 

7.3 PERSONAL AIR MONITORING 

To augment the existing data base from the RI on 

personal air monitoring, additional impinger type monitoring 

will be conducted during the field investigations activities. 

The monitoring will be conducted using a impinger-type 

monitoring device and will measure total suspended 

particulates. 
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8.0 PERSONNEL PROTECTION ZONE REQUIREMENTS 

Personnel protective equipment for the exclusion zone is 

based upon OSHA requirements for each work site. Gloves, 

steel-toed boots, outer protective garments will be worn as 

necessary. All respiratory protective equipment will be 

approved by the National Institute for Occupational Safety 

and Health (NIOSH)/Mine Safety and Health Administration 

(MSHA). 

All workers within the site boundary will require 

personnel protection at Level D. 

8.1 VISITOR PROTECTION 

All visitors 

outside the work 

during the extent 

Visitor's Log as 

to the Site will be instructed to 

zone and remain within the support zone 

of their stay. Visitors will sign a 

included in the Safety, Health, and 

Instrument Log Book presented in Appendix A of this SHP. 

Visitors will be cautioned to avoid skin contact with 

contaminated or suspected contaminated surfaces and hand-to

mouth transfers (eating, drinking, smoking, or chewing gum or 

tobacco). 

The use of alcohol, drugs or medicine that impair visual 

acuity and motor skills are prohibited. Visitors requesting 

observation of the work zone must don all appropriate 

equipment prior to entering the work zone. Where respiratory 

protective devices (dust masks) are necessary, visitors who 

wish to enter the work zone must produce evidence that they 

have had a complete physical examination within the previous 

12 months. Visitor admittance to the work zone will be left 
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to the discretion of the SHS. Visitors and employees in a 

support capacity that remain in the support zone will not 

receive periodic exposure monitoring, nor will they be 

required to wear Level D personnel protective gear. 

8.2 LEVEL D EQUIPMENT 

are: 

The protective items to be worn under Level D conditions 

a. Hard hat 
b. Safety glasses, goggles, or face shield 
c. Steel toe and shank boots 
d. outer boot covers 
e. outer gloves 
f. outer protective garment 
g. Options as required: 

(1) Hearing protection 
(2) Inner gloves 
(3) Dust mask (3M 8710, or approved equal) 
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9.0 PERMISSIBLE EXPOSURE LIMITS PROVISIONS 

9.1 INHALATION 

As identified in Section 4, the exposure scenarios 

related to the inhalation of dust materials was estimated in 

the RA and the theoretic exposures, based on the 

concentrations of remediation area-specific chemicals, are 

presented previously in Table 1. On the basis of these 

values and the PELs identified for the substances of 

concern, all activities at the site will be conducted under 

Level D conditions. In addition, the effects of remedial 

actions on air quality were examined and determined to be 

minimal. The results of this examination are reported in 

Appendix c of this document. 

9.2 HEAT STRESS MONITORING 

Because the incidence of heat stress depends on a 

variety of factors, all workers, even those not wearing 

protective equipment, will be monitored. 

Heat stress monitoring will be conducted according to 

the guidelines presented in the Occupational Safetv and 

Health Guidance Manual for Hazardous Waste Site Activities 

(NIOSH/OSHA/USCG/EPA, October, 1985} and include heart rate 

and oral temperature monitoring. Due to the degree of 

respiratory protection required and the use of permeable 

outer garments, work periods will be 4 hours in duration 

unless this value is modified at the discretion of the SHO. 

Heat stress monitoring will occur initially at a minimum of 

once every 2 working hours and after a period of 2 working 

days (with no detrimental conditions being noted on the Heat 

Stress Monitoring Logs maintained for each worker} and with 
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no substantial alteration of site climatic conditions which 

would indicate a change in working conditions, the SHO may, 

at his discretion, change the heat stress monitoring periods 

to a minimum of every four working hours. The definition of 

detrimental conditions and the measures applied if 

detrimental conditions are encountered, are as follows: 

o Heart rate. Count the radial pulse during 
a 30-second period. If the heart rate 
exceeds 110 beats per minute at the 
beginning of the rest period, shorten the 
next work period by one-third and establish 
a 30-minute rest period. If the heart rate 
still exceeds 110 beats per minute at the 
next monitoring period, shorten the 
following work period by one-third. 

o Oral temperature. Use a clinical 
thermometer ( 3 minutes under the tongue) 
or similar device to measure the oral 
temperature at the end of the work period 
(before drinking) . If oral temperature 
exceeds 99. 6°F (37. 6°C), shorten the next 
work period by one-third and establish a 
30-minute rest period. If oral temperature 
still exceeds 99.6°F (37.6°C) at the next 
monitoring period, shorten the following 
work period by one-third. 
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Dust masks shall be used to reduce employee exposure to 

wind-blown dusts and will be used as an optional Level D 

device. 

10.1 SELECTION OF RESPIRATORY EQUIPMENT 

MMC shall require any personnel entering the work areas 

to be issued a dust mask and be clean shaven. 

The use of dust masks is to prevent exposure of the 

respiratory system to wind-blown dusts. These masks will not 

provide protection from gases or vapors and are intended only 

to minimize employee inhalation of wind-blown dusts. The 

absence of dusty conditions at the site will be 

justification for the SHO to permit personnel to remove their 

masks. 



Ar GERAGHTY & MILLER 
Jal ENGINEERS, INC. 

Section No. 11.0 
Revision: 0 

Date: 4/89 
Page: 1 of 1 

11.0 SOIL AND GROUND-WATER SAMPLING 

Soil samples will be collected during the course of the 

investigation as described in the RD/RA Work Plans. Project 

personnel should take precautions to avoid dermal and 

inhalation exposure at all sample locations. Sample 

collection that is to occur in the former cathode Waste 

Management Area, Unloading Area and Scrubber Sludge Ponds, 

will require Level D protection. 

During sampling activities (soil and water), smoking, 

chewing or eating shall be prohibited. Gloves should be worn 

during all routine sampling tasks to avoid dermal contact. 
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A written plan for emergency situations has been 

developed to protect workers as outlined in 29 CFR 1926.23 

and 1926.24. All employees will be informed about the 

emergency response plan during the site orientation meeting. 

The plan includes: (1) recognition of emergencies; (2) 

methods or procedures for alerting employees on site; (3) 

evacuation procedures and routes to places of refuge or safe 

distances away from the danger area; (4) means and methods 

for emergency medical treatment and first aid, and; (5) line 

of authority for employees. 

12.1 EMERGENCY RESPONSE PLAN 

The nature of work at hazardous waste sites provides a 

continual possibility for emergencies. A plan for emergency 

situations has been developed to protect workers as outlined 

in 29 CFR 1926.23 and 1926.24 (Figure 4). All employees will 

be informed about the emergency response plan during the site 

orientation meeting. 

Recognition of Emergencies 

An emergency situation will be recognized as: physical 

injury, explosions, fires, spills, toxic atmospheres or other 

dangerous and harmful situations. 

Alerting Employees 

The SHS is responsible for calling to the employee's 

attention an emergency situation by the use of a car or air

powered horn. 
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Employees not engaged in correcting the emergency will 

be restricted from the area until the emergency is over. 

Evacuation procedures and_routes to places of refuge will be 

identified during the site orientation meeting. 

Emergency Medical Treatment 

The SHO will prearrange for emergency medical care 

services and establish emergency routes. The SHS will cease 

all work in the event of an emergency and take action to 

remove or minimize the cause of the emergency. The SHS will 

institute appropriate measures to prevent any repetition of 

the conditions or actions leading to or resulting in the 

emergency. 

Emergency Situation Line of Authority 

The SHS will make available the emergency telephone 

numbers (Table 5) and make specific reference to the location 

of the nearest phones during the orientation meeting. 

Emergency Injury Report 

In the event a worker is injured while on-site, an 

Emergency Report (Appendix A) will be completed. This report 

becomes incorporated into a permanent health and safety file 

for the project. The SHS shall notify the SHO of all 

incidences requiring off-site treatment of injured personnel, 

as well as those incidences having a significant possibility 

of causing permanent injury or death. 
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TABLE 5 

Section No. 12.0 
Revision No.: 0 

Date: 4/89 
Page: 4 of 4 

EMERGENCY INFORMATION TELEPHONE NUMBERS 

Martin Marietta: The Dalles On-Site 

Emergency: 555 
Security: 555 
Site Manager: 296-6118 Ms. Loretta Grabowski 

The Dalles Off-Site: 

Emergency: 911 - Fire, Police, Ambulance 

Poison Control: 296-5411 (Mid-Columbia Medical Center) 

Mid-Columbia Clinic: 296-2131 

Wasco County Sheriff: 296-5454 

The Dalles Police: 296-2233 

Wasco County Fire Department: 
Fire Only: 298-5579 
Office: 296-9445 
Ambulance: 298-4178 (Dalles Fire Department) 

The Dalles Fire Department: 298-4178 

The Dalles Ambulance: 298-4178 

The Oregon State Police: 296-2161 

FL0018.RD2\H&H\RDRATBL5.H&S 
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· Section No. 13. o 
Revision: 1 

Date: 6/89 
Page: 1 of 2 

13.0 EMERGENCY AND FIRST AID REQUIREMENTS 

In the event of any emergency which, in the opinion of 

the SHS, materially endangers life, property, or the 

environment, the SHS will cease all excavation activities at 

the Site; take action to remove or minimize the cause of the 

emergency; render assistance to local authorities to remedy 

any impact on local residents or property. 

The SHO will contact emergency medical care services at 

a nearby medical facility and establish emergency routes 

(Figure 5). In addition, the site operates a first-aid 

facility for injuries not immediately threatening life. 

There is no guarantee provided to employees involved in the 

field investigations that personnel trained in first aid and 

cardiopulmonary resuscitation {CPR) will be on-site at all 

times. 
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Section No. 14.0 
Revision: 0 

Date: 4/89 
Page: 1 of 1 

14. 0 SAFETY EQUIPMENT REQUIRED ON-SITE 

The following safety equipment will be maintained on

site and replenished as required: 

o Emergency eye wash 
o First aid kit 
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15.0 MEDICAL SURVEILLANCE 

Section No. 15.0 
Revision: o 

Date: 4/89 
Page: 1 of 1 

All contractor employees associated with on-site 

activities will have undergone a physical examination within 

12 months prior to the start date. Medical parameters to be 

included in the physical examination are described in 

Appendix D. 

An occupational health physician will be in verbal 

contact with the SHO to report and provide professional 

health recommendations during the course of the work. 
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16.0 HOUSEKEEPING 

General 

Section No. 16.0 
Revision: 0 

Date: 4/89 
Page: 1 of 1 

The SHS shall implement a housekeeping program to 

minimize the spread of chemicals beyond the work zone. The 

program will include: 

1. Periodic removal of debris, paper products, 
cans, and other materials brought on-site 
from the work area. 

2. Periodic removal of all garbage bags and 
containers used to dispose of food products 
and trash. 
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General 

17.0 WASTE DISPOSAL 

Section No. 17.0 
Revision: o 

Date: 4/89 
Page: 1 of 1 

MMC and its subcontractors will not remove material from 

the site that may potentially endanger the safety and health 

of on-site employees or the general public. 

Reusable Protective Wear 

All gloves, boots, hats, glasses, and protective 

outerwear that can be cleaned and reused will be scrubbed and 

cleaned prior to reuse and will be removed from the site at 

the end of each working day. 

Waste Food Containers 

During and following meal and break periods, all waste 

materials will be collected (by all individuals) and disposed 

of in waste containers. 
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18.0 PERSONAL HYGIENE 

Section No. 18.0 
Revision: 0 

Date: 4/89 
Page: 1 of 1 

A personal hygiene program helps to ensure that all 

workers are not exposed to harmful levels of hazardous 

materials. The ability of all workers to observe and adhere 

to the personal hygiene provisions is fundamental to the 

success of the SHP. 

GENERAL 

o On hot days, or when the crew is subject 
to heavy physical labor, a rest period 
will be provided at the discretion of the 
SHS and the work schedule. 

o Members of the crew must wash their hands 
prior to leaving the exclusion zone. 

o Toilet facilities and showers will be 
provided in accordance with 29 CFR 
1926.51. The locations of these will be 
identified during the orientation meeting. 

o All workers must be familiar with the use 
of protective clothing and its 
limitations. This includes disposable 
coveralls, gloves/inner gloves, 
gogglesjsafety glasses, hard hats and 
safety shoes. 

Shower facilities and lockers will be provided at the site 

for all workers who wish to change clothes and shower before 

leaving the facility each day. 
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19.0 WORKER TRAINING 

Section No. 19.0 
Revision: 0 

Date: 4/89 
Page: 1 of 2 

The SHO will conduct an orientation meeting for all 

personnel assigned to the site activities in compliance with 

29 CFR 1910.120.1biVB. The orientation meeting will discuss 

the items listed below and emergency instruction for 

chemical exposure or release, fire or explosion, and personal 

injury. 

o SHP 

o Physical health hazards including acute and 
chronic effects of waste constituents 
identified at the site 

o Personal hygiene 

o Safety equipment and procedures required 
for personal protection 

o Work zones established at the site 

o Prohibitions in contaminated areas: 

(1) Beards and long sideburns 

(2) Eating, smoking, chewing 

(3) Personal articles, e.g., 
watches and rings 

(4) Working when ill 

o Emergency Procedures 

o Location of emergency equipment (showers, 
fire extinguishers, telephones) 

o Medical surveillance 

o Heat stress monitoring 
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Section No. 19.0 
Revision: o 

Date: 4/89 
Page: 2 of 2 

The SHS will not allow personnel who have not 

successfully completed the required training to enter the 

work areas for any reason. Following the training and 

orientation presentation, an examination and discussion will 

evaluate comprehension of the SHP. 
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20.0 RECORDKEEPING 

Section No. 20.0 
Revision: 1 

Date: 6/89 
Page: 1 of 1 

MMC will maintain records of all monitoring required as 

described below and shown in the Safety, Health, and 

Instrument Log Book (Appendix A). Record keeping methods 

will comply with the provisions of 29 CFR 1910.20. 

1. The dates, number, duration, and results of 
air monitoring performed during the field 
investigations. These data will be written 
in an instrument log (Appendix A) that will 
be available for inspection at all times. 

2. Those who have received physical 
examinations and attended the orientation 
meeting (Appendix A). 

3. Body temperature readings for heat stress 
monitoring, if required (Appendix A). 

Workers are encouraged to report to the SHS any 

conditions or practices which they consider detrimental to 

their health or safety. Such complaints may be made orally 

and then described in written form. Each contractor will 

also provide a form to be used in reporting violations 

(Appendix A) . 
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APPENDIX A 

Safety and Health Instrument 
Log Book 



SAFETY AND HEALTH 
INSTRUMENT 
LOG BOOK 



PERSONNEL HEALTH AND SAFETY TRAINING COURSE 

I have attended an orientation meeting describing the 
provisions of the health and safety plan. 

STUDY/DRILL SITE 

DATE 

NAME 

624/36 



ILL EFFECTS OF HEAT 

Heat Stroke and Heat Exhaustion 

Heat.stroke is always life-threatening. Heat exhaustion is a milder condition 

· than heat stroke. Both conditions occur most often on hot days during physical activity. 

Anyone can hove either condition, and either condition con happen to older people e•/en 

during such mild activity as taking o walk. 

In heat stroke, the person's temperature control system that causes sweating stops 

working co~rectly. The body temperature rises so high that brain domcge end death 

will result if the person is not cooled quickly. The main signs of heat stroke ore red 

or flushed skin; hot, dry skin, although the person may hove been sweating earlier; end 

extremely hich body temoeroture, often to 41 °C (I 06°F). There may be dizziness, 

nausea, headache, rcpid pulse, end unconsciousness. 

Heat exhaustion is much less dangerous than heat stroke. The major Si9ns of 

heat exhaustion are pale, clammy skin, profuse oersoiratian, and extreme tiredness 

or weakness. The body temoeroture is oppraximotely normal. The person moy hove 

o headache end moy vomit. 

Here ore the most important differences between the signs for hect stroke end 

heat exhaustion: 

Heat stroke: skin hot and dry, end very high body temperature. 

Heat exhaustion: skin cool and wet from sweating, and normal body temperature. 

Cool a victim of heat stroke quickly. If the body temperature is not brought down 

fa_st, permanent brain dcmcge or deeth will result. Sack the person in coal but not cold 

water, sponge the body with rubbing alcohol or cool water, or pour water en the body 

to reduce the temperature to a safe level-about 39°C (I 02°F). Then stop coaling 

and observe the victim far I 0 minutes. If the temperature starts to rise c9oin, coal 

the victim again. Do not give coffee; tee, or olcahalic bevero9es. When the victim's 

temperature remains at o safe level, put the victim to bed end get mediccl help. 

For mild heat e;.::-::::;s~ian, provide bed rest. Give a salt solution ( 1/2 teaspoon 

salt-about 2 "pinches"-in I /2 gloss of water) every IS minutes for 3 or 4 doses. 

Medico! care is needed far severe heat exhaustion. 

It may be hard ra remember the names of the two conditions, but it should be 

easy to remember this: A victim who is very hat and not sweating (heat stroke) must 

be cooled off quickly, but a victim who is sweating, has a normal temperature, end 

is tired (heat exhaustion) needs rest but does not need to be c~oled off so vigorously._ 

Heat Cremes 

Heat cramps usually involve the abdominal muscles or t_he limbs; heat cramps moy 

accompany heat exhaustion. 

F
. r end ~orm wet tawels.ploced over the cramped oreo give relief. 1rm pressu e, , 

Give 0 salt water solution to drink, as you would for heat exhaustion. 



Date: 

Analyst: 

Site: 

TIME 

l 

Photovac Tip 
Ambient Reading 

Dl\ILY INSTRUMEN'r LOG SIIEE'l' 

1\ction Levels: 

Threshold Levels: 

Level of Personal Protection: 

·Net Co11centrat:f.on 

Draeger 
Tube 

Explosion 
Meter 

W E 1\. T II E R C 0 N D I T I 0 N S 
Temperature Wind Direct. Wind Speed 



RECORDING, REPORTING 

OCCUPATIONAL EXPOSURE GUIDE 

OSHA No. 101 
Case or File No. --····----:..-

Form approved 
OMB No. 44R 1453 

Supplementary Record of Occupational Injuries and Illnesses 
EMPLOYER 

1. Name ----------------------------------------------------------------------------------
2. ~Iail address ---------------------------------.:.-------------------------------------------

(No. and street) (City or town} ·(State) 

3. Location, if different from mail address -----------------------------------------------------

INJURED OR ILL EMPLOYEE 
4. Name ----------------------------------------------- Social Security No. ------------------

(first name) (Middle name) (Last name) 

5. Home addre:~s ----------------------------------------------------------------·----------· 
(No. and street) (City or town) (State) 

6. Age ------------- 7. Sex: Male ____________ Female ____________ (Checlc one) 

8. Occupation -----~------------------------------------------------------------------------
·. (Enter regular job title, not the specific activity he. was performing at time of injury.) 

9. Department ------------------------------------------------------------------------------
. (Enter name of department or division in which the injured pcr.wn is regularly employed, even 

though he may have been temporarily working in another department at the time of injury.) 

THE AC~IDENT OR LXPOSURE TO OCCUPATIONAL ILLNESS_. 

10. Place of accident or exposure ---------------------------------------------------------------
(No. and street) (City or town) . (St;ate) . 

If accident or exposure occurred on employer's premises, give address of plant or establishment i.n which 
it occurred. Do· not indicate department or division within the plant or est:1blishment. If accident oc· 
curred outside employer's premi!!es at an identifiable addr~s, give that addre!s. If it occurred on a pub
lic highway or at any other place which cannot be identified by number and street, please provide place 
references locating the place of injury as accurately as po~siblc:. 

11. Was place of accident or exposure on employer's prembes? -------------- (Ye~ or No) 

12. What was· the employee doing when injured? -----------------------------------------------
(Be ~pecific. I! he was ~ing tooh or equipce!lt or handling m3terial, 

----------------------------------------------------------------------------------------------name them and tell what he was doing with them.) 

------------------~---------------------------------------------------------------------------
13. How did the accident occur? --------------------------------------------------------------

(Describe fully the events which resulted in the injury or occup;ational illness. Tell what 

--ha~;~;;;;;ih~~i~b;;p~~~i~N;~~:~;~h~:~;~;;;h:~:~;;~:;h~i:~d~dib:~~b~;::;;~~:h:d~ci;;------------

----------------------------------------------------------------------------------------------full details on all facton which led or contributed to the accident. Use separate sheet for additional sp;ace.) · 

OCCUPATIONAL INJURY OR OCCUPATIONAL ILLNESS 
14. Describe the injury or illness in detail and indicate the part of body affected. --------------------

(e.g.: amput;ation of right inde:x linger 

-------------------;:~;;;;j~~~~~;~~;;~frlb;:k:d-;i~~~~~d:;;:titi;:!id~h;;d,-~~)-------------------

15. Name the object or substance which directly injured the employee. {For e::tample, the machine or thin2 
he struck against or which ~truck him; the vapor or poison he inhaled or swallowed; the chemical or ra: 
diation which irritated hi! ~kin; or in ca~es of strains, hernias, etc., the thing he was lifting, pulling, etc.) 

---~------------------------------------------------------------------------------------------

17. Did employee die? ------------ (Y e~ or No) 
OTHER 

(Date) 

. 18. Name and address of physician -----------------------------------------------------------
19. If hospitalized, name and addrc:s~ o£ ho:~pital ---------------------·----------------------------

--------------------------------------------------- -
Date of report ---------------- Prepared by ----=-========================================= Official position ________ :_ ________________ _ 

REGULATIONS R Page 9 · 



SAFETY AND HEALTH COMPLAINT FORM 

DATE: 

SITE: 

COMPLAINTANT ----------------------------------------------
COMPANY AFFILIATION ____________________________________ ___ 

SITE SAFETY AND HEALTH OFFICER ----------------------------

PLEASE CHECK APPROPRIATE AREAS OF CONCERN 

o NATURE OF COMPLAINT: ____________________________________ __ 

. WORK AREAS 
"RIGHT-TO-KNOH" 
PERSONAL PROTECTION 

LEVEL 
SAFETY EQUIPMENT 
EXPOSURE MONITORING ____ __ 

·:nEAT STRESS 
HOUSEKEEPING 
NOISE 
SAFETY PRECAUTIONS 
DECONTA.J.'1INATION 

352/14 

SANITATION 
PERSONP..L HYGIENE 
EMERGENCY PROCEDURES 
WASTE DISPOSAL : 
RECORDKEEPING 
RESPI~~TOR PROTECTION 
WORKER TRP-.INING ------
PROTECTIVE CLOTEING 
OTHER ---------------------

SIGNATURE 
DATE -------------------



·.Heat Stress. Moni·· ring Report 

Site: Date: Analyst: ________________________ __ 

Time Name of Level of Ambient 
Field Person Protection Temperature 

Oral 
Temp. 

Higher, 
Same, Heart 
Lower? Rate 

t-----1----- I 1----

Faster, 
Same, 
Slower? Comments 



l/7 
VISITOR'S LOG DOOK 

1E AND AFFILIATION DATC SOCIAL SCCURITY NmtOim 
TI11E 

IN 
TIME 
OUT REASON FOR SITE VISIT 

•SPECIAL INST.RUCtiONS • ...... 
Plea.se a.vold contamlnat_ed surf~ces. and hand to mouth transfers, 
(s. oklng~eating, chewing) while vi.. :lng the site. 
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APPENDIX B 

Risk Assessment 

The Risk Assessment was included as an appendix 
to the draft SHP and, with the concurrence 
of the EPA, is not included in the final 
document. Please insert the copy of the 

RA from the draft SHP, if desired. 



APPENDIX C 

AIR QUALITY ISSUES RELATED TO THE PROPOSED 
REMEDIAL ACTIONS AT THE DALLES 

DRAFT 

July 6, 1989 



5) Days 43-45: The Lined Pond will be regraded, the 
Scrubber Sludge Ponds will be filled with topsoil and 
bulldozed, some Landfill material will be regraded, and 
material will be dumped into the Landfill north lobe 
(Consolidation A). 

6) Day 46: The Unloading Area will be excavated, filled 
with topsoil and bulldozed, the Scrubber Sludge Ponds will be 
filled with topsoil and bulldozed, the Old Cathode Waste 
Management area will be excavated, some of the Landfill 
material will be regraded, and material will be dumped into 
the Landfill south lobe (Consolidation B). 

7) Days 47-90: The Scrubber Sludge Ponds will be filled 
with topsoil and bulldozed, the Old Cathode Waste Management 
area will be excavated, some of the Landfill material will be 
regraded, and material will be dumped into the Landfill south 
lobe (Consolidation B). 

The five unique work phases (1, 2, 4, 5, and 6) were 
used as modeling scenarios. All of the work performed in 
phase 3 is also contained in phase 2. All of the activities 
in phase 7 are also taking place during work phase 6. 

C.7.3.2 Traffic 

The five work phases were examined to determine which 
activities would involve traffic on paved or gravel roads. 
The off-road traffic occurring on the actual work areas were 
determined separately and included as part of the area 
sources in modeling. It was determined that the following 
activities would include vehicular traffic: excavation and 
filling of the Potliner Handling Area, excavation and filling 
of the Unloading area, excavation of the Lined Pond, 
excavation of the Old Cathode Waste Management Area and the 
filling of the Scrubber Sludge Ponds. 

Probable excavation routes were provided by Martin 
Marietta and filling routes were determined using the 
shortest available paths along paved roads (where feasible). 
Haul distances were determined by G&M, and are included on 
Figure C-1, a l-inch to 200-foot scaled map of the area. 

In order to determine traffic emissions, each haul and 
filling route was subdivided into paved and gravel roads. 
The appropriate vehicular traffic estimate multiplier was 
used for each road portion. The Old Cathode Waste Management 
Area was divided into 100 foot by 200 foot sections to mimic 
the actual work plan. The worst case traffic route is the 

C-17 



and which is the boundary closest to the remedial activities. 
Additional receptors were placed at those points where roads 
on the plant property intersect River Road. 

C.7.3 Scenarios Modeled 

The proposed work schedule was examined to determine 
which actions would be occurring simultaneously. Reasonable 
modeling scenarios were determined from this information to 
provide conservative estimates of emissions. 

C.7.3.1 Phases of Operation 

All of the planned remedial activities were examined to 
determine causes of particulate emissions. These causes 
included bulldozing, excavation and dumping, loading and 
unloading traffic on worked areas as well as vehicle traffic 
on paved and gravel roads. The remedial actions contain many 
overlapping activities, but on any one day, not all 
activities are taking place. A work plan was charted based 
on the proposed work calendar (see Table 4) . From this 
chart, seven distinct phases of work were identified. These 
phases are defined as follows: 

1) Days 0-15: The Potliner Handling Area will be 
excavated, the Scrubber Sludge Ponds will be regraded, some 
Landfill material will be regraded and material will be 
dumped into the Landfill north lobe (Consolidation A). 

2) Days 16-23: The Potliner Handling Area will be 
filled to design grade with topsoil and bulldozed, the Lined 
Pond will be excavated, the Scrubber Sludge Ponds will be 
regraded, some Landfill material will be regraded and 
material will be dumped into the Landfill north lobe 
(Consolidation A). 

3) Days 24-28: The Lined Pond will be 
Scrubber Sludge Ponds will be regraded, 
material will be regraded, and material will 
the Landfill north lobe (Consolidation A). 

excavated, the 
some Landfill 
be dumped into 

4) Days 28-42: The Lined Pond will be excavated, 
Scrubber Sludge Ponds will be filled with topsoil 
bulldozed, some Landfill material will be regraded, 
material will be dumped into the Landfill north 
(Consolidation A). 
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Department of Environmental Quality (see Table 3). Emissions 
during 1990 are expected to be even less than those in 1989. 

C.7 ESTIMATES OF MAXIMUM GROUND LEVEL CONCENTRATION OF PM10 

C.7.0 Introduction 

The Industrial Source Complex Short Term (ISCST) model, 
UNAMAP Version 6, dated 88166, was used in a screening mode 
to determined the worst case 24-hour PM1 g impacts due to the 
remedial actions at The Dalles. The 1'fi del was run in the 
rural mode with regulatory default options. The roads were 
considered as a line of multiple point sources, except for 
those sections of road closest to the boundaries (receptors) 
which were modeled as one meter high volume sources. All 
other sources were modeled as area sources. All of the 
planned remedial activities were examined to determine 
possible causes of emissions. Local meteorological data was 
examined to determine likely weather conditions for the 
daylight hours of warm months. The emissions information and 
local meteorology were used with ISCST to screen for maximum 
ground level concentrations. 

C.7.1 Selection of Worst Case Meteorology 

Three months of ten minute readings of on-site wind 
speed and wind direction were examined (Ref. 5, Attachment 
B-3). A frequency distribution of the collected for the 7am 
to 7pm time period data showed that most of the winds were 
from 270 degrees to 360 degrees. Also, the majority of the 
wind speeds were in the moderate range of 15 to 20 mph (6.7-
8. 9 mjs). For any given wind direction in the sector of 
interest, wind speeds of 1 to 5 mph (.4 to 2.2 mjs) occurred 
infrequently (A total of less than 6 hours over the period 
of record examined). Therefore, in order to provide 
conservative estimates of impacts, a low wind speed of 3 mjs 
was used to estimate 24-hr impacts. Because activities 
producing emissions will only occur during daylight hours, a 
stability class of D was chosen to minimize plume spreading 
and to achieve a conservative estimate of peak hourly impacts 
from ground-level sources. 

C.7.2 Receptors 

Receptors were selected at the boundaries of the plant, 
where fugitive emissions would have the most impact. 
Receptors were evenly spaced along River Road, the public 
access road which is located adjacent to the plant property, 
which is in the direction of impact from prevailing winds, 
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Bulldozing 
Total 

982 
7836 

189 
1505 

Total TSP emissions are calculated at 3. 92 TPY; total 
PM10 emissions, at 0.75 TPY. 

C.5 EMISSIONS OF OTHER POLLUTANTS 

Most of the chemicals on-site are not very volatile 
under site conditions (Ref. 5, Sec. B.4.1.3). Therefore, it 
can be assumed that the level of VOCs given off as gases will 
be negligible. Small amounts of VOCs may be present, bound 
to the particulates. Since the total particulate emissions 
are estimated at about 4 tpy, the VOC levels would be well 
below the significant level of 40.0 tpy. There is 
effectively no asbestos in the materials being moved. 

The concentrations of free cyanide, fluoride and arsenic 
in the particulate emissions can be estimated from their 
concentrations in the material being moved. To be 
conservative, the highest measured concentration found in any 
of the soils at any of the sites at The Dalles facility (Ref. 
5, Table 28) was used for each pollutant. The values 
selected were: 86 mgjkg cyanide, 3730 mgjkg fluoride and 77 
mgjkg arsenic. Conservative estimates of free cyanide, 
fluoride and arsenic emission rates were derived using these 
values in combination with the total particulate estimates. 
Pollutant emissions will be much less, since much of the road 
material and the material being moved (such as fill) is not 
contaminated. The estimated emissions are: 

Free Cyanide 

86 mgjkg * 3.92 tpy * {lkg/106 mg) .000337 tpy 0.67 1bjyr 

Fluoride 

3,730 mgjkg * 3.92 tpy * (1kg/106 mg) = .0142 tpy 

Arsenic 

77 mg/kg * 3.92 tpy * (1kg/106 mg) = .000302 tpy = 0.60 lbjyr 

C.6 COMPARISONS OF EMISSIONS WITH LEVELS OF SIGNIFICANCE 

Conservative estimates were made of emissions during the 
remedial actions during the summer of 1989. The emissions 
are well below de minimus levels specified by the Oregon 
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Assuming the bulldozer can move 150 cu ydsjhr (Ref 6), 
the following emissions can be calculated: 

For the Scrubber Sludge Ponds 

for total particulates 
for particles < 10 m 

For the Scrubber Sludge Ponds 

for total particulates 
for particles < 10 m 

For the Potliner (filling) 

for total particulates 
for particles < 10 m 

(initial regrading): 

(17000/150) (3.11) = 352.5 
(17000/150) (0.66) = 74.8 

(filling): 

( 45000/150) ( 0. 58) = 174.0 
(45000/150) (0.082) = 24.6 

(9000/150) (0.58) = 34.8 lb 
(9000/150) (0.082) = 4.9 lb 

For the Unloading Area (filling) 

for total particulates 
for particles < 10 m 

For the Lined Pond (regrading) 

for total particulates 
for particles < 10 m 

For the Landfill (filling) 

(200/150) (0.58) = 0.8 lb 
(200/150) (0.082) = 0.1 lb 

(6000/150) (2.42) = 96.8 lb 
(6000/150) (0.49) = 19.6 lb 

lb 
lb 

lb 
lb 

for total particulates 
for particles < 10 m 

(20000/150) (2.42) = 322.7 lb 
(20000/150) (0.49) = 65.3 lb 

Summing these, the total TSP emissions due to bulldozing 
are 982 lbs (0.49 tons) and the total PM10 emissions are 189 
lbs (0.09 tons). 

C.4.4 Summary of Particulate Emissions Estimates 

The results of the previous calculations on particulate 
emissions are summarized below: 

Paved roads 
Gravel roads 
Off-road traffic 
Excavation and dumping 

TSP (lbs) 

4738 
1247 

712 
157 
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PM10 (lbs) 

360 
562 
319 
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E = 5.7 ( (s)1.2 I (M)1.3 ) lblhr for TSP 

where s = material silt content (%) 
M = moisture content (%} 

Based upon on-site soil sieve analyses performed by 
Martin Marietta (see above} a silt content of 10.1% was used 
for the materials at the Scrubber Sludge Ponds; 8.2% for the 
material moved to the Landfill. As discussed previously, 
these factors are conservative. Emissions will be 
overestimated because the actual silt contents are much 
lower than the one used in the calculations. As discussed 
before, 7.9% was used for the moisture content and emissions 
were reduced by a factor of 2 due to watering. Utilizing 
these parameters the equations yield the following estimates 
of emissions: 

For the Scrubber Sludge Ponds: 

for particles < 10 m 

E = . 7 5 ( ( 1 o. 1) 1. 5 I ( 7 • 9) 1. 4) ( o. 5) = o. 6 6 lb lhr 

for TSP 

E = 5.7 ( (10.1)1.2 1 (7.9)1.3) (0.5) = 3.11 lblhr 

For the Landfill Area and Lined Pond: 

for particles < 10 m 

E = .75 ((8.2)1.5 1 (7.9)1.4) (0.5) = 0.49 lblhr 

for TSP 

E = 5 . 7 ( ( 8 . 2 ) 1 . 2 1 ( 7 . 9 ) 1 . 3 ) ( o . 5 ) = 2 . 4 2 lb lhr 

For backfilling: 

for particles < 10 m 

E = .75 ((2.5)1.5 1 (7.9)1.4) (0.5) = 0.082 lblhr 

for TSP 

E = 5.7 ((2.5)1.2 1 (7.9)1.3 ) (0.5) = 0.58 lblhr 
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Following AP-42 guidelines (Table 11.2.3-2), a particle 
size multiplier of 0.74 was used for total particulates and 
0.35 was used for PM 0 . A mean wind speed of 10.2 mph was 
calculated from on-si~e meteorological data collected in the 
summer of 1987 (June-July) (Ref. 4). 

A moisture content of 7. 9% for overburden is the mean 
value suggested in AP-42 for uncontrolled open dust sources 
at western surface coal mines (Table 8. 24-3) . The annual 
rainfall at the western coal mines {AP-42, Table 8. 24-4) 
varies from 11 to 17 injyr, similar to that encountered at 
the Dalles (about 14 injyr, Climates of the States, Vol. II, 
1974). Due to watering, the moisture content at the site is 
probably much higher. However, to be conservative, the 
moisture content of 7.9% was used in all equations requiring 
a moisture content. However, it is assumed, conservatively, 
that watering reduces emissions by a factor of 2. Emission 
rates of .00044 lbjton total particulates and .00021 lbjton 
PM10 were calculated. 

To complete the estimation of emissions due to 
excavation activities, it is necessary to multiply the 
emission rates by the weight of materials being moved. 
Material densities of 165 lbjcu ft for Basalt rock, 115 lbjcu 
ft for soil and 110 lbjcu ft for lined pond sediment were 
used (Classification and Identification of Soils, Transaction 
of the American Society of Civil Engineers, 1948). Averages 
of these values were used when the material being excavated 
or dumped was a combination of types of soil (see Table 2). 
The total amount of material excavated is 357,021 tons. 
Using this value, the total particulate emissions due to 
excavation can be estimated at (0.00044 * 357,021) = 157 lb 
( 0. 08 tons) ; and the PMl.O_ fraction of the emissions can be 
estimated at (0.00021 * 357,021) = 75 lb (0.04 tons). 

C.4.3 Bulldozing 

Bulldozing will be performed at the Scrubber Sludge Pond 
and Landfill areas. Initial bulldozing will take place at 
the Scrubber Sludge Ponds area and the landfill. Bulldozing 
will also be performed at the Scrubber Sludge Ponds prior to 
filling and after filling. Bulldozing will take place during 
backfilling at the Potliner Handling Area, Unloading Area, 
and Lined Pond. Periodic regrading will take place over the 
entire 90-day period at the Landfill. AP-42 (Table 8.24-2) 
provides the following equation for determining emission 
factors for uncontrolled open dust sources at western surface 
coal mines (overburden material): 

E = 0.75 ( (s)1.5 1 (M)1.4 ) lb/hr for particles < 10 m 
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Scrubber Sludge Ponds: E = 0.60 lb/VMT 

Landfill: E = 0.49 lb/VMT 

The equations yield the following emission rates for 
TSP: 

Potliner Handling (Excavation): 

Potliner Handling (Filling): 

Unloading Areas: (Excavation): 

Unloading Areas: (Filling): 

Lined Pond: 

Old Cathode Waste Management Area: 

Scrubber Sludge Ponds: 

Landfill: 

E = 0.54 lb/VMT 

E = 1.09 lb/VMT 

E = 0.54 lb/VMT 

E = 1.09 lb/VMT 

E = 0.58 lb/VMT 

E = 0.56 lb/VMT 

E = 1.34 lb/VMT 

E = 1.09 lb/VMT 

Particulate emissions were calculated using the emission 
factors given above and the corresponding VMTs given in Table 
1. The total TSP emissions from off-road traffic was 
estimated at 712 lbs (0.36 tons). The total PM_ 0 emissions 
roads was estimated at 319 lbs (0.16 tons). ~ 

C.4.2 Excavation Activities 

Excavation activities will be performed at the Cathode 
Waste Management Area, Potliner Area, Unloading Area, and 
Lined Pond. The removal of aggregate material normally 
involves dropping the material onto a receiving surface. In 
this case, the loading of the truck at the excavation site 
must be considered as well as the unloading of the material 
at the Landfill. The emission rate is a function of moisture 
content, wind speed and aerodynamic particle diameter. To 
estimate this emission rate, the following equation was used 
(AP-42; Sec. 11.2.3): 

where 

E = k(0.0032) ( (U/5)1.3 I (M/2)1.4 ) lbjton 

E = 
k = 
u = 
M = 

emission factor 
particle size multiplier (dimensionless) 
mean wind speed (mph) 
material moisture content (%) 
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for dump truck w = 10 
8 for front end loader or backhoe 

s = 8.2% 
= 10.1% 

for all areas except the sludge ponds 
for the sludge ponds 

The mean silt weight percentage 8.2%, was selected as a 
conservative estimate of the highest silt content at the 
Potliner Handling Area, Unloading Area, Lined Pond and Old 
Cathode Waste Management Area. A silt content of 10.1% was 
used for the Sludge Ponds. These values are based upon on
site soil sieve analyses performed by Martin Marietta (Ref. 
5) using the protocol prescribed in EPA Publication #600 
(Rapid Assessment of Exposure to Particulate Emission from 
Surface Contaminant Sites). The silt values used are 
conservative, as a #60 sieve was the highest mesh used in the 
sieve analyses, and 'silt' is defined using #200 mesh. 
Emissions will be over estimated because the actual silt 
contents are much lower than the ones used in the 
calculations. The weight of the dump truck is as given 
previously. 

The maximum weight of the empty front end loader or 
backhoe is 9 tons. The weight of 4 cu yd of material is 
about 5 tons, giving a maximum total weight of 14 tons for 
the front end loader: the weight of 2 cu yd of material is 
about 2.5 tons, giving a total weight of 11.5 tons for a 
backhoe. Backhoes will be used to move material from the 
roads at the Potliner Handling Area and Unloading Area; 
front-end loaders at the Lined Pond; backhoes and front-end 
loaders at the Old cathode Waste Management Area; and trucks 
at the Scrubber Sludge Ponds. Since it is a reasonable 
assumption that no rain will occur during the summer months 
at The Dalles, Dp can be considered zero. A factor of .5 was 
used to indicate 50% reduction of particulates due to 
watering. 

Using these parameters, the equations yield the 
following emission rates for PM10 : 

Potliner Handling (Excavation) : E = 0.24 lb/VMT 

Pot liner Handling (Filling) : E = 0.49 lb/VMT 

Unloading Areas (Excavation) : E = 0.24 lb/VMT 

Unloading Areas: (Filling) : E = 0.49 lb/VMT 

Lined Pond: E = 0.26 lb/VMT 

Old Cathode Waste Management Area: E = 0.25 lb/VMT 
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C.4.1.3 Off-road Traffic 

Emissions were estimated from trucks, loader and backhoe 
traffic on the unpaved portions of the excavation and 
landfill sites. To be conservative, it was assumed that the 
trucks remained on the road and the loaders travelled to the 
trucks. Lower emission estimates are obtained for trucks 
traveling to the loaders since the VMT is much lower. 
However, truck travel was considered for the unloading of 
topsoil, since loaders and backhoes will not be used for that 
purpose. Off road vehicular traffic was considered for the 
activities at the Potliner Handling Area, Unloading Area, 
Lined Pond, Old Cathode Waste Management Area and Scrubber 
Sludge Ponds. Two cu yd bucket capacity backhoes and 4 cu yd 
capacity front end loaders will be used to load the trucks. 
The number of trips in an area was calculated by dividing the 
total material moved by the capacity of the vehicle. The 
average round trip distance was calculated from the average 
distance in the area to the road. Off road traffic is 
summarized in Table 1. 

The following equation in AP-42 (section 11.2.1.1) for 
unpaved roads was used to estimate emission factors for the 
off-road traffic. 

Evt = k(5.9) (s/12) (Sp/30) (W/3) 0. 7 (w/4) 0.5 ( (365 - Dp)/365) 

where 

Evt 

k 
s 

Sp 
w 
w 

Dp 

and 

= 

= 
= 
= 
= 
= 
= 

Emission factor for vehicular traffic in 
lbjvehicle miles traveled 
particle size multiplier 
silt content 
mean vehicle speed (mph) 
mean vehicle weight (tons) 
mean number of wheels 
number of days with at least 0.254mm (0.01 in) 
of precipitation per year 

k = 0.36 for PM10 = 0. 8 for TSP 

The following parameters were used in the calculations: 

Sp = 3 mph 
W = 23.75 tons for dump truck 

= 14 tons for loaded front end loader 
= 11.5 tons for loaded backhoe 
= 9.0 tons for empty front end loader or backhoe 
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w = mean number of wheels 
Dp = number of days with at least 0.254mm (0.01 in) of 

precipitation per year 

and 

k = 0.36 for particles < 10 m; 0.8 for TSP 

The following parameters were used in the calculations: 

Sp = 5 mph 
W = 23.75 tons 

w = 10 
s = 5 

(for unloaded dump truck weight 
of 10 tons, loaded weight of 
37.5 tons for an average weight 
of 23.75 tons) 

The mean silt weight percentage for gravel roads, 5%, 
was chosen from typical silt content of gravel roads found in 
AP-42 (Table 11.2.1-1). 

Since it is a reasonable assumption that no rain will 
occur during the summer months at The Dalles, Dp can be 
considered zero. A factor of • 5 was used to indicate 50% 
reduction of particulates due to watering. 

Using these parameters, the equations yield the 
following emission rates: 

Total Particulates: 

0.8(5.9) (5/12) (5/30) (23.75/3)0.7(10/4)0.5(.5) = 1.10 lb/VMT 

PM10: 

0.36(5.9) (5/12) (5/30) (23.75/3)0.7(10/4)0.5(.5) = .4961b/VMT 

The estimated vehicle miles traveled (VMT) on gravel 
roads by the trucks were determined for each site (see Table 
1). The total estimated VMT on gravel roads was 1,134 miles. 
Using this value, the total particulate emissions due to 
vehicular traffic can be estimated at (1.10 * 1134) = 1247 lb 
(0.62 tons); and the PM10 fraction of the emissions due to 
vehicular traffic can be estimated at (.496 * 1134) = 562 lb 
(0.28 tons). 
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TSP: 

E = 0.077(7) (412) (12.5110) (175011000) (23.7513) .7(0.25) 

= 2.5 lbiVMT 

and 

PM10: 

E = 0.22(3.5) (0.3510.35).3(.25) = 0.19 lbiVMT 

As will be shown below, the major contribution to 
projected maximum ground level concentrations is due to 
traffic entering and exiting the facility. This impact is 
very localized and occurs only in the immediate vicinity of 
the gates. To minimize dust leaving the facility, roads 
leading into and out of the facility will be washed 
frequently (at least twice a day). Conservatively, this 
added watering should reduce emissions by more than a factor 
of 2. For dispersion modeling of PM~D' it was assumed'that 
the PM10 emissions from the first 7ou feet of road leading 
from tne gates to the middle berm of the Scrubber Sludge Pond 
area were 0.095 lbiVMT. This was only used for determining 
ground level concentrations of PM

10
• The higher emission 

rate was used throughout in estimating total emissions. 

The estimated vehicle miles traveled (VMT) on paved 
roads by the trucks were determined for each site (see Table 
1). The total estimated VMT on paved roads was 1,895 miles. 
Using this value, the total particulate emissions due to 
vehicular traffic can be estimated at (2.5 * 1895) = 4738 lb 
(2. 37 tons); and the PM10 fraction of the emissions due to 
vehicular traffic can be estimated at (0.19 * 1895) = 360 lb 
(0.18 tons). 

C.4.1.2 Gravel Roads 

The following equation in AP-42 (section 11.2.1.1) was 
used to estimate emission factors for the gravel roads. 

Evt = k ( 5 . 9 ) ( s I 12 ) ( s pI 3 o ) ( w I 3 ) o • 7 ( w I 4 ) o • 5 ( ( 3 6 5 - Dp) I 3 6 5 ) 

where 

Evt 

k 
s 

Sp 
w 

= 

= 
= 
= 
= 

Emission factor for vehicular traffic in lblvehicle 
miles traveled 
particle size multiplier 
silt content 
mean vehicle speed (mph) 
mean vehicle weight (tons) 
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E = 0.077 I (4/n) (S/10) (L/1000) (W/3) 0.7 

where 

I = industrial augmentation factor 
n = number of lanes 
s = surface material silt content % 
L = surface dust loading lbjmi 
w = vehicle weight tons 

and 

I = 7 
n = 2 
s = 12.5 
L = 1750 
w = 23.75 

Equation 2 in AP-42 (11.2.6.3) was used to estimate PM10 emissions. 

E = 0.22 (3.5) (sL/0.35) .3 

where 

sL = silt loading in ozjyd3 

and 

sL = 0. 35 

An industrial augmentation factor of 7. 0 is used when 
traffic enters from unpaved areas; a factor of 1 is used when 
traffic is all on paved roads. A factor of 3.5 is used when 
shoulders are unpaved and 2 0% of the trucks are forced to 
travel temporarily on the shoulders with one set of wheels. 
To be conservative, a factor of 7.0 was selected. 

A mean silt content of 12.5%, a total loading of 1750 lb 
per mile and a silt loading of 0.35 ozjyd3 (12 gmjm2) given 
for iron and steel production in Table 11.2.6-1 of AP-42 were 
selected as being the most representative of road surfaces in 
the aluminum smelter. 

Since roads will be washed and vacuum sweeper cleaning 
will be performed twice a week, the emission factors will be 
reduced by more than a factor of 4 (AP-42, 11.2.6-5). 
Therefore all emissions were reduced by a factor of 4. 

The use of these parameters furnishes the following 
emissions in lb/VMT: 
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The berms to the south of the Scrubber Sludge Ponds will 
be leveled and consolidated by bulldozers. The pond will 
then be covered with soil. The approximate total of the 
consolidated material to be moved is 17,000 cu yds. The 
approximate total of soil which will be used as ground cover 
is 45, 000 cu yds. The bulldozing and unloading of topsoil 
will be sources of emissions, as will the truck travel 
transporting the soil to the site. 

C.3 CONTROL OF DUST - COMPLIANCE WITH OAR-340-20-001 

Extensive effort will be made to minimize dust. Roads 
will be paved when possible. Gravel will be used where 
paving is not practical, such as in areas being excavated or 
filled. Water spraying will be used extensively to minimize 
airborne dusts and thus decrease particulate emissions (Ref. 
1). Water will be applied daily to areas that are worked. 
Sufficient water will be applied to m1n1m1ze visible 
emissions. Additionally, the paved roads within plant 
boundaries will be vacuum-swept twice weekly. In order to 
minimize off-site impacts, particular attention will be paid 
to areas and roads near the plant boundaries. Since watering 
will increase the moisture content of the material being 
moved and the dust on the road, emissions will be drastically 
reduced. Nevertheless, for calculations furnished below, it 
will be assumed that watering only reduces dust by a factor 
of 2. 

C.4 EMISSIONS ESTIMATES 

C.4.1 Vehicular Traffic 

Vehicular emissions on roads must be considered as a 
source of particulates for the area of interest at The 
Dalles. The emissions can be estimated by the product of an 
emission factor and vehicle miles traveled. The routes used 
by the vehicles are shown in Fig 1. Roads to and from the 
excavation areas and landfill areas will be paved. Roads 
within those areas will be graveled. A short stretch of road 
in the Scrubber Sludge Ponds Area, that is close to plant 
boundaries, will be paved. In addition, there will be off
road traffic of loaders and trucks in the excavation and 
landfill areas. 

C.4.1.1 Paved Roads 

Traffic estimates for vehicle miles traveled on the 
paved roads inside plant property were calculated (see Table 
1) . Equation 1 in AP-42 ( 11.2. 6. 3) for industrial paved 
roads was used to estimate total particulate emissions in 
lb/VMT. 
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In the following it will be demonstrated that all 
applicable air regulations will be met. It will be 
demonstrated that ambient air quality standards will not be 
exceeded and that best practicable treatment and controls 
will be used. Although not required by regulations, it will 
be shown that emission rates from the scheduled remedial 
activities are not significant. 

C.2 REMEDIAL ACTION ACTIVITIES 

Remedial actions are scheduled to be performed at The 
Dalles over a three month period during the summer of 1989. 
During that time, material will be excavated from the Old 
Cathode Waste Management Area, Unloading Area, Potliner Area, 
and Lined Pond, and moved to a 10-acre landfill (see Fig 1) . 
Topsoil will be used to fill the Potliner and Unloading 
Areas. In addition, bulldozing will take place to level the 
berms at the Scrubber Sludge Ponds, after which the pond 
areas will be covered with topsoil. Those activities which 
have a potential for generating dust are the excavating, 
unloading, and bulldozing operations, as well as the 
associated truck and loader vehicle traffic. 

The total activities to be performed in 1990 will be 
much less and will take place over a longer period of time 
than those in 1989 (a schedule of six months). The types of 
activities are the same as those included in this examination 
of remedial activities for 1989. Therefore, emissions and 
impacts in 1990 will be lower than those in this scenario for 
1989. 

Approximately 54,000 cu yds will be excavated from the 
Old Cathode Waste Management Area. This area will be worked 
in 100 ft by 200 ft sections by excavating one foot from each 
section. The excavation process will be repeated until the 
total volume is removed. The excavated material will be 
transported and dumped into a 10-acre landfill. Emissions 
from the excavating, dumping, and associated truck traffic 
were considered as sources of particulates. Similarly, the 
excavation and backfilling of the Unloading Area was 
considered. An estimated 200 cu yd of material will be 
excavated followed by 200 cu yd of topsoil to fill the site. 
The site will be bulldozed after the topsoil has been dumped. 

About 20,000 cu yds of material will be moved from the 
Lined Pond to the 10-acre landfill during the summer months. 
The activities considered will include bulldozing, truck 
loading, travel and unloading. Following excavation, the 
area will be bulldozed for the purpose of regrading. At the 
landfill, bulldozing will take place, for the purpose of 
grading, throughout the remedial activities. 
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conservative estimate of background, 75 ~gjm3, based on the 
highest TSP measured at the Dalles, the total, 106 ~g/m3, is 
well below the allowed level of 150 ~g;m3 • Based on similar 
calculations, assuming that the worst hour meteorology 
prevails during the entire period of activities, predicted· 
annual average levels will be well below the allowed level of 
50 ~g;m3 • 

From the above it can be concluded that, even with the 
overestimates of emissions, the assumption that the wind 
blows in the same direction under the worst meteorological 
conditions for the entire day, and the assumption that all 
activities during the worst-case day take place next to the 
plant boundaries, the ambient air quality impacts would be 
below standards. Clearly, the remedial action activities 
will comply with ambient air quality standards. 

Since activities in 1990 will be less than those in 1989 
and will be of the same nature, all applicable regulations 
will also be met for the 1990 remedial action activities. 

C.1 APPLICABLE REGULATIONS 

Two oregon air regulations are directly applicable to 
the project: OAR 340-31-115 sets ambient air quality 
standards for PM10 and OAR 340-20-001 requires highest and 
best practicable treatment and controls. OAR 340-31-115 
states that the ambient concentrations may not exceed federal 
or state standards, which, for this project, applies only to 
PM10 . The ambient air quality standards for PM are an 
annual average of 50 ~g;m3 and a 24-hr average of ±go ~g;m3, 
not to be exceeded more than once per year. 

OAR 340-20-225 defines significant emission rates. If 
the emission rates from new sources exceed any significant 
emission rates, the new sources would be subject to PSD 
review. Since the source is temporary, PSD review is not 
applicable. Furthermore, as will be demonstrated below, 
emission rates are below levels of significance. PSD 
increments (OAR 340-31-110) are not applicable to temporary 
sources. 

There are no Oregon air quality standards for toxic 
pollutants. The risk assessment addressed potential health 
impacts from the chemicals of potential concern from short 
term emissions of dust (see pages B-122 and B-156). 
Potential impacts were evaluated for onsite workers and 
offsite residents. No adverse health effects were predicted 
from the chemical concentrations in air resulting from short 
term emissions for either of these populations. 
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AIR QUALITY ISSUES RELATED TO THE PROPOSED 
REMEDIAL ACTIONS AT THE DALLES 

C.O EXECUTIVE SUMMARY 

A study was performed to demonstrate compliance with all 
applicable air regulations during remedial actions that are 
scheduled to be performed at The Dalles over a three month 
period during the summer of 1989. Only two requirements are 
applicable to this project: 1) The application of best 
practicable control of particulate emissions and 2) 
compliance with ambient air quality standards for PM10 . 

The control measures used will clearly meet those 
required for best practicable control. Roads will be paved 
when possible. Gravel will be used where paving is not 
practical, such as in areas being excavated or filled. Water 
spraying will be used extensively to minimize airborne dusts 
and thus decrease particulate emissions. Since watering will 
increase the moisture content of the material being moved and 
the dust on the road, emissions will be drastically reduced. 

Screening methods were used to demonstrate that ambient 
levels of PM1 will be below ambient air quality standards. 
Conservative 2stimates of emissions and background .levels, 
worst case scenarios, and worst case meteorology were used in 
an atmospheric dispersion analysis to demonstrate compliance 
with the ambient PM10 air quality standards. 

Conservative assumptions and parameters were used in all 
of the calculations to provide over-estimates of TSP and PM10 emissions. The emissions of other pollutants, and their 
significance, were determined from the estimates of 
particulate emissions and estimates of pollutant 
concentrations in the particulates. The conservative 
emissions estimates were well below the significance rates as 
set forth in OAR 340-20-225(22) (Ref. 3) and guidelines 
provided by the Oregon Department of Environmental Quality 
for all pollutants. 

Worst case scenarios were determined from operating 
schedules, assuming that activities on any given day took 
place in areas closest to plant boundaries, where their 
impact would be greatest. ISCST was used to calculate the 
highest hourly ground level concentration of PM1 0 due to 
emissions from the remedial activities. A conservative 
estimate of the highest 24-hr average concentration was 
obtained by assuming that the worst hour conditions prevailed 
during the entire work day. On the basis of this, the 
activities contribute less than 31 ~g/m3 to the 24-hr average 
PM10 ground level concentrations. When this is added to a 
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one used to reach the sections closest to River Road. This 
route provides the highest emissions because it is the 
longest (a large number of vehicle miles traveled) and it is 
also closest to the River Road receptors. 

In order to reduce the amount of emissions at the 
Scrubber Sludge Pond area due to truck traffic, a 'Y' shaped 
paved area was modeled at the entrance to the ponds. This 
shape was chosen to provide an entrance route and an exit 
route for the trucks delivering topsoil. Paving of this 700 
foot area significantly reduces PM10 emissions. As the Ponds 
are filled with topsoil, this paveQ road can be covered. The 
gravel road into the Ponds also has a shaped area on the 
other end of the route (farthest away from River Road). 

For modeling purposes it was assumed that only one of 
the two gravel paths would be taken on a given day. The 
route which goes into the northwest area was used. These 
assumptions are consistent with a conservative approach to 
modeling. If both routes are used in a given day, then the 
emissions will be more spread out over the River Road 
receptor area. 

Also, the emissions are increased by choosing the 
northwestern route. The typical meteorology for the area 
shows a predominance of winds from the 270-360 degree wind 
sector. The northwestern route will be directly effected by 
such winds and will provide a higher estimate than the 
southwestern route which would not be as effected by the 
winds. 

C.7.3.3 Other Sources 

Each work area was examined to determine all of the 
on-site causes of emissions. Excavation, backfilling and 
regrading emissions were summed up for each area source. 
On-site loader and dump truck traffic were added to the 
excavation and backfilling emissions for each area. 

The regrading of the Scrubber Sludge Ponds was modeled 
on a schedule of a total of 28 days. The regrading of the 
pond outfall area was spread over 8 days to minimize the 
concentration of particulate emissions. The pond outfall 
area is located at the edge of plant property bordering River 
Road. The regrading of the windblown sediments was spread 
out over 5 days because this area is perpendicular to River 
Road, causing high levels of particulates during winds from 
270 degrees. 

Five 
stockpile 

days were 
materials, 

allotted 
and the 
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regrading period were allotted for the regrading of the 
Scrubber Sludge Ponds 2 and 3 retaining berm. Each of the 
regrading scenarios were examined separately to determine a 
worst case condition. The modeling results indicated that 
the regrading of the Scrubber Sludge Ponds 2 and 3 provided 
the highest emissions of the four phases. 

The excavation of the Old Cathode Waste Management area 
is scheduled to be performed in 100-foot by 200-foot sections 
between the existing investigation trenches. The procedure 
will be to remove one foot of material from each section. 
This procedure will then be repeated until work is complete. 
For the purpose of modeling, it was necessary to determine a 
reasonable worst case day. Due to the volume of material 
being moved per day (1200 cu yds), it can be assumed that 
only two of these sections will be worked in one day. The 
existing trenches, which run parallel to River Road, provide 
a natural working path. The two sections which border River 
Road were modeled to provide a worst case day. 

All of the other area sources were modeled as if all 
activity for the area will be evenly dispersed over the 
specified time for that activity. 

C.7.4 Screening Modeling Results 

Each of the five work phases were modeled to reflect all 
of the emissions occurring during those phases due to 
remedial activities. Ten different meteorological conditions 
were defined for each run. The wind vectors used were 90 to 
180 degrees ('to which' winds) by 10 degree intervals for a 
wind speed of 3.0 mjs. Each model run was performed on these 
meteorological conditions to determine the worst 1-hr average 
impact. In order to make a conservative estimate, the worst 
case meteorologic conditions were considered as constant for 
the entire 24 hour period. The highest value was then 
multiplied by 10/24 to reflect a 10 hour work day. Values 
for each operational phase and each receptor were examined to 
determine the highest ground level concentration of PM10 . 

The modeling results showed a maximum result of 31 
J..Lgjm3 , occurring during phase 6 (Unloading Area excavation 
and filling, Scrubber Sludge Pond filling, Old cathode Waste 
Management Area excavation, Landfill regrading and Landfill 
Consolidation B (south lobe)). 

C.7.5 Estimates of Background 

Background PM10 values are not available for The Dalles. 
However, on the basis of TSP data, the maximum background 
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level can be estimated at about 75 ~g;m3 . Monitoring of TSP 
was performed at the Dalles up to the Fall of 1987, at which 
time it was discontinued. The highest TSP level observed 
during the last two years of monitoring was 141 ~g;m3 (1987 
Air Quality Annual Report, Oregon DEQ). Maximum PM10 levels 
are approximately half of TSP levels. Furthermore, during 
the summer months, the background levels were much lower than 
during other months. The maximum TSP during the summer, the 
season when the remedial actions will take place, was 7 5 
~g;m3. It is therefore reasonable to assume that background 
will be below 75 ~g;m3. 

The average back~round TSP level for the last 2 yrs of 
monitoring was 44 ~gjm . This corresponds to an average PM10 level of about 22 ~g;m3. 

C. 8 DEMONSTRATION OF COMPLIANCE WITH AMBIENT AIR QUALITY 
STANDARDS 

Maximum 24-hr average impacts of PM1n were demonstrated 
to be below 31 ~g;m3 . Since backgrouna is less than 75 
J.l.g/m3, the total 24-hr average ground level concentration 
will be well below the standard of 150 ~gjm3. Since the 
project duration during 1989 is less than 3 months, the 
annual average contribution of the project will be well below 
8 J.1.g{m3 (one fourth of 31). Since background is about 22 
J.l.g/m , the total annual average PM., ... levels will be well 

3 .l.U below the standard of 50 ~gjm . 
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Table 1. Estimated Vehicle Miles Traveled 

TRAFFIC (PAVED ROADS) 

Potliner Area 

(Excavate) 

(Fill) 

Round trip distance 
Cap of truck 
Quantity of material 
Number of trips 
No. Trips * Rd trip 

= .1894 
= 20 
= 9,000 
= 450 

distance 

Round trip distance = .1515 
Cap of truck = 20 
Quantity of material = 4,500 
Number of trips 225 
No. Trips * Rd trip distance 

Unloading Area 

(Excavate) 

Round trip distance = .9470 
Cap of truck = 20 , Quantity of material = 200 
Number of trips = 10 
No. Trips * Rd trip distance 

(Fill) 

Round trip distance = .6629 
cap of truck = 20 
Quantity of material = 200 
Number of trips = 10 
No. Trips * Rd trip distance 

Lined Pond 

(Excavate) 

Round trip distance = .8333 
Cap of truck = 20 
Quantity of material = 16,200 
Number of trips 810 
No. Trips * Rd trip distance 
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mi 
yd3 
yd3 

= 85 mi 

mi 
yd3 
yd3 

= 34 mi 

mi 
yd3 
yd3 

= 9 mi 

mi 
yd3 
yd3 

= 7 mi 

mi 
yd3 
yd3 

= 675 mi 



Table 1. (Continued) 

Scrubber Sludge Ponds 

(Fill) 

Round trip distance = .1894 mi 
Cap of truck = 20 yd3 
Quantity of material = 45,000 yd3 
Number of trips = 2,250 
No. Trips * Rd trip distance = 426 mi 

Old Cathode Waste Management Area 

(Excavate) 

Round trip distance = .2441 mi 
cap of truck = 20 yd3 
Quantity of material = 54,000 yd3 
Number of trips = 2,700 
No. Trips * Rd trip distance = 659 mi 

TRAFFIC (GRAVEL ROADS) 

Potliner Area 

(Excavate) 

Round trip distance = .1894 mi 
Cap of truck = 20 yd3 
Quantity of material = 9,000 yd3 
Number of trips = 450 
No. Trips * Rd trip distance = 85 mi 

Unloading Area 

(Excavate) 

Round trip distance = 1894 mi 
Cap of truck = 20 yd3 
Quantity of material = 200 yd3 
Number of trips = 10 
No. Trips * Rd trip distance = 2 mi 
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Table 1. (Continued) 

Lined Pond 

(Excavate) 

Round trip distance = .1894 mi 
Cap of truck = 20 yd3 
Quantity of material = 16,200 yd3 
Number of trips = 810 
No. Trips * Rd trip distance = 153 

Scrubber Sludge Ponds 

(Fill) 

Round trip distance 
Cap of truck 
Quantity of material 
Number of trips 

= .1704 mi 
= 20 yd3 
= 45,000 yd3 
= 2,250 

mi 

No. Trips * Rd trip distance = 383 mi 

Old Cathode Waste Management Area 

(Excavate) 

Round trip distance = .1894 mi 
Cap of truck = 20 yd3 
Quantity of material = 54,000 yd3 
Number of trips = 2,700 
No. Trips * Rd trip distance = 511 mi 

OFF ROAD TRAFFIC 

Potliner Area 

(Excavate) 

(Fill) 

Round trip distance 
Cap of backhoe 
Quantity of material 
Number of trips 
No. Trips * Rd trip 

= .015 
= 2 
= 9,000 
= 4500 

distance 

Round trip distance = .006 
Cap of truck = 20 
Quantity of material = 9000 
Number of trips = 450 
No. Trips * Rd trip distance 
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mi 
yd3 
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Table 1. 

Unloading 

(Excavate) 

(Fill) 

(Continued) 

Area 

Round trip distance = .0057 mi 
Cap of backhoe = 2 yd3 
Quantity of material = 200 yd3 
Number of trips = 100 
No. Trips * Rd trip distance = 1 

Round trip distance = .006 mi 
Cap of truck = 20 yd3 
Quantity of material = 200 yd3 
Number of trips = 10 

mi 

No. Trips * Rd trip distance = 0.06 mi 

Lined Pond 

(Excavate) 

Round trip distance = .015 mi 
Cap of loader = 4 yd3 
Quantity of material = 16,200 yd3 
Number of trips = 40 
No. Trips * Rd trip distance = 60 mi 

Scrubber Sludge Ponds 

(Fill) 

Round trip distance = .0189 mi 
Cap of truck = 20 yd3 
Quantity of material = 45,000 yd3 
Number of trips = 2,250 
No. Trips * Rd trip distance = 43 mi 

Old cathode Waste Management Area 

(Excavate) 

Round trip distance = .025 mi 
Avg. cap of vehicle = 3 yd3 
Quantity of material = 54,000 yd3 
Number of trips = 18,000 
No. Trips * Rd trip distance = 450 mi 
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Table 1. (Continued) 

Landfill 

(Fill) 

Round trip distance = .0758 mi 
Avg. cap of vehicle = 20 yd3 
Quantity of material = 79,400 yd3 
Number of trips = 3,970 
No. Trips * Rd trip distance = 301 mi 
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Table 2. Excavation Volumes and Densities 

Volume Density Amt. Moved 
Area/Action (cu yds) Material (lbjcu ft) in Tons 

Potliner/EXC 9,000 Soil & rock 140 17,010.0 

Unloading/EXC 200 Soil & rock 140 378.0 

OCWMA/EXC 54,000 Soil & rock 140 102,060.0 

Lined Pond/EXC 16,200 Sediment 110 24,057.0 

Landfill/Filling 81,000 Soil & rock 130 142,155.0 
& sediment 

Potliner/Filling 4,500 Soil 115 1,188.25 

Sludge Ponds/ 45,000 Soil 
Filling 

Unloading Area; 200 Soil 115 310.5 
Filling 
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Table 3. Comparison of Emissions with Significance Levels 

Conservative Significance 
estimates(a) levels 

(Ref. 3) 

Total particulates 3.9 tpy 25.0 tpy 

PM10 .75 tpy 15.0 tpy 

Free cyanide(b) 0.67 lbjyr 5.0 lb/8hr 

Fluoride 0.0142 tpy 3.0 tpy 

Arsenic 0.6 lbjyr 1.0 lbjyr 

vocs Negligible 40.0 tpy 

Asbestos Negligible 0.007 tpy 

(a) The conservative estimates reflect estimated work to be 
performed over a period of three months during the 
summer of 1989. 

(b) The estimates are given in lb/yr; the significance 
levels are in lb/8 hr. 
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APPENDIX D 

Physical Examination Parameters 



The following physical requirements have been evaluated 
by a qualified occupational health physician on all Reed and 
Associates, Inc., personnel associated with the investigation 
to assure that they are certified to perform work. 

1. Compilation of a complete occupational health 
history· 

2. Compilation of a complete family health history. 

3. Blood analysis {SMAC-25} 

4. Urine analysis 

5. PCB level in the blood 

6. Chest X-ray (front only} 

7. Hearing examination 

8. Sight examination 

9. Pulmonary function examination 

10. Electrocardiogram examination 

11. Complete physical examination 
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