


FOREWORD 

Recycling asphaltic and Portland cement concrete pavements back into new road construction or 
reconstruction is already widely practiced across the nation. This recycling represents an 
important obligation of the Federal Highway Administration (FHWA) and its partners at the 
State level to manage its own by-product materials. However, FHWA also recognizes that other 
recycled materials may also be appropriately used in hghway infrastructure. 

A number of states are experiencing increased interest and activity in use of recycled materials, 
some of which have excellent engineering properties and have been used successfully in other 
jurisdictions or countries. Applications for the use of more novel recycled materials in lughway 
construction are also increasing. FHWA encourages the appropriate and economical use of 
recycled materials where engineering performance is equal to or exceeds traditional materials and 
where the materials do not contribute to current or fbture environmental problems. 

In a similar vein, as stewards of the Nation's highways, FHWA desires to maintain a quality 
infrastructure and good roads. Use of recycled materials in the highway environment must 
promote this concept. Pavements and appurtenances have typical design lives and performance 
specifications that ensure a level of performance accepted by the engineering community and the 
public. Substitution of alternative materials must provide the same economic, engineering, and 
environmental benefits as traditional materials. 

This manual is intended to provide guidance to assist transportation agencies in the maintenance 
of high-quality roads that perform to high engineering standards over their design life without 
future problems, and to promote cooperative efforts with environmental agencies to ensure that 
present and future environmental problems do not arise when recycled materials are used in 
highway infrastructure. 

Director, Office of ~nfp tmcture  
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NOTICE 

This document is disseminated under the sponsorship of the Department of Transportation in the 
interest of information exchange. The United States Government assumes no liability for its 
contents or use thereof. This report does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. Trade and 
manufacturers' names appear in this report only because they are considered essential to the 
object of the document. 
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EVALUA xecutive Summary 

Although many by-product materials such as recycled concrete material, recycled asphalt 
pavement, blast h a c e  slag, and coal fly ash have historically been used in the highway 
environment, methods for evaluating the engineering and environmental suitability of such 
materials have not been formally developed. Some State agencies have adopted regulatory or 
procedural frameworks for examining the potential for using recycled materials (sometimes 
referred to as a beneficial use determination or a new product evaluation process), but the 
absence of definitive methods of evaluation and specific criteria for determining the suitability 
of using such materials have in most instances limited the utility of these procedures. 

The result is that both an applicant, who desires to use a recycled material, and a decision maker, 
who must determine the suitability of the application, in many cases do not have a clear or 
consistent approach (an evaluation framework) that can be used to proceed with such an 
evaluation. This report presents an evaluation framework for evaluating the feasibility of using 
recycled materials in the highway environment, 

F EWORK STEPS 

The evaluation framework recommended in this report is illustrated in a flowchart format 
presented in Figure ES-I. The location in the main report of each item in the flowchart is 
identified in the figure. There are five steps in the framework. 

@ Step 1 - Select Material and Application 

The first step in the framework process is to select a material and an application (e.g., use blast 
furnace slag in embankment construction) and submit the application to the evaluator or decision 
maker. In most cases the evaluator or decision maker(s) will be the State transportation and/or 
environmental agencies. 

e Step 2 - Define and Evaluate Issues 

The second step is to collect all relevant information that can provide input into the decision- 
making process. This includes, for the material and its proposed application, all related historical 
data, engineering and material property data, environmental, health and safety data, 
implementation constraints, recycling issues, and economic issues. 

The purpose of this step is to define all issues that may warrant more detailed examination and in 
,rr)-- n , particular those issues that may be problematic insofar as approval of the material for use may be 
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Figure ES-1. Evaluation framework flow process. 
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concerned. Recommended checklists to ensure that the proper information is collected for such 
an evaluation are provided in Chapter 2, Purpose and Methodology. 

e Step 3 - Stage I Screening Evaluation 

The third step in the process is a Stage 1 screen. The purpose of a Stage 1 screen is to determine 
whether the data collected in Step 2 are sufficient to approve (or reject) the proposed application 
without additional study. A Stage I approval means that the evaluator has a high degree of 
certainty that the applicant has provided sufficient information to justify acceptance of the 
proposed material and application. The applicant will typically be required to demonstrate that 
the proposed material is sufficiently similar to reference materials, which have been used 
successfully, to warrant approval. 

A Stage 1 screen should include an assessment of all existing data pertaining to engineering data, 
environmental health and safety, data recycling issues, implementation concerns, political issues, 
and economic issues to ensure that the data are sufficient to permit a responsible decision. A 
series of recommended screening checklists, evaluation procedures, and evaluation criteria is 
presented in Chapter 3, Screening. 

,$"'* - 
8 Step 4 - Stage 2 Laboratory Evaluation 

A Stage 2 laboratory evaluation is recommended if a Stage I review detennines that existing 
information is insufficient to either accept or reject the application. The Stage 2 evaluation 
screen is intended to characterize (1) the engineering and materials properties and (2) the 
envirormental, health, and safety properties of the proposed recycled material and its application 
product. These data can then be compared with established criteria or with the performance of 
reference materials using available laboratory and analytical engineering and environmental 
protocols. 

To undertake a Stage 2 laboratory evaluation, it is recommended that (1) a test plan be prepared 
that delineates the samples to be tested and the tests to which the sample will be subjected, (2) 
acceptable specifications or performance criteria be identified that can be used as a means for 
evaluating the results of the test plan, and (3) the data be statistically evaluated to determine if 
specifications are met or if performance is similar to appropriate reference materials. 

The most critical steps in a Stage 2 evaluation are development of the test plan md establishment 
sf performance criteria. The main framework document provides a description of engineering 
and environmental parameters that will typically be of interest to decision makers when 
evaluating the use of proposed materials in specific applications and provides detailed lists of 
applicable laboratory test methods that can be used in the evaluation. Engineering and 
environmental parameters and test methods are presented in Chapter 4, Engineering Lab Tests 

/- and Chapter 5, Environmental Lab Tests, respectively. 
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4 Step 5 - Stage 3 Field Scale Testing and Demonstration 

A Stage 3 field testing may be w anted if the available data are still inconclusive after both 
Stage 1 and Stage 2 evaluations. ge 3 is intended to provide field-scale data on (1) 
engineering and material properties, and (2) enviromental, health, and safety properties of the 

roposed recycled material and its plication produst, These data can then be compared with 
established performance criteria or with reference materials (e.g., a control section). 

Both engineering monitoring and environmental monitoring may be required during a field trial. 
Engineering monitoring refers to field evaluation activities that are intended to identify 
construction and performance aspects that may be affected by the use of a new material. 
Environmental monitoring refers to field evaluation activities that are intended to identify 
impacts to nearby air, soil, and water resources, as well as to the health and safety of workers 
that may result from the use or performance of the material. 

Both short-term and long-te monitoring activities may be required for each type of monitoring 
activity. Short-term monito activities are activities designed to evaluate how the new 
material might affect the application during the end-product production process, such as asphalt 

ortland cement concrete production, and during and/or immediately after construction. Long- .. --dl 

term monitoring activities are designed to evaluate how the proposed application performs 
during the post-construction period and can involve a time period ranging from several years up 
to the design life of the application. 

To undertake a Stage 3 evaluation, it is recommended that (1) a demonstration test plan be 
prepared that delineates the field monitoring requirements, (2) acceptable specifications or 
performance criteria be identified to evaluate results of the field demonstration, and (3) the data 
be statistically evaluated to determine if specifications are met or if performance is similar to 
that of appropriate reference materials. 

Field monitoring activities will differ, depending on the type o f  application being proposed. 
Recommended engineering and environmental field monitoring activities are presented in Chapters 6 and 
7, respectively. 

The approval process, depicted in the lower right-hand box in Figure ES-I, is an integral part of 
the framework. Approval can occur at Stage 1,2, or 3 of the evaluation process. Approval or 
rejection is dependent on the performance of the recycled material in the proposed application 
compared with potential criteria and specifications determined by the decision maker. Three 
types of approvals are possible: general, categorical, and site-specific. 

F-** 

General approvals are blanket approvals in which minimal, if any, con tions are imposed on the 
applicant. Such approvals are to be used where there is an overwhelming preponderance of data 
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and history showing that the recycled material and application can be employed without adverse 
engineering or environmental consequences. 

Categorical approvals impose more restrictive limits regarding where and how a material may be 
used. For example, such approvals may limit the use of a recycled material to a specific 
environment (e.g., a defined distance above the groundwater table), or to a specific location in 
the highway environment (e.g., base course as opposed to a wearing course pavement). 

Site-specific approvals are one-time approvals and require the applicant to resubmit an 
application for the next project. These approvals normally require field monitoring to obtain 
additional information to assist the decision maker in assessing the suitability of the material in 
the proposed application, 

F FLEXIBILITY 

The framework provides for combining or skipping steps if it is clear that such action is 
appropriate. For instanck, if Step 2 determines that engineering or enviromental data are 
insufficient, then the decision maker could decide to bypass a Stage I evaluation and undertake a 
Stage 2 and Stage 3 evaluation. 

The framework also provides, as part of the stepwise evaluation process, the means to modify or 
beneficiate materials that do not meet criteria, so that the application will not be rejected out of 
hand without providing the applicant with an opportunity to revise the application on the basis of 
new data obtained during the evaluation process. This process is illustrated by the arrow directed 
toward the modify material application box in the upper left-hand comer of Figure ES- I. 

FRAMEWORK LIMITATIONS 

This document presents a comprehensive evaluation framework that decision makers can use 
when evaluating the use of recycled materials in highway applications. The complexity 
associated with defining evaluation procedures and criteria demands, however, that the 
evaluator select the best test methods and criteria subject to local conditions, and that the criteria 
and test methods be continually updated as new information is made available. 

The multidisciplinary engineering and environmental effort involved in implementing the steps 
outlined in this framework will require that State engineering and environmental agencies forge 
cooperative efforts, pooling the necessary resources to undertake the necessary evaluation effort. 
Only through such cooperative efforts can these complex issues receive proper attention, 

.-&wr, ensuring the appropriate use sf recycled materials in the highway environment. 





Introduction 

OVERVIEW 

There is an increasing interest on the part of the public, State regulators, the Federal 
Government, and industry to explore the use of recycled materials in the highway environment. 
Although many recycled materials have historically been used in the highway environment, use 
of recycled material is a relatively new concept in some States. There are also large differences 
between States about how recycled materials are evaluated and permitted for use. 

The management and regulation of recycled materials use in the highway environment is 
jurisdictionally, at least in part, the responsibility of both the State transportation and 
environmental agencies. This document is meant to provide guidance to decision makers in each 
of these respective agencies in the evaluation and management of these materials. 

Many by-product materials generated in the transportation sector, industrial sector, municipal 
sector, and mining sector of the U.S. economy have properties that make them potentially useful 
as recycled materials in the highway environment. Examples of materials generated in the 
transportation sector include reclaimed asphalt and portland cement concrete pavements, excess 

&a+v * 
fill, street sweepings, and dredge materials. Examples of materials generated in the industrial 
sector include blast furnace slag, steel slag, nonferrous slags (e.g., copper, zinc, phosphate), 
sulfate wastes, coal combustion by-products (e.g., fly ash, bottom ash, boiler slag, flue gas 
desulfurization residues), kiln dusts (e.g., cement and lime-kiln), baghouse dusts (e.g., asphalt 
plant, smelters), foundry sands, and slags. Examples of materials generated in the municipal 
sector include waste glass, scrap tires, biosolids, construetion and demolition (C&D) debris, 
wood waste, petroleum contaminated soils, roofing shingle scrap, plastics, wastewater sludge 
ash, and municipal solid waste combustor residues. Examples of materials generated in the 
mining sector include phosphogypsum, quarry waste, and mill tailings. 

In the past, recycled materials have primarily been used in the transportation and industrial 
sectors. In the transportation sector, the use of excess asphaltic and concrete pavement for 
recycled asphalt pavement and reclaimed concrete material has become standard practice in most 
States. The use of materials generated in the industrial sector (primarily slags and coal 
combustion residues) has also been demonstrated, with good results. 

Although the mining industry generates large quantities of by-product materials, the inaccessible 
location of most mining operations, relative to major metropolitan areas where the demand for 
highway construction materials is greatest, limits the potential for using large quantities of this 
resource in the near term. 

Municipal wastes have potential uses, but inconsistent supply and small quantities associated 
with many individual waste streams (e.g., glass, shingles, plastics) relative to construction 

,*& ?3., industry market requirements (which tend to require large quantities on demand) limit the 
attractiveness of these materials to most contractors. 



F EWO Introduction 

Figure 1-1 illustrates some locations where recycled materials have the potential for use in a 
typical highway environment. These materials may be used to replace conventional materials in 
the fabrication or construction of highway appurtenances such as bridges, guardrails, and signs; 
as substitute materials for the pavement structure; as aggregates and supplementary cementitious 
materials in asphalt and portland cement concrete, granular or stabilized base and subbase; and 
as substitute embankment, fill, and landscaping materials. 

Given the trend to recycle and utilize materials in the highway environment, materials 
introduced into a highway can be expected to be used more than once in one or more 
applications. Figure 1-2 is a diagram highlighting the life cycle of a recycled material used in the 
highway environment. At the completion of its initial service life, the new material may enter a 
secondary application (i.e., be recycled again) or be disposed of. Engineering and environmental 
issues need to be considered, not only when a recycled material is proposed for use during the 
initial service life of the material, but also in subsequent life cycles. 

DEFINITIONS 

For the purpose of this document, waste, recycled, reclaimed, and by-product materials are ,+ 

collectively grouped under the general category recycled materials. The use, reuse, or recycling 
of these materials into construction or reconstruction in the highway environment is collectively 
referred to as recycled materials use or utilization. 

In addition, throughout this document, reference will be made to classes of materials as defined 
below: 

Traditional Highway Materials - recycled materials originating in the highway sector that have 
historically been used with good results in highway construction applications (e.g., recycling of 
asphaltic pavements ar portland cement concrete pavements back into new pavement 
construction or pavement reconstruction). 

Traditional Recycled Materials in Traditional Application - recycled by-product materials 
originating in the industrial, municipal, or mining sector that have historically been used with 
good results in highway construction applications (e.g., the use of coal fly ash or blast furnace 
slag as a portland cement substitute in portland cement concrete pavements). 

Traditional Recycled Materials in New Application - recycled by-product materials originating 
in the industrial, municipal, or mining sector that have historically been used for one application 
proposed for use in a new application (e.g., the use of reclaimed concrete aggregate in asphalt 
concrete pavements). 
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Figure 1-1. Schematic of the highway environment. 
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New Recycled Materials in Traditional Application -recycled materials that have not been 
previously used (i.e., little or no historical data) in applications where other recycled materials 
have been used (e.g., the use of nonferrous slags as a portland cement substitute in portland 
cement concrete pavements). 

New Recycled Materials in New Application - recycled materials that have not been previously 
used (i.e., little or no historical data) in new applications (e.g., the use of municipal solid waste 
bottom ash in cold emulsion stabilized base course), 

Recycled Materials in Appurtenances - recycled materials (e.g., plastics) used in the 
manufacture of signs, barriers, or guardrails. 

The term "traditional application" as used in the above definitions is meant to refer to highway 
construction applications in which the proposed material or similar types of recycled materials 
have previously been used. The term "new application" is meant to refer to a highway 
construction application in which the proposed materials or similar types of recycled materials 
have not been used. 

SCQPE 

In addition to this introduction, this document contains nine additional chapters. The chapter 
following this introduction provides a general description of the purpose of the framework and 
the general methodology used in the evaluation process. Subsequent chapters (3 through 7) 
provide detailed descriptions of the screening, laboratory testing, and field evaluation portions of 
the process. Chapter 8 provides an illustrative example of the process, Chapter 9 a statistical 
resource section, and Chapter 10 a web site resource section. 

This guidance document will be maintained at the following web sites: 
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FRAMCEWO Purpose and Methodology 

The purpose of the evaluation franlework is to articulate a logical process whereby a decision 
maker can evaluate a recycled materials utilization application and determine whether the 
proposed application is technically and environmentally feasible. Acceptance of a proposed 
application by State transportation and environmental officials means that all relevant 
engineering, environmental, health and safety, recycling, implementation, and economic issues 
have been properly addressed. 

The framework presented is intended as a road map. It follows the process from conception 
through job-specific production with decision points to modify the recycled materials, if 
problems are encountered, or to deny the proposed application if problems cannot be rectified. 
The road map is intended to be a consensus-based document so that all parties in the decision- 
making process are aware of the evaluation procedure and the criteria that will be used to 
approve or reject the application. 

+**a. 

FRAMEWQRPC: FLOWCHART 

The evaluation framework flowchart is presented in Figure 2-1. Figwe 2-1 is a hierarchical 
flowchart, which flows from the general (i.e., less detailed) to the specific (i.e., more detailed) 
evaluation steps. It considers a selected recycled material (e.g., blast furnace slag) and a 
candidate application (e,g., asphalt concrete base course). Together, these constitute a material 
application or product (blast fumace slag as an aggregate substitute in asphalt concrete) that is to 
be considered. 

Once the material and application are identified, it is the responsibility of all parties (particularly 
the decision makers) to define all relevant issues that need to be addressed in order to determine 
the feasibility of the application. 

The process follows three hierarchical steps to evaluate the issues raised. In the Stage 1 
screening step, all existing data are evaluated and it is determined whether the application can be 
approved without my additional testing. The Stage 1 screening step is presented in detail in 
Chapter 3. In the Stage 2 laboratory testing step, either engineering or environmental laboratory 
tests are conducted to obtain additional information on the suitability of the application. The 
Stage 2 engineering and environmental laboratory testing steps are presented in detail in 
Chapters 4 and 5, respectively. In the Stage 3 field testing step, the application is field tested to 
W e r  validate its suitability. The Stage 3 engineering and environmental field testing steps are 
presented in detail in Chapters 6 and 7, respectively. 
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Figure 2-1. Evaluation framework flow process. 



As an example of the process, one would expect that traditional highway or traditional recycled 
materials used in traditional applications with long track records of successful use, which are 
being proposed for use in an identical application in a different location (e.g., State) where the 
material had not yet been used, could be approved after a Stage 1 screen. One would also expect, 
however, that new recycled materials used in traditional applications, which are similar to 
traditional materials, would require some laboratory testing and evaluation (Stage 2) before the 
application would be approved. Additionally, one would expect that new recycled materials that 
are being proposed for use in a new application would require both Stage 2 laboratory testing 
and Stage 3 field testing before approval of the application would be considered. 

The flowchart presented in Figure 2- 1 provides for combining stages if it is clear from the 
original assessment that laboratory and field testing will be required. For instance, an initial 
assessment of the use af processed harbor sediments as an embankment material may suggest 
that laboratory testing and field placement are needed. This could mean that the applicant and 
decision maker would decide that combining a Stage 2 and Stage 3 evaluation is more 
appropriate than initiating sequential Stage 2 and Stage 3 evaluations. 

The flowchart also provides, as part of the stepwise evaluation process, the means to modify or 
beneficiate materials that do not meet criteria so that the application will not be rejected out of 

. hand without providing the applicant an opportunity to revise the application on the basis of new 
data obtained during the evaluation process. 

This process contains some important limitations: 

* This document is meant as guidance for States. It does not supercede existing State 
beneficial use determination (BUDS) or permitting programs, nor does it impose a 
Federal perspective on the States. Rather, it is meant to assist States in developing a 
comprehensive and consistent review and evaluation process for recycled material use. 

New or manufactured products or testing and evaluation criteria fall under existing State 
protocols with evaluation procedures or performance specifications dictated by the 
American Society for Testing and Materials (ASTNI), the American Association of Slate 
Highway and Transportation Officials (MSHTO), or other testing protocols. This 
process is meant to work with or complement that process, not supercede it. As the reader 
examines this document, it will be readily apparent that different criteria may need to be 
developed, new evaluation tests may be needed, and evaluation of a specific project may 
perhaps depend on site-specific situations that cannot be addressed by this general 
document. 

e Issues about the future environmental liability of recycled materials reused in the 
*#'=+ highway environment, particularly as they relate to Superfund designation, are presently 

being evaluated by US.  EPA and are not expressly addressed here. 



* The area of environmentaI assessment (as it relates to human and ecological risk) is an 
evolving one. Rather than prescribe a specific approach, a range of possible approaches is 
provided as these tend to enco ass file approaches being adopted by State 
environmental regulatory agencies. 

e It is assamed that State transportation and environmental agencies will both be involved 
in the evaluation process to address the multidisciplinary engineering and environmental 
issues that are presented in the fi-amework. 

Types of Applications 

The first step in the framework process is the selection by the applicant of a material and 
application. There are seven major application categories in the highway environment in which 
recycled materials have their greatest potential applicability. These include asphalt concrete 
pavements, portland cement concrete pavements, granular base, embankment or fill, stabilized 

-, 
base, flowable fill, and landscaping applications. Other applications exist (e.g., curb and gutter, 
medians, guardrails, signs, etc.), but these applications utilize smaller quantities of materials than 
the aforementioned applications, and their evaluation methods (testing and criteria) are dictated 
by special industrial standards. 

Asphalt Concrete 

Asphalt concrete pavements coruist of a combination of layers, which include an asphalt 
concrete surface constructed over a granular or asphalt concrete base and a subbase. The entire 
pavement structure, which is constructed over the subgrade, is designed to support the traffic 
load and distribute the load over the roadbed. Pavements can be constructed using hot mix or 
cold mix asphalt. Surface treatments are sometimes used during pavement construction. A 
surface treatment acts as a waterproof cover for the existing pavement surface and also provides 
resistance to abrasion by traffic. 

Portland Cement Concrete 

Portland cement concrete pavements (or rigid pavements) consist of a portland cement concrete 
slab that is usually supported by a granular or stabilized base and a subbase. In some cases, the 
portland cement concrete slab may be overlaid with a layer of a.sphalt concrete. 

Granular Base 

Aggregates are used in granular base and subbase layers below the driving surface layer(s) in 
both asphalt concrete and portland cement concrete pavement structures. The aggregate base 



layers serve a variety of purposes, including reducing the stress applied to the subgrade layer and 
providing drainage for the pavement structure. The granular base layer is directly below the 
pavement surface and acts as the load-bearing and strengthening component of the pavement 
structure. The granular subbase forms the lowest (bottom) Iayer of the pavement structure. It 
acts as the principal foundation for the subsequent road profile, provides drainage for the 
pavement structure, and protects the structure from frost. 

Stabilized Base 

A stabilized base is a class of paving materials that are mixtures of one or more sources of 
aggregate and either bituminous or calcium-based cementitious material(s) that can be 
compacted to form a dense mass. A stabilized layer can be used as an alternative means of 
supporting overlying pavements andor to strengthen weaker base or subbase components in a 
pavement structure. 

Embankment or Fill 

An embankment refers to a volume of earthen material that is placed and compacted for the 

C *C-i*r. 

purpose of raising the grade of a roadway (or railway) above the level of the existing 
surrounding ground surface. A fill refers to a volume of earthen material that is placed and 
compacted for the purpose of filling in a hole or depression. Embankments or fills are 
constructed of materials that usually consist of soil, but may also include aggregate, rock, or 
crushed paving material. 

Flowable Fill 

Flowable fill refers to a cementitious slurry consisting of a mixture of fine aggregate or filler, 
water, and cementitious material(s), which is used primarily as a backfill in lieu of compacted 
earth. This mixture is capable of filling all voids in irregular excavations and hard to reach 
places (such as under and around pipes), is self-leveling, and hardens in a matter of a few hours 
without the need for compaction in layers. Flowable fill is sometimes referred to as controlled 
density fill (CDF), controlled low strength material (CLSM), lean concrete slurry, and unslnrink- 
able fill. 

Landscaping Materials 

In the highway environment, there is a need for landscaping materials that can be used as soil 
amendment, top cover, mulch, grading material, and erosion control material. It is of added 
benefit if these materials have nutrient value, particularly when they will be supporting 
vegetative growth. 



xamples of ApplScations of Recycled 

Table 2- 1 lists recycled materials that have been used or have the potential for use, based on 
their engineering properties, in the seven major application categories previously described. As 
is evident in the table, many potentially recyclable materials have a number of potential uses. For 
instance, coal fly ash Has been used as a mineral filler in asphalt paving, as mineral admixture in 
portland cement concrete, as fill material in ennbanknaents, as pozzolan in stabilized base, and as 

gate in flowable fill mixes. 
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ose of the Define an Evaluate Issues Step 

ocess is the issues definition step. The purpose of this step is 
vities, engineering and materials propem data, 

enviromental health and safety data, potential implementation issues, future recycling issues, 
and economic issues associated with the proposed material application. During this step, an 
evaluation should be made to detennine whether there are any readily apparent issues that could p"m, 

warrant rejection or m~dificatioaz of the roposed application. 

detail to which s step is addressed can dictate whether the evaluation proceeds 
in a proper mariner. If the effort in this step is incomplete, then key historical, material property, 
environmental, health and safety, implementation, recyclabili9, and economic data can be 
missed. This can result, at best, in the expenditure of unnecessary h d s  to duplicate previous 
efforts by reevaluating a material that is already in use or, at worst, the omission of key issues in 
the evaluation process that could result in either approval or disapproval. of the proposal an the 
basis of incomplete data. 

n of Key Issues 

A flowchart that can be used to identify the key issues in any material-application proposal is 
we 2-2. The flowchart makes reference to Tables 2-2 through 2-7 that illustrate 
tep in the issues identihcatio~ process. The six tables include Table 2-2, which 

addresses the issues associated with history and previous experience; Table 2-3, which addresses 
materials and e ineering property issues; Table 2-4, which addresses environmental, health, 
and safety issues; Table 2-5, which addresses implementation issues; Table 2-6, which addresses 
recycling issues; and Table 2-7, which addresses economic issues. 



FRAMEWORK Purpose and Methodology 

Table 2-1. Potential uses of recycled materials in various applications. 

Application 
Asphalt Concrete Pavement 

Recycled Material 

Mineral Filler 

Asphalt Aggregate (Hot Mix) 

Asphalt Cement Modifier 

I 

Portland Cement Concrete Pavement 

Asphalt Plant Dust Lime Kiln Dust 
Sewage Sludge Ash Coal Fly Ash 
Cement Kiln Dust 

Blast Furnace Slag Petroleum Contaminated Soils 
Coal Bottom Ash Reclaimed Asphalt Pavement 
Coal Boiler Slag Roofing Shingle Scrap 
Foundry Sand Scrap Tires 
Mineral Processing Wastes Steel Slag 
Municipal Solid Waste Ash Waste Glass 
Nonferrous Slags 

Blast Furnace Slag Steel Slag 
Coal Boiler Slag 

Roofing Shingle Scrap Plastic 
Scrap Tires 

-- 

Mineral Processing Wastes Waste Glass 
Municipal Solid Waste 

Stabilized Base 

Flowable Fill 

Embankment and Fill 

Embankment or Fill Materials C&D Debris Petroleum Contaminated Soils 
Coal Fly Ash Reclaimed Asphalt Pavement 
Mineral Processing Wastes Reclaimed Concrete Scrap Tires 
Nonferrous Slags 

Landscaping Material 

Soil Amendment, Top Cover, Mulch Biosolids Wood Chips 
Wastewater Sludge Compost C&D Wood Waste 



If significant issues or 
problems are identified, 

then it is likely that 
Stage 2 laboratory 

testing (see Chapters 4 
& 5) or the Stage 3 field 
testing (see Chapters 6 
& 7) will be required, 
or it may be necessary 
to consider modifying 
the recycled material 

for use in the proposed 
application, or selecting 

a new 
application. 

Yes +--- 
I (see Table 2-2) 

1 Continue 

Significant Engineering 
and Material Properties Issues 

? 
see Table 2-3) - 

Continue 

I I 
yes [significant Environmental, ~ e a l t h j  

and Safety Issues 
? t- 

I (see Table 2-4) I 

Implementation Issues 

Figure 2-2. Issues evaluation steps. 

2-8 

If no significant issues 
are identified, proceed 

to the 
Stage 1 screening 

step (see Chapter 3). 



Table 2-2. History and previous experkrace questions. 

General Questions" 

1 .  Has the recycled material been used before? If so, identify uses. Y O  N O  

2. Is information available about the source of the recycled material? If so, collect it. Y O  N U  

3. Has this recycled material been previously used? If so, identify applications. Y O  NR 

4. Has this recycled material been used in geographically diverse locations? If so, identify Y O  N U  
locations. 

5 .  Has it been used previously in a similar application? If so, identify location. Y O  N O  

6. Has this recycled material been used in other jurisdictions? If so, identify jurisdiction. Y O  N O  

7. Have other jurisdictions granted use? If so, identify jurisdictional province. Y O  NCI 

1. Is information available about important prior experiences (previous use, prior objections, Y O  N O  
similarity with other materials)? If so, collect the information. 

2. Are there experts available to discuss prior experiences? This can include regulators, Y O  N O  
scientists, practitioners, waste generators, associations. If so, contact the experts. 

3. Is there any published literature about prior experiences? If so, obtain tRe information. Y O  N O  



General Area 

Engineering 

Materials 
Properties 

ineering and mat rials properties questions. 

General ~uestions' 

Is information available about the engineering properties of the recycled material? This could 
include information about gradation, bulk density, durability, and compaction data. If so, 
collect the pertinent information. 

Is the recycled material appropriately characterized with respect to time-dependent 
engineering properties? This could include time-dependent variation in gradation, bulk 
density, durability, and compaction. If so, collect the pertinent information. 

For the proposed application, are there appropriate engineering criteria for the product? This 
could include durability, grain size, and compaction requirements. If so, collect the pertinent 
criteria. 

Is engineering information available about important prior experiences (previous use, prior 
performance criteria, similarity with other materials)? If so, assemble the pertinent 
information. 

1. Is information available about the materials properties of the recycled material? This could Y  O N R 
include information about loss on ignition, mineralogy, and pozzolanic activi.ty of the waste 
material. If so, summarize the data. 

2. Is the recycled material appropriately characterized with respect to time-dependent materials Y  q N O 
properties? If so, summarize the data. 

- - -  

3. For the proposed application, are there appropriate materials properties criteria for the Y U  N O  
product? If so, identify the criteria. 



General Area 

Environmental 

Public Health 

Safety 

Table 2-4. Environmental, health, and safety (EM[§) properties questions. 

General ~uestions' - 
Is information available about the environmental properties of the recycled material? This 
could include information about total elemental composition, total available element 
composition, and volatile and semi-volatile organics composition data. If so, collect the 
pertinent information. 

Is the recycled material appropriately characterized with respect to time-dependent 
environmental properties? This could include time-dependent variation in total elemental 
composition, total available element composition, and volatile and semi-volatile organics 
composition. If so, collect the pertinent information. 

For the proposed application, are there appropriate environmental criteria for the product? 
This could include leaching data, total content data, particle size, etc. If so, collect the 
pertinent criteria. 

Is environmental information available about important prior experiences Oprevious use, 
prior performance criteria, similarity with other rnateriaIs)? If so, assemble the pertinent 
information. 

Have there been any environmental assessments undertaken relative to the lase of the 
proposed material. If so, summarize the information. 

1. Are there any Materials Safety Data sheets (MSDS) for the recycled materials? If so, Y O  Na 
collect the sheets. 

2. Have there been health risk assessments (MRA) undertaken relative to the proposed use of Y N 5 
the material? If so, summarize the information. 

1. Have there been prior OSHA issues for generation, processing, storage, and use in previous 'SI a N 0 
efforts? If so, summarize the information. 



Table 2-5. Implementation issue questions. 

L a , , ,  1 General Questicans' 

1 2. Are there any apparent reguiatory constraints? If so, describe them. YCll NO UtJ 

Implementation 

3. Are there any apparent public acceptability constraints? If so, describe them. YO NU UO 
1. Y =Yes, N=No, U=Unknown 

1. Are there any apparent political constraints? If so, describe them. 

Table 2-6. Recycling issue questions. 

Recycling 

General Area 

1. Are there likely recycling or life-cycle issues? If so, identifl them. YU NO UU 
2. Has the recycled material or its application been reused within other areas of the highway 

environment? If so, identify them. YO NO W O  

General Questionsa 

I I 

1. Y = Yes, N = No, U = Unknown 

Table 2-7. Economic issue questions. 

Genera1 Area General Questions' 

Economic I. Are there any apparent economic constraints? If so, identify them. YO NO UO 
1. Y = Yes, N = No, U = Unknown 



STAGE 1 - SC 

The next step in the fixmework process is the Stage 1 screening step. The Stage 1 screening step 
includes screening procedures for engineering and materials properties, environmental, health 
and safety, recycling, implementation, and costs. The purpose of the Stage I screen is to 
determine, on the basis of existing data, whether the proposed application can be approved 
without additional study. Such approval, in the absence of any additional testing, means that the 
decision maker has a relatively high degree of certainty that the applicant has provided sufficient 
infomaticm to justify acceptance of the proposed material and application. This will necessitate 
that the applicant demonstrate that the proposed material is sufficiently similar to a "referencey' 
material (a material that is produced, processed, and utilized in a similar manner) to wmant 
approval of the application. 

This screening step is most applicable in situations where (1) traditional materials are being 
proposed for use in traditional applications, (2) the materials have been used historically without 
problem, (3) there are Iarge data sets from other locations, and (4) the environment in which it is 
being proposed for use is similar to those environments in which is has been previously used. As 
an example, an application that proposes the use of waste glass as part of a granular base might 
be suitable for a Stage 1 screening approval, if the applicant can show that waste glass that has 
been processed in a similar matter has been successfully used in similar applications in another 
location. 

This stage is not likely to result in approvals for use for traditional recycled materials in new 
applications, new recycled materials in traditional applications, or new recycled materials in new 
applications without additional (Stage 2 or Stage 3) study. 

STAGE 2 - LAB0 TORY TESTING 

The next step in the framework process is the Stage 2 laboratory testing evaluation. The Stage 2 
testing evaluation is intended to characterize (1) the engineering and materials properties and (2) 
the environmental, health, and safety properties of the proposed recycled material and its 
application product. These characterization data can then be compared with established criteria 
or to the performance of reference materials using similar laboratory protocols. 

This Stage 2 laboratory testing stage is applicable in situations where (1) there is insufficient 
historical information to adequately assess the properties of the proposed material, or (2) because 
of uncertainty with respect to the reliability of historical data, verification of these data is 
warranted. 

A detailed presentation of Stage 2 testing engineering and environmental recommendations is 
presented in Chapters 4 and 5,  respectively. 





Screening 

A Stage 1 screening procedure can be designed to address engineering, environmental, health 
and safety, recycling, implementation, and economic issues. Recommended screening 
procedures for each of the above referenced issues are presented in this chapter. 

To undertake a Stage 1 engineering screening procedure, it is recornended that (1) a 
comparative source assessment be undertaken, which includes an analysis of the production or 
generation processes of the proposed and reference materials to veriEy that they originate fram 
the same type of source, (2) a comparative materials properties assessment be undertaken, which 
includes an evaluation to determine whether the properties of the proposed and reference 
materials are sufficiently similar, and (3) a historical field performance assessment be 
undertaken, which includes a determination from historical records that the material will perform 
satisfactorily in the proposed application. 

Figure 3-1 provides a flowchart highlighting the three steps in. a Stage 1 engineering screen. 
Included in Figure 3-1 is reference to Table 3-1, which provides additional guidance on 
evaluating the material source, engineering properties, and field performance history of the 
material during a Stage 1 screen. 

aterials Source Assessment 

The materials source screening test method, presented in Figure 3-1 and Table 3-1, requires that 
sufficient information be presented by the applicant to permit the decision maker to determine 
that the proposed material is or will be generated and processed in a manner similar to the 
historical reference material, and that changes in the production, generation, or post-production 
operations will not impact the quality of the proposed material with respect to the intended 
application. 

I f  the quality of the feedstock material in any commercial or industrial operation is altered, one 
can expect some modification in the quality of the recycled material generated or produced in the 
process, For example, if the feedstock material for waste glass, which is being crushed and 
screened for use as a fme aggregate, is switched from a glass supplier that provides clean 
crushed glass (e.g., glass-only processor) to a supply of glass from a municipal recycling facility 
that processes curbside recyclables that consist of metal cans, plastic containers, and glass), the 
quality of the glass (with respect to the introduction of non-glass contaminants) can be expected 
to decrease. 

P*"n 

Many commercial and industrial operations periodically alter their production processes. Such 
modifications could irrpct  the material quality. For example, an increase or decrease in the 
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Historical Field Performaan 

The historical en ineering and materials roperty field perfomlance assessment, presented in 
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As in all the recommended assessments, the source of the data should be evaluated to determine 
that reported field testing and evaluations were undertaken by reputable organizations. It is also 
recommended as part of this assessment that the decision maker seek first-hand knowledge and 
advice from previous users of the proposed material in the intended application to con fm the 
findings and conclusions provided in written historical documentation. Direct contacts can be 
invaluable in providing specific information concerning the material and its proposed 
application. Data obtained in such a manner can yield information that may not be readily 
evident from a review of published reports. 

Establish Performance Criteria , 

During the development of the screening plan, the decision maker will need to determine the 
criteria upon which an approval will be based. In this task, the decision maker may have a 
number of options. For example, where available, ASTM or AASHTO specifications or criteria 
imposed by local jurisdictions [e.g., State departments of transportation (DOTS)] can be used as 
performance criteria. In cases where no definitive criteria exist, the decision maker can compare 
the proposed material test results to that of a reference material (e.g., conventional construction 
material) to assess the relative properties of the proposed material versus that of a conventional 

..= =-. material. 

When evaluating new materials in highway construction applications, the passing or failing of 
one engineering or materials property test may not warrant a rejection of the material, 
padiculady if performance testing suggests that the final product (e.g., an asphalt pavement) will 
perform satisfactorily. When a questionable situation arises, the decision maker can ultimately 
revert to Stage 2 laboratory evaluation to resolve uncertainties identified at the screening stage. 

ENVIRONMENTAL, HEALTH, AND SAFETY 

To undertake a Stage 1 environmental, health, and safety screening procedure, it is 
recommended that (1) a comparative source assessment be undertaken, which includes an 
analysis of the production or generation processes of the proposed and reference materials to 
verifjr that they originate from the same type of source, (2) a comparative materials properties 
assessment be undertaken, which includes an evaluation to determine whether the properties of 
the proposed and reference materials are sufficiently similar, and (3) a historical field 
performance assessment be which includes a determination from historical records 
that the material will perform satisfactorily in the proposed application. 

Figure 3-2 provides a flowchart highlighting the three steps in the environmental, health, and 
safety screen. Included in Figure 3-2 is reference to Table 3-2, which provides additional 

F ~ -  guidance in evaluating the material source, environmental, health, and safety properties, and 
field performance history during a Stage 1 screen. 
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Materials Source 
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(See Table 3-2) 

I Are Proposed I 
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Are Post-Production 
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Are Reliable 
Data Available ? 

Do the Data Comply 
With Appropriate Standards ? 
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(See Table 3-2) 

Are There Personal 

data indicate satisfactory 
performance, then a 

Stage 1 approval is possible 

Figure 3-2. Stage 1 environmental, health, and safety properties screening flowchart. 

materials will exhibit the same properties based solely on the presentation of information 
provided in the materials source assessment. 

Historical Environmental, Health, and Safety Field Performance Data 

.~~~ As part of the evaluation process, the decision maker should ensure that adequate environmental 
property data are available to make an affirmative decision regarding the proposed application, 



Parameter 

Material Source 

Environmental 
Properties 

Table 3-2. Stage 31 en~ronrmental, health, and safety ser 

Test Method 

Determine whether the 
proposed material is 
generated kom the same 
process or operation as 
the reference material. 

Assess whether there are 
sufficient data to 
compare the 
environmental 
properties of the 
proposed material and 
reference material, and 
whether the respective 
properties are 
sufficiently similar to 
approve the proposed 
material for use. 

Evaluation  riter ria' 

Will the quality of feedstock materials to be used In the production or generation of the YI7 NU UD 
proposed material be sufficiently similar to that used to produce or generate the 
reference material so that the environmental properties of the proposed material will 
not be significantly impacted and will still be comparable to the reference material? 

Will the operating conditions associated with the production or generation of the Y B  NO UO 
proposed material be sufficiently similar to that of the reference material so that the 
environmental properties of the proposed material will not be significantly impacted 
and will still be comparable to the reference material? 

Will the post-production operations (e.g., material processing, handling, and storage) YO NO U a  
associated with the production or generation of the proposed material be sufficiently 
similar to the reference material so that the environmental properties of the proposed 
material will not be significantly impacted and will still be comparable to the reference 
material? 

1. Are appropriate environmental property data available for both the proposed and YU NO UO 
reference materials, and are the data reliable? 

2. Can it be determined that the proposed and reference materials have statistically YCI NO UO 
similar environmental properties that are in conformance with the specifications of the 
proposed application, and are they comparable? 



Parameter 

Field 
Performance 

Table 3-2. Stage 1 environmental, health, and safety screening checklist (continued). 

Test Method 

Determine whether the 
reported historical data 
provided give 
reasonable assurance 
that the proposed 
material will provide 
satisfactory performance 
in the intended 
application. 

- Evaluation Criteria1 

1. Is there a sufficient and reliable historical performance record available? YO NCI ~n 

2. Are there personal contacts (regulators or scientists with experience) available with YE! NO UD 
whom to review the results of the historical performance data, and have the above- 
referenced contacts provided positive feedback regarding the application? 

3. Were there any specific problems or difficulties reported, and were the reported YCl N O  UU 
problems satisfactorily addressed in previous investigations to warrant a Stage 1 
approval? 

1. Y = Yes, N = No, U = Unknown 



that the sample statistics of the environmental property data provided by the applicant for the 
proposed and reference materials are comparable, and that they are within the design criteria of 
the specifying jurisdiction. Illustrative examples of statistical methods used to compare historical 
data to standards or the performance of reference materials is given in Chapter 9. 

The historical environmental, health, and safety field performance assessment, presented in 
Figure 3-2 and Table 3-2, requires that an evaluation be undertaken of the field performance of 
the reference material. affirmative answer may be given in this assessment if there are 
sufficient historical field performance data available, over a period of time that is adequate to 
assess the expected life cycle of the application, and if the climatological environmeret(s) of the 
historical record is comparable to the environment of the proposed application. As in all the 
recomended assessments, the source of the data should be evaluated to determine that reported 
field testing and evaluations were undertaken by reputable organizations and that appropriate 
quality assurance and control procedures were used in the data collection process. It is also 
recomended as part of this assessment that the decision maker seek first-hand knowledge and 
advice from previous users and regulators in other States of the propased material in the intended 

ication t~ confirm the findings and conclusions provided in written historical documentation. 
ct contacts can be invaluable in providing specific information concerning the material and 

plication. Data obtained in such a manner can yield information that may not be - 
from a review of published reports. 

erformarace Criteria 

During the develo ment of the screening plan, the decision maker will need to determine the 
criteria on which approval will be based. The selection of appropriate criteria can be based on 
existing enviromental, health, and safety criteria that can be used as yardsticks. These may 
include clean soil criteria, which are used as guidelines for contaminated site remediation, 
ground water standards, surface water standards, and indoor or work place air quality standards 

ards developed by States as part of their beneficial use determination (BUD) process. 

e values in these criteria or standards have been established by Federal and State agencies to 
mmnimize likely impacts to receptors on the basis of ingestion, inhalation, or dermal exposure. 
Inherent here is the assumption that the exposure scenarios anticipated during the design life of 
the application and during subsequent reuses is similar to those used to articulate the above risk- 

ased standuds. The relevance of this assumption should be assessed in each instance, since the 
suitability of the reference criteria are critical to a good evaluation. 

Suitable reference materials (e.g., traditional construction materials) can be used as controls to 
compare the environmental performance of the proposed material and a reference material or 
series of reference materials. Inherent here is the assumption that these reference materials are 

an environmental and health risk perspective. 
"&-% 

Chapter 10 provides a listing and description of available web sites (as of this writing) that can 
be used to access information on assessment methods and criteria that can be used in a Stage 1 
evaluation. 



Since the current trend in managing recycled materials generated during the demolition of 
existing pavements is to reclaim and recycle as much material as possible, it is important to 
assess whether the introduction of new materials into roadway structures could adversely impact 
the potential for recycling the pavement (containing the recycled material) in a secondary (post- 
service life) application. In a Stage 1 recycling screen, it is recommended that both the applicant 
and the decision maker consider the potential impact that using the proposed material might have 
on their subsequent reuses. 

It is recommended that the applicant and decision maker proceed with such an evaluation by (1) 
identiQing the most likely subsequent use or uses of the product, (2) evaluating the impact of the 
proposed material on the engineering and materials properties of the secondary product, and (3) 
evaluating the impact of the proposed material on the environmental, health, and safety 
properties of the secondary product. 

Figure 3-3 provides a flowchart highlighting the three steps in a recyclability evaluation. 
Included in Figure 3-3 is reference to Table 3-3, which provides additional guidance on 

Ma-- evaluating the engineering, environmental, and worker health and safety issues during the Stage 
1 screen. 

Identify Likely Subsequent Reuses 

When roadway construction materials are recycled, they are generally recycled into products that 
will take maximum advantage of the inherent ecanomic value of the properties of the original 
product. For example, since recycled asphalt pavements (RAP) contain high-quality aggregates 
as well as asphalt cement, it is more desirable to use RAP in new pavements where the value of 
high-quality aggregate and the asphalt cement may be taken advantage of, as opposed to utilizing 

as a granular base material, where lower-quality aggregates and aggregates without 
ernent might suffice. Previous studies by the FHWA have identified a hierarchy of 

roadway material uses that identify potential secondary product applic (User Guidelines 
for Vmte and By-Product Materials in Pavement Constmetior,, F -97-148, 1998). This 
hierarchy can be used in a Stage I screen to identify potential post-service life applications for 
various highway construction materials. Table 3-4 presents a listing of these roadway material 
uses highlighting the original or initial applications and potential subsequent applications. 

To identify potential subsequent applications, the applicant or decision maker enters the table on 
the left with the initial application and follows the row to the right of the initial application to 
select all potential secondary or post-service life applications. For example, a recycled hot mix 
asphalt concrete pavement could potentially be lased in a cold mix, seal coat or surface treatment, 
as a stabilized base, granular base or embankment or fill material (some jurisdictions may 

i,cryin, prevent its use in an embankment or fill because of the presence of asphalt cement in the 
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Figure 3-3. Recycling screening flowchart. 

recycled hot mix). A recycled portland cement concrete pavement could be used in new portland 
cement concrete pavements, as a flowable fill aggregate, in a stabilized base or granular base, or 
as an embankment or fill material (recycled portland cement concrete pavements have also been 
sparingly used in asphalt pavement construction). A granular base or subbase aggregate material 
can be utilized as a flowable fill aggregate, a stabilized or granular base, or as an embankment or 
fill material. 

Impact an Engineering and Materials Properties 

ecause of the hierarchy of uses in which materials are generally categorized, in most cases 
materials that have been used in an initial application will be suitable for use in a secondary 
application that requires lower quality materials. There can be instances, however, in which 
degradation of the proposed material during its service life or post-service life processing might 
alter the engineering properties of the original material and as a result compromise its use in a 
secondary application. This can occur in particle strength (blast furnace slag, municipal waste 
combustor ash) might degrade during its service life or post-service life processing, resulting in 
secondary products with higher fines content than anticipated; or when combustible products 
(rubber, carpet fiber) are introduced into products that may require high temperature secondary @-%" 

processing operations (asphalt plant drying). 



TabIe 3-3. Stage 1 recycling screening checklist. 

Test Method 

If the proposed material is incorporated into 
the engineered product, could it significantly 
impact the engineering quality of the product if 
used in a secondary application at the 
completion of its usefix1 service life? 

If the proposed rnaterial is incorporated into 
the engineered product, could it significantly 
impact the environmental quality of the 
product if used in a secondary application at 
the completion of its useful service life? 

If the proposed material is incorporated into 
the engineered product, could it significantly 
impact the worker health and safety properties 
of the product if used in a secondary 
application at the completion of its useful 
service life? 

- 

Evaluation Criteria1 

1. Could the proposed material adversely impact the 
production process during a post-service life application? 

2. Could the proposed material properties be altered during 
either its service life or post-service life processing to such 
an extent that it could significantly impact the properties 
of the secondary material? - 

1. Could the proposed material adversely impact the 
environment (air, water, or soil quality) during post- 
service life processing if introduced into a secondary 
application? 

2. Could the proposed material adversely impact the 
environment (air, water, or soil quality) during its post- 
service life use if introduced into a secondary application? 

3. Could the proposed material adversely impact the 
environment (air, water, or soil quality) if disposed of as 
construction and demolition debris after its initial service 
life? 

-- 

1. Could harmful hgitive dust or volatile gaseous emissions Y N U 
resulting from the use of the proposed material impact 0 0  
worker health or safety during post-service life processing 
or construction activities? 

2. Could the use of the proposed material create a hazard to 
the physical safety of workers during post-service life Y N U  
processing or construction activities? 0 0 0  

1.  Y = Yes, N = No, U = Unknown 



Initial ~pplicatiorn' 

Table 3-4. Recycled material recycling matrix. 
-- 

Potential Subsequent Reuse ~ p ~ l i c a t i u n ~  

Portland Cement Concrete 

-- 

?ORTLAND CEMENT CONCRETE 

hitiator or Additive 
LJNBOvni?) AGGREGATE AND FILL 

1. Represents original proposed material application. 
2. Represents potential secondary uses of the excess material after the original service life. (Dots identify potential secondary application.) 
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STAGE 1 EVALUATION Screening 

Impact on Environmental, Health, and Safety Properties 

From an environmental health and safety perspective, when recycled materials are incorporated 
into cozmstruction materials, the encapsulating effect of the engineered product is sometimes used 
to justify the material application (leaching and dust emission problems can be mitigated by such 
encapsulation). Post-service life processing that can alter the structural integrity of the original 
product could modify the encapsulating properties of the original product, introducing new 
environmental exposure pathways. This is particularly noteworthy in applications where the 
original material was used as part of a bound (concrete) product, but will be used as an unbound 
product (granular fill material) in a post-service life application. 

Additionally, introducing materials with potentially harmful chemical or physical properties into 
an engineered product could result in potential safety problems to workers who must handle the 
material during post-service life recycling or cons&uction operations. Fugitive dust, volatile 
emissions, or contact with chemically or physically abrasive materials are some of the concerns 
that should be considered. 

IMPLEMENTATION 

While some recycling strategies may appear to be technically and economically sound, the 
degree of difficulty that may be encountered in actually implementing the proposed recycling 
strategy can exceed that which either the applicant or the decision maker may have anticipated. 
It is therefore recommended that an applicant and decision maker consider, in a Stage I screen, 
the degree of difficulty that might be involved in implementing the proposed strategy. This 
evaluation procedure is not intended to establish a clear approval or rejection rating. It is 
primarily intended to increase the awareness of both the applicant and decision maker to some of 
the potential constraints that may be encountered while seeking to commercialize the proposed 
recycling strategy. 

To undertake a Stage 1 implementation screen an evaluation is needed to assess the institutional, 
political, and public acceptability of the proposed option. 

It is recommended that the applicant and decision maker undertake such an evaluation by (1) 
assessing the degree of difficulty required to gain final acceptance of the material and its 
proposed application by the technical community, (2) assessing the degree of positive support 
that one might expect from public officials, and (3) assessing the degree to which the public will 
look favorably or unfavorably on the proposed application. Figure 3-4 provides a flowchart 
highlighting the three steps in the Stage 1 implementation screen. Included in Figure 3-4 is 
reference to Table 3-5, which provides additional guidance in evaluating the institutional, 
political, and public acceptability issues. 

?a=- 



Evaluate Institutional 
Acceptability 

(See Table 3-5) 

Evalilate Political 

High 

Proceed With Caution 

Figure 3-4. Stage 1 implementation screening flowchart. 

Institutional Accepta -, 

Institutional acceptability is a factor intended to account for the degree of technical difficulty 
that might be encountered while attempting to move a new material application into a 
commercial application. The evaluation criteria are presented in Table 3-5 in the form of a 
checklist that includes four issues. Each of the four issues can be given a high, medim, or low 
rating. 

The first issue listed requires that the evaluator rate the degree of difficulty that will be 
encountered in seeking to incorporate the proposed material into local construction specifications 
as an alternate material for use. This will require an assessment of the data needs and steps 
required to modiQ these specifications. A high rating for this issue would suggest that a greater 
degree of difficulty is required than a medium or low rating. 

The second issue requires the evaluator to rate the degree of difficulty that will be encountered in 
seeking to gain environmental approvals (relevant beneficial use permits) for the proposed 
application. A high rating would suggest a greater degree of difficulty than a medium or low 
rating. 

The third issue requires the evaluator to rate the degree to which engineers might be willing (or 
reluctant) to specify the material in the proposed application. A material for which there is some 
uncertainty regarding engineering or environmental performance can be expected to have less 
favor with most engineers. A high rating would suggest greater reluctance by engineers to 

-., 
specify the material than a medium or lower rating. 



Table 3-5. Stage 1 implementation screening checklist. 

Parameter 

Institutional 
Acceptability 

Political Acceptability 

Public Acceptability 

Test Method 

Consider the probability that the 
regulatory community will approve and 
the technical community will accept and 
utilize the material in the proposed 
application. 

Consider the degree to which public 
off~cials will support or impede the 
proposed application. 

Assess the degree to which the public 
will accept the proposed material- 
application strategy. 

Evaluation criteria1 

Rate the degree of difficulty that can be anticipated in H M L 
obtaining approval to incorporate the material- 0 0 0 
application match into existing construction 
specifications. 

Rate the degree of difficulty that can be anticipated H M L 
prior to the receipt of environmental approvals from 0 0 0 
regulatory agencies. 

Rate the degree of reluctance that engineers might H M L 
have in specifying the material in the proposed 0 0 0 
application. 

Rate the degree of reluctance that contractors might H M L 
have in utilizing the material in the proposed 0 R 0 
applications. 
- - 

1. Rate the degree to which political opposition could H M L 
impede the application. 0 D 0 

1. Rate the degree to which the public opposition due to H M L 
perceived environmental, health, safety, or economic 0 0 0 
impacts could impede the application. 

1. H = High, M = Medium, L = Low 



The fourth issue is intended to focens the evaluator on the degree to which contractors might be 
willing to use the material. Materials that require new construction or quality control procedures 
are likely to be less desirable to contractors. A high rating would represent greater reluctance by 
the contractor than a medium or lower rating. 

Political Acceptability 

Political acceptability is a factor intended to account for the expected level of support that one 
might receive from public officials for the proposed material-application use. The primary issue 
in such an evaluation is the significance ar impact that the proposed application might have in 
solving a high-profile material management problem. Positive political support can also be 
expected to facilitate institutional constraints that relate to regulatory and permit approvals. 

The evaluation criteria are presente in Table 3-5 in the form of a checklist that includes one 
issue: To what degree is political o osition anticipated? If the proposed material can provide 

-profile material management problem in a cost-e ctive, environmentally 
a1 manner, then it is likely that support f r ~ w  c officials will be 

forthcoming. On the other hand, if the application is a low-profile issue, with little impact on the 
voting community, it is unlikely that significant public support will be forthcoming. This issue 
can be given a high, medium, or low rating, where a high rating represents a greater degree of a-mCCh 

political opposition than a medium or low rati 

Public acceptability is a factor intended to address the real or perceived reaction that the public 
may have to the proposed recyclin strategy. Adverse public reaction to a proposed material- 
application strategy can be expected, in most cases, t~ erode political and institutional support. 

The evaluation criteria are presented in Table 3-5 in. .the foam of a checklist that includes one 
issue: 'Po what degree will the public oppose the project based on perceived environmental, 

ealth, safety, or economic impacts? This issue can be given a high, medium, or low rating. A 
high rating represents a greater degree of public opposition than a medium or low rating. 

In a Stage I economic screen, the applicant should provide sufficient economic data to 
demonstrate to the decision maker that the proposed material can be utilized in a cost-effective 
manner and that the cost is competitive relative to conventional materials. The level of detail 
associated with an economic screen need only be of a general nature. 
elifinate or discourage applications in which the cast of utilizing the 

ficantly higher than that of conventional materials, without any apparent benefit. 

It is recommended that the applicant and decision maker undertake such an evaluation by 
considering (5) the price that the contractor would pay to have the material delivered to the job 



,r..i"nl STAGE 1 EVALUATION Screening 

site, (2) the material cost plus the cost of design and construction (including quality control), and 
(3) the annual cost of the installed product over the life of the product (including maintenance). 

The material cost of the recycled material is the delivered price of the material toa the job site. 
To determine which of the above cost items will be of most use in examining the economic 
viability of a proposed recycling strategy, the decision maker should consider three potential 
scenarios: (1) if the installation cost and expected performance of the proposed material is 
equivalent to that of a conventional material, then the decision maker need only compare the 
material cost of the proposed versus that of conventional materials; (2) if the new material is 
used in an application where additional design, construction, and quality control procedures are 
warranted, then the decision maker should compare the installation cost associated with the 
proposed material with the installation cost associated with the use of conventional materials; 
and (3) if introducing the proposed material into the application alters anticipated maintenance 
cost or the expected service life of the product, then the decision maker should compare the life- 
cycle cost of the application when the proposed material is used with the life-cycle cost when 
conventional materials are used. 

Figure 3-5 provides a flowchart highlighting these evaluation steps. Included in Figure 3-5 is 
reference to Table 3-6 where the three costs outlined above are presented as equations that can 

f- be used to calculate each respective cost and as evaluation criteria to assess whether the 
proposed material will be more or less costly than conventional materials. 

Material Cost 

The material cost of the recycled material is the delivered price of the material to the job site. 

The material cost evaluation criteria are presented in Table 3-6 in the form of an inequality. The 
proposed material cost is compared with the known cost of a conventional material. If the 
proposed material cost is less than or equal to the delivered price of conventional materials, then 
the economic screen would yield a positive result. 

Installation Cost 

The installation cost when using a new material can be calculated by adding the material cost to 
the design and construction costs, as well as any special testing and inspection requirements. 

The installation cost evaluation criteria are presented in Table 3-6 in the form of m inequality. 
The proposed material installation cost is compared with the installation cost that would be 
incurred if a conventional material was used. If the proposed material installation cost is less 
than or equal to the installation cost that would be incurred when using conventional materials, 
then the economic screen would yield a positive result. 





STAGE 2 EVALUAT 

INTRODUCTION 

In a Stage 2  engineering and materials properties evaluation, a laboratory testing program must 
be developed that will provide sufficient data to demonstrate that the proposed material is 
suitable for use in the proposed application. 

To undertake this Stage 2 evaluation, it is recomrnended at (1) an engineering test plan be 
prepared that delineates the samples to be tested and the tests to which the sample will be 
subjected, ( 2 )  acceptable engineering and materials specifications or performance criteria be 
established so that the decision-making process can be completed, and (3) the data be 
statistically evaluated to determine if specifications are met or if performance is similar to 
appropriate reference materials. 

Figure 4-1 provides a flowchart highlighting the sequential steps in an engineering and materials 
properties Stage 2  evaluation. Included in Figure 4- 1 is reference to Tables 4- 1 through 4-1 2 .  
These tables provide a listing of engineering and materials properties test methods for most of 
the applications that will be encountered in the highway environment (see List of Tables at the 
front of this report for all table titles and applications ). Tables 4- 1 through 4- 12 contain three 
columns: (1) a comment column that provides a description of the purpose of the test and when 
the test should be used, (2 )  a criteria column that provides a description of available or suggested 
test criteria, and (3) a description and reference for potential test methods that could be used. 

Included in the tables are both material testing recommendations and product testing 
recommendations. For example, Table 4-1 provides a listing of recommended tests to evaluate 
the quality of a new material proposed for use as an aggregate substitute in asphalt concrete 
paving mixtures. Table 4-3 provides a listing of recormmended tests to evaluate the performance 
of the asphalt concrete product, which can include the proposed material blended with 
conventional materials and asphalt cement. 

Inherent in the use of this detailed flowchart is that laboratory testing requires assessment of the 
engineering and materials performance of the proposed material as well as the engineering and 
materials performance of the product or the application it will be used in. Finally, it is important 
to consider engineering and materials performance in potential post-service life utilization 
scenarios. While these reuse scenarios cannot be precisely described, it is important to identify to 
the extent possible hture engineering issues that may arise if the recycled material is reused. 



Design test plan that 
delineates sampling and 

testing requirements 

Establish performance 
criteria for decision making 

Are the materials 
and engineering 
properties of the 

proposed material 
similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 4-1 to 
4-12) 

Evaluate Data 

Are the materials 
and engineering 
properties of the 
proposed product 

containing the 
recycled material 

similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 4-1 to 
4-12) 

Are the materials 
and engineering 
properties of the 
proposed product 

containing the 
recycled 

material in 
subsequent 

reuses similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 4-1 to 
4-12) 

Figure 4-1. Engineering and materials properties laboratory testing flowchart. 



STAGE 2 Tests 

PLAN 

The engineering and mate als properkies laboratory test plan should contain all appropriate test 
methods and procedures, ference materials to be used, criteria to be 
compared with, and statistical are the laboratory data with criteria 
or with the perfomance of the reference mate~al. 

Some recycled matel-ials that may be dbr use in a given appl on may have unique 
roperties that do not readily lend the for testing as prescrib the proposed test 

methods. For example, an applicant wishing to use scrap tire as an embankment material will 
have difficulty applying the test meth ted in Table 4-7 because of the relatively large size 
of the tire chips (25 to 75 mm), whic t fit into the testing molds. Exannples of properties 
and corresponding tests that are uns clude pemeabiliv (MSHTO T24 5 or ASTM 
D50841, compressibility (AASHTO T216 or ASTM D4186), bearing capacity (AASHTO T193), 
and shear strength (AST D2850, ASTM D3080, md M D4767). In such cases alternative 
methods m y  be needed design conditions will have e based on field experience and 

<-+ 
construction specifications and not lab testin 

In other cases, not all of the engineering and materials gropea-ties a corresponding test methods 
will need to be evaluated for all proposed materials. For ex it is known that a non- 
plastic material such as waste glass 01- blast mace slag is being proposed for use as an 
aggregate or filler substibte in a stabilized e application (see Table 4-91, then Atterberg Limit 
testing to detem~ine the plasticiv of the material would be meczssary. 

In some instances additional tests not listed in the table may be warranted. For example, when 
reclaimed concrete material is used as a lar base it could have a tendency to clog down- 
gradient drainage systems containi es (sometimes wrapped around piping) because of 
the formation of calcium carbonate deposits (refe'ened to as tufa deposits). In such instances 
some additional testing may be warranted to ensure that this deposition does not occur. 

In summary, Tables 4- 1 though 4- 12 provide recommended, guidance that the decision maker 
may be required to rno&fy as needed for the particular material under consideration. 

ABLISM ACC 

During the development of the test plan, the decision maker will need to determine the criteria 
on which an approval will be based. Two approaches for evaluating the materid properties are 
available. The first includes the use of ASTM or k4SHT8 specifications imposed by local 

<xw -- jurisdicti~ns (e.g., State DOTS), and the second, which is most applicable when such criteria are 
nonexistent, is the use of a reference material (e.g., conventional construction material) to assess 
the relative engineering properties of the proposed material versus that of the reference material. 



STAGE 2 VALUATION Eneineerine Lab Tests 

Tables 4- 1 through 4- 12 provide a description of available c r i te~a  or recommendations on which 
the decision maker can make an evaluation. 

When testing new materials in highway construction applications, the passing or failing of one 
engineering property test may not warrant a rejection of the material, particularly if performance 
testing suggests that the final product (e.g., an asphalt pavement) will perfonn satisfactoriIy. 
There may be instances where the proposed material yields poor particle strength results, but in a 
blended matrix product the material performs in an acceptable manner. When a questionable 
situation arises, the decision maker can ultimately revert to Stage 3 field evaluations to resolve 
laboratory uncertainties. 

EVALUATE LABORATORY DATA FOR POSSIBLE APPROVAL 

As illustrated in Figure 4-1, data comparisons between the recycled material and reference 
materials, or between recycled materials and appropriate ASTM, AASHTO, or State DOT 
standards will be required to evaluate the suitability of the application. Such comparative 
analyses are best undertaken using standard statistical procedures. Examples of such statistical 
procedures are presented in Chapter 9. 

c--; 



Table 4-1. Stage 2 laboratory testing recommendations far 
aggregate substitutes in asphalt concrete. 

Engineering 
Property 

leleterious 
aaterials 

Comment 

Potentially deleterious materials, such as 
organic matter, clays, debris, etc., could affect 
the strength and durability of an asphalt 
pavement. Such materials can be identified 
using a number of test procedures. Two such 
tests are the sand equivalent test method and 
petrographic examination. 

The sand equivalent test method is a 
Superpave recommended test method to assess 
the clay content of fine aggregates. For new 
materials that do not contain plastic fines, the 
test method is not applicable. A visual 

resulting from wetting and drying cycles. 
Freeze-thaw tests measure the susceptibility of 
the material to breakdown fiom freezing and 

Criteria 

There are no ASTM or AASHTO specification 
limits for the sand equivalent test (ASTM 
D2419). A typical value of 45 to 50 is used for 
hot mix fine aggregate. 

ASTM C295 has no formal specification 
requirements and is used as an indicator to 
screen for problematic constituents. 

Soundness tests are required as part of most 
jurisdictional specification requirements. 
ASTM D692 provides for an 18 percent 
maximum for magnesium sulfate soundness, 
and a 12 percent maximum for sodium sulfate 
soundness for coarse aggregates. ASTM 
D 1073 Supplementary Requirement provides 
For a 20 percent maximum for magnesium 
sulfate soundness, and a 115 percent maximum 
For sodium sulfate soundness for fine 
lggregates. 

rhere are no ASTM or AASHTO specification 
-equirements for freeze-thaw soundness. A 
naxhum loss of 6 percent is generally 
:onsidered to be appropriate for surface course 
lot mix asphalt coarse aggegate. 

Test Method 

;and Equivalent, ASTM D2419 

)etrographic Examination of Aggregates 
or Concrete, ASTM C295 

dagnesim or Sodium Sulfate Soundness, 
UTM C88, AaSNTO TI 04 

%-eeze-T%aw Soundness, M S H T 8  TI03 



tage 2 laboratory testing recommendations for 
aggregate substitutes in asphalt concrete (continued). 

Engineering 
Property 

iradation 

krticle Shape 
nd Surface 
'exture 

Comment 

Sieve testing is necessary to establish blending 
requirements to meet the mix gradation 
specifications. 

Particle shape and surface texture tests are 
important to establish whether the stability of 
the interlocking particle matrix can be 
expected to perform as quality aggregate 
material. Angular or cubical particles can be 
expected to yield favorable results while 
rounded particle shapes tend to be 
unsatisfactory. Three tests are available, which 
can be used to quantify particle shape and 
surface texture. These tests which are part of 
the Superpave mix design procedures include 
flat and elongated particle, uncompacted void 
content, and crushed fragment tests. The 
test(s) selected will depend on the 
requirements of the specifying agency. 

Criteria 

Specific gradation limits will vary from agency 
to agency, and for the intended use (e.g., binder 
course, surface or wearing course, friction 
course). Coarse aggregate grading limits are 
generally based an ASTM D448, AASHTO 
M43, and fine aggregate grading limits are 
based on ASTM D 1073, AASHTO M29. 
There are no ASTM or AASHTO specification 
requirements for flat and elongated particles 
(ASTM D479 1). The maximum percentage of 
flat and elongated particles in coarse aggregate 
recommended by Superpave depends on the 
density of traffic but cannot exceed 10 percent 
for roadways with annual equivalent single axle 
loads greater than 3 million. 

The uncompacted voids content of fine 
aggregate (AASHTO TP33) has a minimum 
specification value of 45 percent, with no 
specified maximum value. Some States have 
suggested adopting a maximum value of 52 
percent to effectively limit the amount of flat 
and elongated particles in fine aggregate. 

The crushed fragment test (Penn DOT Method 
62 1) has required minimum values for coarse 
aggregate angularity as a h c t i o n  of traffic 
level and position within the pavement. 

Test Method 

3eve Analysis, ASTM C 136, MSHTO 
r27 

Tlat and Elongated Particles, ASTM 
14791 

Jncompacted Void Content of Fine 
Iggregate, ASTM (21252, AASHTO TP33 

:rushed Fragments in Gravel (Coarse 
9ggregate Angularity), Penn DOT Method 
52 1 



Table 4-1. Stage 2 laboratory testing recommendations for 

Engineering 
Property 

'article Strength 

Specific Gravity 
mnd Absorption 

aggregate substitutes in asphalt concrete (continued). 

Comment 

Particle strength can be assessed by LA 
abrasion testing, which is presently the 
standard test used by most specifying agencies 
in the United States. Glassy or light-weight 
porous materials tend to perform poorly when 
subjected to this test method, yet they may 
perform satisfactorily when used in field 
applications. 

The MicroDeval test is a test method 
developed in France during the 1960s and has 
been adopted by the Ministry of 
Transportation in Ontario, Canada (MTO). It 
is under evaluation in the United States as an 
alternative method to the LA Abrasion test. 
Recent evaluation of this test method has been 
undertaken by the Transportation Research 
Board (Project NCHRP 4- 19). MicroDeval 
testing may be a more suitable test method 
than the LA abrasion test and can be used for 
evaluating fine aggregate particle strength 
down to 75 microns in size. 

Mix design procedures require that specific 
gravity be tested for aggregates used in the 
blend. Aggregate substitute materials with 
high absorption values will have higher 
demand for asphalt cement. Highly porous 
naterials will typically yield high absorptive 
values. 

Criteria 

ASTM D692 provides for a 40 percent 
maximum abrasion loss for surface course, and 
a 50 percent maximum loss for binder course 
when subjecting aggregate to the ASTM C 13 1 
test procedure. 

There are no ASTM or AASHTO specification 
requirements for MicroDeval testing, Recent 
work by the Transportation Research Board 
(NCHRP 4- 19) indicates that a maximum value 
of 18 percent is appropriate for surface course 
coarse aggregate, and 2 1 percent for binder 
course coarse aggregate. 

There are no ASTM or AASHTO specification 
requirements for MicroDeval testing. Recent 
work by the Transportation Research Board 
(NCHRF 4- 19) indicates that a maximum value 
of 25 percent is appropriate for hot mix fine 
aggregate. 

There are no specific ASTM or AASHTO 
specification requirements for specific gravity 
and absorption. Aggregates having values 
greater than 2 percent are generally considered 
to be absorptive. 

Test Method 

>A Abrasion, Small Size Aggregate, 
2STM C 13 1, AASHTO T96 

2esistance of Coarse Aggregate to 
Ybrasion in the MicroDeval Apparatus, 
aT0 LS 618 

Cesistance of Fine Aggregate to Abrasion 
n the MicroDeval Apparatus, MTO LS 
519 

Zoarse Aggregate, ASTM C127, AASHTQ 
r85 

'he Aggregate, ASTM C128, AASHTO 
'84 



le 4-1. Stage 2 laboratory testing reco mendations for 
aggregate substitutes in asphalt concrete (continue 

I Engineering 

hydratable salts or potentially expansive horn 1 to 2 percent. 
reactants. ASTM D4792 is a test method that 



Table 4-2. Stage 2 laboratory testing recommendations for 
mineral mler substitute in asphalt concrete. 

Engineering 
Property Comment Criteria Test Method 

Gradation To be approved for use as a mineral filler in Gradation requirements for mineral filler in Sieve Analysis of Mineral Filler for Road 
asphalt concrete pavement, a mineral filler road paving mixtures are defined in ASTM and Paving Mixtures, ASTM D546, 
substitute should eomply with specified 
gradation requirements. These gradation 
requirements are designed to ensure the major 
fraction of the filler will not consist of 
particles with sizes greater than the. fih 
thickness of the asphalt (10- 100 microns). 
The particle size of mineral filler is expected 

D242, AASHTO M 17. 



Table 4-3. Stage 2 la recommendations for 
performance in asphalt concrete. 

Comment Criteria 

-he Superpave mix design procedure contains The tests listed comprise the individual test 
I series of performance tests, the procedures of methods that are part of the Superpave Mix 
vhich are outlined in the corresponding test Design procedure. The mixture is designed to 
nethods. Very little experience is available meet the requirements for traffic and climate 
 sing Superpave mix design procedures for given in the Strategic Highway Research 
 onc conventional materials. Program ( S H W )  Superpave volumetric design 

procedure. 

1 Test Method 

Preparation of Compacted Specimens of 
Modified and Unmodified Hot Mix 
Asphalt by Means of the SHRP Gyratory 
Compactor, AASHTO TP4 

Short- and Long-Term Aging of 
Bituminous Mixtures, AASWTO PP2 

AASHTO TP7 and TP9 are performance Evaluation of Axial and Shear Loading 
prediction tests that form part of Superpave Characteristics of Compacted SGC 
Level 2 and 3 design procedure. Appropriate Specimens Using the Superpave Shear 
limits are determined using predicted Tester, AASHTO TP7 
performance for rutting and fatigue cracking 
based on traffic, and low temperature cracking Creep Compliance and Strength at Low 
based on years of service. Temperatures Using the Indirect Tensile 

Tester, AASHTO TP9 

Creep Compliance and Stren& at 
Intermediate Temperatures Using the 
Indirect Tensile Tester, AASHTO TP9 
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Table 4-3. Stage 2 laboratory testing recommendations for 
performance in asphalt concrete (continued). 



Engineering 
Property - 

)eleterious 
dalerials 

Table 4-4. Stage 2 laboratory testing recommendations for 
aggregate substitutes in portland cement concrete. 

Comment 

Potentially deleterious materials such as 
organics, clay particles, friable particles, 
plastic fmes, debris, etc., could affect the 
strength, curing time, weathering resistance, 
and volumetric stability of the mix. 

A visual petrographic examination is the 
simplest method to identify the presence of 
potentially deleterious materials in an 
unknown material. This procedure is used to 
identi@ potentially deleterious constituents in 
the concrete aggregate (potential alkali- 
aggregate reactive aggregates and poor quality 
socks and minerals). 

Organic impurity testing is specified by many 
jurisdictions using colorimetric methods; 
however, a colorimetric test may not be 
suitable for materials that can mask the test 
solution color. Organic content testing can 
also be undertaken using methods that 
measure loss of weight after subjecting the 
sample to combustion temperatures. 

I Criteria 

Tbere are no ASTM or AASHTO specification 
'limits for the petrogrihic examination test 
procedures, ASTM G295. 

Concrete f i e  aggregates are specified to be 
largely &ee of organic material, and have a 
color of 3 or Less in the Standard Color Plate as 
per ASTM C33. 

There are no specific criteria for organic matter, 
which is quantified by loss of weight due to 
combustion tests, but it is generally 
recommended that the organic content be 
limited to less than 5 percent by weight. 

AASBTO M8O limits the amount of clay lumps 
and fiiable particles in pavements from 3 to 5 
percent depending on the severity of the 
exposure conditions. 

CIay lumps and friable particles are 
detrimental to concrete mixes and can be 
identified using ASTM C142 procedures. 

Test Method 

1 Organic Impurities, ASTM C40 

Moisture, Ash and Organic Matter of Peat 
Materials, ASTM D2974 



Table 4-4. Stage 2 laboratory testing recommendations for 
ate substitutes in ent concrete (continued). 

Engineering Comment Criteria Property 

hrability Resistance to wetting and drying (AASHTO AASHTO M80 specifies a maximum 
T104) and freezing and thawing (AASHTO magnesium sulfate soundness loss of 18 percen 

material is to perform satisfactorily in a 
I T103) is imperative if the aggregate substitute , for concrete coarse aggregate (12 percent for 
sodium sulfate soundness loss). AASHTO M6 

concrete mix. Soundness tests are required as limits the sodium sulfate soundness loss to 10 
part of most jurisdictional specification percent maximum for concrete f i e  aggregate 
requirements. (the limit for fine aggregate magnesium sulfate 

soundness loss is to be that which experience 
shows corresponds to the 10 percent sodium 
sulfate soundness loss, which is typically about 
16 percent). 

There are no ASTM or AASHTO specification 
limits for freeze-thaw soundness in concrete 
aggregates. A specification limit for the coarse 
aggregate unconfined fieeze-thaw loss after 5 
cycles of 6 percent is specified by C.S.A. 
A23.1, which is a Canadian standard. 

3radation The size distribution of aggregate or aggregate ASTM C33 provides grading limits generally 
substitute particles can affect the cementing applicable to fine and coarse aggregates used in 
material requirements, the water requirements, portland cement concrete applications. 
the workability, porosity, shrinkage, and 
durability of a concrete mix. 

'article Shape The particle shape and surface texture of both There are no ASTM or AASHTO specification 
nd Surface coarse and fine sized aggregates or aggregate limits for flat and elongated particles in 
'exture substitutes can affect the properties of the mix. portland cement concrete. The effect of flat and 

Flat and elongated particle testing and elongated particles is typically not significant if 
uncompacted void content testing are two limited to no more than about 15 percent. 
methods that can be used to characterize 
particle shape. This uncompacted void test method is generally 

used for concrete fine aggregate. However, the 
Rough textured, angular, or elongated particles test provides useful information related to fine 
r e d r e  more water to produce workable aggregate shape when a recycled material is 
concrete when  omp pared with smooth or introduced, which is of interest for concrete 

Test Method 

lagnesiurn or Sodium Sulfate Soundness, 
rSTM 688, AASHTO TI04 

:reeze-Thaw Soundness, AASHTO TI03 

Sieve Analysis, ASTM C136, AASHTO 
r27 

3at and Elongated Particles, ASTM 
9479 1 

&compacted Voids Content, ASTM 
31252, AASHTO TP33 





Table 4-4. Stage 2 laborato 
gregate substitutes in port$ 

Test Method 



Performance 
Test 

Air Content 

Table 4-5. Stage 2 laboratory testing recommendations for 
performance in portland cement concrete. 

Comment 

When substitute materials are introduced 
into concrete mixes, the air content of the 
mix could be altered. Since it is important 
for cured concrete to have adequate 
entrained air to withstand cycles of geezing 
and thawing, air content should be 
monitored. 

There are three methods available for 
quantifying air content. They include the air 
voids content method, the pressure method, 
and the volumetric method. The air voids 
content test is a test method that is 
undertaken on hardened concrete and is 
influenced by methods of placement, 
consolidation, and curing. The pressure and 
volumetric methods are carried out on fresh 
plastic concrete. The volumetric method is 
suitable for normal or lightweight materials. 

Criteria 

For air-entrained concrete designed in 
accordance with ACI 20 1.2R and 2 1 1.1, the 
paste-air ratio is usually in the range of 4 to 
1 1, tbe specific surface is in the range of 24 to 
43, and the spacing factor is 0.10 to 0.28 mm. 

The recommended total air content of air- 
entrained concrete is a function of the 
nominal maximum size of the aggregate and 
exposure condition (mild, moderate, severe), 
and is given in ASTM C94. 

Test Method 

Determination of Air-Void Content in 
Hardened Concrete, ASTM C457 

Air Content of Fresh Concrete by the 
Pressure Method, ASTM C23 1, 
AASHTO TI52 

Air Content of Fresh Concrete by the 
Volumetric Method, ASTM C 173, 
AASHTO T196 





Performance 
Test 

Hydration and 
Setting 

Specific 
Gravity and 
Absorption 

Table 4-5. Stage 2 laboratory testing recommendations for 
performance in portland cement concrete (continued). 

Comment 

When substitute materials are introduced 
into concrete mixes, the overall setting time 
of the concrete product could be impacted. 
Knowledge of the rate of reaction is 
important to determine hardening time. 
Unless the reclaimed concrete material 
contains deleterious materials, setting time 
should not be adversely impacted by the 
introduction of this material. Setting time 
can be compared to control mixes to 
determine the relative impacts of introducing 
new materials into the mix. The hydration 
an$ s&ting of concrete should be exmined 
during &e mix design. 

The density of concrete mixes will depend 
on the amount and unit weight of any 
material introduced into the mix. The 
impact on the density and yield of the 
concrete should be evaluated during the Hliv 
design. 

Criteria 

Tbere are no ASTM or AASHTO 
specification requirements. 

There are no ASTM or AASHTO 
specification requirements for specific gravity 
and absorption. The data are used to 
determine mass/volume conversions for 
concrete and to determine conformance with 
concrete specifications. 

Test Method 

Hydration and Setting By Penetration 
Resistance, ASTM C403 

Gravity, Absorption and Voids in 
Hardened Concrete, ASTM C642 





Table 4-6. Stage 2 laboratory testing recommendations for 

Engineering 
Property 

'article Strength 

aggregate substitutes in granular base. 

Comment 

Materials that are used as a granular base 
should have sufficient strength to resist excess 
breakdown. Many jurisdictions will specify 
minimum requirements. 

Particle strength can be assessed by LA 
abrasion testing, which is presently the standard 
test used by most specifying agencies in the 
United States. 

The MicroDeval test is a test method developed 
in France during the 1960s and has been 
adopted by the Ministry of Transportation in 
Ontario, Canada (MTO). It has been under 
recent evaluation in the United States by the 
Transportation Research Board ( N C m  4- 19) 
as an alternative method to the LA Abrasion 
rest. MicroDeval testing may be more suitable 
than LA abrasion, and can be used for 
evaluating fine a&regate particle strength down 
to 75 microns in size. 

Most specifications will require that a granular 
base be constructed with a specified compacted 
density. Two tests are available to characterize 
compaction. They include AASHTO T99 and 
T 180. 

Criteria 

fiere are no ASTM or AASHTO particle 
;trength specification requirements for 
qanular base and subbase. Most agencies 
;pee@ a maximum Los Angeles abrasion loss 
anging between about 50 and 60 percent for 
:onventional granular materials. 

The Ontario, Canada, Ministry of 
Transportation specifies a maximum Micro 
leva1 test loss of 25 percent for the coarse 
)ortion of granular base material, and 30 
3ercent for granular subbase. 

f i e  moisture-density relationship must be 
stablished to determine the compaction 
:haracteristics of the granular baselsubbase, 
md as the reference density for compaction 
typically specified to be at least 95 percent of 
he Standard Proctor maximum dry density in 
nost State specifications). 

The modified Proctor test is usually specified 
where the granular baselsubbase must have 
~igher shear strength and hence must be more 
iense. 

Test Method 

,os Angeles Abrasion, Small Size 
kggregate, ASTM C 13 1, AASHTO T96 

tesistance of Coarse Aggregate to 
Zbrasion in the MicroDeval Apparatus, 
YlTO LS 618 

tesistance of Fine Aggregate to Abrasion 
n the MicroDeval Apparatus, MTO LS 
i19 

jtandard Proctor, ASTM D698, AASHTO 
r99 

vfodified Proctor, AASHTO TI 80 



Table 4-6, Sta 2 laboratory testing reco mendations for 
stitvtes in granular 

Engineering Comment Criteria 

base. Gradations are typically specified for 

bases are specified, durability testing is limits for the durability of aggregates in 

rial to breakdown due to variation in 

Test Method 

Constant .Head Permeability, ASTM 
D2434, AASHTO T215 

FIexible Wall. Triaxial Permeability Test, 
ASTM D5084 

Sieve Analysis, ASTM (7136, MSHTO 
T27 

Magnesium or Sodium Sulfate Soundness, 
ASTM C88, AASHTO T104 

Freeze-Thaw Soundness, AASHTO TI03 



Engineering 
Property 

3ase Stability 

Table 4-6. Stage 2 laboratory testing recommendations for 
aggregate substitutes in granular base (continued). 

Comment 

A granular base should have high stability, 
particularly if it is being used as a supporting 
structure for an overlying pavement structure. 
Many jurisdictions utilize the California 
Bearing Ratio (CBR) test as a measure of base 
stability. 

The presence of deleterious materials such as 
plastic fines, organic matter, or extraneous 
debris that might be present in substitute 
materials could reduce the load carrying 
:apacity and ultimately the expected 
performance of a granular base. 

The Atterberg limit test is the most widely used 
test for characterizing plasticity. Other tests 
(e.g., sand equivalent test) might be used if 
required by the specifying jurisdiction. 

Petrographic examination (ASTM C295) is 
recommended to assist in identifying the types 
and quantities of extraneous debris. 

Organic content testing ASTM D2974 or 
zquivalent) is recommended to identify the 
:xtent of organic matter. 

Volumetric expansion testing is also 
-ecommended (ASTM D4792) to ensure that no 
unforeseen expansive reactions will occur if a 

Criteria 

High quality, dense graded aggregate has a 
California Bearing Ratio (CBR) value of about 
100 percent or higher. Many granular base 
specifications stipulate a minimum CBR value 
of 80 percent (the Asphalt Institute). The 
National Stone Association and U.S. 
Department of Defense apply a CBR value of 
100 percent to graded crushed aggregate. 
Most aggregate subbase specifications require 
minimum CBR values in the range of 20 to 50 
percent. 

ASTM D2940 specifies that a material passing 
a 0.425 m n  (No. 40) sieve for granular base 
and subbase should have plasticity indices no 
greater than 4 and 6, respectively. 

ASTM D2940 specifies that a material passing 
a 0.425 mm (No. 40) sieve for granular base 
and subbase should have sand equivalent 
values of not lower than 35 and 30, 
respectively. 

There are no specific criteria for organic 
content, but it is generally recommended that 
the organic content be kept to less than 5 
percent by weight. 

There are no specific criteria available for 
petrographic examination. The test is used as 
an indicator for the presence of extraneous, 
potentially problematic materials. 

At present ASTM D4792 has been used for 
testing steel slag aggregate. Expansion limits 
of 0.5 percent have been established by 

Test Method 

3alifornia Bearing Ratio, ASTM D1883, 
MSHTO T193 

Itterberg Limit, ASTM D43 18, AASHTO 
r90 

Sand Equivalent, ASTM D2419, AASHTO 
r m  

'etrographic Examination, ASTM C295 

ktoisture, Ash and Organic Matter of Peat 
vlaterials, ASTM D2974 

'otential Expansion of Aggregates from 
3ydration Reactions, ASTM D4792 





Table 4-7. Stage 2 laboratory testing recommendations for 

Engineering 
- Property 
:orrosicjn 
Zesistance 

'ermeability 

gearing Capacity 

substitute embankment or fill materials. 

Comment 

Some materials can contain high salt contents 
or can alter the pH of the soils and induce 
corrosion problems if contacted with metal or 
concrete structures. Each source of material 
should be evaluated for corrosivity. 

Two ASTM test methods are available for 
evaluating potential corrosivity. They include 
ASTM G5 1 and (357. 
Permeability or hydraulic conductivity testing i5 
an important parameter when adequate drainage 
from the embankment or fill material is 
warranted in the particular application. The 
specC~c test method selected in many cases will 
be dependent on the specifying agency. 
The corqressibility (or consolidation) of a fill 
material is related to its shear strength, degree 
of compaction, void ratio, permeability, and 
degree of saturation. It is therefore a function of 
the materiaIs used for fill or embankment 
construction, and must be established for fill or 
embankment design. 

Two ASTM test methods are available to 
quantity consolidation. They include ASTM 
D2435 and ASTLM D4186. 
Determination of bearing capacity is important 
to assess whether the embankment or fill 
material will be capable of supporting 
pavement loads that may be imposed on it 
without structural damage. The California 
Bearing Ratio Test (CBR) is typically used. It is 
a comparative measure of the support capability 
of the test materid with that of a well-graded 
crushed stone. 

-- 

Criteria 

fiere are no ASTM or AASHTO specificatior 
limits for pH or electrical resistivity of 
zmbankment or fill materials. 

rhere are no specific permeability 
-equirements for embankment and fill 
naterials. Where frost susceptibility is a 
:oncam, a permeability of greater than E-03 or 
letween E-06 and E-08 cmfsec is typically 
lesirable. 
There are no specific requirements or limits in 
4STM or AASHTO. 

Minimum California Bearing Ratio (CBR) 
lralues may be specified for selected 
:mbankment and fill applications. The higher 
he CBR or the subgrade material, generally 
he thinner the pavement structure, with a 
ioaked CBR of at least 5, and preferably 10, 
Iercent or more desirable. 

Test Method 

Zorrosion Potential-pH, ASTM G5 1 

Soil Resistivity by Wenner Electrode, 
4STM G57 

Zonstant Head Permeability, ASTM 
D2434, AASHTO T2 15 

Flexible Wall Triaxial Permeability Test, 
4STM D5084 

Zonsolidation Properties of Soils, ASTM 
D2435, AASHTO T2 I6 

ClontrolIed Strain Test, ASTM D4186 

2alifornia Bearing Ratio, ASTM D1883, 
4ASHTO T193 



Engineering 
Property 

specific 
3ravitylUnit 
Neight 

mendations for 

Comment 

The bulk relative density or unit weight of fill 
- 

or embankment materials determines the total 
load transmitted to the underlying soil. The 
data are necessary to determine the potential 
consolidation of the underlying subsoil due to 
the embankment loading and are also used in 
determining the safety factors for side slope 
stability analysis. Substitute materials with low 
compacted density offer the advantage of 
transmitting less load to the supporting surface 
when compared with most conventional 
materials. 
Petrographic examination (ASTIM C295) can be 
used to visually identify the presence of excess 
debris or organic matter that could compromise 
the long-term quality of the fill material. 

Separate organic content tests are also available 
(ASTM D2974) to quantify organic matter. 

When a substitute material is introduced as an 
embankment material in a confined area where 
expansion might be a problem, then an 
evaluation of the potential for expansion is 
needed. ASTM D4792 is a volumetric stability 
test that has been used to evaluate the 
volumetric instability of steel slag aggregates. 

- 
Criteria 

There are no ASTM or AASHTO specificat& 
limits for embankment fill materials, although 
the use of lightweight materials will generally 
be advantageous. 

The ASTM C295 petrographic examination 
test method has no formal specification 
requirements and is used as an indicator to 
screen for problematic constituents. 

An organic content value (ASTM D2974) of 
less than 5 percent has been recommended by 
some jurisdictions. 

ASTM D4792 has no specific criteria for use 
in an embankment of fill application. 
Expansion limits of 0.5 percent have been 
used by some jurisdictions in evaluating its 
potential for volumetric instability in granular 
base applications. 

-- 
Test Method 

h i t  Weight and Voids, ASTM 6329 

3pecific Gravity s f  Soils, A S W  DX54, 
USHTO T 108 

'etrographic Examination of Aggregates 
br Concrete, ASTM C295 

vloisture, Ash and Organic Matter of Peat 
vlaterials, ASTM D2974 

'otential Expansion of Aggregate fiom 
3ydration Reactions, ASTM D4792 



Table 4-7. Stage 2 laboratory testing recommendations for 
substitute embankment or fa materials (continued). 

Engineering Comment 
Property 

Mixtures of granular and fine-grained soils are 
most suitable for embankment or fill 
construction. 

doisture Density Most specifications for embankment or fill 
:haracteristics construction require the compacted fill material 

to achieve a target in-place density. The 
modified Proctor test is usually specified where 
the embanknentlfmll must have higher shear 
strength and hence must be more dense. 

;hear Strength Shear strength characteristics are indicative of 
the ability of the material to support loads 
imposed under given drainage conditions. The 
data are normally used to determine slope 
stability when this is required. 

Criteria 

fiere are no ASTM or AASHTO specificatior 
limits for embankment fill materials. A wide 
range of materials may be considered for this 
purpose. Some jurisdictions limit the quantity 
of percent passing the 0.075-mm (No. 200 
sieve) size. 
The moisture-density relationship must be 
established to determine if the 
embankment/fill material is compactible 
(moisture content within .t2 percent of the 
optimum Proctor moisture content). This 
information is also used for filVembankment 
construction as tbe r e f a m e  density for 
compaction (typically specified to be at least 
95 percent of the Standard Proctor maximum 
dry density). 
The strength properties are a function of the 
materials used for fill or embankment 
construction, and must be established for fill 
or embankment design. There are no specific 
requirements or limit. in ASTM or AASHTO. 

Test Method 

Sieve Analysis, ASTM C136 

Hydrometer Analysis, ASTM D422 

Standard Proctor, ASTM D698, AASHTO 
r99 

Modified Proctor, ASTM D1557, 
AASHTQ T180 

Unconfined Undrained Triaxia!, ASTM 
D285O 

Consolidated Drained Direct Shear, ASTM 
D3080 

Consolidated Drained Triaxial, ASTM 
D4767 



tsry testing reeo 

Engineering Comment 
Property 

)eleterious The presence of deleterious materials such as 
daterials plastic fines, organic matter, or extraneous 

debris that might be present in recycled 
materials could reduce the expected 
performance of a stabilized base. 

The Atterberg limit test is the most widely used 
test for characterizing plasticity. Other tests 
(e.g., sand equivalent test) might be used if 
required by the specifying jurisdiction. 

Petrographic examination could assist in 
identifying the presence of extraneous debris. 

Volumetrically unstable materials could be a 
problem in a stabilized base application. The 
ASTM D4792 test method is a procedure that 
has been used with steel slag aggregate, a 
volumetrically unstable material. 

n e r e  are no ASTM or AASWTO specificatior 
requirements for ASTM D2419. ASTM 
D2940 specifies that the fraction of material 
passing the 425-pm sieve in conventional 
granular base and subbase should have sand 
equivalent values of not lower than 35 and 30, 
respectively. These limits are also considered 
to be appropriate for stabilized base and 
subbase applications. 

ASTM D 124 1 specifies that the fraction of 
material passing the 425-prn sieve in fine 
aggregates for stabilized base and subbase 
should have a liquid limit less than or equal to 
25 and a plasticity index not greater than 6. 

There are no specific criteria available for 
petrographic examination. The test is used as 
an indicator for the presence of extraneous, 
potentially problematic materials. 

ASTM D4792 has no specific criteria for use 
in a stabilized base application. It has been 
used to evaluate steel slag expansion 
problems, where a limit of 1 to 2 percent has 
been used by some jurisdictions for its use in 
asphalt concrete and 0.5 percent for its use in 
granular base. Any expansion beyond this 
latter amount could suggest potential 
volumetric instability problems. 

Test Method 

Atterberg Limit, ASTM D4328, AASHTB 
r90 

Sand Equivalent, ASTM D24 19, AASHTC 
r1  76 

Petrographic Examination, ASTM C295 

Potential Expansion of Aggregates from 
Hydration Reactions, ASTM D4792 



Table 4-8. Stage 2 laboratory testing recommendations 
gregate or filler substitutes irn stabilized base (continued). 

Engineering Comment Property 

Durability It is desirable that recycled materials that are 
used in stabilized bases be sound and durable. 
Magnesium and sulfate soundness tests are used 
to evaluate the durability of aggregate-like 
material during wetting and dryng, while 
freeze-thaw tests are typically used to evaluate 
the durability during freezing and tbawing. 

stabilized base can be overcome by the addition 
of additional binding agents (e.g., cement). To 
maximize mix density and minimize void 
spaces, stabilized mixes are typically designed 
with fine aggregate (minus 4.75 m) 
comprising approximately 55 percent of the 

Criteria 

'here are no specific ASTM or AASHTO 
quirements for magnesium sulfate soundness 
r sodium sulfate loss. Some agencies have 
dopted a maximum loss of 20 percent in the 
nagnesium sulfate soundness test, and 15 
lercent for sodium sulfate soundness. 

'here are no ASTM or AASHTO specification 
equirements for freeze-thaw soundness. A 
ass of less than 6 percent would typically be 
onsidered adequate. 

lpecific gradation limits will vary from 
gency to agency, and for the intended use 
base, subbase, etc.). Grading limits are 
,enerally based on ASTM D2940 or 
LASHTO M147. 

Test Method 

Magnesium or Sulfate Soundness, ASTM 
C88, AASHTO T104 

Freeze-Thaw Soundness, AASHTO TI 03 

Sieve Analysis, ASTM C136, AASHTO 
T27 





Engineering 
Property 

'article Strength 

Jnit Weight 

Table 4-8. Stage 2 laboratory testing recommendations 
for aggregate or f i e r  substitutes in stabilized base (continued). 

Comment 

It is desirable that substitute materials in 
stabilized base mixtures possess sufficient 
particle strength to resist degradation and 
breakdown during construction and under 
repeated traffic loads. Particle strength can be 
assessed by LA abrasion testing, which is 
presently the standard test used by most 
specifying agencies in the United States. 

The MicroDeval test is a test method developed 
in France during the 1960s and has been 
adopted by the Ministry of Transportation in 
Ontario (MTO). It is under evaluation in the 
United States as an alternative method to the 
LA Abrasion test. MicroDeval testing may be 
more suitable than LA abrasion and can be use( 
for evaluating fine aggregate (sand-size) 
particle strength down to 75 microns in size. 

It may be possible to compensate for particles 
that do not exhibit adequate strength by 
adjusting the binder content (e.g., cement) of 
stabilized base mixes. 

The unit weight of a recycled material will be 
an indication of the compacted density of the 
mix. 

Criteria 

ASTM D 1241 specifies a maximum LA 
abrasion loss of 50 percent for conventional 
aggregates used in subbase, base and surface 
courses for materials with average specific 
gravity, absorption, and gradation 
characteristics. 

The Ontario Ministry of Transportation in 
Canada specifies a maximum loss of 25 
percent for the coarse portion of granular base 
material, and 30 percent for granular subbase. 
The same limits are considered to be 
appropriate for aggregates used in stabilized 
baselsubbase applications. 

The Ontario Ministry of Transportation 
specifies a rnaximunl loss of 30 percent for the 
fine portion of granular base material, and 35 
percent for granular subbase. The same limits 
are considered to be appropriate for aggregates 
used in stabilized basefsubbase applications. 

There are no ASTM or AASHTO specification 
limits for unit weight. The unit weight and 
voids in aggregate data may be used to 
detemine mixture proportions for stabilized 
base applications. 

Test Method 

A Abrasion, Small Size Aggregate, 
YSTM C 13 1, AASHTO T96 

iesistance of Coarse Aggregate to 
2brasion in the MicroDeval Apparatus, 
llTO LS 618 

iesistance of Fine Aggregate to Abrasion 
n the MicroDeval Apparatus, MTO LS 
519 

Jnit Weight and Voids in Aggregate, 
4STM C29/C29M, AASHTO T19 



testing recomnaelndati~lns for 
performance in stabihed base. 

cts of freezing and thawing and wetting and 
drying cycles. 

ASTM D560 can be used to assess the 
durability of the stabilized baselsubbase andlor 
stabilized subgrade in cycles of freezing and 
thawing and is only needed in cold climates 
where the pavement will be subjected to 
freezing. ASTM D559 can be used to assess 

Test Method 

ne-Dimensional Expansion, Shrinkage 
Uplift Pressure, ASTM D3877 

drying cycle durability for stabilized bases. 
Wetting and Drying Compacted Soil- 
Cement Mixtures, ASTM D559 



Table 4-9. Stage 2 laboratory testing recommendations for 
performance in stabilized base (continued). 

Comment 

To develop the design strength of a cement 
(calcium based) stabilized base mixture, the 
material should be well-compacted and as close 
as possible to its optimum moisture content 
when tested and placed. Moisture density is 
needed to determine the optimum moisture 
content and maximum density of the mix. 

Criteria 

The moisture-density relationship must be 
established to determine if the stabilized 
baselsubbase material is compactible (moisture 
content within 2 percent of the optimum 
Proctor moisture content). This information is 
also used for construction as the reference 
density for compaction (typically specified to 
be at least 98 to 100 percent of the Standard 
Proctor maximum dry density). 

The modified Proctor test is usually specified 
where the stabilized baselsubbase must be 
more dense. 

Modified Proctor, ASTM D 1557, 
AASHTO TI 80 

Moisture-Density Relations of Soil-Cement 
Mixtures, AS734 D558 



Engineering 
Property 

itrength or 
itability 

Table 4-9. Stage 2 laboratory testing recommendations for 
performance in stabilized base (continued). 

Comment 

Testing approaches used to characterize the 
property of strength or stability (whichever is to 
be evaluated) in stabilized bases will be 
dependent on the design goals and binding 
reagents used in the stabilized base mix. For 
calcium-based binders such as lime or portland 
cement, compressive strength tests or bearing 
tests will in most cases be suitable measures for 
characterizing stabilized base strengths. For 
bituminous-based binders such as asphalt 
cement or asphalt emulsions, bituminous 
stability tests typically undertaken as part of 
asphaltic stabilized base design methods can be 

Criteria 

rhere are no ASTM or AASHTO specification 
quirements for strength or stability in 
itabilized base applications. The 
.ecommended procedure is to compare the 
:ompactive effect of introducing recycled 
naterials into stabilized bases with that of 
:ontrol mixes using conventional materials. 

Test Method 

For calcium-based binders recommended 
test methods include: 

Bearing Ratio of Laboratory Compacted 
Soil-Cement Mixtures, ASTM D3668 

Compressive Strength of Molded Soil- 
Cement Cylinders, ASTM Dl633 

Compressive Strength of Cylindrical 
Specimens, ASTM C39, AASHTO T22 

For bituminous-based binders 
recommended test methods include: 

Compressive Strength of Bituminous 
Based Mixtures, ASTM D 1074 

Resistance to Plastic Flow of Bituminous 
Mixtures Using Marshall Apparatus, 
4STM D1559, AASHTO T245 

Resistance to Deformation and Cohesion 
~f Bituminous Mixtures by Means of 
3veem Apparatus, ASTM D 1560, 
4ASHTO T247 



Engineering 
Property 

Deleterious 
Materials 

Unit Weight 

Table 4-10, Stage 2 laboratory testing recommendations for 
aggregate substitute in flowable fi. 

Comment 

A visual or petrographic examination should be 
made of the substitute material source to ensure 
that the material does not contain excess debris 
that could compromise the quality of the 
flowable fill matrix. Additional testing may be 
warranted if unknown extraneous materials are 
present. 

The unit weight of fine aggregate introduced 
into a flowable fill blend will determine to a 
great extent the unit weight of the mix. Low to 
moderate weight materials will facilitate 
flowability and minimize partial segregation in 
the mix. 

It is necessary to determine the gradation of 
flowable fill blend to assess the strength and 
flow characteristics of the mix. Well-graded 
cementitious mixes may yield strengths that 
exceed desired levels. The design of a harsh 
mix, which is a stiff, low flow mix with a 
preponderance of granular material, should also 
be avoided. Blending of highly angular 
materials with a more rounded material (natural 
sand) may be needed to enhance the flowability 
of the mix. 

Criteria 

%ere are no formal specification requirements 
or petrographic or visual examination of a 
naterial. The results can be used as an 
ndicator to screen for problematic 
.onstituents. 

%ere are no ASTM or AASHTO specification 
h i t s  for unit weight and voids. The unit 
veight and voids in aggregate data are used to 
letermine concrete mixture proportions in 
rccordance with the American Concrete 
nstitute (ACI) volumetric concrete mix design 
~rocedure. 

rhere are no ASTM or AASHTO specification 
imits for use of aggregates in flowable fill 
~pplications. Many jurisdictions specie that 
he gradation requirements of sand used in 
lowable fill comply with the ASTM C33 
ipecification for fine concrete aggregates. 

Test Method 

Petrographic Examination of Aggregates 
for Concrete, ASTM (2295 

Unit Weight and Voids in Aggregate, 
ASTM C29 

Sieve halysis ,  ASTM C136, AASHTO 
T27 



Table 4-10. Stage 2 laboratory testing recommendations for 
aggregate substitute in flowable fill (continued). 

Engineering 

Fineness 

I Comment I Criteria 

expected to exhibit pozzolanic properties. Although many jurisdictions utilize these 
specifications (most notably for coal fly ash 
use in portland cement concrete), tbe actual 
fineness of the recycled material is not as 
important in flowable fill mixes as consistent 

Testing Fly Ash & Natural Pozzolans in 
Portland Cement Concrete, ASTM C3 1 1 



-11. Stage 2 laboratory testing recommendations for 

Performance 
Test 

lardening Time 

Strength 
leveloprnent 

Shear Strength 

performance in flowable fill. 

Comment 

The hardening time of flowable fill mixes is 
usually related to the cement quantity and type, 
and the presence and type of fine aggregate and 
fillers. The introduction of substitute materials 
could inhibit or slow the curing process and 
should be investigated. 

Compressive strength is an important 
performance test that is needed to ensure that 
the flowable fill product (after curing) will meet 
the strength commensurate with the intended 
use. The test method selected will generally 
depend on the specifying jurisdiction and the 
flowable fill mix design. ASTM C39 will 
normally be conducted when a cement 
stabilized mix has been prepared to develop 
strength with time. ASTM D2166 can be used 
where minimal or no cement is added to the 
blend. ASTM D42 19 can be used for highly 
fluid grout-like mixes. 

Shear strength could be an important property, 
particularly if the flowable fill mix is formed 
above grade. The shear strength of a flowable 
fill is a combination of cohesion and internal 
friction and is related to the development of 
compressive strength. Two types of tests are 
available for measuring shear strength and 
include the triaxial test and the direct shear test. 

Criteria 

There are no ASTM or AASHTO specification 
limits for setting time for flowable fill. The 
setting time requirements are a function of the 
intended use and specified, then designed, 
accordingly. 

There are no ASTM or AASHTO compr&sive 
strength specification limits for flowable fill. 
The specific requirements will depend on the 
application and the specifying jurisdiction. 
Fiowable fill mixes are usually designed on 
the basis of a minimum 24-hour strength and a 
28-day maximum compressive strength, 
usually between 340 kPa (50 lblin sq) and 
1400 kPa (200 I b h  sq). 

There are no ASTM or AASHTO specification 
limits for shear strength for flowable fill. The 
shear strength requirements are a function of 
the intended use and specified, then designed, 
accordingly. 

Test Method 

Setting Time by Penetration Resistance, 
ASTM (2403 

Unconfined Compressive Strength of 
Concrete Specimens, ASTM C39, 
AASHTO T22 

Unconfined Compressive Strength of 
Cohesive Soil, ASTM D2166 

Unconfined Compressive Strength of 
Chemical Grouted Soils, ASTM D42 19 

Triaxial Testing of Cohesive Soils, ASTM 
D2850 

Direct Shear Test, ASTM 143080 





Table 4-11. Stage 2 laboratory testing recommendations for 
performance in flowable fill (continued). 

Performance 
Test 

Unit Weight 

Comment 

The unit weight of the flowable fill mix can 
provide information on the expected soil 
burden, which could be important if poor 
subsurface soil conditions exist. It also is used 
to check the unit weight of the flowable fill per 
cubic meter and its actual yield (volume of 
flowable fill produced from a mixture of known 
quantities of the component materials) for 
comparison with that determined theoretically 
at the mix design stage. 

Criteria I Test Method 

There are no ASTM or AASHTO specification Unit Weight, Yield and Air Content of 
unit weight limits for flowable fill. Concrete, ASTM C 138 



Engineering 
Property 

Organic 
Matter 

Gradation 

Water 
Retentivity 

Table 4-12. Stage 2 laboratory testing recommendations for 
landscaping materials. 

Comment 

Organic content testing is one of several test 
methods that will typically be required to assess 
the quality of a biodegraded organic biosolid. 

Sieve testing is necessary to evaluate particle size 
requirements. 

Retention of moisture is an important property if 
one of the objectives of the landscaping material is 
to support plant growth. 

Criteria 

Composted biosolids generally fall within an 
organic content range of 40 to 60 percent. 

Gradation limits will vary for landscaping 
materials h m  agency to agency depending on the 
type of landscaping material being used. Organic 
compost will typically require 100 percent passing 
a 19-mm (3/4-in) sieve. Wood chips, shredded 
bark, etc., can have varying requirements. 
Water retentivity criteria will be dependent on the 
type of plant growth desired and the regional 
climate. 

Test Method 

Organic Content, ASTM D5268 

Sieve Analysis, ASTM C136, 
AASHTQ T27 

Capillary-Moisture 
Relationships, ASTM D2325 
and D3 152 



r u b  

STAGE 2 EVALUATION Environmental Lab Tests 

INTRODUCTION 

In a Stage 2 environmental, health, and safety laboratory evaluation, a laboratory testing 
program must be developed that will provide sufficient data to demonstrate that the proposed 
material is suitable for use in its intended application. 

To undertake this Stage 2 evaluation it is recommended that (1) a laboratory environmental test 
plan be prepared to identify the methods and procedures to be used in evaluating the material 
and its proposed application, (2) suitable performance criteria be identified by the decision 
maker, and (3) the test data need to be statistically evaluated to determine if the established test 
criteria are met. 

Figure 5-1 provides a flowchart highlighting the sequential steps in an environmental, health, 
and safety Stage 2 evaluation. Included in Figure 5-1 is reference to Tables 5-1 through 5-3, 
which present recommended environmental, health, and safety test methods for applications in 
which the recycled material is used as an aggregate substitute material in an unbound form (e.g., 
granular base), applications in which an aggregate substitute material is used in a bound form 
(e.g., concrete), and applications in which the recycled material is used as a landscaping material 

3% and contains a significant organic fraction (e.g., biosolids). Tables 5-1 through 5-3 contain three 
columns: (1) a comment column that provides a description of the purpose of the test and when 
the test should be used, (2) a criteria column that provides a description of available or suggested 
test criteria, and (3) a description and reference for potential test methods that could be used. 

Inherent in the use of this flowchart is that laboratory testing requires assessment of the 
environmental performance of the proposed material as well as the environmental performance 
of the product. Finally, it is important to consider environmental performance in potential post- 
sewice life utilization scenarios. While these reuse scenarios cannot be precisely described, it is 
important to identify to the extent possible fhture environmental issues that may arise if the 
recycled material is reused. 

TORY ENVIRONMENTAL, IEZEALTH, AND SAFETY TEST 
PLAN 

The environmental, health, and safety laboratory test plan should contain all appropriate test 
methods and procedures, including suitable reference materials to be used, test criteria, and 
statistical procedures to be used to compare the laboratory data with criteria or with the 
performance of the reference material. 

...**- Some recycled materials proposed for use in a given application may have unique properties that 
do not readily lend themselves to environmental testing as prescribed in the proposed test 
methods. For example, there are no standardized methods to evaluate particulate release or 
volatilization release for any application. In such cases, alternative methods may be 
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Environmental Lab Tests 

Design test plan that 
delineates sampling and 

testing requirements 

Establish performance 
criteria for decision making 

Are the materials 
and environmental 
properties of the 

proposed material 
similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 5-1 to 
5-3) 

Evaluate Data 

Are the materials 
and environmental 
properties of the 
proposed product 

containing tfie 
recycled material 

similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 5-1 to 
5-3) 

h e  the materials 
and environmental 
properties of the 
proposed product 

containing the 
recycled 

material in 
subsequent 

reuses similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 5-1 to 
5-3) 

Materials 
Approval 

-1. Environmental, he th, and safety properties 
aboratory testi 



STAGE 2 nvironmental Lab Tests 

needed or field evaluations may be necessary. Tables 5-1 through 5-3 present some 
recommended test methods. 

ESTABLISH ACCEPTTA 

During the development of the test plan, the decision maker will need to determine the criteria 
on which approval will be based. Two types of criteria are available for use in such an 
evaluation. The first includes existing environmental standards that address clean soil, 
groundwaters, surface waters, ambient air, and indoor or workplace air quality criteria. Most of 
these criteria have been established by Federal and State agencies. They are based on likely 
impacts to receptors resulting from ingestion, inhalation, or dermal exposure. By estimating the 
release of contaminants on the basis of laboratory tests and emission release scenarios 
anticipated during the design life of the application and during subsequent reuses, it is possible 
to estimate (typically using environmental models) whether these criteria will be exceeded. The 
second criterion involves a comparison of emissions from the recycled material to a control or 
reference material (e.g., conventional construction material) to assess the relative environmental 

(--- 
properties of the recycled material versus that of the reference material. 

Tables 5-1 through 5-3 provide a description of available criteria or recommendations on which 
the decision maker can make an evaluation. Chapter 10 provides a listing and description of 
available web sites (as of this writing) that can be used to access information on assessment 
methodologies and criteria that can be used in a Stage 2 evaluation. 

When testing new materials in highway construction applications, the passing or failing of one 
environmental parameter may not warrant a rejection of the material, particularly if performance 
testing suggests that the final product will perform satisfactorily. There may be instances where 
the proposed material yields questionable leaching results for one inorganic constituent, but in 
the proposed application (e.g., asphalt pavement), the leaching behavior of the product performs 
in an acceptable manner. When a questionable situation arises, the decision maker can pursue 
Stage 3 field evaluations to resolve laboratory uncertainties. 

EVALUATE LAB0 T O W  DATA FOR POSSIBLE APPROVAL 

As illustrated in Figure 5- 1, data comparisons between the recycled material and reference 
materials, or between the recycled material andlor appropriate criteria, will be required to 
evaluate the suitability of the application. Such comparative analyses are best undertaken using 
standard statistical procedures. Examples of such statistical procedures are presented in Chapter 

c-m, 9. 



Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications. 

Environmental 
Property 

Regulatory 
Testing of 
Aggregate 
Substitute 

Comment 
U.S. EPA regulatory testing consists of 
material properties. They include ignitability, 
corrosivity, reactivity, and toxicity 
characteristics. 

Regulatory testing is used to determine if the 
material is hazardous or nonhazardous from a 
regulatory perspective. 

Criteria 
The criteria for ignitability is defined by 40 
CFR, Part 261.21. 

The criteria for corrosivity is defined by 40 
CFR, Part 26 1.22. 

The criteria for reactivity is defied by 40 
CFR. Part 261.23. 

The criteria for toxicity characteristics 
require leaching tests and are listed in 40 
CFR, Part 26 1 .24, Table- 1. Leachate 
concentration limitations exist for eight 
inorganic compounds and numerous organic 
compounds. 

Test Method 
The U.S. EPA does not list a standard test 
method for testing the ignitability of a 
solid, but provides the characteristics of 
an ignitable solid in 40 CFR, Part 26 1.2 1. 

The U.S. EPA lists standard test for 
corrosivity as Method 5.2 in "Test 
Methods for the Evaluation of Solid 
Waste, PhysicallChemical Methods" and 
National Association of Corrosion 
Engineers Standard TM-0 1-69. 

The U.S. EPA does not list a standard test 
method for testing the reactivity of a 
solid, but provides the characteristics of a 
reactive solid in 40 CFR, Part 26 1.23. 

The Toxicity Characteristics Leaching 
Procedure (TCLP) Test, SW-846 13 11 is 
used to characterize toxicity 
characteristics. This method was 
originally developed to simulate leaching 
in a municipal solid waste landfill 
environment. 



Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued). 

Environmental 
Property 

Inorganic 
Composition of 
Aggregate 
Substitute 

Comment 
Inorganic composition provides information 
on the elemental composition of the aggregate 
substitute material (e.g., Al, As, Ba, Cd, Cu, 
Fe, Hg, Mg, Se, Zn). The main environmental 
concerns are excessive concentrations of trace 
metals. 

Inorganic composition determination should 
be made when the composition in the 
proposed aggregate substitute is unknown 
(e.g., a new recycled material) or is suspected 
to have changed over time (e.g., the 
production or processing facility has 
undergone modification). 

Criteria 
From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to be similar to 
reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) clean soil guidelines, 
then the material may not need further testing 
and is acceptable from an environmental 
perspective. 

From a health and safety perspective, in 
some cases, materials with similar 
composition may have different leaching 
behaviors. If the materials are of widely 
different origin, the mineralogies may differ. 
Therefore, in addition to comparisons of 
inorganic composition between the proposed 
and reference materials, evaluations using 
leaching tests (such as total availability or 
pH-dependent methods) may be required. 

From a health and safety perspective, there 
may be potential issues relative to fugitive 
dust emissions during stockpiling, 
processing, and eventual recycling and, as a 
result, the inorganic composition of the fine 
fraction (and its potential relation to air- 
entrained particulate matter) may need to be 
compared with applicable OSHA standards 
for worker safety and exposure to air- 
entrained particulate matter limits. 

Test Method 
Standard U.S. EPA methods to determine 
inorganic composition are normally 
undertaken by totally digesting the 
material and analyzing the digestate using 
atomic absorption spectrometry, atomic 
emission spectrometry or ion 
chromatography. When using total 
digestion techniques, care should be 
taken to (i) prevent loss of volatile 
elements like Hg and (ii) ensure that 
silicates in the recycled material are 
completely digested. See Standard 
Methods 3030 I and K for digestion, and 
StandardMethods 3111,3112,3113, 
3114,3120,3125, and4110 for digestate 
analysis of SW-844 3050B and 305 1 for 
digestion and SW-846 4010B, 6020, 
7000A for digestate analysis. 

Inorganic composition can also be 
determined using solid state methods 
such as x-ray fluorescence analysis 
(XRF) or neutron activation analysis 
(NAA). Solid state methods are generally 
easier (no digestion, reasonably good 
detection limits), and less costly, but less 
routinely available. 



e 2 laboratory testing recornmen ations for aggre ate substitutes in un onnd applications (continued). 

Environmental 
Property 
Organic 
Composition of 
Aggregate 
Substitute 

Particle Size of 
Aggregate 
Substitute 

Comment 
Organic composition provides information 
that can indicate if the proposed recycled 
material is contaminated with or contains 
compounds of concern (eg., volatile organics, 
pesticides, semi-volatile organics). 

Organic composition determination should be 
made when the composition in the proposed 
aggregate substitute is unknown (e.g., a new 
recycled material) or is suspected to have 
changed over time (e.g., the production or 
processing facility has undergone 
modification). 

Particle size analysis is a measure of the size 
distribution of the material. 

Particle size analysis should be undertaken if 
fugitive dust emissions are expected. 

Criteria 
From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to be similar to 
reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) "clean soil'" guidelines, 
then the material may not need fiuther testing 
and is acceptable from an environmental 
perspective. 

From a health and safety perspective, since 
the material will be used in an unbound 
application, there may be potential issues 
relative to fugitive dust and volatile 
emissions during stockpiling, processing, and 
eventual recycling and, as a result, the 
organic composition of the fine fraction (and 
its potential relation to air-entrained 
particulate matter) may need to be compared 
with applicable OSHA standards for worker 
safety and exposure to air-entrained 
particulate matter limits. 
From a health and safety perspective, 
applicable standards for levels of fugitive 
dusts are listed in 29 CFR, Part 19 10. 

If fugitive emissions are suspected, then the 
inorganic and organic composition of the 
material may need to be analyzed and the 
composition of the fine fraction compared 
with OSHA Standards listed in 29 CFR, Part 
1910, Tables Z-1,Z-2,Z-3, and 2-4. 

Test Method 
Many standard U.S. EPA methodologies 
exist dbr the determination of the organic 
composition of a material. Organics 
Composition Using Extraction, Clean-Up 
and Detection s f  Organic Compounds 
Using Gas Chromatographic Methods for 
Total Petroleum Hydrocarbons (SW-846 
80 15) and Gas Chromatographic/Mass 
Spectmscopic Methods for Volatile 
Compounds (SW-8260B), Semivolatile 
Compounds (SW-846 8270C), 
Polyaromatic Hydrocarbons (PAHs) and 
Polychlorinated Biphenyls (PCBs) (SW- 
846 8275A), and Polychlorinated 
Dibenzodioxins/Dibenzofi.uans 
(PCDDsPCDFs) (SW-846 828OA or 
8290). 

A more comprehensive listing of organic 
test methods can be found in SW-846. 

For particle size determination of 75 
microns or greater, ASTM C136 or 
AASHTO T27 can be used to quantity 
particle sizes. 

For particle size determination of less 
than 75 microns, ASTM method D422 
can be used. 



Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued). 

Environmental 
Property 

Mineralogical 
Composition of 
Aggregate 
Substitute 

Inorganic 
Leaching of 
Aggregate 
Substitute 

Comment 
Mineralogical composition testing is useful to 
determine the inorganic crystalline phases of a 
material. 

Determination of inorganic crystaIline 
structure should be performed when the 
mineralogical composition in the proposed 
aggregate substitute is unknown (e.g., a new 
recycled material) or is suspected to have 
changed over time (e.g., the production or 
processing facility has undergone 
modification). 
Inorganic leaching can be used to determine 
the amount of soluble inorganic components 
that could be released from the proposed 
material. 

Testing of inorganic leaching should be done 
when high concentrations of inorganic 
constituents are present, which could be 
harmful if leached into the environment. 

Criteria 
There are no applicable environmental 
criteria. 

The presence of certain mineral phases [e.g., 
chrysotile (asbestos), quartz SiOJ have 
health and safety implications. Mineralogical 
analyses can be used to identify and quantify 
such phases. Criteria can be found in 29 
CFR, Part 1910. 

From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to leach similar levels 
to reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) "clean soils," or if 
leachate levels are below applicable 
groundwater, surface water, or drinking 
water standards, then the material may not 
need further testing and should be acceptable 
from an environmental perspective. 

For cases where inorganic leaching levels 
fkom the proposed material are above 
selected limits, it may be necessary to 
examine the pH-dependent behavior of the 
proposed material (see acid-base behavior). 

There are no applicable health and safety 
criteria. 

Test Method 
Mineralogy using x-ray powder 
diffraction or other solid state 
spectroscopies. 

Besides x-ray diffraction, there are a 
number of additional spectroscopies that 
can be used to characterize the materials 
(e.g., x-ray, photoelectron spectroscopy, 
solid state nuclear magnetic resonance 
spectroscopy, vibrational spectroscopies, 
etc.). 

Determination of inorganic leaching can 
be performed to analyze for (i) total 
available leaching, (ii) long-term 
leaching, or (iii) real-time leaching. 

Total availability leaching is used to 
determine what fraction of the total 
composition is available for leaching over 
extended periods of time. Total 
availability leaching of inorganics can be 
determined using the Dutch Total 
Availability Leaching Test (NEN 7341) 
or an equivalent method. 

Long-term leaching can be determined by 
using batch leaching tests that use high 
liquid to solid ratios. A variety of 
methods are available, including U.S. 
EPA Method 13 1 1 (TCLP), US. EPA 
Method 13 12 (SPLP), U.S. EPA Method 
1320 Multiple Extraction Procedure 
(MEP), ASTM D3987 (Shake Extraction 
of Solid Waste With Water), ASTM 
D4793, and the NEN 7343 Dutch 
Column Leaching Test. 



oratory testing recsm gregate substitutes in unbonn 

Environmentd 
Property 

Organic 
Leaching of 
Aggregate 
Substitute 

Comment 

Organic leaching can be used to determine the 
amount of soluble organic components in the 
aggregate substitute. 

Testing of organic leaching should be done 
when high concentrations s f  organic 
constituents are present, which could be 
harmful if leached into the environment. 

Criteria 

From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to leach similar levels 
to reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) "clean soils," or if 
leachate levels are below applicable 
groundwater, surface water, or drinking 
water standards, then the material may not 
need further testing and should be acceptable 
from an environmental perspective. 

For cases where inorganic leaching levels 
from the proposed material are above 
selected limits, it may be necessary to 
examine the pH-dependent behavior of the 
proposed material (see acid-base behavior). 

There are no applicable health and safety 
criteria. 

Test Method - 

Real-time leaching can be determined by 
column leaching percolation using tests 
such as the ASTM Column Leach Test 
(ASTM D4874) or the Dutch Column 
Test (NEN 7343). 

There are no standard methods for 
determination of organic leaching, but the 
leaching methods listed below can be 
used in conjunction with appropriate 
organic analysis methods to determine (i) 
total available leaching, (ii) long-term 
leaching, or (6) real-time leaching. 

Total availability leaching is used to tell 
what fraction of the total composition is 
available for leaching over extended 
periods of time. Total availability 
leaching of inorganics can be determined 
using the Dutch Total Availability 
Leaching Test (NEN 7341) or an 
equivalent method. 

Long-term leaching can be determined by 
using batch leaching tests that use high 
liquid to volume ratios. A variety of 
methods are available, including U.S. 
EPA Method 13 11 (TCLP), U.S. EPA 
Method 1320 Multiple Extraction 
Procedure (MEP), ASTM D3987, and 
ASTM D4793. 

Real-time leaching can be determined by 
column leaching percolation using tests 
such as the ASTM Column Leach Test 
(AS'TM D4874) or the Dutch Column 
Test (NEN 7343). 



Table 5-1. Stage 2 laboratory testing recommendations for aggregate substitutes in unbound applications (continued). 

The tests can be modified to analyze 
organics in the Ieachates using such 
methods as EPA 601,8010,602,8020, 
8015,624, 8240, 8260,524.2 (Volatile 
Compounds) or EPA 625,8270 (Acid 
and Base-Neutral Extractables), EPA 
608, 8080 (Pesticides, PCBs), or EPA 
8 100 (Total Petroleum Hydrocarbons). 

Test Method , Criteria 
Environmental 

Property Comment 



Table 5-1. Stage 2 laborat0 testing rectarnrnendatic~ns for ag regate substitutes in unbound applications (continued). 

Acid base behavior testing is an analytical 

different pH environments. It can be 
determined by examining the pH of the 
material, pHdependent leaching behavior, 
and acid neutralization capacity of the 
proposed material. 

Determination of acid-base behavior is 
typically undertaken to gain a better 
understanding of the leaching of the proposed 
material. 

Criteria 

From an environmental perspective and from 
a health and safety perspective, there are no 
specific criteria for acid-base behavior of a 
materiai. The information gathered from the 
associated test methods can be used to assess 
environmental conditions of acidity or 
alkalinity that could result in excessive 
leaching. 

Test Method 

pH is a basic measure of the acid or 
alkaline nature of a granular material and 
pH is the principal factor in controlling 
the leaching of virtually all inorganics 
and some organics (e.g., acid or base 
neutral extractables like phenols) in 
recycled materials, 

Determination of pH can be made using 
SW-846 9045C. 

pHdependent leaching is used to assess 
equilibrium leaching as a function of pH. 
It is useful to understand whether 
constituents will leach in acidic or basic 
conditions or exhibit pH-dependent 
leaching. The Dutch pH-Dependent 
Leach Test (NEN 7343) or an equivalent 
method can be used. 

Acid Neutralization Capacity (ANC) is 
the measure of the buffer capacity or 
ability to resist pH change. An ANC test 
method is available in ASTM C400; 
however, the method is not an ideal test 
and is really only applicable to very 
alkaline materials. 



Table 5-2. Stage 2 laboratory testing recommendations for aggregate substitutes in bound applications. 

Environmental 
Property 

Regulatory 
Testing of 
Aggregate 
Substitute 

Comment 
U. S. EPA regulatory testing consists of a 
series of material They include 
ignitability, corrosivity, reactivity, and 
toxicity characteristics. 

Regulatory testing is used to determine if the 
material is hazardous or nonhazardous from a 
regulatory perspective. 

Criteria 
The criteria for ignitability is defined by 40 
CFR, Part 26 1.2 1. 

The criteria for corrosivity is defined by 40 
CFR, Part 261.22. 

The criteria for reactivity is defined by 40 
CFR, Part 261.23. 

The criteria for toxicity characteristics 
require leaching tests and are listed in 40 
CFR, Part 26 1.24, Table- 1. Leachate 
concentration limitations exist for eight 
inorganic compounds and numerous organic 
compounds. 

Test Method 
The US.  EPA does not list a standard test 
method for testing the ignitability of a 
solid, but provides the characteristics of 
an ignitable solid in 40 CFR, Part 26 1.2 1. 

The U.S. EPA lists standard test for 
corrosivity as Method 5.2 in "Test 
Methods for the Evaluation of Solid 
Waste, Physical/Chemical Methods" and 
National Association of Corrosion 
Engineers Standard TM-0 1-69. 

The U. S. EPA does not list a standard 
test method for testing the reactivity of a 
solid, but provides the characteristics of a 
reactive solid in 40 CFR, Part 261 2 3 .  

The Toxicity Characteristics Leaching 
Procedure (TCLP) Test, SW-846 13 1 1 is 
used to characterize toxicity 
characteristics. This method was 
originally developed to simulate leaching 
in a municipal solid waste landfill 
environment. 



Table 5-2. Sta e 2 laboratory testing reco ations rFor aggregate sabstitutes in bound pLications (continued). 

Comment 
Inorganic composition provides information 
on the elemental composition of the aggregate 
substitute material (e.g., Al, As, Ba, Cd, Cu, 
Fe, Hg, Mg, Se, Zn). The main environmental 
concerns are excessive concentrations of trace 
metals. 

Inorganic composition determination should 
be made when the composition in the 
proposed aggregate substitute is unknown 
(e.g., a new recycled material) or is suspected 
to have changed over time (e.g., the 
production or processing facility has 
undergone modification). 

Criteria 
From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to be similar to 
reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) clean soil guidelines, 
then the material may not need further testing 
and is acceptable &om an environmental 
perspective. 

From a health and safety perspective, in 
some cases, materials with similar 
composition may have different leaching 
behaviors. If the materials are of widely 
different origin, the rnineralogies may differ. 
Therefore, in addition to comparisons of 
inorganic composition between the proposed 
and reference materials, evaluations using 
leaching tests (such as total availability or 
pH-dependent methods) may be required. 

From a health and safety perspective, there 
may be potential issues relative to fugitive 
dust emissions during stockpiling, 
processing, and eventual recycling and, as a 
result, the inorganic composition of the fine 
fraction (and its potential relation to air- 
mtrained particulate matter) may need to be 
;ompared with applicable OSHA standards 
For worker safety and exposure to air- 
:ntrained particulate matter limits. 

Test Method 
Standard U.S. EPA methods to determine 
inorganic composition are normally 
undertaken by totally digesting the 
material and analyzing the digestate using 
atomic absorption spectrometry, atomic 
emission spectrometry, or ion 
chromatography. When using total 
digestion techniques, care should be 
taken to (i) prevent loss of volatile 
elements like Hg and (ii) ensme t a t  
silicates in the recycled material are 
completely digested. See Standard 
Methods 3030 I and K for digestion, and 
StandardMethods 3111,3112,3113, 
3ll4,3l20,3125, and4110 for digestate 
analysis of SW-846 3050B and 305 1 for 
digestion and SW-846 6010B,6020, 
7000A for digestate analysis. 

Inorganic composition can also be 
determined using solid state methods 
such as x-ray fluorescence analysis 
(XRF) or neutron activation analysis 
O\JAA). Solid state methods are generally 
easier (no digestion, reasonably good 
detection limits), and less costly, but less 
routinely available. 



Table 5-2. Stage 2 laboratory testing recommendations for aggregate substitutes in bound applications (continued). 

Environmental 
Property 

Organic 
Composition of 
Aggregate 
Substitute 

Particle Size of 
Aggregate 
Substitute 

Comment 
Organic composition provides information 
that can indidate if the proposed recycled 
material is contaminated with or contains 
compounds of concern (e.g., volatile organics, 
pesticides, semi-volatile organics). 

Organic composition determination should be 
made when the composition in the proposed 
aggregate substitute is unknown (e.g., a new 
recycled material) or is suspected to have 
changed over time (e.g., the production or 
processing facility has undergone 
modification). 

Particle size analysis is a measure of& size 
distribution of the material. 

Particle size analysis should be undertaken if 
fugitive dust emissions are expected. 

Criteria 
From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to be similar to 
reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or jii) "clean soil" guidelines, 
then the material may not need further testing 
and is acceptable from an environmental 
perspective. 

From a health and safety perspective, since 
the material will be used in an unbound 
application, there may be potential issues 
relative to fugitive dust and volatile 
emissions during stockpiling, processing, and 
eventual recycling and, as a result, the 
organic composition of the fine hct ion (and 
its potential relation to air-entrained 
particulate matter) may need to be compared 
with applicable OSHA standards for worker 
safety and exposure to air-entrained 
particulate matter limits. 
From a health and safety perspective, 
applicable standards for levels of fugitive 
dusts are listed in 29 CFR, Part 19 1 0. 

If fugitive emissions are suspected, then the 
inorganic and organic composition of the 
material may need to be analyzed and the 
composition of the fine fraction compared 
with OSHA Standards listed in 29 CFR, Part 
19 10, Tables Z-1,Z-2,Z-3, and 2-4. 

Test Method 
Many standard U.S. EPA methodologies 
exist for the determination of the organic 
composition of a material. Organics 
Composition Using Extraction, Clean-Up 
and Detection of Organic Compounds 
Using Gas Chromatographic Methods for 
Total Petroleum Hydrocarbons (SW-846 
80 15) and Gas Chromatographic/Mass 
Spectroscopic Methods for Volatile 
Compounds (SW-8260B), Semivolatile 
Compounds (SW-846 8270C), 
Polyaromatic Hydrocarbons (PAHs) and 
Polychlorinated Biphenyls (PCBs) (SW- 
846 8275A), and Polychlorinated 
Dibenzodioxins/Dibenzofurans 
(PCDDsPCDFs) (SW-846 8280A or 
8290). 

A more comprehensive listing of organic 
test methods can be found in SW-846. 

For particle size determination of 75 
microns or greater, ASTM '2136 or 
AASHTO T27 can be used to quantity 
particle sizes. 

For particle size determination of less 
than 75 microns, ASTM D422 can be 
used. 



Table 5-2. Stage 2 Srpbaratory: testin endations for ag $Gentes in bound a 

[ Environmental 

Inorganic 
Leaching of 
Aggregate 
Substitute 

Comment 
Mineralogical  omp position testing is useful to 
determine the inorganic crystalline phases of a 
material. 

Determination of inorganic crystalline 
structure should be performed when the 
mineralogical composition in the proposed 
aggregate substitute is unknown (e.g., a new 
recycled material) or is suspected to have 
changed over time (e.g., the production or 
processing facility has undergone 
modification). 

Inorganic leaching can be used to determine 
the amount of soluble inorganic components 
that could be released &om the proposed 
material. 

Testing of inorganic leaching should be done 
when high concentrations of inorganic 
constituents are present, which could be 
harmful if leached into the environment. 

Criteria 
There are no applicable environmental 
criteria. 

The presence of certain mineral phases [e.g., 
chrysotile (asbestos), quartz SiOJ have 
health and safety implications. Mineralogical 
analyses can be used to identify and quantify 
such phases. Criteria can be found in 29 
CFR, Part 19 10. 

From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to leach similar levels 
to reference materials such as (i) accepted 
consmction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) "clean soils," or if 
leachate levels are below applicable 
groundwater, surface water, or drinking 
water standards, then the material may not 
need further testing and should be acceptable 
from an environmental perspective. 

For cases where inorganic leaching levels 
from the proposed rnaterial are above 
selected limits, it may be necessary to 
examine the pH-dependent behavior of the 
proposed material (see acid-base behavior). 

There are no applicable health and safety 
criteria. 

Test Method 
Mineralogy using x-ray powder 
diffraction or other solid state 
spectroscopies. 

Besides x-ray diffraction, there are a 
number of additional spectroscopies that 
can be used to characterize the materials 
(e.g., x-ray, photoelectron spectroscopy, 
solid state nuclear magnetic resonance 
spectroscopy, vibrational spectroscopies, 
etc.). 

Determination of inorganic leaching can 
be performed to analyze for (i) total 
available leaching, (ii) long-term 
leaching, or (iii) real-time leaching. 

Total availability leaching is used to 
determine what fraction of the total 
composition is available for leaching over 
extended periods of time. Total 
availability leaching of inorganics can be 
determined using the Dutch Total 
Availability Leaching Test (NEN 7341) 
or an equivalent method. 

Long-term leaching can be determined by 
using batch leaching tests that use high 
liquid to solid ratios. A variety of 
methods are available, including U.S. 
EPA Method 13 1 1 (TCLP), U.S. EPA 
Method 13 12 (SPLP), U.S. EPA Method 
1320 Multiple Extraction Procedure 
(MEP), ASTM D3987 (Shake Extraction 
of Solid Waste with Water), ASTM 
D4793, and the NEN 7343 Dutch 
Column Leaching Test. 







Table 5-2. Stage 2 laborato testing recommendations for aggregate substitutes in bound applications (continued). 

Environmental 
Property Comment 

Product Product inorganic leaching can be used to 
Inorganic 
Leaching 

determine the amount of soluble inorganic 
conlponents that could be released from the 
product. 

Testing of inorganic leaching should be 
undertaken when high concentrations of 
inorganic constituents are suspected, which 
could be harmful if leached into the 

Criteria 
From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to leach similar levels 
to reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) "clean soils," or if 
leachate levels are below applicable 
groundwater, surface water, or drinking 
water standards, then the material may not 
need further testing and should be acceptable 
fiom an environmental perspective. 

For cases where inorganic leaching levels 
fiom the proposed material are above 
selected limits, it may be necessary to 
examine the pH-dependent behavior of the 
proposed material (see acid-base behavior). 

There are no applicable health and safety 
criteria. 

Test Method 
Determination of inorganic leaching can 
be performed to analyze for (i) total 
available leaching, (ii) long-term 
leaching, or (iii) real-time leaching. 

Total availability leaching is used to 
determine what fraction of the total 
composition is available for leaching over 
extended periods of time. Total 
availability leaching of inorganics can be 
determined using the Dutch Total 
Availability Leaching Test (NEN 7341) 
or an equivalent method. 

Long-term leaching can be determined by 
using batch leaching tests that use high 
liquid to volume ratios. A variety of 
methods are available, including US.  
EPA Method 13 1 1 (TCLP), U.S. EPA 
Method 1320 Multiple Extraction 
Procedure (MEP), ASTM D3987, and 
ASTM D4793. 

Real-time leaching can be determined by 
column leaching percolation using tests 
such as the ASTM Column Leach Test 
( A S W  D4874) or the Dutch Column 
Test (NEN 7343). 



Table 5-2. Stage 2 laboratory recommendations for ag regate substitutes in ound applications (continued). 

Environmental 
Property 

'roduct Organic 
Comment 

'roduct organic leaching can be used to 
letermine the amount of soluble organic 
:omponents that could be released from the 
roduct. 

resting of organic leaching should be 
indertaken when high concentrations of 
)rganic constituents are suspected, which 
:ould be harmhl if leached into the 
mironment. 

Criteria 
From an environmental perspective, there are 
no specific criteria. However, if the proposed 
m a t e d  can be shown to leach similar levels 
to reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) OP native materials (soils, 
crushed rock) or (ii) "clean soils," or if 
leachate levels are below applicable 
groundwater, surface water, or drinking 
water standards, then the material may not 
need further testing and should be acceptable 
from an environmental perspective. 

For cases where inorganic leaching levels 
Erom the proposed material are above 
selected limits, it may be necessary to 
examine the pH-dependent behavior of the 
proposed material (see acid-base behavior). 

There are no applicable health and safety 
criteria. 

Test Method 
There are no standard methods for 
determination of organic leaching, but the 
leaching methods listed below can be 
used in conjunction with appropriate 
organic analysis methods to determine (i) 
total available leaching, (ii) long-term 
leaching, or (iii) real-time leaching. 

Total availability leaching is used to tell 
what fraction of the total composition is 
available for leaching over extended 
periods of time. Total availability 
leaching of inorganics can be determined 
using the Dutch Total Availability 
Leaching Test (NEN 7341) or an 
equivalent method. 

Long-term leaching can be determined by 
using batch leaching tests that use high 
liquid to volume ratios. A variety of 
methods are available, including U.S. 
EPA Method 13 1 1 (TCLP), U.S. EPA 
Method 1320 Multiple Extraction 
Procedure (MEP), ASTM D3987, and 
ASTM D4793. 

Real-time leaching can be determined by 
column leaching percolation using tests 
such as the ASTM Column Leach Test 
(ASTM D4874) or the Dutch Column 
Test (NEN 7343). 

The tests can be modified to analyze 
organics in the leachates using such 
methods as EPA 601,80 10,602,8020, 
8015,624, 8240,8260,524.2 (Volatile 
Compounds) or EPA 625,8270 (Acid 
and Base-Neutral Extractables), EPA 



Table 5-2. Stage 2 laboratory testing recommendations for aggregate substitutes in bound applications (continued). 

Environmental 
Property 

Product 
Abrasion 

Product - 
Volatile 
Emissions 

Comment 

Product abrasion from a monolithic product 
can be used to quantify the potential 
particulate erosion fiom the product resulting 
from mechanical stress or weathering. 

This method would be used if it was expected 
that material loss was possible, and if the 
material loss could potentially result in 
environmental degradation (e-g., soil 
contamination, water contamination, or air 
pollution). 

This method ideally would look at the rate of 
loss of volatile components fiom the product. 

If original material contains volatile 
components and if the manufacturing of the 
material into a product could result in the 
release of volatile emissions: then such testing 
may be necessary. 

Criteria 

From an environmental perspective there are 
no specific criteria. If the proposed material 
is similar to referenced product materials, 
then product abrasion should not be a 
concern. If elevated organic or inorganic 
contaminants are present, the potential 
impacts to soils, water, and air will need to 
be evaluated, based on the rate of particulate 
abrasion and compared with soil quality, 
water quality, and air quality guidelines. 

There are no applicable health and safety 
criteria. 

There are no environmental criteria. 

From a health and safety perspective, 
potential emission rates could be determined 
with this method, modeled, and compared 
with appropriate OSHA standards. 

Test Method 
608, 8080 (Pesticides, PCBs), or EPA 
8100 (Total Petroleum Hydrocarbons). 
There are no laboratory methods to assess 
abrasion. If product abrasion is deemed to 
be problematic, then a simulated abrasion 
or a field test will be necessary to 
measure the effects of abrasion on the 
product. 

There are no standard laboratory methods 
to estimate volatilization from unbound 
products. 

Laboratory methods can be developed 
that use glove bags and gas analysis 
methods. 



Environmental 
Proper5 

Regulatory 
Testing of 
Landscaping 
Material 

tage 2 laboratory testin endatisas for lan 

Comment - 
U.S. EPA regulatory testing consists of a 
series of material properties. They include 
ignitability, corrosivity, reactivity, and 
toxicity characteristics. 

Regulatory testing is used to detemine if the 
material is hazardous or nonhazardous from a 
regulatory perspective. 

Criteria 
The criteria for ignitability is defined by 40 
GFR. Part 26 1.2 1. 

The criteria for corrosivity is defined by 40 
CFR, Part 2-51 2%. 

The criteria for reactivity is defined 
CFR, Part 26 1.23. 

The criteria for toxicity characteristics 
require leaching tests and are listed in 40 
GFR, Part 26 1.24. Leachate concentration 
limitations exist for eight inorganic 
compounds and numerous organic 
compounds. 

Test Method 
The U.S. EPA does not list a standard test 
method for testing the ignitability of a 
solid, but provides the characteristics of 
an ignitable solid in 40 CFR, Part 26 1.2 1. 

The U.S. EPA lists standard test for 
corrosivity as Method 5.2 in "Test 
Methods for the Evaluation of Solid 
Waste, Pbysical/Chernical Methods" and 
National Association of Corrosion 
Engineers Standard TM-0 1-69. 

The U.S. EPA does not list a standard test 
method for testing the reactivity of a 
solid, but provides the chamcteristics of a 
reactive solid in 40 CFR, Part 261.23. 

The Toxicity Characteristics Leaching 
Procedure (TCLP) Test, SW-846 13 1 1 is 
used to characterize toxicity 
characteristics. This method was 
originally developed to simulate leaching 
in a municipal solid waste landfill 
environment. 



Environmental 
Property 

Inorganic 
Composition of 
Landscaping 
Material 

tage 2 laboratory testing recommendations for landscaping materials (continued). 

Comment 
Inorganic composition provides information 
on the elemental composition of the aggregate 
substitute material (e.g., Al, As, Ba, Cd, Cu, 
Fe, Hg, Mg, Se, Zn). The main environmental 
concerns are excessive concentrations of trace 
metals. 

Inorganic composition determination should 
be made when the composition in the 
proposed aggregate substitute is unknown 
(e.g., a new recycled material) or is suspected 
to have changed over time (c.g., the 
production or processing facility has 
undergone modification). 

Criteria 
From an environmental perspective, U.S. 
EPA 503 regulations regulate the levels of 
contaminants that may be present in 
biosolids applied to the land. These criteria 
may be used as guidance criteria for 
materials other than biosolids. 

Alternatively, if the proposed material can be 
shown to be similar to reference materials 
such as (i) accepted landscaping materials or 
native materials (soils, crushed rock) or (ii) 
"clean soil" guidelines, then the material may 
not need further testing and should be 
acceptable. 

From a health and safety perspective, there 
may be potential issues relative to fugitive 
dust emissions during stockpiling, 
processing, and eventual recycling and, as a 
result, the inorganic composition of the fine 
fraction (and its potential relation to air- 
entrained particulate matter) may need to be 
compared with applicable OSHA standards 
for worker safety and exposure to air- 
entrained particulate matter limits. 

Test Method 
Standard US .  EPA methods to determine 
inorganic composition are normally 
undertaken by totally digesting the 
material and analyzing the digestate using 
atomic absorption spectrometry, atomic 
emission spectrometry, or ion 
chromatography. When using total 
digestion techniques, care should be 
taken to (i) prevent loss of volatile 
elements like Hg and (ii) ensure that 
silicates in the recycled material are 
completely digested. See Standard 
Methods 3030 I and K for digestion, and 
Standard Methods 3111,3112,3113, 
3114,3120,3125, and 4110 for digestate 
analysis of SW-846 3050B and 3051 for 
digestion and SW-846 6010B, 6020, 
7000A for digestate analysis. 

Inorganic composition can also be 
determined using solid state methods 
such as x-ray fluorescence analysis 
(XRF) or neutron activation analysis 
(NAA). Solid state methods are generally 
easier (no digestion, reasonably good 
detection limits), and less costly, but less 
routinely available. 



abnratory testin aterials (continued). 

Environmental 
Proper-&- 

Organic 
Composition of 
Landscaping 
Matemal 

Particle Size of 
Landscaping 
Material 

Organic composition provides information 
that can indicate if the proposed recycled 
material is contaminated with or contains 
compounds of concern (eg., volatile organics, 
pesticides, semi-volatile organics). 

Organic composition determination should be 
made when the composition in the proposed 
aggregate substitute is unhown (e.g., a new 
recycled material) or is suspected to have 
changed over time (e.g., the production or 
processing facility has undergone 
modification). 

Particle size analysis is a measure of the size 
distribution of the material. 

Particle size analysis should be undertaken if 
fugitive dust emissions are expected. 

-- Criteria 
From an environmental perspective, U.S. 
EPA 503 regulations regulate the levels of 
containants that may be present in 
biosslzds applied to the land. These criteria 
may be used as guidance criteria for 
materials other than biosolids. 

Alternatively, if the proposed material can be 
shown to be similar to reference materials 
such as ( i )  accepted landscaping materials or 
native materials (soils, crushed rock) or (ii) 
"clean soil" guidelines, then the material may 
not need further testing and should be 
acceptable. 

From a health and safety perspective, since 
the material will be used in an unbound 
application, there may be potential issues 
relative to fugitive dust and volatile 
emissions during stockpiling, processing, and 
eventual recycling and, as a result, the 
organic composition of the fine fraction (and 
its potential relation to air-entrained 
particulate matter) may need to be compared 
with applicable OSHA standards for worker 
safety and exposure to air-entrained 
particulate matter limits. 
From a health and safety perspective, 
applicable standards for levels of fugitive 
dusts are listed in 29 CFR. Part 1910. 

If fugitive emissions are suspected, then the 
inorganic and organic composition of the 
material may need to be analyzed and the 
composition of the fine fraction compared 
with OSHA Standards listed in 29 CFK, Part 
19 10, Tables Z- I, 2-2,Z-3, and 2-4. 

exist for the determination of the organic 
composition of a material. Organics 

osition Using Extraction, Clean-Up 
and Detection of Organic Compounds 
Using Gas Chromatographic Methods for 
Total Petroleum Hydrocarbons (SW-846 
80 15 j and Gas ChromatographicMass 
Spectroscopic Methods for Volatile 
Cornpounds (SW-846 8240B), 
Semivolatile Compounds (SW-846 
8270C), Polyaromatic Hydrocarbons 
(PAMs) and Polychlorinated Biphenyls 
(PCBs) (SW-846 8274A), and 
Polychlorinated Dibenzodioxind 
Dibenzofurans (PCDDsPCDFs) (SW- 
846 8280A or 8290). 

A more comprehensive listing of organic 
test methods can be found in SW-846. 

For particle size determination of 75 
microns or greater, ASTM C136 or 
AASHTO T27 can be used to quantity 
particle sizes. 

For particle size determination of less 
than 75 microns, ASTM D422 can be 
used. 



Environmental 
Property 

Mineralogical 
Composition of 
Landscaping 
Material 

Inorganic 
Leaching of 
Landscaping 
Material 

Table 5-3. Stage 2 laboratoq testin recommendations for landscaping materials (continued). 

Comment 

Mineralogical composition testing is useful to 
determine the inorganic crystalline phases of a 
material. 

Determination of inorganic crystalline 
structure should be performed when the 
mineralogical composition in the proposed 
aggregate substitute is unknown (e.g., a new 
recycled material) or is suspected to have 
changed over time (e.g., the production or 
processing facility has undergone 
modification). 

Inorganic leaching can be used to determine 
the amount of soluble inorganic components 
that could be released from the proposed 
material. 

Testing of inorganic leaching should be done 
when high concentrations of inorganic 
constituents are present, which could be 
harmful if leached into the environment. 

Criteria 

There are no applicable environmental 
criteria. 

The presence of certain mineral phases [e.g., 
chrysotile (asbestos), quartz SiO,] have 
health and safety implications. Mineralogical 
analyses can be used to identify and quantify 
such phases. Criteria can be found in 29 
CFR, Part 19 10. 

From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to leach similar levels 
to reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) ''clean soils," or if 
leachate levels are below applicable 
groundwater, surface water, or drinking 
water standards, then the material may not 
need further testing and should be acceptable 
from an environmental perspective. 

For cases where inorganic leaching levels 
from the proposed material are above 
selected limits, it may be necessary to 
examine the pH-dependent behavior of the 
proposed material (see acid-base behavior). 

There are no applicable health and safety 
criteria. 

Test Method 

Mineralogy Using x-xay Powder 
Diffraction or Other Solid State 
Spectroscopies. 

Besides x-ray diffraction, there are a 
number of additional spectroscopies that 
can be used to characterize the materials 
(e.g., x-ray, photoelectron spectroscopy, 
solid state nuclear magnetic resonance 
spectroscopy, vibrational spectroscopies, 
etc.). 

Determination of inorganic leaching can 
be performed to anaiyze for (i) total 
available leaching, (ii) long-term 
leaching, or (iii) real-time leaching. 

Total availability Ieaching is used to 
determine what fkaction of the total 
composition is available for leaching over 
extended periods of time. Total 
availability leaching of inorganics can be 
determined using the Dutch Total 
Availability Leaching Test (NEN 7341) 
or an equivalent method, 

Long-term leaching can be determined by 
using batch leaching tests that use high 
liquid to volume ratios. A variety of 
methods are available, including US. 
EPA Method 13 1 1 (TCLP), U.S. EPA 
Method 1320 Multiple Extraction 
Procedure (MEP), ASTM D3987, and 
ASTM D4793. 

Real-time leaching can be determined by 



Organic 
Leaching of 
Landscaping 
Material 

5-3. Stage 2 ]la aterials (continue 

Comment 

Organic leaching can be used to determine the 
amount ofsolu.ble organic components in the 
aggregate substitute. 

Testing of organic leaching should be done 
when high concentrations of organic 
constituents are present, which could be 
harmful if leached into the environment. 

Criteria 

From an environmental perspective, there are 
no specific criteria. However, if the proposed 
material can be shown to leach similar levels 
to reference materials such as (i) accepted 
construction materials (e.g., asphalt 
pavements) or native materials (soils, 
crushed rock) or (ii) "clean soils,'' or if 
leachate levels are below applicable 
groundwater, surface water, or drinking 
water standards, then the material may not 
need further testing and should be acceptable 
from an environmental perspective. 

For cases where inorganic leaching levels 
from the proposed material are above 
selected limits, it may be necessary to 
examine the pH-dependent behavior of the 
proposed material (see acid-base behavior). 

There are no applicable health and safety 
criteria. 

Test Method 
column leaching percolation using tests 
such as the ASTM Column Leach Test 
(ASTM D4874) or the Dutch Colunln 
Test (NEN 7343). 
There are no standard methods for 
determination of organic leaching, but the 
leaching methods listed below can be 
used in conjunction with appropriate 
organic analysis methods to determine (i) 
total available leaching, (ii) long-term 
leaching, or (iii) real-time leaching. 

Total availability leaching is used to tell 
what fraction of the total composition is 
available for leaching over extended 
periods of time. Total availability 
leaching of inorganics can be determined 
using the Dutch Total Availability 
Leaching Test (NEM 7341) or an 
equivalent method. 

Long-term leaching can be determined by 
using batch leaching tests that use high 
liquid to volume ratios. A variety of 
methods are available, including U.S. 
EPA Method 13 1 1 (TCLP), U.S. EPA 
Method 1320 Multiple Extraction 
Procedure (MEP), ASTM D3987, and 
ASTM D4793. 

Real-time leaching can be determined by 
column leaching percolation using tests 
such as the ASTM Column Leach Test 
(ASTM D4874) or the Dutch Column 
Test (NEN 7343). 

The tests can be modified to analyze 



Table 5-3. Stage 2 laboratory testing recommendations for landscaping materiais (continued). 

Property Comment 

Pathogenic 
Microbiological 
Analyses of 
Landscaping 
Material 

Microbial pathogens can be present in certain 
types of landscaping materials. They may 
constitute a health hazard. 

Analyses for microbial pathogens should be 
used here if it is expected that the proposed 
landscaping material is from wastewater 
sludges, animal waste sludges, or municipal 
solid waste composts, and if the presence of 
pathogens is likely. 

The applicant and decision maker can assess 
the need for these methods, particularly in 
light of the source of the material and the 
processing (time and temperature) that the 
material has been exposed to. 

Criteria 

If a landscaping material is to be used as a 
compost and comes from a process where 
pathogens (e.g., bacteria, virus, fungi, 
protozoa) are expected (e.g., municipal waste 
water sludge, municipal solid waste 
compost), then the material must have been 
composted at a high enough temperature 
(55°C) and a minimum time (at least 3 days 
for static aerated piles or within vessel, 15 
days for windrows, though 2 1 days can be 
preferred for all three methods]. 

From an environmental perspective, there are 
no criteria specific criteria. 

From a hedth and safety perspective there 
are no criteria. However, States may have 
specific limits for composts derived from 
wastewater, animal waste sludges, or 
municipal solid waste composts. 

Test Method 
organics in the Ieachates using such 
methods as EPA 601,8010,602,8020, 
8015,624, 8240, 8260,524.2 (Volatile 
Compounds) or EPA 625,8270 (Acid 
and Base-Neutral Extractables), EPA 
608, 8080 (Pesticides, PCBs), or EPA 
8 100 (Total Petroleum Hydrocarbons). 
Pathogenic Microbiological AnaIyses. 

There are many pathogen detection 
methods that can be conducted on 
proposed landscaping materials. These 
include tests for Total and Fecal coliform 
and Escherichia coli (Standard Methods 
92211, fecal streptococcus and 
enterococcus groups (Standard Methods 
9230), pathogenic bacteria such as 
Salmonella, Shigelle, etc. (Stmdard 
Methods 92601, detection of enteric 
viruses (Standard Methods 95 10), 
detection of fungi (Standard Methods 
95 1 O), and detection of pathogenic 
protozoa (Standard Methods 971 1). New 
molecular biological methods are being 
rapidly developed as well. 
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INTRODUCTION 

In a Stage 3 engineering and materials property evaluation, a field testing program must be 
developed that will provide sufficient data to demonstrate that the proposed material is suitable 
for use in the proposed application. 

To undertake this evaluation, it is recommended that (I) a demonstration testing plan be 
prepared that delineates the field monitoring requirements, (2) acceptable specifications or 
performance criteria be established so that the decision-making process can be completed, and 
(3) the data be statistically evaluated to determine if specifications are met or if performance is 
similar to that of appropriate reference materials. 

Figure 6-1 provides a flowchart highlighting the steps in a Stage 3 engineering field evaluation 
program. Included in Figure 6-1 is reference to Tables 6-1 through 6-14. These tables provide a 
listing of recommended short-term and long-term field monitoring methods for selected highway 
applications. 

6dcq% FIELD DEMONSTRATION PLAN 

The decision as to how to monitor a field trial is primarily dependent on the selection of key 
design, construction, and long-term performance parameters for field evaluation. It is important 
to select performance parameters that can be monitored in the field in such a manner that 
sufficient data are provided to evaluate the performance of the product. 

Once these key parameters are selected, field monitoring activities can be planned to quantify 
these engineering parameters. Field monitoring activities typically fall into one of three 
categories: (1) material sampling and laboratory analysis, (2) visual observations, and (3) 
measurement of in-place performance indicators. 

Material sampling and laboratory analysis during field trials are primarily used to reconfirm that 
all material characteristics and design assumptions are still valid. The degree of material 
sampling and laboratory testing will, in most cases, be dependent on the expected variance (or 
variability) that the material may exhibit for key performance parameters. Visual observations 
refer to qualitative observations made by a field inspector to assist in assessing the manner in 
which the material affects the production, storage, transportation, and placement of the product 
relative to conventional materials. The measurement of in-place performance indicators refers to 
a category of activities in which some form of nondestructive testing of the in-place product is 
used as a measure to assess product performance. Some examples include settlement readings, 
deflection measurements, and strength monitoring. 
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Design test plan that delineates 
sampling and testing 

requirements 

Establish performance criteria 
for decision making 

Evaluate Data 

Is the short-term field 
performance of the materials and 

engineering properties of the 
proposed product containing the 

recycled material similar to 
reference materials or within 

appropriate standards? 
(See Tables 6-1 to 4-7) 

Is the long-term field 
performance 

of the materials and engineering 
properties of the proposed Yes Materials 

product b Approval 
containing the recycled material 

similar to reference materials 
or within appropriate standards? 

(See Tables 6-8 to 6-14) 

application, or deny 

Figure 6-1. Engineering and materials properties 
field evaluation flowchart. 
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Field monitoring activities will differ, depending on the type of application being proposed. 
Recommended field monitoring activities are presented in the following subsections for each 
highway application presented in these guidelines. Tables 6-1 through 6-14 present a description 
of recommended short-term and long-term engineering field monitoring activities for each 
application. 

Asphalt Concrete 

Table 6-1 provides a description of short-term monitoring activities recommended to assess the 
performance of proposed materials that are planned for use in the construction of asphalt 
concrete pavements. Some key short-term engineering performance parameters that should be 
monitored (for either hot mix or cold mix pavements) include handleability, compactability, 
stability, and durability. 

Table 6-2 provides a description of long-term monitoring activities recommended to assess the 
long-term performance of proposed materials that are planned for use in the construction of 
asphalt concrete pavements. Some key engineering performance parameters that should be 
monitored include stability, durability, permeability, wear resistance, stripping resistance, 
frictional resistance, and ride quality. 

Portland Cement Concrete 

Table 6-3 provides a description of short-term monitoring activities recommended to assess the 
short-term performance of proposed materials that are planned for use in the construction of 
portland cement concrete pavements. Some key engineering performance parameters that 
should be monitored include workability, strength development, frost susceptibility, and 
reactivity. 

Table 6-4 provides a description of long-term monitoring activities recommended to assess the 
long-term performance of proposed materials that are planned for use in the construction of 
portland cement concrete pavements. Some key long-term engineering performance parameters 
that can be monitored to assess the performance of hardened portland cement concrete include 
strength development, structural stability, frost susceptibility, reactivity, frictional resistance, and 
ride quality. 

Granular Base 

Table 6-5 provides a description of short-term monitoring activities recommended to assess the 
performance of proposed materials that are planned for use in the construction of a granular 
base. Some key engineering performance parameters that should be monitored include 
handleability, moisture density characteristics, compactability, and drainage capability. 

p 8  1 
Table 6-6 provides a description of long-term monitoring activities recommended to assess the 
long-term performance of proposed materials that are planned for use in the construction of a 
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granular base. Some key engineering performance parameters that should be monitored include 
stability, permeability, and frost susceptibility. 

Stabilized Base 

Table 6-7 provides a description of short-term monitoring activities recommended to assess the 
short-term performance of proposed materials that are planned for use in the construction of a 
stabilized base. Some key engineering performance parameters that should be monitored include 
handleability, moisture-density characteristics, compactability, stability, and strength 
development. 

Table 6-8 provides a description of long-term monitoring activities recommended to assess the 
long-term performance of proposed materials that are planned for use in the construction of a 
stabilized base. Some key engineering performance parameters that should be monitored to 
assess the performance of a new material include stability and strength development, and freeze- 
thaw and wet-dry susceptibility. 

Flowable Fill 

Table 6-9 provides a description of short-term monitoring activities recommended to assess the ---% 

performance of proposed materials that are planned for use in the production and placement of 
flowable fill. Some key engineering performance parameters that should be monitored include 
flowability, hardening time, strength development, and dimensional stability. 

Table 6-1 0 provides a description of long-term monitoring activities recommended to assess the 
performance of proposed materials that are planned f ~ r  use in the production and placement of 
flowable fill. Some key engineering performance parameters that should be monitored to assess 
the hardened flowable fill include strength development, hardened density, frost susceptibility, 
and dimensional stability, 

Embankments or Fills 

Table 6-1 1 provides a description of short-term monitoring activities recommended to assess the 
performance of proposed materials that are planned for use in the construction of embankments 
or fills. Some key engineering performance parameters that should be monitored include 
handleability, moisture-density characteristics, compactability, shear strength, consolidation 
characteristics, and beating capacity. 

Table 6- 12 provides a description of long-term monitoring activities recommended to assess the 
long-term performance of proposed materials that are planned for use in the construction of 
embankment or fills. Some key engineering performance parameters that should be monitored 
include consolidation or settlement behavior, slope stability, bearing capacity, and frost 

*xi-+ 

susceptibility. 
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Landscaping Materials 

Table 6-13 provides a description of short-term monitoring activities recommended to assess the 
performance of proposed materials that are planned for use as a landscaping material. A key 
engineering performance parameter that should be monitored includes handleability. 

Table 6-14 provides a description of long-term monitoring activities recommended to assess the 
long-term performance of proposed materials that are planned for use as a landscaping material. 
Key engineering perfomance parameters that should be monitored include erodability and 
vegetative growth. 

ESTABLISH ACCEPTABLE CRITERIA 

During the design and/or approval of the test plan, the decision maker will need to determine the 
criteria on which an approval will be based. Two methods are available for use in such an 
evaluation. The first includes the use of existing ASTM or AASWTO specifications or criteria 
imposed by local jurisdictions (e.g., State DOTs) when they are available. In cases where no 

#P--- definitive criteria exist, the decision maker can compare the field performance of the proposed 
material with that of a reference material (e.g., conventional construction material) to assess the 
relative performance of the proposed reference material. This can be done by constructing 
companion control sections of comparable design using only conventional materials and 
comparing the performance of the two sections. 

EVALUATE FIELD ENGINEERING AM) MATERIALS DATA FOR 
POSSIBLE APPROVAL 

As illustrated in Figure 6- 1, to evaluate field demonstration results, it is recommended that 
comparisons to control test sections or appropriate standards established by ASTM, AASHTO, 
or the State DOTs be made to assess the suitability of the proposed material in the selected 
specification. Statistical comparisons between proposed material test section and the control 
section or appropriate standards will be required. Examples of the types of statistical 
comparisons that can be made are presented in Chapter 9. 



Table 6-31. Asphalt paving s ort-term field monitoring recommendations. 

Performance Parameter 

Handleability refers to the manner in 
which plant-mixed paving material 
behaves immediately after mixing, 
during stockpiling, and when it is 
being dumped and spread into place 
at the project site. It is affected by the 
grading of the aggregates in the mix, 
the characteristics of the asphalt 
binder, and, in the case of hot mix 
pavements, the ability of the mixture 
to remain within the proper 
temperature range for achieving the 
desired compaction. 
Compactability refers to the manner 
in which the paving material responds 
under the action of compaction 
equipment, along with the relative 
ease (or difficulty) that is encountered 
in achieving a specified target density 
on the job site. It is influenced by the 
gradation of the aggregates in the 
paving mix, the particle shape of the 
aggregates, and the percentage of 
binder in the mix. For hot mix 
asphalt, the temperature of the paving 
material also directly affects its 
compactability. 

Material Sampling and Analysis 

Core samples taken from the 
compacted pavement can be used to 
c o n f m  that the mix has been 
compacted to the maximum density 
value, which was determined in the 
mix design. 

Visual Observations 

Observe material consistency, asphalt 
coating of aggregate particles, ease 
and uniformity of spreading the 
mixture, and, in the case of hot mix, 
the ability of the mix to maintain a 
specified temperature range. 

Observe movement of the paving 
material under (or ahead of) the 
action of a roller, response to various 
types of compaction equipment 
(static vs. vibratory), number of roller 
passes needed to fi~lly compact the 
paving material, possible breakdown 
of aggregate particles during 
compaction, and surface texture and 
uniformity following compaction. 

In-Place Indicators 

Monitor for compacted thickness 
of the mix and inplace density and 
percent compaction of the mix by 
using a nuclear density gauge. 



Table 6-1. Asphalt paving short-term field monitoring recommendations (continued). 

Performance Parameter 

Stability refers to resistance to 
movement or deformation under 
loading conditions once the material 
has been compacted in place. It is 
influenced by the size distribution 
and shape of the aggregate particles 
in the paving mix as well as the 
binder content of the mix. 

Durability refers to the ability of the 
material to resist damage from 
repeated cycles of wetting and 
drying, freezing and thawing (in 
those areas where subfreezing 
temperatures occur), and long-term 
oxidation of the binder due to 
prolonged exposure to ultra-violet 
rays. The percentage of air voids in 
the compacted paving mix can 
significantly affect pavement 
durabilitv. 

Material Sampling and Analysis 

Grab samples of freshly mixed 
asphalt paving material samples taken 
at the mixing plant can be collected to 
verify that the asphalt content, air 
voids content, compacted density, 
stability, and flow values (if 
applicable) of the mix are essentially 
in accordance with those that were 
developed earlier for the approved 
design mix (Marshall, Hveem, or 
Superpave). 
Wet-dry or fi-eeze-thaw testing can be 
performed by molding and testing 
grab samples in accordance with 
standard asphalt testing methods. 

Visual Observations In-Place Indicators 



Table 6-2. Asp alt paving long-term field monitoring recornmen 

Performance Parameter 
Stability refers to the ability of the 
paving material to resist movement or 
deformation under traffic loading 
conditions. 

paving material to resist damage from 
repeated cycles of wetting and 
drying, freezing and thawing (in 
those areas where subfreezing 
temperatures occur), and long-term 
oxidation of the binder due to 
prolonged exposure to ultra-violet 
rays. 
Permeability refers to the rate at 
which water passes through the 
pavement. It is related to the 
densification of the paving material 
and the arrangement of internal void 
spaces. 

Material Sampling and Analysis 
Asphalt core samples may be 
collected and analyzed periodically 
for compacted density and resilient 
moduius as a means of evaluating 
stability. Changes in aggregate 
gradation, asphalt content, or mix 
design properties can be monitored 
and compared over time with mix 
design data. 

Periodically collect core samples and 
extract the asphalt cement binder 
(from hot mix asphalt) and test for 
viscosity and penetration to assist in 
the evaluation of pavement durability. 

Periodically collect core samples and 
test for permeability as a means of 
evaluating the relative permeability of 
the pavement over time. 

Visual Olbsewatioias 
Observe signs of cracking, shoving, 
rutting, or other surface distress, 
especially in areas subjected to 
stopping or turning movements, 
particularly with heavy vehicle 
traffic, such as trucks andor buses. 

Observe signs of bleeding, stripping, 
settlement, potholes, or expansive 
cracking due to the repeated action of 
wetting and drying cycles, or freezing 
and thawing cycles. 

Observe signs of water seepage that 
may appear within the pavement 
surface from time to time or poor 
drainage, as evidenced by puddles. 

In-Place Indicators 
A series of deflection 
measurements can be taken 
periodically within each principal 
travel lane of an asphalt pavement 
using either a Benkleman beam or 
a falling weight deflectometer with 
a computerized readout of 
deflection values from four or five 
sensor locations. The resultant 
deflection data can be used to 
determine the deflection and 
resilient modulus of each 
pavement layer. Readings taken 
near areas of surface distress can 
be interpreted to determine if the 
distress is confined to the asphalt 
paving material or has been caused 
by a failure in the base course or 
the underlying subgrade soil. 



Table 6-2. Asphalt paving long-term field monitoring recommendations (continued). 

Performance Parameter 
Wear Resistance refers to the ability 
of the paving material to resist 
abrasion or surface damage due to 
repeated tire action or vehicle 
loadings. 

Stripping Resistance refers to the 
ability of the paving material to 
maintain a coating of asphalt on the 
surface of aggregate particles in the 
mix that are exposed to repeated tire 
action. 
Frictional Resistance refers to the 
ability of the paving material to resist 
the polishing of the exposed surface 
of aggregate particles in the mix and 
maintain the friction between the 
pavement surface and the tires of 
Gehicles using the road. 
Ride Quality refers to the relative 
smoothness-of the pavement surface 
and its ability to provide a safe, 
comfortable ride to the vehicle user. 

Material Sampling and Analysis 
Recover core samples and inspect the 
aggregate portion; determine the 
aggregate type and mineralogy, 
particle shape, percent crushed faces, 
and other pertinent information (such 
as surface texture, porosity, and 
absorption); compare with original 
samples. 
Conduct stripping tests on recovered 
core samples. 

Test pavement samples in the 
laboratory to determine a British 
pendulum number (BPN). 

Visual Observations 
Inspect the pavement for signs of 
abrasion or raveling. 

Inspect the pavement for asphalt 
stripping and aggregate polishing. 

Inspect the pavement for aggregate 
polishing, which is indicative of a 
potential deterioration of frictional 
resistance. 

In-Place Indicators 

Monitor frictional resistance of a 
pavement using a locked wheel 
skid trailer. 

Monitor the ride quality of an 
asphalt pavement using a 
profilograph; such devices are 
capable of recording the 
smoothness of a pavement surface. 



Table 6-3. PortIan ort-term fielid onitoring recommendations. 

Perhrmance Parameter 
Workabihty refers to the relative ease 
in which concrete discharges from a 
ready-mix tmck, places it within the 
required lines and grades, and 
provides the proper finish. It is 
influenced by the water-cement ratio 
of the mix, the gradation and particle 
shape of the aggregates in the mix, 
and any admixtures that may have 
been incorporated into the mix. 
Strength Development refers to the 
short-term (7 andor 28 days) 
unconfined compressive strength of 
the concrete after hardening. It is 
largely a function of cement content, 
water-cement ratio, aggregate 
characteristics, and any admixture 
that may be incorporated into the 
mix. 
Frost Susceptibility refers to the 
ability of the concrete to resist 
damage from repeated cycles of 
freezing and thawing, in those areas 
where subfreezing temperatures 
occur. It is afEected to a great extent 
by the air content of the mix, which 
results from the addition of an air- 
entraining admixture into the mix. 

- - 

Material Sampling and Analysis 
Collect samples of plastic concrete and 
measure the slump and air voids 
content of the mix. 

Conduct unconfmed compressive 
strength tests on production samples. 

Subject hardened core samples to 
cyclic freeze-thaw testing. 

Visual Observations 
Observe material consistency, ease 
of production at specified mix 
designs, ease of placement, ability to 
move the concrete, stiffness or 
harshness of the mix, extent of 
bleeding, ease of finishing the 
concrete, the amount of time to 
initial setting of the concrete, and 
the need for water addition on site to 
improve workability. 

In-Place Indicators 

Use a Swiss hammer device to 
drive steel spikes into the concrete; 
the resistance to the penetration of 
the spikes can be correlated to the 
in-place compressive strength of 
the concrete. 



Table 6-3. Portland cement concrete short-term field monitoring recommendations (continued). 

Performance Parameter 
Reactivity refers to the susceptibiIity 
of the concrete, or components of the 
concrete to adverse chemical 
reactions that may occur within the 
concrete. Such adverse chemical 
reactions can produce significant 
volume changes, interfere with the 
hydration of the cement, or produce 
harmhl chemical by-products. 

Material Sampling and Analysis 
Test collected samples for alkali- 
aggregate reactivity and sulfate- 
induced expansion using mortar bar 
expansion tests; test proposed material 
for presence of deleterious materials 
(clays and sulfate). 

-. 
Visual Observations In-Place Indicators 



Performance Parameter 
Strength Development refers to the 
long-term (greater than 28 days) and 
ultimate unconfined compressive 
strength (greater than a year) of the 
portland cement concrete. 
Structural Stability refers to degree to 
which the concrete pavement 
distributes applied wheel loadings to 
the supporting subbase and subgrade 
without distress or undue surface 
deflections. 

Frost Susceptibility refers to the 
ability of the concrete to resist 
damage fiom repeated cycles of 
freezing and thawing, in those areas 
where subfreezing temperatures 
occur. It is affected to a great extent 
by the air content of the mix, which 
results from the addition of an air- 
entraining admixture into the mix. 

-- 

Material Sampling and Analysis 
Test core samples for hardened 
density and unconfined compressive 
strength to monitor long-term 
development. 

Visual Observations 

Subject collected core samples to 
cyclic freeze-thaw testing. 

In-Place Indicators 

A series of deflection 
measurements can be taken 
periodically within each principal 
travel lane of an asphalt pavement 
using either a Benkleman beam or 
a falling weight deflectometer with 
a computerized readout of 
deflection values from four or five 
sensor locations. The resultant 
deflection data can be used to 
determine the deflection and 
resilient modulus of each 
pavement layer. Readings taken 
near areas of surface distress can 
be interpreted to determine if the 
distress is confined to the asphalt 
paving material or has been caused 
by a failure in the base course or 
the underlying subgrade soil. 



Table 6-4. Portland cement concrete long-term field monitoring recommendations (continued). 

Performance Parameter 
Reactivity refers to the susceptibility 
of the concrete, or components of the 
concrete, to adverse chemical 
reactions that may occur within the 
concrete. Such adverse chemical 
reactions can produce significant 
volume changes, interfere with the 
hydration of the cement, or produce 
harmfd chemical by-products. 
Frictional Resistance refers to the 
ability of the paving materiai to resist 
the polishing of the exposed surface 
of aggregate particles in the mix and 
maintain the fiction between the 
pavement surface and the tires of 
vehicles using the road. 
Ride Quality refers to the absence of 

surface irregularities and 
the ability of the pavement to provide 
a safe. smooth ride. 

Material Sampling and Analysis Visual Observations I In-Place Indicators 
Periodically inspect the concrete to 
determine the occurrence and extent 
of any map cracking, scaling, 
popouts, faulting, surface defects, or 
staining that would be indicative of 
reactivity. 

Measure resistance using a locked 
wheel skid trailer. 

Measure ride quality of a concrete 
pavement using a profilograph. 



Table 6-5. Granular ase short-term field monitoring recommendations. 

Performance Parameter 
Handleability refers to the manner in 
which the material behaves during 
stockpiling and when it is loaded, 
dumped, and spread into place at the 
project site. 

Moisture Density Characteristics 
refer to the relationship of moisture 
content to the compacted density of 
the material. 

Compactability refers to how the 
material responds under the action of 
compaction equipment, as well as the 
relative ease or difficulty of achieving 
a target density in the field. 

Drainage Capability refers to the 
ability of a base course material to 
provide suitable drainage after 
compaction and following ralnfall 
events. 

Material Sampling and Analysis 

Granular base materials are typically 
cohesionless, free draining materials 
that exhibit compacted densities that 
are not extremely sensitive to 
moisture content. One-point Proctor 
tests can be undertaken prior to 
construction to c o d m  the density 
characteristics of the proposed 
material. 

Test material in the laboratory for 
particle size distribution and 
permeability. 

Visual Observations 
Observe difficulties or ease of 
loading or unloading, spreading and 
grading, the presence of possible 
clumps or over-size particles, and 
compare with that of conventional 
granular base aggregate materials. 

Observe and record such items as 
movement of the material under (or 
ahead of) the action of a roller, 
number of roller passes needed to 
fully compact the material, possible 
breakdown of particles during 
compaction, and moisture conditions 
at the surface of the material 
following compaction. 
Observe drainage of surface water 
Following rainfall and any evidence 
of water seepage during dry periods, 
which may indicate that water is not 
properly draining through the base 
course. 

- 

In-Place Indicators 

Use the sand-density cone method, 
the water-balloon method, or a 
nuclear density gauge to measure 
in-place density. 

Directly measure compacted layer 
thickness. 



Table 6-6. Granular base long-term field monitoring recommendations. 

Performance Parameter 

granular base material to resist 
movement and to transmit load from 

Permeability refers to the ability of a 
base course material to conduct water 
and prevent eventual saturation of the 
base, which is often accompanied by 
damage due to freezing and thawing. 

Frost Susceptibility refers to the 
ability of a base course to resist 
damage from either cyclic &zing 
and thawing, in those areas where 

Material Samolin~ and Analvsis 
Measure the particle size distribution 
before and after construction, 
moisture content, and compacted 
density. Increases in the percentage 
of fines (material passing the No. 200 
sieve) over time indicate a breakdown 
of the base course under traffic 
loading andlor weather, which could 
reduce the load carrying capacity of 
the base material. 

Measure the particle size distribution 
and conduct permeability testing on 
core samples over time. Changes in 
the particle size distribution of the 
granular base material usually 
involve an increase in the percentage 
of fines (material passing the No. 200 
sieve), either because of particle 
breakdown in the base course or 
pumping of subgrade soil into the 
base. 
Can be evaluated by periodic 
laboratory testing of granular base 
samples for resistance to freezing and 
thawing. 

Visual Observations 
Observe alligator cracking, rutting, 
potholes, or localized settlements of 
the roadway surface ordinarily 
indicative of a loss of support within 
the base layer. 

Observe alligator cracking and/or 
seepage of the roadway surface that 
may be attributable to inadequate or 
poor drainage within the granular 
base material. Alligator cracking is 
ordinarily a clear indicator of a 
granular base failure that may be 
attributable to saturation of the base, 
mixing of underlying subgrade soil 
with the base course material, or 
both. 
Observe frost heaving or water 
seepage of the pavement surface that 
may be indicative of freeze-thaw or 
wetting-drying problems. 

In-Place Indicators 
Periodic deflection measurements 
can be taken within each principal 
travel lane of the roadway; 
measurements are ordinarily 
obtained by using a Benkleman 
beam or a falling weight 
deflectometer with a computerized 
readout of deflection values from 
four or five sensor locations. The 
resultant deflection basin data are 
then analyzed by software to 
determine the deflection and 
resilient modulus of each 
pavement layer. By taking a series 
of deflection measurements over 
time, changes in the stability or 
load carrying capability of the base 
course can be detected. 



Table 6-7. Stab ed base short-term field monitoring recommendations. 
-- 

Performance Parameter 
Handleability refers to how well 
mixed-in-place material is able to be 
spread and blended together on site; 
also refers to the way plant-mixed 
material behaves during stockpiling 
or when it is loaded, dumped, and 
spread into place at the project site. It 
is generally influenced by the particle 
size distribution and moisture content 
(for calcium-based binders) of the 
constituent materials and how well 
the materials are mixed. 

Moisture-Density Characteristics 
refer to the relationship of the 

I moisture content to the compacted 
( density of the material and are 

influenced by the particle size, 
particle interlock, percentage of 
binder or reagent, compactive effort, 
and the amount of fine particles in the 
mix. This parameter is applicable for 
calcium-based binders. 

aterial responds under the action of 
compaction equipment, along with 
the relative ease or difficulty of the 
material to achieve a target density in 

A one-point Proctor test can be 
performed in the field on the freshly 
mixed material to provide an 
indication of whether the compacted 
material will have a moisture content 
and dry density that is within the 
specified range of compaction. 

Visual Observations 
Observe moisture characteristics (too 
dry, cqmpactable, or too wet), 
presence of oversize or deleterious 
components in the material, 
uniformity or consistency of the 
mixture, ease or difficulty in handling 
or spreading, tendency to harden or 
set too rapidly, behavior under 
adverse weather conditions (heavy 
rain or freezing temperatures), and 
handling compared with conventional 
stabilized base mixtures (such as soil- 
cement). 
Observe whether the moisture content 
of the stabilized base material is 
within a compactable range prior to 
loading and delivery of the material 
to the job site. If too dry, it must be 
spread out and sufficient water added 
to bring it within a compactable 
range. If too wet, it should be 
blended with dry (or drier) material 
as soon as possible to avoid time 
delays that could result in the material 
setting before it has been delivered to 
the project site (or mixed in-place) 
and compacted. 
Observe and measure the number of 
roller passes needed to achieve the 
specified percentage of compaction, 
ability to achieve compaction using 
different types of compaction 
equipment, movement of the material 
under (or ahead of) the action of a 
roller, variations in the material over 
time, possible breakdown of particles 
during compaction, moisture 
conditions at the surface of the 

- 
In-Place Indicators 

Measure the compacted layer 
thickness and in-place density, 
moisture content, and percent 
compaction. This would typically 
be undertaken using the sand- 
density cone method, the water- 
balloon method, or by means of a 
nuclear density gauge. 



e 6-7. Stabilized b 

Performance Parameter 

P 
Strength Development and Stability 
refer to the ability of a material to 
resist movement or deformation 
under loading conditions once it has 
been compacted in place. It is 
influenced by the size distribution 
and shape of the aggregate particles 
in the mix, the particle interlock 
capability of the aggregate particles, 
the compacted density of the mix, and 
the relative amount and cementing 
and strength development of the 
matrix. 

lase sh ort-term field monitoring recommendations (continued). 

Material Sampling and Analysis 

Freshly mixed samples of the 
stabilized base material can be 
collected and tested for unconfined 
compressive strength (for calcium- 
based binders) and stability (for 
asphaltic binders) to validate the 
original mix design data. 

Visual Observations 
material following compaction, and 
the ability of the comp&ted material 
to support imposed wheel loadings or 
to resist erosion. 
Observe rutting in the compacted 
material resulting from the passage of 
construction traffic (trucks, rollers, 
paving equipment, etc.) over the 
material following compaction, but 
before the placement of an asphalt or 
concrete pavement on top of the base. 

In-Place Indicators 

Monitor for compressive strength 
and/or bearing strength by using a 
cone penetrometer or a Clegg 
impact tester, either of which can 
be correlated with bearing 
capacity, or using a plate bearing 
test. 





Table 6-8. Stabilized base long-term field monitoring recommendations (continued). 

Performance Parameter I Material Sampling and Analysis 
Wet-Dry Susceptibility refers to the I Monitor by determining the 

and drying cycles. 

(cracking) could be evidence that the 

Visual Observations 
Observe evidence of expansive 
cracking or settling that may indicate 
a damaged base. 

In-Place Indicators 



Table 6-9. Flowable fa short-term field monitoring recommendations. 

Performance Parameter 
Flowability refers to how well a 
mixture will flow when being heated. 

required for the mixture to harden 
sufficiently so that manpower and 
construction equipment can be placed 
upon it. 

Strength Development refers to the 
short-term unconfined compressive 
strength of the flowable fill mixture 
after hardening. 

Dimensional Stability refers to the 
ability of the hardened flowable fill to 
resist changes in volume resulting 
from settlement or shrinkage. 

MateriaI Sampling and Analysis 
Measure the flow of the material 
through a standard flow cone, a 
slump test, or recently developed 
inverted cylinder test. 

Perform laboratory tests to determine 
the amount of time it takes the fluid 
material to harden. A pocket 
penetrometer can be used to test 
cylindrical samples and determine 
how long it takes for the hardened 
material to develop a predetermined 
penetration resistance. 
Determine the unconfmed 
compressive strength of flowable fill 
material samples that have hardened 
and cured for various time periods. 

Can be evaluated in the laboratory by 
measuring the effect sf  length change 
over time using mortar bar expansion 
tests. 

Visual Observations 
Observe material consistency, ease of 
flow into openings and around 
obstructions, possible need for 
anchoring lighter weight piping, 
seepage through pipe joints, and self- 
leveling of flowable fill. 
Observe the length of time before the 
flowable fill has-hardened enough to 
support the weight of a person; 
usually 3 to 4 hours. 

Observe potential migration of bleed 
water to the top surface of the 
flowable fill, the formation of 
shrinkage cracks, and evidence of 
settlement or shrinkage of the 
material after it has hardened. 

In-Place Indicators 

Measure with a pocket 
penetrometer; pocket 
penetrometer readings can be 
correlated to a bearing strength or 
unconfined compressive strength 
value that can safely support the 
weight of an average size person, 

- . . . - -. 
Measure by preparing cylindrical 
test specimens when placing the 
flowable fill and storing the test 
specimens in sealed containers in 
a protected manner at the site; the 
specimens can be recovered and 
returned to the laboratory for 
unconfined compressive strength 
testing at predetermined short- 
term time intervals, probably up 
to 28 days. .- 
Measure by taking level readings 
at the top surface of the material 
to determine if there has been any 
settlement or expansion. 



Table 6-10. Plowable fill long-term field monitoring recommendations. 

Performance Parameter 
Strength Development refers to the 
long-term and ultimate unconfined 
compressive strength of the hardened 
flowable fill material. 

Hardened Density refers to the unit 
weight of fhe flowabk fdf. anaterid 

possibility of the hardened flowable 
fill incurring surface damage or 
deterioration fkom the effects of 
freezing and thawing. 
Dimensional Stability refers to the 
ability of the hardened flowable fill to 
resist changes in volume from 
settlement or shrinkage. 

Material Sampling and Analysis 
Test for unconfined compressive 
strength (as well as triaxial shear 
strength) at various ages. To facilitate 
this testing evaluation, it is 
recommended that cylindrical 
samples of the flowable fill material 
be prepared during the construction 
phase, stored in a protected manner at 
the project site, and removed and 
tested in a laboratory at pre- 
determined intemals in order to 
monitor the development of 
compressive s P q &  over time. 
Monitor by measuring the unit 
weight. 

Monitor by measuring the freeze- 
thaw resistance of the sample using 
standard testing methods. 

Monitor by length comparator testing 
of prepared laboratory samples over 
an extended period. 

which may indicate poor strength 
development or possibly poor 
subgrade soil conditions. 

Observe frost heave or expansive 
cracking of the overlying ground or 
pavement surface. 

Monitor density by a nuclear 
density gauge if the surface of the 
flowable fill is accessible. 

Monitor periodic elevation 
readings, using either the exposed 
top surface of the flowable fill, 
settlement plates mounted on top 
of the flowable fill, or designated 
points on the surface of a roadway 
andlor structure that is placed 
directly above the top surface of 
the flowable fill. 



Table 6-11. Embankment and fill short-term field monitoring recommendations. 

Performance Parameter I Material Sampling and Analysis r 
Handleability refers to the manner in 
which an embankment or fill material 
behaves during stockpiling, or when 
it is loaded, dumped, and spread into 
place at the project site. It is 
influenced by the particle size 
distribution, moisture content, and 
plasticity characteristics of the fill 
material. 
Moisture-Density Characteristics 
refer to the relationship of moisture 
content to the compacted density of 
the material. They are influenced by 
particle sizing, porosity, and 
compactive effort. 

Verify the design values for optimum 
moisture and maximum densities by 
measuring the material's compacted 
density using a one-point Proctor test 
in the field. 

I Compactability refers to how the 1 I 
material densifies under repeated 
passage of various types of 
compaction equipment. It also 
encompasses the relative ease or 
difficulty with which a given material 
is able to achieve a target density 
when being placed and compacted in 
the field, and whether or not the 
material breaks down under 
compactive effort. 

a material to resist deformation compression test on the material. 

Visual Observations 
Observe moisture characteristics (too 
dry, compactable, or too wet), 
presence of possible oversize 
components in the material, ease or 
difficulty in handling and spreading 
compared with conventional 
embankment or fill materials. 

Observe whether the moisture content 
of the stockpiled material is within a 
compactable range prior to delivery 
to the job site. If too dry, spread out 
and add sufficient water to bring it 
within a compactable range. If too 
wet, spread out and dry to within a 
compactable range. 
Observe the number of roller passes 
needed to achieve the specified 
percentage of compaction, ability to 
achieve compaction using different 
types of compaction equipment, 
movement of the material under (or 
ahead of) the action of a roller, 
variations in the material over time, 
possible breakdown of particles 
during compaction, moisture 
conditions at the surface of the 
material following compaction, and 
ability of the compacted material to 
resist erosion. 

In-Place Indicators 

Measure in-place density and 
moisture content by using the 
sand-density cone method, the 
water-balloon method, or nuclear 
density gauge. 

Monitor direct measurement of 
loose and compacted layer 
thickness. 



Table 6-11 Embankment and fill short-term field monitoring recommendations (continued), 

Performance Parameter 
Consolidation Characteristics refer to 
compression or settlement of a 
material under the influence of an 
applied loading. The rate of 
settlement is affected by the void 
ratio, moisture content, and 
permeability of the material. It can be 
short term (during and shortly after 
construction) or long term, which 
may continue for months or years 
after construction. 
Bearing Capacity refers to the ability 
of a compacted material to support 
and distribute loadings applied 
directly to its surface without 
undergoing localized shear failure or 
unacceptable settlement. The bearing 
strength is used for pavement 
thickness design and is related to the 
shear strength of the material. 

Material Sampling and Analysis 
Perform a one-dimensional 
consolidation test. 

Measure the California Bearing Ratio 
(CBR) of a material sample in the 
laboratory. It can also be calculated if 
the cohesion and friction angle of the 
material are known. 

Visual Observations En-Place Indicators 
Monitor by means of settlement 
plates or slope inclinometers, or 
both. 

Conduct a plate bearing test. 



Table 6-12. Embankment and fil l  long-ter field monitoring recornmen 

Performance Parameter 
Consolidation or Settlement Behavior 
refers to the ability to resist v o h e  
changes resulting from applied 
loading. 

Slope Stability refers to the ability of 
a material to resist movement or 
deformation along or beneath the 
slopes of the embankment and is 
related to the shear strength of the 
compacted material. 

Bearing Capacity refers to the ability 
of the embankment or fill material to 
support the weight of the 
embankment or fill material and to 
support the weight of vehicular traffic 
or structures placed upon it. 

Can be monitored by comparing field 
settlement values with cal&lated 
values determined from laboratory 
consolidation testing. Undisturbed 
(Shelby tube) samples can be 
obtained to perform consolidation 
tests. 

Undisturbed (Shelby tube) samples 
can be obtained for the analyses of 
slope stability. It can be performed by 
evaluating the laboratory results fiom 
triaxial strength, permeability, and 
direct shear strength testing. 

Visual Observations 
The formation of surface depressions 
or cracking of the overlying 
pavement can be an indication that 
settlement is occuning. Widening 
cracks or growing depressions in 
pavement surfaces may indicate 
localized settlements in an 
embankment or fill. 

Sliding or ground sloughing along th 
surface of side slopes may be a sign 
of impending slope failure, 

- 

particularly if the sloughing i s  
observed near the base of the 
embankment slope. Water seepage 
ftom the base or side slopes of an 
embankment would ordinarily be 
indicative of potential for slope 
failure. 

In-Place Indicators 
Periodic level readings can be 
recorded on the top of pipes that 
are fixed to settlement plates or 
platforms. Such plates or 
platforms can be installed at 
various locations and elevations 
within the fill material during 
construction; an alternate method 
includes readings taken from 
slope inclinometers, which may 
be installed at selected depths 
within the fill during 
construction. Readings can be - 
used to calculate settlements by 
determining changes in the slope 
of the inclinometers at various 
depths within the embankment or 
fill. 
Piezometer readings indicate 
variations in ground water levels 
to hydrostatic pressure within an 
embankment or fill and may be 
indicative of increased stresses or 
potential instability within an 
embankment or rill. 

The blow counts from the split- 
spoon sampling of the fill 
material can be correlated to the 
unconfined compressive strength 
and/or the bearing capacity of the 
material. 







Table 6-14. Landscaping material long-term field monitoring recommendations. 

Performance Parameter 
Erodibility refers to a loss of most 
landscaping material with time. 

Vegetative Growth refers to the 
suitability of the material to support 
vegetation. 

In-Place Indicators 
Periodic surveyed level readings 
can be recorded on the finished 
grade to record the actual loss of 
material (height). 
Actual vegetative mass can be 
recorded by collecting 
performance surface samples. 





STAGE 3 EVALUATION Environmental Field Tests 

INTRODUCTION 

In a Stage 3 environmental, health, and safety evaluation, a field testing program must be 
developed that will provide sufficient data to demonslrate that the proposed material is suitable 
for use in the proposed application. 

To undertake this evaluation, it is recommended that (1) a demonstration test plan be prepared to 
identify the methods and procedures to be used in evaluating the material and its proposed 
application, (2) acceptable performance criteria be established, and (3) the data be statistically 
evaluated to determine if appropriate criteria are being met. 

Figure 7-1 provides a flowchart highlighting the steps in a Stage 3 environmental, health, and 
safety field evaluation program. Included in Figure 7-1 is reference to Tables 7-1 through 7-14. 
These tables provide a listing of recommended short-term and long-term field monitoring 
methods for selected highway applications. 

FIELD DEMONSTFUTLON PLAN 
/ -. 

The decision as to how to monitor a field trial is primarily dependent on the identification of 
environmental, health, and safety issues that could result from the introduction of a new or 
substitute material into the production andor construction process and long-term presence of the 
product in the environment during and after its service life. 

Once these issues are identified, field monitoring activities can be selected to quantify the 
environmental, health, and safety issues that have been raised, Field monitoring activities 
typically fall into one of three categories: material sampling and laboratory analysis, visual 
observations, and measurement of in-place performance indicators. 

Material sampling and laboratory analysis during field trials are prjmarily used to reconfirm that 
all material characteristics and design assumptions are still valid. The degree of material 
sampling and laboratory testing will, in most cases, be dependent on the expected variance (or 
variability) that the material may exhibit for key performance parameters, Visual observations 
refer to qualitative observations made by a field inspector to assist in assessing the manner in 
which the material affects environmental, health, and safety issues associated with the 
production, storage, transportation, and placement of the product relative to conventional 
materials. The measurement of in-place performance indicators refers to a category of activity in 
which some form of nondestructive testing of the in-place product is used as a measure to assess 
product performance. Some examples include runoff or leachate monitoring, groundwater 
monitoring, soil moisture monitoring with suction lysimeters, fugitive particle collection, and the 

,C" ---. use of personal air samplers. 



STAGE 3 EVALUATION Environmental Field Tests 

Design test plan that 
delineates sampling and 

testing requirements 

Establish performance 
criteria for decision making 

* 
Evaluate Data 

Are the 
environmental, 

health, and safety 
properties of the 

proposed material 
similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 4-1 to 
4-12) 

Are the 
environmental, 

health, and safety 
properties of the 
proposed product 

containing the 
recycled material 

similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 4-1 to 
4-12) 

Are the 
environmental, 

health, and safety 
properties of the 
proposed product 

containing the 
recycled 

material in 
subsequent 

reuses similar to 
reference 
materials 

or appropriate 
standards? 

(See Tables 4-1 to 
4-12) 

Stage 3 Testing 
(See Chapters 6 & 7) 

Approval a 

Figure 7-1. Environmental, health, and safety 
properties field evaluation flowchart. 
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Field monitoring activities will differ, depending on the type of application being proposed by 
the applicant and the specific operation associated with each application. Recommended field 
monitoring activities are presented in the following subsections for each highway application 
presented in these guidelines. Tables 7- 1 through 7-14 present a description of recommended 
short-term and long-term environmental, health, and safety field monitoring activities for each 
application. 

Asphalt Concrete 

Short-term environmental, health, and safety issues associated with the construction of an 
asphalt pavement may occur during production, storage, transportation, or placement of the 
pavement. Asphalt pavements can be produced at either a hot mix or a cold mix production 
plant. Material operations at each type of plant may differ, but field construction operations are 
similar. 

At a hot mix plant, the basic operations that occur include stockpiling, aggregate feeding, 
mineral filler feeding, drying and heating, asphalt cement heating and feeding, plant mixing, and 
truck loading. At a cold mix plant, the basic operations include stockpiling, aggregate feeding, 

, asphalt emulsion feeding, plant mixing, aeration, and truck loading. At the construction site, 
truck unloading, spreading, and compaction of the paving materials are common to both mix 
QPesn 

Table 7- 1 provides a description of short-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of substitute 
materials in the construction of asphalt concrete pavements. The recommended short-term 
monitoring activities focus on air quality issues as they relate to material handling and asphalt 
plant stack emissions. 

Long-term environmental, health, and safety issues are primarily associated with the service life 
of the asphalt pavement. 

Table 7-2 provides a description of long-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of the substitute 
materials in the construction of asphalt concrete pavements. During the post-construction 
period, four long-term environmental, health, and safety issues may warrant monitoring: 
leachate quality, groundwater quality, runoff quality, and surface water quality. 

Portland Cement Concrete 

Short-term environmental, health, and safety issues associated with the construction of a 
portland cement concrete pavement may occur during production, storage, transportation, or 

I placement of the pavement. 



Environmental Field Tests 

At the production facility (ready-mix plant), the basic operations that occur include aggregate 
stockpiling, loading and feeding, portland cement and mineral admixture feeding, water addition, 
plant mixing, truck loading, and mixing. At the construction site, operations include truck 
discharge, placing and spreading, finishing, and curing. 

Table 7-3 provides a description of short-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of substitute 
materials in the construction of portland cement concrete pavements. The recommended short- 
term monitoring activities focus on air quality issues as they relate to material handling and 
fugitive dust emissions. 

Long-term environmental, health, and safety issues are primarily associated with the service life 
of the concrete pavement. 

'Table 7-4 provides a description of long-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of the substitute 
materials in the construction of portland cement concrete pavements. During the post- 
construction period, four long-term environmental, health, and safety issues may warrant 
monitoring: leachate quality, groundwater quality, runoff quality, and surface water quality. 

Granular Base 

Short-tern environmental, health, and safety issues associated with the construction of a 
granular base using a substitute material may occur during blending operations, storage, 
transportation, spreading and grading, compacting, and sealing of the pavement. 

Table 7-5 provides a description of short-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of substitute 
materials in the construction of granular bases. The recommended short-term monitoring 
activities focus on air quality issues as they relate to material handling and fugitive dust 
emissions. 

Long-term environmental, health, and safety issues are primarily associated with the service life 
of the granular base. 

Table 7-6 provides a description of long-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of the substitute 
materials in the construction of granular bases. During the post-construction period, three long- 
tern environmental, health, and safety issues may warrant monitoring: leachate quality, 
groundwater quality, and surface water quality. 



,"+=.-- 

STAGE 3 EVALUATION Environmental Field Tests 

Stabilized Base 

Short-term environmental, health, and safety issues associated with the construction of a 
stabilized base using a substitute material may occur during production, storage, transportation, 
spreading and grading, compacting, and sealing of the pavement. 

The operations associated with the construction of a stabilized base are dependent on the type of 
binder used (calcium or asphaltic based), and whether the stabilized materials are mixed-in-place 
or plant-mixed. For a mixed-in-place stabilized base these include stockpiling, aggregate 
unloading, aggregate spreading and grading, reagent unloading, spreading and grading, moisture 
application, mixing in place with a pulvimixer, compacting, and surface sealing. For a plant- 
mixed stabilized base these include stockpiling, aggregate loading and feeding, reagent feeding, 
water addition, plant mixing, truck loading, truck unloading, spreading and grading, moisture 
application (if needed), compacting, and surface sealing. 

Table 7-7 provides a description of short-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of substitute 
materials in the construction of stabilized bases. The recommended short-term monitoring 

*@=-\ 
activities focus on air quality issues as they relate to material handling and fugitive dust 
emissions. 

Long-term environmental, health, and safety issues are primarily associated with the service life 
of the stabilized base. 

Table 7-8 provides a description of long-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of the substitute 
materials in the construction of stabilized bases. During the post-construction period, three long- 
term environmental, health, and safety issues may warrant monitoring: leachate quality, 
groundwater quality, and surface water quality. 

Flowable Fill 

Short-term environmental, health, and safety issues associated with the use of flowable fill 
containing a substitute material may occur during production, storage, transportation, and 
material placement. 

Table 7-9 provides a description of short-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of substitute 
materials in flowable fill mixes. The recommended short-term monitoring activities focus on air 
quality issues as they relate to material handling and fugitive dust emissions. 

+- Long-term environmental, health, and safety issues are primarily associated with the service life 
of the fill. 



STAGE 3 EVALUATION Environmental Field Tests 

Table 7-10 provides a description of long-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of the substitute 
materials in flowable fill mixes. During the post-construction period, three long-term 
environmental, health, and safety issues may warrant monitoring: leachate quality, groundwater 
quality, and surface water quality. 

Embankment and Fill 

Short-term environmental, health, and safety issues associated with the construction of an 
embankment using a substitute material may occur during, storage, transportation, spreading and 
grading, and compacting operations. 

Table 7-1 1 provides a description of short-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of substitute 
materials in the construction of an embankment or fill. The recommended short-tenn monitoring 
activities focus on air quality issues as they relate to material handling and fugitive dust 
emissions. 

Long-term environmental, health, and safety issues are primarily associated with the service life 
of the embankment or fill. 

Table 7-12 provides a description of long-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of the substitute 
materials in the construction of an embankment or fill. During the post-construction period, 
three long-term environmental, health, and safety issues may warrant monitoring: leachate 
quality, groundwater quality, and surface water quality. 

Landscaping Materials 

Short-term environmental, health, and safety issues associated with the use of recycled 
landscaping material may occur during storage, transpofiation, spreading and grading, and 
compacting operations. Table 7- 13 provides a description of short-term monitoring activities 
recommended to assess potential environmental, health, and safety impacts associated with the 
use of substitute materials in the construction of an embankment or fill. The recommended 
short-term monitoring activities focus on air quality issues as they relate to material handling and 
fugitive dust emissions. 

Long-term environmental, health, and safety issues are primarily associated with the service life 
of the material. 

Table 7-14 provides a description of long-term monitoring activities recommended to assess 
potential environmental, health, and safety impacts associated with the use of the substitute 
materials in the construction of an embankment or fill. During the post-construction period, 
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three long-term environmental, health, and safety issues may warrant monitoring: leachate 
quality, groundwater quality, and surface water quality. 

ESTABLISH ACCEPTABLE CRITERIA 

During the design andlor approval of the test plan, the decision maker will need to determine the 
criteria on which an approval or a rejection of the environmental evaluation will be based. Two 
types of criteria are available for use in such an evaluation. These include local State ambient 
air, water, and soil standards, or alternatively, specifications or criteria imposed by local 
jurisdictions (e.g., State environmental agencies). Emissions or discharges from the test section 
can be compared with these standards, or alternatively, companion control sections of 
comparable design using only conventional materials be constructed and monitored alongside 
the test section. A control section provides the means to establish a basis for comparing the 
performance of the proposed product to that of conventional materials to enable the decision 
maker to assess whether the new test section results in greater (or less) environmental impact. 

*I -*. 
EVALUATE FIELD ENVIRONMENTAL, HEALTH, AND SAFETY DATA 
FOR POSSIBLE APPROVAL 

As illustrated in Figure 7-1, to evaluate field demonstration data it is recommended that 
comparisons to control test sections or appropriate air, water, and land standards, established by 
the U.S. EPA or State environmental agencies, be made to assess the suitability of the proposed 
material in the selected application. Chapter 10 information on criteria that can be used in a 
Stage 3 evaluation. 

Statistical comparisons between the material test sections and the control sections or regulatory 
limits will be required. Examples of the types of statistical comparisons that can be made are 
identified in Chapter 9. 



Table 7-1. Asphalt paving short-term fie1 monitoring recommendations. 

Env., Health &r Safety Issues 
Air Quality refers to the ambient air . . 
receptor in the vicinity of the material 
storage, production, and construction 
process. Truck loading, unloading, 
and material handling operations have 
the potential to release fugitive dust 
and volatile emissions. Drying 
operations at a hot mix plant may 
result in modified particulate, trace 
metal, or trace organic increased 
particulate and volatile stack 
emissions. 

Material samplingand Analysis 
Prior to construction, it is 
recommended that grab or composite 
samples of the material be collected, 
directly from construction material 
stockpiles, and analyzed to verify that 
the environmental properties of the 
materials quantified during the 
planning process are similar to those 
of the construction material. The 
extent of the preconstruction testing 
that will be needed to verify the 
design testing will depend on the 
homogeneity of the source material. 
Depending on the type of material, 
characterization testing could include 
inorganic and organic composition, 
and moisture and fmes content. 

Visual Observations 
During plant production operations, 
the presence of excessive amounts of 
dusi can be a signal that fugitive 
dusting may be a problem and air 
monitoring activities (if not planned) 
may be warranted. The presence of 
any unusual or objectionable odors 
associated with a stockpile or asphalt 
pavement containing a substitute 
material may be indicative of the 
presence of organic or volatile 
constituents within the subject 
material. Such observations may 
necessitate additional analysis of the 
source material or the volatile 
components to determine whether 
these odors are aesthetic or health and 
safety concerns. 

In-Place Indicators 
The level of dust release from 
material handling operations can 
be assessed by using high-volume 
samplers placed within or adjacent 
to the perimeter of the work site. 
Monitoring of the worker 
environment can be undertaken 
using personal air samplers worn 
by workers or placed in 
strategically selected work area 
locations. Volatile constituents 
can be measured by use of a 
sorbent filter apparatus or portable 
direct reading instruments. At a 
hot mix plant, the stack gas can be 
monitored for particulates, trace 
metals, and semi-volatile and 
voIatile emissions using standard 
sampling trains. 



Table 7-2. Asphalt paving long-term field monitoring recommendations. 

Env., Health & Safety Issues 
Leachate Quality refers to the level of 
dissolved or particulate matter in 
liquid percolating through the asphalt 
pavement. High concentrations of 
trace metals or organics in the 
leachate could adversely impact 
groundwaters and surface waters. 

Groundwater Quality refers to the 
groundwater receptor that could be 
impacted by leachate percolating 
through or runoff from the asphalt 
pavement. Sampling of groundwater 
would in most cases be considered if 
leachate samples cannot be 
adequately collected for testing. 

Runoff Quality refers to the level of 
I dissolved or particulate matter in 
I runoff resulting from precipitation 
[ and runoff from an asphalt 
I pavement. High concentrations of 
I trace metals or organics in the runoff - 
[ could impact surrounding receptors 

Material Sampling and Analysis 
Prior to construction it is 
recommended that samples of the 
proposed material be subjected to 
leaching tests to assist in 
characterizing the expected leachate 
quality generated by both unbound 
material and the bound asphalt- 
matrix. Samples of the asphalt 
pavement material collected during 
the pavement's service life can be 
used to assess whether the availability 
(mobility of trace metals and organics 
within the matrix) might be 
increasing or decreasing with both 
long-term curing and exposure to the 
environment; collection of such 
samples would normally require a 
coring rig or power auger to extract 
the sample. 

To assist in predicting the quality of 
runoff from a pavement prior to 
construction, it is recommended that 
samples of the proposed material be 
subjected to leaching tests. These 
tests should characterize expected 
leachate quality generated by both the 

Visual Observations 
The presence of any odorous or 
discolored Ieachate discharge from 
the asphalt pavement may be 
indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional sampling 
and analysis if the source is unknown. 

The presence of any odors or 
discoloration in observable 
groundwater in the vicinity of the 
asphalt pavement may be indicative 
of the presence of potentially 
detrimental constituents within the 
subject material, and would 
necessitate additional sampling and 
analysis if the source is unknown. 

The presence of any odorous or 
discolored runoff from the asphalt 
pavement may be indicative of the 
presence of potentially detrimental 
constituents within the subject 
material, and would necessitate 
additional sampling and analysis if 

In-Place Indicators 
Leachate collection can be 
conducted by installing, during 
construction, lysimeters, leachate 
collection pans, or sumps that 
could be used to catch percolating 
or migrating liquid through the 
asphalt pavement. Leachate 
samples collected should be 
analyzed for those chemical 
constituents (trace metals and trace 
organics) that are present in 
significant quantities in the 
proposed materials. 

Groundwater can be monitored by 
installing monitoring wells 
upgradient and downgradient of 
the asphalt pavement. Upgradient 
wells can provide a control sample 
or baseline groundwater sample. 
Groundwater samples collected 
should be analyzed for those 
chemical constituents (trace metals 
and trace organics) that are present 
in significant quantities in the 
substitute material. 
Runoff samples can be collected 
by designing and constructing 
s m l l  settling basins to retain 
runoff for collection or by 
installing automatic sampling 
devices to collect runoff flow from 
drainage piping or ditches. Runoff 



Table 7-2. Asphalt paving long-term fie1 monitoring recommendations (continued). 

Env., Health & Safetv Issues 
such as surface waters, groundwaters, 
and soils. If the test pavement is not 
used in a wearing course, then runoff 
collection and testing from an asphalt 
pavement may not bk required. 
Surface Water Quality refers to the - - 
surface water receptor that could be 
irnpact~d by potential leachate, 
runoff, or fine particulate releases 
(abrasion) from an asphalt pavement. 
Sampling and testing of surface water 
receptors would, in most cases, be 
considered where direct 
measurements of leachate or runoff 
quality are not feasible. 

Soil Quality refers to the soil receptor 
that could be impacted by potential 
leachate, runoff, or fine particulate 
releases from an asphalt pavement. 
Sampling and testing of soil receptors 
would, in most cases, be considered 
where direct measurements of 
leachate or groundwater or dust 
emissions are not feasible. 

asphalt-matrix material. Leachate 
test results can be used to represent 
estimates of expected runoff quality. 

The presence of any odorous or 
discolored surface waters 
downstream of the asphalt pavement 
may be indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional sampling 
and analysis if the source is unknown. 

In-Place Indicators 
samples should be tested for those 
chemical constituents (trace metals 
and trace organics) that are present 
in significant quantities in the 
substitute material. 
Depending on the size and 
duration of the monitoring effort, 
the collection of both water 
column and bottom sediments may 
be warranted. The latter would be 
sampled if settleable particulates 
may be migrating toward the water 
course. Subsurface samples are 
typically collected using coring 
equipment or small dredge 
buckets. Surface water quality 
should be tested for those chemical 
constituents (trace metals and trace 
organics) that are present in 
significant quantities in the 
substitute material. 
Soils beneath the asphalt pavement 
can be collected using a boring rig 
that can drill through the asphalt 
pavement and drive sampling 
devices (e.g., split spoon samplers) 
into the soil beneath the asphalt 
pavement. Soils adjacent to the 
pavement can be collected using 
scoops or soil coring equipment. 
Collected soil samples should be 
tested for those chemical 
properties (trace metal content and 
organics) that are present in the 
substitute material. 



Table 7- 

Env., Health & Safety Issues 
Air Quality refers to the ambient air 
receptor in the vicinity of the material 
storage, production, and construction 
process. Tmck loading, unloading, 
and material handling operations have 
the potential to release fugitive dust 
and volatile emissions. 

.3. Portland cement concrete short-term field monitoring recommendations. 

Material Sampling and Analysis 
Prior to construction, it is 
recommended that grab or composite 
samples of the material be collected, 
directly from construction material 
stockpiles, and analyzed to verify that 
the environmental properties of the 
materials quantified during the 
planning process are similar to those 
of the construction material. The 
extent of the preconstruction testing 
that will be needed to verify the 
design testing will depend on the 
homogeneity of the source material. 
Depending on the type of material, 
characterization testing could include 
inorganic and organic composition, 
and moisture and fines content. 

Visual Observations 
During plant production operations, 
the presence of excessive amounts of 
dust can be a signal that fugitive 
dusting is a problem and air 
monitoring activities (if not planned) 
may be warranted. The presence of 
any unusual or objectionable odors 
associated with a stockpile or 
concrete pavement containing a 
substitute material may be indicative 
of the presence of organic or volatile 
constituents within the subject 
material. Such observations may 
necessitate additional analysis of the 
source material or the volatile 
components to determine whether 
these odors are aesthetic or health and 
safety concerns. 

In-Place Indicators 
The level of dust release from 
material handling operations can 
be assessed by using high-volume 
samplers placed within or 
adjacent to the perimeter of the 
work site. Monitoring of the 
worker environment can be 
undertaken using personal air 
samplers worn by workers or 
placed in strategically selected 
work area locations. Volatile 
constituents can be measured by 
use of a sorbent filter apparatus or 
portable direct reading 
instruments. 



Table 7-4. Portland cement concrete long-term field monitoring recommendations. 

Env., Health & Safety Issues 
Leachate Quality refers to the level of 
dissolved dr matter in 
liquid percolating through the 
Portland cement concrete pavement. 
High concentrations of trace metals 
or organics in the leachate could 
adversely impact groundwaters and 
surface waters. 

Groundwater Quality refers to the 
groundwater receptor that could be 
impacted by leachate percolating 
through the concrete or runoff from 
the concrete pavement. Sampling of 
groundwater would in most cases be 
considered if leachate samples cannot 
be adequately collected for testing. 

Runoff Quality refers to the level of 
dissolved or particulate matter in 
runoff resulting from precipitation 
and runoff from a concrete 
pavement. High concentrations of 
trace metals or organics in the runoff 

Material Sampling and Analysis 
Prior to construction it is 
recommended that samples of the 
proposed material be subjected to 
leaching tests to assist in 
characterizing the expected leachate 
quality generated by both unbound 
material and the bound concrete- 
matrix. Samples of the concrete 
pavement material collected during 
the pavement's service life can be 
used to assess whether the leaching 
availability (mobility of trace metals 
and organics within the matrix) might 
be increasing or decreasing with both 
long-term curing and exposure to the 
environment; collection of such 
samples would normally require a 
coring rig or power auger to extract 
the sample. 

To assist in predicting runoff quality 
from a pavement prior to 
construction, it is recommended that 
samples of the proposed material be 
subjected to leaching tests. These 
tests should characterize expected 

Visual Observations 
The presence of any odorous or 
discolored leachate discharge from 
the concrete pavement may be 
indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional sampling 
and analysis if the source is unknown. 

The presence of any odors or 
discoloration observable in 
groundwater in the vicinity of the 
concrete pavement may be indicative 
of the presence of potentially 
detrimental constituents within the 
subject material, and would 
necessitate additional sampling and 
analysis if the source is unknown. 

The presence of any odorous or 
discolored runoff from the concrete 
pavement may be indicative of the 
presence of potentially detrimental 
constituents within the subject 
material, and would necessitate 

In-Place Indicat~rs 
Leachate collection can be 
conducted by installing, during 
construction, lysimeters, leachate 
collection pans, or sumps that 
could be used to catch percolating 
or migrating liquid through the 
concrete pavement. Leachate 
samples collected should be 
analyzed for those chemical 
constituents (trace metals and 
trace organics) that are present in 
significant quantities in the 
proposed materials. 

Groundwater can be monitored 
by installing monitoring wells 
upgradient and downgradient of 
the portland cement concrete 
pavement. Upgradient wells can 
provide a control sample or 
baseline groundwater sample. 
Groundwater samples collected 
should be analyzed for those 
chemical constituents (trace 
metals and trace organics) that are 
present in significant quantities in 
the substitute material. 
Runoff samples can be collected 
by designing and constructing 
small settling basins to retain 
runoff for colIection or by 
installing automatic sampling 
devices to collect runoff flow 



Table 7-4. Portland cement concrete long-term field monitoring recommendations (continued). 

Env., Health & Safety Issues 
could impact surrounding receptors 
such as surface waters and soils. If 
the test pavement is not used in a 
wearing course, then runoff collection 
and testing from a concrete pavement 
may not be required. However, if the 
concrete pavement is exposed to 
rainfall, then runoff monitoring 
would, in most cases, be warranted. 
Surface Water Quality refers to the 
surface water receptor that could be 
impacted by potential leachate, 
runoff, or f i e  particulate releases 
from the concrete pavement. 
Sampling and testing of surface water 
receptors would, in most cases, only 
be considered where direct 
measurements of leachate or runoff 
quality are not feasible or if direct 
measurements indicate substantive 
contaminant releases. 

Soil Quality refers to the soil receptor 
that could be impacted by potential 
leachate, runoff, or fine particdate 
releases from a concrete pavement. 
Sampling and testing of soil receptors 
would, in most cases, only be 
considered where direct 
measurements of leachate or 
groundwater or dust emissions are not 
feasible or if direct measurements 
indicate substantive contaminant 
releases. 

Material Sampling and AnaIysis 
leachate quality generated by both the 
unbound material and the bound 
concrete-matrix material. Leachate 
test results can be used to represent 
estimates of expected runoff quality. 

Visual Observations 
additional sampling and analysis if 
the source is unknown. 

The presence of any unusual or 
discolored liquid discharge or odor in 
the vicinity of the concrete pavement 
may be indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional sampling 
and analysis if the source is unknown. 

In-Place Indicators 
from drainage piping or ditches. 
Runoff samples should also be 
tested for thbse chemical 
constituents (trace metals and 
trace organics) that are present in 
significant quantities in the 
substitute material. 

Depending on the size and 
duration of the monitoring effort, 
the collection of both water 
column and bottom sediments 
may be warranted. The latter 
would be sampled if settleable 
particulates may be migrating 
toward the water course. 
Subsurface samples are typically 
collected using coring equipment 
or small dredge buckets. Surface 
water quality should be tested for 
those chemical constituents (trace 
metals and trace organics) that are 
present in significant quantities in 
the substitute material: 
Soils beneath the concrete 
pavement can be collected using a 
boring rig that can drill through 
the concrete pavement and drive 
sampling devices (e.g., split 
spoon samplers) into the soil 
beneath the concrete pavement. 
Soils adjacent to the pavement 
can be collected using scoops or 
soil coring equipment. Collected 
soil samples should be tested for 
those chemical properties (trace 
metal content and organics) that 





Table 7-5. Granular base short-term field monitoring recommendations. 

Env., Health & Safety Issues 
Air Quality refers to the ambient air 
receptor in the vicinity of the material 
storage, handling, and construction 
process. Truck loading, unloading, 
and material handling operations have 
the potential to release fugitive dust 
and volatile emissions. 

Material Sampling and Analysis 
Prior to construction, it is 
recommended that grab or composite 
samples of the material be collected, 
directly from construction material 
stockpiles, and analyzed to verify that 
the environmental properties of the 
materials quantified during the 
planning process are similar to those 
of the construction material. The 
extent of the preconsbruction testing 
that will be needed to verify the 
design testing will depend on the 
homogeneity of the source material. 
Depending on the type of material, 
characterization testing could include 
inorganic and organic composition, 
and moisture and fines content. 

Visual Observations 
During construction operations, the 
presence of excessive amounts of 
dust can be a signal that fugitive 
dusting is a problem and air 
monitoring activities (if not planned) 
may be warranted. The presence of 
any unusual or objectionable odors 
associated with a stockpile containing 
a substitute material may be 
indicative of the presence of organic 
or volatile constituents within the 
subject material. Such observations 
may necessitate additional analysis of 
the source material or the volatile 
components to determine whether 
these odors are aesthetic or health and 
safety concerns. 

In-Place Indicators 
The level of dust release from 
construction and material handling 
operations can be assessed by 
using high-volume samplers 
placed within or adjacent to the 
perimeter of the work site. 
Monitoring of the worker 
environment can be undertaken 
using personal air samplers worn 
by workers or placed in 
strategically selected work area 
locations. Volatile constituents 
can be measured by use of a 
sorbent filter apparatus or portable 
direct reading instruments. 
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Tabie 7-6. Granular base long-term field monitoring recommendations (continued). 

Env., Health & Safety Issues Material Sampling and Analysis 
quality are not feasible or if direct 
measurements indicate substantive 

that could be impacted by 
Ieachate percolating through the 
granular base. Sampling and testing 
of soil receptors would, in most cases, 
only be considered where direct 
measurements of leachate or 
groundwater or dust emissions are not 
feasible or if direct measurements 
indicate substantive contaminant 
releases. 

- Visual Obsewations In-Place Indicators 
quantities in the substitute 
material. 

Soils beneath the granular base can 
be collected using a boring rig that 
can drill through the granular base 
and drive sampling devices (e.g., 
split spoon samplers) into the soil 
beneath the granular base. Soils 
adjacent to the granular base can 
be collected using scoops or soil 
coring equipment. Collected soil 
samples should be tested for those 
chemical properties (trace metal 
content and organics) that are 
present in the substitute material. 



le 7-7. Stabilized base short-term field monitoring reco 

Env., Health & Safety Issues 
Air Quality refers to the ambient air 
receptor in the vicinity of the material 
storage, handling, and construction 
process. Truck loading, unloading, 
and material handling operations have 
the potential to release fugitive dust 
and volatile emissions, 

-- - 
Material Sampling and AnaJsis - -- 

Prior to construction, it is 
recommended that grab or composite 
samples of the material be collected, 
directly from construction material 
stockpiles, and analyzed to verie that 
the environmental properties of the 
materials quantified during the 
planning process are similar to those 
of the construction material. The 
extent of the preconshction testing 
that will be needed to verify the 
design testing will depend on the 
homogeneity of the source material. 
Depending on the type of material, 
characterization testing could include 
inorganic and organic composition, 
and moisture and fines content. 

Visual Observations 
During construction operations, the 
presence of excessive amounts of 
dust can be a signal that fugitive 
dusting is a problem and air 
monitoring activities (if not planned) 
may be warranted. The presence of 
any unusual or objectionable odors 
associated with a stockpile containing 
a substitute material may be 
indicative of the presence of organic 
or volatile constituents within the 
subject material. Such observations 
may necessitate additional analysis of 
the source material or the volatile 
components to determine whether 
these odors are aesthetic or health and 
safety concerns. 

In-Place Indicators 
The level of dust release from 
construction and material handling 
operations can be assessed by 
using high-volume samplers 
placed within or adjacent to the 
perimeter of the work site. 
Monitoring of the worker 
environment can be undertaken 
using personal air samplers worn 
by workers or placed in 
strategically selected work area 
locations. Volatile constituents 
can be measured by use of a 
sorbent filter apparatus or portable 
direct reading instruments. 



Table 7-8. Stabilized base long-term field monitoring recommendations. 

Env., Eealth & Safety Issues 
Leachate Quality refers to the level of 
dissolved or particulate matter in 
liquid percolating though the 
stabilized base. High concentrations 
of trace metals or organics in the 
leachate could adversely impact 
groundwaters and surface waters. 

Groundwater Quality refers to the 
groundwater receptor that could be 
impacted by leachate percolating 
through the concrete or m o f f  from 
the granular base. Sampling of 
groundwater would in most cases be 
considered if leachate samples cannot 
be adequately collected for testing. 

Surface Water Quality refers to the 
surface water receptor that could be 
impacted by potential leachate fiom 
the stabilized base. Sampling and 
testing of surface water receptors 
would, in most cases, only be 
considered where direct 

Material Sampling and Analysis 
Prior to construction, it is 
recommended that samples of the 
proposed material be subjected to 
leaching tests to assist in 
characterizing the expected leachate 
quality of the unbound and bound 
stabilized-base matrix material. 
Samples of the stabilized base 
material collected during the base's 
service life can be used to assess 
whether the leaching availability 
(mobility of trace metals and organics 
within the matrix) might be 
increasing or decreasing with both 
long-term curing and exposure to the 
environment; collection of such 
samples would normally require a 
coring rig or a power auger to extract 
the sample from under the pavement. 

Visual Observations 
The presence of any odors or 
discoloration in observable 
groundwater in the vicinity of the 
stabilized base may be indicative of 
the presence of potentially 
detrimental constituents within the 
subject material, and would 
necessitate additional sampling and 
analysis if the source is unknown. 

The presence of any unusual or 
discolored liquid discharge or odor in 
the vicinity of the granular base may 
be indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional sampling 
and analysis if the source is unknown. 

The presence of any odorous or 
discolored surface waters 
downstream of the stabilized base 
may be indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional sampling 

In-Place Indicators 
Leachate collection can be 
conducted by installing, during 
construction, Iysimeters, leachate 
collection pans, or sumps that 
could be used to catch percolating 
or migrating liquid through the 
stabilized base. Leachate samples 
collected should be analyzed for 
those chemical constituents (trace 
metals and trace organics) that are 
present in significant quantities in 
the proposed materials. 

Groundwater can be monitored by 
installing monitoring wells 
upgradient and downgradient of 
the stabilized base. Upgradient 
wells can provide a control sample 
or baseline groundwater sample. 
Groundwater samples collected 
should be analyzed for those 
chemical constituents (trace metals 
and trace organics) that are present 
in significant quantities in the 
substitute material. 
Water column samples can be 
collected upgradient and 
downgradient of the stabilized base 
to assess potential impacts. Water 
column samples should be tested 
for those chemical constituents 
(trace metals and trace organics) 



Table 7-8. Stabilized base long-term field 

that could be impacted by 
leachate percolating through the 
stabilized base. Sampling and testing 
of soil receptors would, in most cases, 
only be considered where direct 
measurements of leachate or 
groundwater or dust emissions are not 
feasible or if direct measurements 
indicate substantive contaminant 
releases. 

In-Place Indicators 
that are present in significant 
quantities in the substitute 
material. 

Soils beneath the stabilized base 
can be collected using a boring rig 
that can drill through the stabilized 
base and drive sampling devices 
(e.g., split spoon samplers) into the 
soil beneath the stabilized base. 
Soils adjacent to the stabilized 
base can be collected using scoops 
or soil coring equipment. 
Collected soil samples should be 
tested for those chemical 
properties (trace metal content and 
organics) that are present in the 
substitute material. 



Table 7-9. Flowable fill short-term field monitoring recommendations. 

Env., Health & Safety Issues 
Air Quality refers to the ambient air 
receptor in the vicinity of the material 
storage, production, and construction 
process. Truck loading, unloading, 
and material handling operations have 
the potential to release fugitive dust 

Material Sampling and Analysis 
Prior to construction, it is 
recommended that grab or composite 
samples of the material be collected, 
directly fiom construction material 
stockpiles, and analyzed to verie  that 
the environmental properties of the 
materials quantified during the 
planning process are similar to those 
of the construction material. The 
extent of the preconstruction testing 
that will be needed to verify the 
design testing will depend on the 
homogeneity of the source material. 
Depending on the type of material, 
characterization testing could include 
inorganic and organic composition, 
and moisture and fines content. 

Visual Observations 
During plant production operations, 
the presence of excessive amounts of 
dust can be a signal that fugitive 
dusting is a problem and air 
monitoring activities (if not planned) 
may be warranted. The presence of 
any unusual or objectionable odors 
associated with a stockpile containing 
a substitute material may be 
indicative of the presence of organic 
or volatile constituents within the 
subject material. Such observations 
may necessitate additional analysis of 
the source material or the volatile 
components to determine whether 
these odors are aesthetic or health and 
safety concerns. 

In-Place Indicators 
The level of dust release from 
material handling operations can 
be assessed by using high-volume 
samplers placed within or adjacent 
to the perimeter of the work site. 
Monitofing of the worker 
environment can be undertaken 
using personal air samplers worn 
by workers or placed in 
strategically selected work area 
locations. Volatile constituents 
can be measured by use of a 
sorbent filter apparatus or portable 
direct reading instruments. . 



Table 7-10. Flowable fill lon Id monitoring recommendations. 

Env., Health & Safety Issues 
Leachate Quality refers to the level of 
dissolved or particulate matter in 
liquid percolating through the in- 
place fill. High concentrations of 
trace metals or organics in the 
lleachate could adversely impact 
groundwaters and surface waters. 

Groundwater Quality refers to the 
groundwater receptor that could be 
impacted by leachate percolating 
through the in-place fill from the 
concrete pavement. Sampling of 
groundwater would in most cases be 
considered if leachate samples c m o t  
be adequately collected for testing. 

Surface Water Quality refers to the 
surface water receptor that could be 
impacted by leachate 
released from the fill material. 
Sampling and testing of surface water 
receptors would, in most cases, only 
be considered where direct 
measurements of leachate quality are 

Material Sampllng and Analysis 
Prior to construction it is 
recommended that samples of the 
proposed material be subjected to 
leaching tests to assist in 
characterizing the expected leachate 
quality generated by both unbound 
material and the bound flowable fiil- 
matrix. Samples of the fill material 
collected during the fill's service life 
can be used to assess whether the 
leaching availability (mobility of 
trace metals and organics within the 
matrix) might be increasing or 
decreasing with both long-term 
curing and exposure to the 
environment; collection of such 
samples would normally require a 
hand or power auger. 

Visual Observations 
The presence of any odorous or 
discolored leachate discharge from 
the in-place fill may be indicative of 
the presence of potentially 
detrimental constituents within the 
subject material, and would 
necessitate additional sampling and 
analysis if the source is unknown. 

- 
The presence of any odors or 
discoloration in observable 
groundwater in the vicinity of the in- 
place fill may be indicative of the 
presence of potentially detrimental 
constituents within the subject 
material, and would necessitate 
additional sampling and analysis if 
the source is unknown. 

The presence of any odorous or 
discolored surface waters 
downstream of the in-place fill may 
be indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional sampling 
and analysis if the source is unknown. 

In-Place Indicators 
Leachate collection can be 
conducted by installing, during 
construction, lysimeters, leachate 
collection pans, or sumps that 
could be used to catch percolating 
or migrating liquid through the 
fill. Leachate samples collected 
should be analyzed for those 
chemical constituents (trace 
metals and trace organics) that are 
present in significant quantities in 
the proposed materials. 

Groundwater can be monitored 
by installing monitoring wells 
upgradient and downgradient of 
the flowable fill. Upgradient 
wells can provide a control 
sample or baseline groundwater 
sample. Groundwater samples 
collected should be analyzed for 
those chemical constituents (trace 
metals and trace organics) that are 
present in significant quantities in 
the substitute material. 
Water column samples can be 
collected upgradient and 
downgradient of the granular base 
to assess potential impacts. 
Water column samples should be 
tested for those chemical 
constituents (trace metals and 
trace organics) that are present in 



Table 7-10. Flowable fill long-term field monitoring recommendations (continued). 

Em., Health & Safety Issues 
not feasible or if direct measurements 
indicate substantive contaminant 
releases, 
Soil Quality refers to the soil receptor 
that could be impacted by potential 
leachate released from the fill. 
Sampling and testing of soil receptors 
would, in most cases, only be 
considered where direct 
measurements of leachate or 
groundwater or dust emissions are not 
feasible or if direct measurements 
indicate substantive contaminant 
releases. 

Soils beneath the fill area can be 
collected using a boring rig and 
split spoon samplers. Collected 
soil samples should be tested for 
those chemical properties (trace 
'metal content and organics) that 
are present in the substitute 

Material Sampling and Analysis 

material. 

Visual Observations In-Place Indicators 
significant quantities in the 
substitute material. 



Table 7-11. Embankment and fill short-ker field monitoring reeom 

Env., Health & Safety Issues 
Air Quality refers to the ambient air 
receptor in the vicinity of the material 
storage, handling, and construction 
process. Truck loading, unloading, 
and material handling operations have 
the potential to release fugitive dust 
and volatile emissions. 

handling operations can be 

undertaken using personal air 

design testing will depend on the 

use of a sorbent filter apparatus or 



Table 7-12. Embankment and fill long-term field monitoring recommendations. 

, Health & Safety Issues 
Leachate Quality refers to the level of 
dissolved or particulate matter in 
liquid percolating through the 
granular base. High concentrations 
of trace metals or organics in the 
leachate could adversely impact 
groundwaters and surface waters. 

Groundwater Quality refers to the 
groundwater receptor that could be 
impacted by leachate percolating 
through the embankment or fill. 
Sampling of groundwater would in 
most cases be considered if leachate 
samples cannot be adequately 
collected for testing. 

Surface Water Quality refers to the 
surface water receptor that could be 
impacted by potential Ieachate from 
the embankment or fill. Sampling 
and testing of surface water receptors 

Material Sampling and Analysis 
Prior to construction, it is 
recommended that samples of the 
proposed material be subjected to 
leaching tests to assist in 
characterizing the expected leachate 
quality of the unbound material. 
Samples of the embankment or fill 
material during the structure's service 
life can be collected to assess whether 
the leaching availability (mobility of 
trace metals and organics within the 
matrix) might be increasing or 
decreasing with both long-term curing 
and exposure to the environment; 
collection of samples for such testing 
would normally require a coring rig, 
power auger, or hand auger to extract 
the sample. 

Visual Observations 
The presence of any odorous or 
discolored leachate discharge from 
the embankment or fill may be 
indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional 
sampling and analysis if the source is 
unknown. 

The presence of any odors or 
discoloration in observable 
groundwater in the vicinity of the 
embankment or fill may be 
indicative of the presence of 
potentially detrimental constituents 
within the subject material, and 
would necessitate additional 
sampling and analysis if the source is 
unknown. 

The presence of any odorous or 
discolored surface water downstream 
of the embankment or fill may be 
indicative of the presence of 
potentially detrimental constituents 

In-Place Indicators 
Leachate collection can be 
conducted by installing, during 
construction, lysimeters, leachate 
collection pans, or sumps that 
could be used to catch percolating 
or migrating liquid through the 
granular base. Leachate samples 
collected should be analyzed for 
those chemical constituents (trace 
metals and trace organics) that are 
present in significant quantities in 
the proposed materials. 

Groundwater can be monitored by 
installing monitoring wells 
upgradient and downgradient of 
the embankment or fill. 
Upgradient wells can provide a 
control sample or baseline 
groundwater sample. 
Groundwater samples collected 
should be analyzed for those 
chemical constituents (trace 
metals and trace organics) that are 
present in significant quantities in 
the substitute material. 

Water column samples can be 
collected upgradient and 
downgradient of the embankment 
or fill to assess potential impacts. 
Water column samples should be 



Table 7-12. Embankment and fill long-term field monitoring recommendations (continued). 

Env., ~ e a l t h  & Safety Issues 
would, in most cases, only be 
considered where direct 
measurements of leachate or runoff 
quality are not feasible or if direct 
measurements indicate substantive 
contaminant releases. 
Soil Quality refers to the soil receptor 
that could be impacted by potential 
leachate percolating through the 
embankment or fill. Sampling and 
testing of soil receptors would, in 
most cases, only be considered where 
direct measurements of leachate or 
groundwater or dust emissions are 
not feasible or if direct measurements 
indicate substantive contaminant 
releases. 

Material Sampling and Analysis Visual Observations 
within the subject material, and 
would necessitate additional 
sampling and analysis if the source is 
unknown. 

In-Place Indicators 
tested for those chemical 
constituents (trace metals and 
trace organics) that are present in 
significant quantities in the 
substitute material. 

Soils beneath the embankment or 
fill can be collected using a boring 
rig that can drill through the 
granular base and drive sampling 
devices (e.g., split spoon 
samplers) into the soil beneath the 
structure. Soils adjacent to the 
embankment or fill can be 
collected using scoops or soil 
coring equipment. Collected soil 
samples should be tested for those 
chemical properties (trace metal 
content and organics) that are 
present in the substitute material. 



Table 7-13. Landscaping material short-term field monitoring recommendations. 

Env., Health & Safety Issues I Material Sampling and Analysis ( Visual Observations I In-Place Indicators 
Air Quality refers to the ambient air I Prior to construction, it is I During construction operations, the I The level of dust release from . - 
receptor in the vicinity of the material 
storage, handling, and construction 
process. Truck loading, unloading, 
and material handling operations have 
the potential to release fugitive dust 
and volatile emissions. 

recommended that grab or composite 
samples of the material be collected, 
directly from landscaping material 
stockpiles, and analyzed to verify that 
the environmental properties of the 
materials quantified during the 
planning process are similar to those 
of the construction material. The 
extent of the preconstruction testing 
that will be needed to verify the 
design testing will depend on the 
homogeneity of the source material. 
Depending on the type of material, 
characterization testing could include 
inorganic and organic composition, 
and moisture a d  dines content 

- 
presence of excessive amounts of 
dust can be a signal that fugitive 
dusting is a problem and air 
monitoring activities (if not planned) 
may be warranted. The presence of 
any unusual or objectionable odors 
associated with a stockpile containing 
a substitute material may be 
indicative of the presence of organic 
or volatile constituents within the 
subject material. Such observations 
may necessitate additional analysis of 
the source material or the volatile 
components to determine whether 
these odors are aesthetic or  health 1 

and s a f w  mmerm 

construction and material 
handling operations can be 
assessed by using high-volume 
samplers placed within or 
adjacent to the perimeter of the 
work site. Monitoring of the 
worker environment can be 
undertaken using personal air 
samplers worn by workers or 
placed in strategically selected 
work area locations. Volatile 
constituents can be measured by 
use of a sorbent filter apparatus or 
portable direct reading 
instruments. 



Table 9-14. Landscaping material csng-term field oamitaring recommend 

Env., Health & Safety Issues 
Leachate Quality refers to the 
level of dissolved or 
particulate matter in liquid 
percolating through the 
granular base. High 
concentrations of trace metals 
or organics in the leachale 

I could adversely impact 
I groundwaters and surface 

the groundwater receptor that 
could be impacted by leachate 
percolating through the 
embankment or fill. Sampling 
of groundwater would in most 
cases be considered if 
Ieachate samples cannot be 
adequately coliected for 
testing. 

Surface Water Quality refers 
to the surface water receptor 
that could be impacted by 
potential leachate from the ' embankment or fill. Sampling 
and testing of surface water 
receptors would, in most 
cases, only be considered 
where direct measurements of 

Material Sampling and Analysis 
Prior to construction, it is 
recommended that samples of the 
proposed material be subjected to 
leaching tests to assist in 
characterizing its expected leachate 
quality. Samples of the landscaping 
material during the structure's service 
life can be collected to assess whether 
the leaching availability (mobility of 
trace metals and organics within ihe 
matrix) might be increasing or 
decreasing with both long-term curing 
and exposure to the environment; 
collection of samples for such testing 
would normally require a coring rig, 
power auger, or hand auger to extract 
the sample. 

Visual Observations 
The presence of any odorous or 
discolored leachate discharge 
fmm the landscaping material 
may be indicative of the presence 
of potentially detrimental 
constituents within the subject 
maternal, and would necessitate 
additional sampling and analysis 
if the source is unknown. 

The presence of any odors or 
discoloration in observable 
groundwater in the vicinity of the 
landscaping material may be 
indicative of the presence of 
potentially detrimental 
constituents within the subject 
material, and would necessitate 
additional sampling and analysis 
if the source is unknown. 

The presence of any odorous or 
discolored surface water 
downstream of the landscaping 
material may be indicative of the 
presence of potentially 
detrimental constituents within 
the subject material, and would 
necessitate additional sampling 
and analysis if the source is 

In-Place Indicators 
Leachate collection can be conducted by 
installing, during construction, lysimeters, 
leachate colIection pans, or sumps that could 
be used to catch percolating or migrating 
liquid through the granular base. Leachate 
samples collected should be analyzed for 
those chemical constituents (trace metals and 
trace organics) that are present in significant 
quantities in the proposed materials. 

~roundwatef can be monitored by installing 
monitoring wells upgradient and 
downgradient of the landscaping material. 
Upgradient wells can provide a control 
sample or baseline groundwater sample. 
Groundwater samples collected should be 
analyzed for those chemical constituents 
(trace metals and trace organics) that are 
present in significant quantities in the 
substitute material. 

Water column samples can be collected 
upgradient and downgradient of the 
landscaping material to assess potential 
impacts. Water column samples should be 
tested for those chemical constituents (trace 
metals and trace organics) that are present in 
significant quantities in the substitute 
material. 



Table 7-14. Landscaping material long-term field monitoring recommendations (continued). 

Env., Health & Safety Issues 
leachate or runoff quality are 
not feasible or if direct 
measurements indicate 
substantive contaminant 
releases. 
Soil Quality refers to the soil 
receptor that could be 
impacted by potential leachate 
percolating through the 
embankment or fill. Sampling 
and testing of soil receptors 
would, in most cases, only be 
considered where direct 
measurements of leachate or 
groundwater or dust 
emissions are not feasible or if 
direct measurements indicate 
substantive contaminant 
releases. 

Visual Observations In-Place Indicators 

Soils beneath the landscaping material can 
be collected using a boring rig that can drill 
through the granular base and drive 
sampling devices (e.g., split spoon samplers) 
into the soil beneath the structure. Soils 
adjacent to the embankment or fill can be 
collected using scoops or soil coring 
equipment. Collected soil samples should be 
tested for those chemical properties (trace 
metal content and organics) that are present 
in the substitute material. 





- 2 i r r c  FRtAMEWORK Example 

INTRODUCTION 

Chapter 8 presents an example of the evaluation process. It provides a step-by-step application of 
the framework process outlined in Figure 8-1 and the evaluation checklists introduced in this 
document. It is assumed in this example that an applicant submits an application to a State DOT 
and that the DOT initiates a joint review of the subject application with the State environmental 
agency. Together, the two agencies constitute the decision maker or evaluator. 

STEP 1 - SELECT MATERIAL/APPLICATION 

The applicant submits an application to the State DOT to use an industrial slag as an aggregate 
substitute in hot mix asphalt base courses. 

STEP 2 - DEFINE AND EVALUATE ISSUES 

The State DOT evaluator notifies the State environmental regulatory agency counterpart that an 
application has been submitted, A meeting is set up where the applicant is requested to provide 

#f-b 
responses to the issues evaluation checklist questions outlined in Chapter 2, Purpose and 
Methodology. 

Historical experience (Table 2-2). 
a Engineering issues (Table 2-3). 

Environmental issues (Table 2-4). 
Implementation issues (Table 2-5). 
Recycling issues (Table 2-6). 
Economic issues (Table 2-71). 

The applicant submits the completed issues evaluation checklist tables, which are presented in 
Tables 8-1 through 8-6. A summary of the results of the issues evaluation checklist analysis is 
presented in Table 8-7. The reviewing agencies determine if any significant issues warrant 
modification or dismissal of the permit request; however, the absence of adequate environmental 
data means that, at a minimum, a Stage 2 environmental and perhaps health and safety step will 
be necessary. A Stage 1 screen is initiated, 

STEP 3 - STAGE 1 SCREENING EVALUATION 

The Stage 1 screen is undertaken in accordance with the checklist outlined in Chapter 3, 
Screening. 

-su'-4. 

Engineering properties (Table 3- 1). 
Environmental properties (Table 3-2). 



FRAMEWORK Example 

* 
Modify Material1 1 

Application Select MaterialfApplication 

(See Chapter 2) (See Chapter 2) 

Proceed 

Define and 
Significant issues, Evaluate Issues 

go to modify (See Chapter 2) 
or deny 

Go to Stage 1 

1 
Most or critical Stage 1 

)- criteria are not met, go Screening 
to modify or deny (See Chapter 3) 

I 
Additional 

testing needed 

Previous history 
of use supports 

approval 

Most or critical i Stage 2 
+ criteria are not met, go Laboratory Testing Criteria 

to modify or deny (See Chapters 4 & 5) are met 

Most or critical 
+ criteria are not met, go 

to modify or deny 

Lab testing inconclusive, 
go to Stage 3 

I 

Stage 3 
Field-Scale Criteria 

Testing are met __I 

and Demonstrations 
(See Chapters 6 & 7) t 

Figure 8-1. Evaluation framework flow process. 

Approval 
-General 
-Categorical 
-Site-Specific 
(See Chapter 2) 



Table 8-1. History and previous experience questions. 

General Area 

History 

Previous 
Experience 

General Ouestions 

1. Has the recycled material been used before? If so, identify uses. YCI N m  

2. Is information available about the source of the recycled material? If so, collect it. YIZI N U  

3. Has this recycled material been previously used? If so, identify applications. Y O  NIZI 

4. Has this recycled material been used in geographically diverse locations? If so, identify Y O  N H  
locations. 

5.  Has it been used previously in a similar application? If so, identi@ location. Y O  N M  

6. Has this recycled material been used in other jurisdictions? If so, identify jurisdiction. Y O  Nm 

7. Have other jurisdictions granted use? If so, identify jurisdictional province. Y O  N E I  

1. Is information available about important prior experiences (previous use, prior objections, Y E I  N O  
similarity with other materials)? If so, collect the information. 

2. Are there experts available to discuss prior experiences? This can include regdators, YCI N M  
scientists, practitioners, waste generators, associations. If so, contact the experts. 

3. Is there any published literature about prior experiences? If so, obtain the infomation. Y O  N B  



General Area I 
Engineering 

Materials 
Properties 

Table 8-2. Engineering and materials properties questions. 

General Questions 

1. Is information available about the engineering properties of the recycled material? This could Y El N 17 
include information about gradation, bulk density, durability, and compaction data. If so, 
collect the pertinent information. 

2. Is the recycled material appropriately characterized with respect to time-dependent YEl N O  
engineering properties? This could include tirne-dependent variation in gradation, buIk 
density, durability, and compaction. If so, collect the pertinent information. 

3. For the proposed application, are there appropriate engineering criteria for the product? This Y El N 
could include durability, grain size, and compaction requirements. If so, collect the pertinent 
criteria. 

4. Is engineering information available about important prior experiences (previous use, prior Y El N 17 
performance criteria, similarity with other materials)? If so, assemble the pertinent 
information. 

1. Is information available about the materials properties of the recycled material? This could Y El N 0 
include information about loss on ignition, mineralogy, and pozzolanic activity of the waste 
material. If so, summarize the data. 

2. Is the recycled material appropriately characterized with respect to time-dependent materials Y El N 
properties? If so, summarize the data. 

3. For the proposed application, are there appropriate materials properties criteria for the Yn N O  
product? If so, identify the criteria. 



General Area 

Environmental 

Public Health 

Safety 

Table 8-3. Environmental, health, and safety (EHS) properties questions. 

General Questions 

1. Is information available about the environmental properties of the recycled material? This 
could include information about total elemental composition, total available element 
composition, and volatile and semi-volatile organics composition data. If so, collect the 
pertinent information. 

2. Is the recycled material appropriately characterized with respect to time-dependent 
environmental properties? This could include time-dependent variation in total elemental 
composition, total available element composition, and volatile and semi-volatile organics 
composition. If so, collect the pertinent information. 

3. For the proposed application, are there appropriate environmental criteria for the product? 
This could include leaching data, total content data, padcle size, etc. If so, collect the 
pertinent criteria. 

4. Is environmental information available about important prior experiences (previous use, 
prior performance criteria, similarity with other materials)? If so, assemble the pertinent 
information. 

5. Have there been any environmental assessments undertaken relative to the use of the 
proposed material. If so, sumrrmarize the information. 

1. Are there any Materials Safety Data sheets (MSDS) for the recycled materials? If so, Y O  N H  
collect the sheets. 

2. Have there been health risk assessment (HRA) undertaken relative to the proposed use of Y 0 N M 
the material? If so, summarize the information. 

1. Have there been prior OSHA issues for generation, processing, storage, and use in previous Y 0 N El 
efforts? If so, summarize the information. 



Table 8-4. Implementation issue questions. 

Implementation 1. Are there any apparent political constraints? If so, describe them. YO NO U r n  

General Area 

2. Are there any apparent regulatory constraints? If so, describe them. Y O  N O  U H  

General Questions 

3. Are there any apparent public acceptability constraints? If so, describe them. Yo N O  UP4 

Table 8-5. Recycling issue questions. 

Recycling 1. Are there likely recycling or life-cycle issues? If so, identify them. Y O  N O  Urn I 
General Area 

2. Has the recycled material or its application been reused within other areas of the highway YO N U a  
environment? If so, identify them. 

General Questions 

Table 8-6. Economic issue questions. 

I 

I Economic I 1. Are there any apparent economic constraints? If so, identie them. Y O N E I U D  I 
General Area General Questions 



FRAMEWOM Example 

Table 8-7. Industrial slag as an aggregate substitute in an 
asphalt base course issue evaluation. 

Area of Evaluation Identified Issue 

Historical Experience The industrial slag from the applicant's facility has not been previously used 
in any application. Similar materials from other facilities have been used as 
an aggregate substitute material in asphalt pavements. 

Engineering Issues The applicant has gathered a significant amount of relevant engineering and 
material property data. 

Environmental Issues The applicant has inadequate environmental data. 

Implementation Issues I No problematic issues were identified. 

Recycling Issues No problematic issues were identified. 

Economic Issues No ~roblematic issues were identified. 

*--, 
* Recycling (Table 3-3). 
* Implementation (Table 3-4). 

Economics (Table 3-5). 

The applicant submits supporting data to assist the evaluators in completing Tables 3-1 through 
3-5, which are presented in Tables 8-8 through 8-12. 

Stage 1 Engineering Properties Screen 

The applicant is requested to provide data to demonstrate statistically that the engineering data 
submitted for the slag material will be consistent with time and that the engineering properties of 
the slag are statistically similar to reference materials (similar material that the applicant claimed 
has been successfully used in the past). Table 8-8 outlines the Stage 1 engineering evaluation. 
Chapter 9 provides examples on how to statistically analyze measured properties of a material 
and how to compare the properties with the desired specifications. 

Based on the information provided, the decision maker determines that the engineering 
properties of the slag will be consistent throughout the year and that the properties of the slag are 
statistically similar to that of the reference material. 

Stage 1 Environmental, Health, and Safety Screen 

The applicant has inadequate environmental data for the industrial slag. Table 8-9 outlines the 
S-- 

Stage I environmental evaluation. A Stage 2 laboratory analysis will be required. 



Table 8-8. Stage P engineering screening checklist. 

Parameter 

Material 
Production 

Engineering 
Properties 

Field 
Performance 

Test Method 

Determine whether the 
proposed material is 
generated from the same 
process or operation as the 
reference material. 

Assess whether there are 
sufficient data to compare 
the engineering properties 
of the proposed material 
and reference material, and 
whether the respective 
properties are sufficiently 
similar to approve the 
proposed material for use. 

Determine whether the 
reported historical data for 
the reference material 
provided give reasonable 
assurance that the 
proposed material will 
provide satisfactory 
performance in the 
intended application. 

Evaluation criteria1 

Will the quality of feedstock materials to be used in the production or generation of the YE! NO U u  
proposed material be sufficiently similar to that used to produce or generate the 
reference material so that the engineering properties of the proposed material will not 
be significantly impacted and will still be comparable to the reference material? 

Will the operating conditions associated with the production or generation of the Y B  NO UU 
proposed material be sufficiently similar to that of the reference material so that the 
engineering properties of the proposed material will not be significantly impacted and 
will still be comparable to the reference material? 

Will the post-production operations (e.g., material processing, handling, and storage) 'ITB NO UO 
associated with the production or generation of the proposed material be sufficiently 
similar to the reference material so that the engineering properties of the proposed 
material will not be significantly impacted and will still be comparable to the reference 
material? 

1. Are appropriate engineering property data available for both the proposed and YEI NO UO 
reference materials, and are the data reliable? 

2. Can it be determined that the proposed and reference materials have statistically Y H  NO UO 
similar engineering properties that are in conformance with the specifications of the 
proposed application, and are they comparable? 

1. Is there a sufficient and reliable historical performance record available? YE! NU UO 

2. Are there personal contacts (engineers with experience) available with whom to review YEl NO UU 
the results of the historical performance data, and have the above-referenced contacts 
provided positive feedback regarding the application? 

3. Is the historical performance data of the material sufficient to warrant a Stage 1 YEI NO UO 
approval? 

1. Y = Yes, N = No, U = Unknown 



Table 8-9. Stage 1 environmental, health, and safety screening checklist. 

Test Method 

Determine whether the 
proposed material is 
generated from the same 
process or operation as 
the reference material. 

Assess whether there are 
sufficient data to compare 
the environmental 
properties of the 
proposed material and 
reference material, and 
whether the respective 
properties are sufficiently 
similar to approve the 
proposed material for use. 

Determine whether the 
reported historical data 
provided give reasonable 
assurance that the 
proposed material will 
provide satisfactory 
performance in the 
intended application. 

U = Unknown 

Evaluation criteria1 

1. Will the quality of feedstock materials to be used in the production or generation of YO NU Urn 
the proposed material be sufficiently similar to that used to produce or generate the 
reference material so that the environmental properties of the proposed material will 
not be significantly impacted and will still be comparable to the reference material? 

2. Will the operating conditions associated with the production or generation of the YO NO UEI 
proposed material be sufficiently similar to that of the reference material so that the 
environmental properties of the proposed material will not be significantly impacted 
and will still be comparable to the reference material? 

3. Will the post-production operations (e.g., material processing, handling, and storage) YO NU UEI 
associated with the production or generation of the proposed material be sufficiently 
similar to the reference material so that the environmental properties of the proposed 
material will not be significantly impacted and will still be comparable to the 
reference material? 

1. Are appropriate environmental property data available for both the proposed and YO N B  UO 
reference materials, and are the data reliable? 

2. Can it be determined that the proposed and reference materials have statistically YO NEI UO 
similar environmental properties that are in confomance with the specifications of 
the proposed application, and are they comparable? 

1. Is there a sufficient and reliable historical performance record available? Y17 NEI UO 

2. Are there personal contacts (regulators or scientists with experience) available with YC1 N O  UO 
whom to review the results of the historical performance data, and have the above- 
referenced contacts provided positive feedback regarding the application? 

3. Were there any specific problems or difficulties reported, and were the reported YO NM UU 
problems satisfactorily addressed in previous investigations to warrant a Stage 1 
approval? 



Table 8-10. St age 1 recycling screening checklist. 

Parameter 

Engineering 
Acceptability 

Environmental 
Acceptability 

Worker Health and 
Safety Acceptability 

Test Method 

If the proposed material is incorporated into 
the engineered product, could it significantly 
impact the engineering quality of the product if 
used in a secondary application at the 
completion of its useful service life? 

If the proposed material is incorporated into 
the engineered product, could it significantly 
impact the environmental quality of the 
product if used in a secondary application at 
the completion of its useful service life? 

If the proposed material is incorporated into 
the engineered product, could it significantly 
impact the worker health and safety properties 
of the product if used in a secondary 
application at the completion of its useful 
service life? 

Evaluation criteria1 

1. Could the proposed material adversely impact the YO N H  UO 
production process during a post-service life 
application? 

2. Could the proposed material properties be altered during YO NEI UO 
either its service life or post-service life processing to 
such an extent that it could significantly impact the 
properties of the secondary material? 

Could the proposed material adversely impact the 
environment (air, water, or soil quality) during post- 
service life processing if introduced into a secondary 
application? 

Could the proposed material adversely impact the 
environment (air, water, or soil quality) during its post- 
service life use if introduced into a secondary 
application? 

Could the proposed material adversely impact the 
environment (air, water, or soil quality) if disposed of as 
construction and demolition debris after its initial 
service life? 

1. Could harmful fugitive dust or volatile gaseous YO NO UN 
emissions resulting from the use of the proposed 
material impact worker health or safety during post- 
service life processing or construction activities? 

2. Could the use of the proposed material create a hazard YO NO UEJ 
to the physical safety of workers during post-service life 
processing or construction activities? 

1. Y = Yes, N = No, U = Unknown 



Parameter 

Institutional 
Acceptability 

Political Acceptability 

Public Acceptability 

Table 8-11. Stage 1 implementation screening checklist. 

Test Method I Evaluation Criteria' 

Consider the probability that the 
regulatory community will approve and 
the technical community will accept and 
utilize the material in the proposed 
application. 

1. Rate the degree of difficulty that can be anticipated in 
obtaining approval to incorporate the material-application 
match into existing construction specifications. 

2. Rate the degree of difficulty that can be anticipated prior to 
the receipt of environmental approvals from regulatory 
agencies. 

3. Rate the degree of reluctance that engineers might have in 
specifying the material in the proposed application. 

4. Rate the degree of reluctance that contractors might have in 
utilizing the material in the proposed applications. 

H M L  
o m 0  

H M L  
o m 0  

H M L  
o m 1 3  

Consider the degree to which public 
officials will support or impede the 
proposed application. 

1. Rate the degree to which political opposition could impede H M L  
the application. O R I U  

2 .  H = High, M = Medium, L = Low 

Assess the degree to which the public 
will accept the proposed material- 
application strategy. 

1. Rate the degree to which the public opposition due to H M L  
perceived environmental, health, safety, or economic impacts 0 13 
could impede the application. 



Table 8-12. Stage 1 economic screening checklist. 

Parameter 

Material Cost 

Installation Cost 

Life-Cycle Cost 

Test Method 

C D P = P , + C P R + C S T + C L D + ~ + P  
where 

C, = Delivered price of proposed material, 

P, = Price of the raw proposed material (F.O.B.), 

C, = Cost of processing the material, 

C,, = Cost of stockpiling the material, 

C,, = Cost of loading the material, 

C, = Cost of transporting the material, and 
P = Profit. 

C, = C,, + C,, +C, + T, (2) 
where 

C, = Cost of installation using the proposed material, 
C,, = Delivered price of proposed material (see Eq. 1) 
C, = Cost for design of application with the recovered material, 
C, = Cost for construction with the recovered material, and 
T,, = Cost of testing and inspection for the proposed application. 

Acp = C,  . CRF(i,n) + C,, (3) 
where 

&R = Annual life-cycle cost using proposed material, 
CIP = Cost of installation using proposed material (see Eq. 2) 
CRF(i,n) = The capital recovery factor with an interest rate of i percent 

and an expected service life of n years, and 
= Annual maintenance cost. 

Evaluation criteria1 

Is C,, s C,, ? Y N  
where El 0 

C,, = Delivered price of 
conventional material 

Is C, < C,, ? Y N  
where 8 0 

C,, = Cost of installation using 
conventional materials 

Is&sA,?  Y N  
where 0 

A,, = Annual cost using 
conventional materials 



FRAMEWORK Example 

Stage 1 Recycling Evaluation 

The decision maker and applicant define the likely reuses of the recycled base course, which will 
contain the industrial slag. The potential engineering and environmental issues are evaluated for 
each reuse scenario. Table 8-10 outlines the Stage 1 recycling evaluation. Although no 
engineering issues were identified, the absence of adequate environmental data means that 
recycling from an environmental perspective could not be fully assessed. 

Stage 1 Implementation Evaluation 

The implementation screen defines potential technical, public, and political issues that may arise 
from the proposed use of the industrial slag. Table 8-1 1 outlines the Stage 1 implementation 
evaluation. The absence of environmental data at the current stage of the evaluation limits the 
ability of the decision maker to adequately assess this issue. 

Stage 1 Economic Evaluation 

The results of the economic screen, presented in Table 8-12, suggest that a significant economic 
incentive exists to utilize the material. 

p - ~  
A summary of the results of the Stage 1 screening is presented in Table 8- 13. The reviewing 
agencies determine that the submitted engineering data are adequate. 

Evaluation Area 

Table 8-13. Stage 1 screening results. 

Engineering 

Environmental, Health, and I "ety 
Recycling 

Implementation 

/ Economic 

Evaluation Results 

The engineering evaluation did not identify any problematic issues. The 
industrial slag meets all required engineering criteria, and the production 
process meets required quality control criteria. No further engineering 
evaluation is required. 

Due to the lack of data, a Stage 1 evaluation could not be performed. A Stage 
2 analysis is required. 

Due to the absence of environmental data, analysis of recycling issues could 
not be fully assessed. 

Due to the absence of environmental data, analysis of implementation issues 
could not be fully assessed. 

It is economically practical to utilize the slag in the proposed application. 
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STEP 4 - STAGE 2 LABORATORY TESTING 

On the basis of the results of the Stage 1 screen, the decision maker prepares an environmental 
test plan and criteria for evaluation. Table 8- 14 provides an outline of the Stage 2 environmental 
test plan, criteria, and test results. The sequence of environmental tests presented in Table 8-14 is 
consistent with the environmental properties and tests outlined in Chapter 5, Table 5-2 for 
aggregate substitutes in bound applications. 

The applicant is requested to undertake regulatory tests, inorganic composition tests, inorganic 
leaching tests, acid-base leach tests, and product organic leach tests. 

The results of these tests indicate that the slag is nonhazardous, but contains concentrations of 
arsenic and chromium that were one order of magnitude higher than soil reference guidelines 
(cleanup guidelines). Leachate concentrations from distilled water leaching tests for inorganic 
constituents were all less than drinking water standards but the 90 percent confidence limit for 
arsenic exceeded the drinking water criterion. Acid-base leaching tests revealed higher arsenic 
concentrations in higher acid (low pH) solutions. Product testing was undertaken by preparing a 
design mix where the slag was incorporated into the hot mix product. The product was subjected 
to a distilled water leaching test and to Toxicity Characteristic Leaching Procedure (TCLP) 
testing protocols to assess the potential for leaching of the product in an aggressive leaching 
environment. All leachate concentrations were found to be below drinking water criteria. 

APPROVAL PROCESS 

Upon review of the Stage 2 environmental test results, the decision maker determines that there 
is minimal potential risk to the environment if the slag is used in the proposed application. 
Nonetheless, to ensure environmental protection, the decision maker issues a categorical 
approval for the proposed application, which provides a number of test requirements and 
application limitations. The decision requires the following: 

1. The slag may be used in a hot mix base course at levels not to exceed 10 percent by 
weight of aggregate. 

2. A monitoring program is established to test for levels of arsenic and chromium in the slag 
product and a limiting level (one order of magnitude above the soil guidelines) is 
established). Any concentration above such levels would result in material rejection. 
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Table 8-14. Stage 2 environmental testing results. 

Environmental Property Criteria 

Regulatory Testing of 
Aggregate Substitute 

40 CFR, Part 261.21 
40 CFR, Part 26 1.22 
40 CFR, Part 261.23 
40 CFR, Part 26 1.24 

lnorganic Composition of Soil reference 
Aggregate Substitute guidelines 

Organic Composition of 
Aggregate Substitute 

Particle Size of Aggregate 
Substitute 

Mineralogical Composition 
of Aggregate Substitute 

Inorganic Leaching of USEPA drinking water 
Aggregate Substitute standards 

Organic Leachmg of I 
~ g g r e ~ a t e  Substitute I 
Acid-Base Behavior of 
Aggregate Substitute 

Product Inorganic Leaching USEPA drinking water 
standards 

Product Organic Leaching 

Product Abrasion 

Product - Volatile 
Emissions 

Results 

Nonignitable 
Noncorrosive 
Nonreactive 
Nontoxic 

The concentrations of arsenic and chromium were 
approximately one order of magnitude above the soil 
reference standards. 

Not required by decision maker since material has 
undergone a high temperature process. 

Not required by decision maker since material is a 
glassy substance and 4% of the material passes a No. 
200 sieve. Fugitive dust emissions are not expected. 

Not required by decision maker because the material 
has a low dusting potential and a low crystalline silica 
content. 

A distilled water leaching test was used to determine 
the inorganic leaching properties of the industrial slag. 
All leachate concentrations were below drinlung water 
criteria, but the upper 90 percent confidence limit for 
arsenic (As) exceeds the criteria. A sample statistical 
calculation is presented in Table 8-15. 

Not required by decision maker since material has 
undergone a high temperature process. 

Results indicate increased leaching of arsenic under 
acidic conditions. 

Product inorganic leaching was determined using a 
distilled water leaching test and the TCLP protocol on 
crushed product containing the industrial slag. AI1 
leachate concentrations were below drinking water 
criteria. 

Not required by decision maker since material has 
undergone a high temperature process. 

Not required by decision maker since material will be 
in binder course. 

Not required by decision maker since material has 
undergone a high temperature process. 



FRAMEWORK Example 

Table 8-15. Stage 2 environmental testing sample statistical calculation. 

Sample Arsenic Concentrations (pg/L): 38, 55, 51, 39,42 
Arsenic Drinking Water Criteria (pg/L): 50 
Average Concentration (pg/L): 45 
Standard Deviation: 7.58 
N: 5 
t: 2.132 

The UCL can be calculated using a t statistic at cl = 0.05 for n-1 degrees of freedom (41, which is 2.132 (from 
Chapter 9, Table 9-1). 

UCL = 45 + 2.132 (7.58/(5)") 

UCL = 52.2 

Here, the UCL of 52.2 exceeds the criteria of 50 and the material is deemed to exceed the criteria even though 
the average is 45. 
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STATISTICAL NOMENCLATURE 

The table below presents a definition of common symbols and terms used in statistical analysis. 
The reader should refer to the references listed in the Introduction section below for a more 
detailed discussion of the symbols and terms presented below. 

- number of elements in the popdation (N) 
o2 Population Variance Average of the square of the deviations of the measurements 

(J / Population Standard 

I elements in the sample (n) 
s2 I Sample Variance / The sum of the squared deviations of the measurements about 

about the mean p 
The positive square root of the variance 

N 
2 

"ae =--, their mean 2 divided by (n-1) 
s Sample Standard The positive square root of the variance 

INTRODUCTION TO STATISTICAL ISSUES 

Deviation 
Number 

Sample Mean 

The following are the basic statistical questions that the applicant and decision maker face when 
an applicant submits supporting information to obtain approval for use of a recycled material in a 
construction application: 

Number of elements in a population 
The sum of measurements in a sample divided by the number of 

rn Are the data sufficiently representative and normally distributed? 
rn Do the submitted data for a recycled material meet a specification or limit? 
e Are the submitted data similar to historic data? 
e For time-dependent recycled material generation or production data, what are the quality 

control measures that describe the data? . For time-dependent recycled material generation or production data, are there trends in 
the data that suggest the data are changing with respect to changes in plant operations, 
processing operations, or other time-based factors? 

.am--\ These statistical issues are the most likely ones that the applicant and decision maker will face; 
others may also develop. The following references contain useful information: 
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b McCuen, R.H. (1985) Statistical Methodsfor Engineers, Prentice-Hall, Englewood 
Cliffs, New Jersey. 

b Gilbert, R.O. (1987) Statisfical Methods for Environmental Pollution Monitoring, van 
Norstrand Reinhold, New York. 
Berthouex, P.M. and Brown, L.C. (1994) Statistics for Environmental Engineers, Lewis 
Publishers, Boca Raton, Florida. 

a McBean, E.A. and Rovers, F.A. (1 998) Statistical Procedures for Analysis of 
Environmental Monitoring Data & Risk Assessment, Prentice Hall, Upper Saddle River, 
New Jersey. 

a Natrella, M.G. (1963) Experimental Statistics, National Bureau of Standards. Handbook 
91, U.S. Government Printing Office, Washington, D.C. 

* Hays, W.L. (1994) Statistics, Harcourt Brace College Publishers, 5fh Edition. 

QUALITY, SUFFICIENTLY REPRESENTATIVE, 
AND NORMALLY DISTRIBUTED? 

Two questions frequently raised are: (I) Have sufficiently high-quality data been submitted? and 
(2) Are the data normally distributed? 

High-Quality Data 

In the case of data generation for use by decision makers, the applicant should incorporate the 
following elements to produce high quality data: (1) an experimental plan with objectives that 
describe why the data are needed and how they will be used, (2) a sampling plan to ensure that 
representative samples are collected, (3) the use of a certified laboratory or research organization 
to generate the data from appropriate analyses, and (4) data quality assurance/quality control. 

Experimental plans are used to help define the need for the data; summarize the methods that are 
to be used in analysis of the samples that are collected or generated; identify and note 
requirements, special procedural issues, or problems (minimum sample sizes, detection limits, 
preservation techniques, etc.) associated with the analytical methods; and identify how the data 
will be statistically evaluated. 

Samplingplans are used in conjunction with the experimental plans. They describe the type of 
sampling strategy for sampling a process stream, a pile, a length of pavement, etc. Many types of 
sampling strategies can be used. Strategies can include simple random sampling, stratified 
random sampling, staged sampling, composite sampling, and systematic sampling. Some 
excellent approaches can be found below; they predominantly come fiom the American Society 
for Testing and Materials (ASTM) and the American Association of State Highway and 
Transportation Officials (AASHTO): --, 

AASHTO T2: Standard Methods of Sampling of Aggregates (also ASTM D75) 
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ASTM D3665: Standard Practice for Random Sampling of Construction Materials, 
Sampling In-Place Paving Materials 
ASTM C702: Standard Practice for Reducing Field Samples of Aggregate to Testing Size 
ASTM D346: The Collection and Preparation of Coke Samples for Laboratory Analysis 
ASTM D1452: Soil Investigation and Sampling by Auger Borings 
ASTM D2234: Collection of a Gross Sample of Coal 
ASTM E122: Choice of Sample Size to Estimate the Average Quality of a Lot or 
Process 
ASTM D4687: Guide for General Planning of Waste Sampling 
ASTM D5956: Guide for Sampling Strategies for Heterogeneous Wastes 
ASTM D6009: Guide for Sampling Waste Piles 
ASTM D50 13 : Guide for Sampling Wastes from Pipes or Other Point Discharges 
U.S. EPA (1986) Test Methods for Evaluating Solid Waste, SW-846, Office of Solid 
Waste and Emergency Response, U.S. EPA, Washington, D.C. (This contains an 
excellent sampling plan and sampling methods section.) 
Clesceri, L.S., Greenberg, A.E., and Eaton, A.D. (1998) Standard Methods for the 
Examination of Water and Wastewater, APHA, Washington, D.C. (This contains an 
excellent sampling plan and sampling methods section.) 
Barcelona, M.J., Gibb, J.P., Helfrich, J.A., and Garske, E.E. (1985) Practical Guide for 
Ground- Water Sampling, Illinois State Water Survey, Champaign, Illinois 

Many other sources are available. 

Certified laboratories or other research organizations that rely on standard test protocols and 
procedures and that are familiar and experienced with the methods can be a reliable source of 
expertise. They may also be aware of inherent problems of using specific test methods for 
recycled materials. Such organizations should be able to issue reports that are clear, documented, 
and contain some evaluation of the quality of the data. 

Quality Assurance/Quality Control (QA/QC) methods are frequently used by laboratories to 
ensure that data meet preestablished quality levels, Methods describing such strategies can be 
found in the following: 

a ASTM D5797: Practice for Generation of Environmental Data Relative to Waste 
Management Activities: Development of Data Quality Objectives 

@ ASTM D5283: Practice for Generation of Environmental Data Relative to Waste 
Management Activities: Quality Assurance and Quality Control Planning and 
Implementation 

rn Taylor, J.K. (1987) Quality Assurance ofGhemica1 Measurements, Lewis Publishers, 
Chelsea, Michigan 

* U.S. EPA (1 980) Interim Guidelines and SpeciJications for Preparing Quality Assurance 
Project Plans. QAMS-005180, Office of Monitoring Systems and Quality Assurance. 
Om, US. EPA, Washington, D.C. 
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. U.S. EPA (1986) Test Methods for Evaluating Solid Waste, SW-846, Office of Solid 
Waste and Emergency Response, U.S. EPA, Washington, D.C. (This contains an 
excellent QA/QC section.) 

e Clesceri, L.S., Greenberg, A.E., and Eaton, A.D. (1998) Standard Methods for the 
Examination of Water and Wastewater, APHA, Washington, D.C. (This contains an 
excellent Q N Q C  section.) 

@ EPRI (1 989) Quality Assurance and Quality Controlfor Environmental Laboratories, 
EPRE GS-6258, EPN, Palo Alto, California 

Normally Distributed Data 

Much of the data that are collected in the recycled materials area exhibit a normal distribution, 
that is, on a value versus relative frequency histogram, the data have a normal or Gaussian 
distribution that assumes a bell shape. The underlying principle here is that the probability 
density function is applicable. This is important because many of the statistical procedures used 
to describe the data (its measure of central tendency, its distribution about the measure of central 
tendency), establish confidence limits, and test significance require that the data be normally 
distributed. 

In most cases that will be encountered, it is reasonable to assume that the data are normally 
distributed. While there are methods (described below) to determine whether the data are 
normally distributed, in many instances the sample size will be too small to provide conclusive 
answers, and this Gaussian assumption is reasonable. 

If sufficient data are available, there are two simple ways to determine if a population of data is 
normally distributed. The first way involves the use of a simple histogram plotting the frequency 
of the data versus the actual value of the data. The data are normally distributed if a bell-shaped 
distribution is seen in the histogram. The second way involves the use of normal probability 
plots of individual data values on the y axis versus a quantile range. The data xi are ordered from 
the smallest to largest value (e.g., x,, x,, x,, ...., XJ for plotting on the y axis. Each ranked 
statistic is then assigned a quantile according to: 

where i is the rank number and n is the number of data points in the data set. If the data are 
normally distributed, the data should lie on an approximate straight line. 

Procedures to Transform Non-Normally Distributed Data and Evaluate Outliers 

As is the case with some physical and environmental data, it may be known that the data are not 
normally distributed. This is because the data population can exhibit skewness (which is evident 
in histograms of probability plots). In such cases, the data must be transformed to make the 
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distribution normal. Numerous transformations can be used; log transformations are most 
common as these data can have a log normal distribution. 

Nonparametric methods can be used to evaluate data in lieu of data transformations. Such 
nonpararnetric procedures are valid when the data distribution is unknown or log-normally 
distributed. Nonparametric tests are called distribution free tests. Frequently, the use of sample 
order statistics or ranking are used. 

Occasionally, data sets may contain outliers. A number of tests are designed to determine if an 
outlier is present within a population of data describing some measure of central tendency. 

The following references contain procedures that address data transformation, nonparametric 
testing, and allow for examination of outliers: 

c McCuen, R.H. (1 985) Statistical Methods for Engineers, Prentice-Hall, Englewood 
Cliffs, New Jersey 

@ Gilbert, R.O. (1987) Statistical Methods for Environmental Pollution Monitoring, van 
Norstrand Reinhold, New York 

DO THE SUBMITTED DATA FOR A RECYCLED MATERIAL MEET A 
SPECIFICATION OR LIMIT? 

The applicant and the decision maker will typically need to examine submitted data to see if they 
meet a specification or are above or below a specified or regulated limit. A couple of 
approaches can be taken: 

1. Use of two-sided confidence limits about the mean of submitted data for cornparisan 
to a specification. 

Were, a two-sided confidence limit for a population mean, p, is used (Gilbert, 1987, see page 9- 
5) where the data values, q, are assumed to be normally distributed. It is also used when the 
number of data (n) is relatively small and the variance is unknown. Two-sided limits give an 
interval in which the true mean is expected, Here, we can use a 95% confidence level, meaning 
that 95% of the time the sample population mean (p) resides within the confidence limits. This 
also corresponds to a significance level (a) of 5%. These confidence limits can then be compared 
with a specification. In this case, there is no concern if the upper or lower confidence limit is 
above or below the specification, but rather that the specification falls within the confidence 
interval. This is referred to as a two-tailed test and the significance is symmetrically split. 

,fl--. The upper and lower confidence limits about a sample population mean, p, is described by 
(Gilbert, 1987, see page 9-5): 



STATISTICS 

where R is the average of n data values (xi), s is an estimate of the standard deviation (o), and t 
is the t statistic. Here, a t statistic for a 95% confidence level or an a of 5% and n-1 degrees of 
freedom is equally split between the upper and lower confidence limit so that the 5% 
significance is allocated at 2.5% for both limits. 

Example 1 : 

A blast furnace slag is being used as an aggregate substitute in the hot mix asphalt binder course. 
The grain size distribution of the material must be similar to a specified distribution. One 
measure of the grain size distribution, the uniformity coefficient, represents the mass passing the 
diameter where 60% of the material passes @,) divided by the diameter where 10% of the 
material passes (Dl,) during sieving. 

A slag pile has been sampled with a carefully designed random sampling plan and 15 grab 
samples (n = 15) have been collected and submitted for grain size analysis. The following 
uniformity coefficients were obtained: 

Using a histogram, the data appear to be normally distributed. The specification for the 
uniformity coefficient for coarse aggregates in the asphalt pavement is 0.500. The sample mean 
R is calculated by: 

The standard deviation estimate, s, of the sample mean is calculated by: 
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The upper and lower confidence limits for a 95% confidence level (a = 0.05) requires the use of 
a t statistic at a = 0.025 for n-1 degrees of freedom, which is 2.145 (see Table 9-1 published at 
the end of this section). The upper and lower confidence limits are calculated by: 

Here, the upper and lower confidence limits (at a 95% confidence level) include the specification 
of 0.500 and the pile is deemed to have the same unifoxmity coefficient as the standard. 

2. Use of one-sided confidence limits about the mean of submitted data for comparison 
with a specification or regulatory limit. 

Here, a one-sided confidence limit for a population mean, p, is used (Gilbert, 1987, see page 9- 
5). A one-sided limit is used to make sure that the upper confidence limit does not exceed a 

,dpTLI 
specification or regulatory limit or that the lower confidence limit does not fall below a 
specification or regulatory limit. Again, a 95% confidence level is used. 

The upper confidence limit (UCL) for a sample population mean, p, is described by (Gilbert, 
1987, see page 9-5): 

UCL = R + tl-a,n-l (sln)" (6) 

where R is the average of n data values (xi), s is the estimate of the standard deviation, and t is 
the t statistic. Here, a t statistic for a 95% confidence level or an a of 5% and n-1 degrees of 
freedom is assigned completely to the UCL and is not split. 

The lower confidence limit (LCL) for a sample population mean, p, is described by (Gilbert, 
1987, see page 9-5): 

LCL = X - t,,-, (sln)" (7) 

where the variables are as described in Equation (4). 

Example 2: 

An applicant submits data on the percentage of flat and elongated particles for crushed concrete 

,.-? 
specimens to be used as coarse aggregate in hot mix asphalt paving. The procedure is based on 
ASTM D4791, Flat and Elongated Particles. The mix design requires that the coarse aggregate 
consist of no more than 10% flat and elongated particles. 
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AEter carefully sampling the crushed concrete material produced fiom a processing operation 
using a stratified sampling plan, the following data were obtained for flat and elongated particles 
(n = 10): 

Again, using a histogram, the data appear to be normally distributed. The UCL (Equation 6) can 
be calculated using a t statistic at a = 0.05 for n-1 degrees of freedom, which is 1.833 (from 
Table 9- I), by: 

UCL = 9.900 + 1.833 (0.646110)" 

UCL = 10.273 

Here, the UCL exceeds the specification limit of lo%, and the material is deemed to not meet the 
limit. 

Example 3 : 

An applicant has submitted data on the Marshall testing of hot mix asphalt pavement made from 
municipal solid waste bottom ash. One concern fiom the Marshall test is whether the stability is 
too low. The Marshall test procedure is based on the Marshall Mix Design Procedure (Asphalt 
Institute MS-2). For a specific pavement application, it has been specified that stabilities shall 
not be below 2000 lb. 

After careful Marshall mix design testing on representative bottom ash samples (n = 5), the 
following data were obtained for Marshall stabilities (in pounds): 

Again, using a histogram, the data appear to be normally distributed. The LCL (Equation 7) can 
be calculated using a t statistic at a = 0.05 for n-1 degrees of freedom, which is 2.132 (from 
Table 9-l), by: 

LCL = 5? - t,-,,-, (sh)" 

LCL = 2105 - 2.132 (94.215)" 

Here, the LCL is above the specified limit and the recycled material is deemed to meet the limit. 
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ARE THE SUBMITTED DATA SIMILAR TO HISTORIC DATA? 

The applicant and the decision maker may also need to examine submitted data to see if they are 
similar to data in the historical record. There is one approach that can be taken for data sets of 
either equal or unequal size: 

Comparison of Test and Historical Data Sets of Equal or Unequal Size 

Here, a two-tailed t test is used to compare the means between two populations of data. 
However, some procedures are required to examine the variance in the data sets before the 
comparison can be made. 

The sample variance, s2, is defined by (Natrella, 1963, see page 9-2): 

By definition, the sample variance is the square of the sample standard deviation, s. When two 
+--, 

populations of data are used, it is necessary to determine if the variances of both data sets are 
homogeneous. 

Example 4: 

Consider the following two data sets for percent fines in a foundry sand; one is historical and one 
has been submitted for comparison with the historical data set. Here the sample size is the same 
(n = 15). 

SubmittedData Set: 1.1, 1.3, 1.7, 2.0, 1.6, 1.4, 1.3, 1.5, 1.49 1.2, 
1.8, 1.8, 1.6, 1.4, 1.6 

For the historical data set, R = 1.53, s = 0.21, and s2 = 0.042. For the submitted data set, R = 

1.51, s = 0.25, and s2 = 0.061. 

To test for homogeneity of variance, the following is used: 
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This F,,,, is then compared with an F statistic for a 10% level of significance (a12 = 0.05) or 90% 
confidence level (from Table 9-2): 

F0.05, n- 'numerator' n- 'denominator 
P 

Since F,,,, < F, the variances are assumed to be similar. 

After the variances are checked for homogeneity, it is frequently useful to pool the variances. 
Equation 10 gives a pooled estimate of the variance (Natrella, 1963, see page 9-2): 

where S, is the pooled standard deviation, S, and na are the standard deviation and the number of 
data points in population a, and s, and nb are the standard deviation and the number of data 
points in population b. 

In the above-mentioned data sets for historical and submitted data, the pooled standard deviation 
(Equation 10) is: 

Again, a t statistic can be used to compare the means of the two populations (historical and 
submitted) to see if they differ significantly (Natrella, 1963, see page 9-2): 

This is compared with a t,-,,,(,-,, + statistic at the 95% confidence level (5% significance level) 
for n,-, plus degrees of freedom (using Table 9-I), which is 2.048. 

Since t,,,, < t, the two populations are deemed to be similar. 
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WHAT ARE THE QUALITY CONTROL MEASURES THAT DESCRIBE 
THE DATA? 

The applicant and the decision makers may need to evaluate time-dependent recycled material 
generation or production data and ask what quality control measures describe the data. 

Control charts are useful for determining if current data are consistent with past data (Gilbert, 
1987, see page 9-5). Lack of consistency can be the result of outliers or due to shifts or trends in 
the mean concentrations over time or to changes in variability. Such assessments are crucial for 
making sure that a process stream deemed previsusly acceptable by a decision maker is still the 
same. 

A control chart for means is a plot of mean values (2) of a parameter as a furaction of sampling 
event or time. It depicts trends in central tendency by use of a center line for means and upper 
and lower control limits for the means. A control chart for standard deviations or ranges is a plot 
of standard deviations (s) or ranges (R) of a parameter as a function of sampling event or time. 
It depicts trends in variability by use of a center line for range or standard deviation and upper 
and lower control limits for the range or standard deviation. 

<* **- 

The intent of control charts is to select K historical data sets and to compute the mean R,,  range 
I$, and standard deviation s, for each set, where the ith data set contains n, data values. For 
control charts for means, if recent or new subgroup means fall within control limits, the time- 
dependent process is deemed to be "in control" or producing material properties that are still 
constant with time. For control charts for ranges or standard deviations, if new subgroup ranges 
or standard deviations fall within control limits, the variability of the material properties is still 
"in control" and is not changing over time. 

The selection process of historical data sets to be used in control charts is important. Rational 
subgroups must be chosen with care. They can be replicate grab samples from a process stream. 
They can be replicate samples of a weekly or monthly composite sample. Thought should be 
given to sources of variability and other factors, such as season, change in processing, or 
production practices, that can cause changes in properties or variability. When in doubt, if the 
number of replicates (4) in a subgroup is large and the number of subgroups (k) is large, then the 
greater the sensitivity of the control chart for detecting the changes in time-dependent properties. 

Example 5: 

Consider the following data set for total chromium content (mglkg) in foundry sands from 
casting of stainless steel components: 
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Data Set Number of Sample Sample Sample Standard 
(Subgroup) Data in Data Mean Range Deviation 

i Set (n,) (571) (K) (si) 
1 5 490 8 5 40.3 

In this case, the number of data (n,) in each set is equal (n, = 5). Control charts can also be 
calculated where n are unequal. 

The formulas for calculating control charts for means are provided below (Gilbert, f 987, see 
page 9-5): 

Equal ni Unequal ni 

Center Line k 

x = l k ' p ? ,  
i= l 

Control Limits k 

R, = l/k C R,/d,, 
i=l 
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The formulas for calculating control charts for range and standard deviation are provided below 
(Gilbert, 1987, see page 9-5): 

Range: Use when n, I 10 

Equal ni 

Standard deviation: 
Use when n, > 10 

Unequal ni 

Control Limits 

Center Line 

The variables used in the preceding two tables are as follows: 

I number of historical data sets (subgroups) 

I number of data in the ith subgroup 

2 if 2-sigma control limit lines are desired 

3 if 3-sigma control limit lines are desired 

grand average of all data over the k subgroups 

average range for the k subgroups 

estimator of the population standard deviation within subgroups when 
4 

all n, are not equal; R, reduces to a d 2  when all ni are equal 

9-13 
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approximate expression for the average range at time i when all ni are 

not equal; R , ~  reduces to R when all ni are equal 

average standard deviation for the k subgroups 

estimator of the population standard deviation within subgroups when 

all ni are not equal; s, reduces t~ &'c, when all n+ are equal 

approximate expression for the average standard deviation at time i 

when all ni are not equal; Gi reduces to i when ni > 25 for each of the k 
subgroups or when all ni are equal 

correction factors to improve the accuracy of the estimators; these 
factors (in Table 9-3) are appropriate when the data are normally 
distributed 

Returning to the data in Example 5 ,  since ni is equal for all 10 subgroups, the center line and 
upper and lower control limits will be calculated using the equations for equal ni: 
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The center line for means (552 mglkg) is bounded by upper and lower control limits (33.6 mg/kg 
on either side of the center line). The data can be plotted in a control chart for means as 
individual X, for each subgroup on the y-axis and data set (1 to 10) on the x-axis. The center line 
is added as a horizontal line and the upper and lower control limits are added parallel to the 
center line on either side. 

If the next subgroup mean (or series of means) were to fall outside the upper or lower control 
limits, then the process would be deemed to be producing a nonconstant material. 

A control chart for ranges or standard deviations would be constructed similarly using the 
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previously mentioned equations. If a similar exercise were conducted and subsequent ranges or 
standard deviations were to fall outside the control limits, then the process would be deemed to 
be producing a more variable material. 

ARE THERE TRENDS IN THE DATA THAT SUGGEST THE DATA ARE 
CHANGING? 

The applicant and the decision maker may need to evaluate time-dependent recycled material 
generation or production data and ask whether trends in the data suggest that the data are 
changing with respect to changes in plant operations, processing operations, or other time-based 
factors. 

There are many types of trends in data over time. A number of phenomena can be superimposed 
on the random distribution about a center line. These include increasing or decreasing trends, 
cyclical effects (seasonally based or perhaps shift- or process-based), impulses, and step 
changes. These are depicted in Gilbert (1987, see page 9-5). 

The simplest case to analyze, and one that logically follows the use of control charts for means, 
is the use of a nonparametric test to detect increasing or decreasing trends in historical or as- 
generated data. The use of statistical tests to identify other superimpositions is detailed in 
Gilbert (1987, see page 9-5). 

,,a -, 

Graphical methods such as control charts for means are the first and simplest way to visually 
assess data and explore if increasing or decreasing trends are apparent. Linear regressions and 



tests for significance for the slope of the regression can be used. However, a significance test is 
not appropriate when data are not normally distributed, cycles are present, or the data are serially 
correlated (Gilbert, 1987, see page 9-5). 

The Mann-Kendall test is a nonpararnetric test for trend. It basically examines the cumulative 
change in trend over time rather than the magnitude of change. It also is able to handle missing 
data and detection limit values. It can determine if an increasing or decreasing trend is present. 
The test requires the use of different procedures, depending on the number of observations. The 
value of n = 40 is used as the cutoff. The observation can be individual measures or means 
based on multiple observations for a subgroup. 

Example 7: 

For situations where n < 40 data sets or subgroups, consider the following data set of loss on 
ignition (LOI) values for coal fly ash from a power plant: 

Data Set Number of Sample Mean 
Subgroup Data in Data (Xi> 

i Set (ni) 

The data are presented sequentially, as subgroups collected over time (e.g., a mean monthly 
composite over 10 months). 

The Mann-Kendall test looks at the relative magnitude of differences between all values rather 
than the magnitude of the difference. Hence, the difference may be positive (+), negative (-1, or 
no difference (0). 

-3% 

The data are analyzed using the following series of calculations (Gilbert, 1987, see page 9-5): 



STATISTICS 

Data Values Listed in the Order Collected Over Time 
No. of No. of-  

Xn-%-I 

S = (sum of (sum of 
+ signs) - signs) 

The Mann-Kendall statistic is then computed using the following: 

n-l n 

',a,, = C C sgn(X, - &) 
k=l j=k+l 

which is the number of positive differences minus the number of negative differences. If S,,,, is 
a large positive number, measurements taken later in time tend to be larger than those taken 
earlier in time. The opposite is also true: if Sea,, is a large negative number, a decreasing trend is 
present. 

Returning to the data set above, the analysis of the data is as follows: 





STATISTICS 

We now wish to test at a 95% confidence level (5% level of significance or a = 0.05) if the 
apparent upward trend is valid. 

Using Table 9-4, we see that for an SC,, of 36 and n = 10, the probability that no trend is present 
is 0.00018. Since t h s  value is less than the probability level that we are testing at ct = 0.05, we 
can deem that an upward trend is present. 

For situations where n > 40, the reader should explore procedures outlined in Gilbert (1987, see 
page 9-5). 



STATISTICS 

Table 9-1. t statistic table (Hays, 1994, see page 9-2). 

Significance Level 
u 0.4 0.25 0.1 0.05 0.025 0.01 0.005 0.OQ25 0.001 0.0005 

127.32 3 18.31 636.62 



Table 9-2. F statistic table (Hays, 1994, see page 9-2). 



STATISTICS 

Table 9-3. Factors for computing control chart lines (Gilbert, 1987, see page 9-2). 
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STATISTICS 

Table 9-4. Probabilities for the Mann-Kendall nonparametric test for trend 
(Gilbert, 1987, see page 9-21. 

Values of n Values of n 

" Each table entry is the probability that the Mann-Kendall statistic S equals or exceeds the specified value 
of S when no trend is present. 





WEB SITES Assessment, Methodologies, and Criteria 

INTRODUCTION 

This chapter presents a list of web sites to assist in the identification of assessment 
methodologies and criteria for use in recycled material Stage 1,2, and 3 evaluations. The web 
sites presented are grouped into the following eight categories: general guidance, air, water, soil, 
risk assessment, health and safety, modeling, and landscaping material. 

GENERAL GUIDANCE WEB SITES 

The web sites included in Table 10-1 provide the user with general information on recycled 
materials, general guidance on how to perform evaluations of the recycled materials, and 
information on previous experiences using selected recycled materials. 

Table 10-1. General guidance web sites. 

erial in Pavement Construction, 

http://www.dot.state.tx.uslinsdtdotlorgchart/gsdrecyclelxperienc.h 
materials in construction &dications 
Texas Department of Transportation: 
Database of Experience With Recycled 

hnp:ilwww.dot.state.mn.us/engservlenvironmentlresecsedded 
tiresqaper.htm1 

Materids 
Minnesota DOT: Comparative Risk 
Bioassays for Determining the Relative 
Hazards of Recycled Materials 
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RISK ASSESSMENT WEB SITES 

The web sites included in Table 10-2 provide guidance on risk assessment methodologies and 
criteria that may be of assistance in determining the potential environmental risks associated 
with use of a recycled material. 

Table 10-2. Risk assessment web sites. 

- .  I Assessment: Assessing Dermal Exposure From Soil 
http://www,epa.g~v/iri~/~~b~t/index.html I List of Substances on IRIS 

http:Nwww.epa.gov/iris/index.html 
http://www.epa.gov/reg3hwmd/risMriskmenu.htm 
http://www,epa.gov/reg3hwmd/risMsolabsg2.htm 

http://www.tnrcc.state.tx.us/pemitting/toindex.hl I Toxicology and Risk Assessment (TARA) 
http://www.oehha.ca.gov/risMchemicalDB/index.asp I California Office of Health Hazard Assessment: 

U.S. EPA: Integrated Risk Information System (WS)  
US. EPA Region 111 Risk-Based Concentration Table 
U.S. EPA Region 111 Technical Guidance Manual Risk 

I - 1 Land Recvcling Program Toxicitv Database I 

ht~p:l/www.epa.gov/ncea~exposfac.htrn 
http://www.dep.state.pa.us/toxicity/ 

SOIL WEB SITES 

Toxicity Criteria Database 
U.S. EPA Exposure Factors Handbook 
Pennsylvania Department of Environmental Protection: 

The web sites included in Table 10-3 contain guidance on soil cleanup criteria that could be 
useful in establishing potential contaminant levels in soils or products. 

Table 10-3. Soils web sites. 

AIR WEB SITES 

The web sites included in Table 10-4 are US. EPA and State web sites listing air quality 
standards and allowable emissions factors. 



Table 10-4. Air web sites. 

http:liwww.~cc.state.tx.us/permitting/tox/esl9 
to occur as a 

URL Address 

WEALTH AND SAFETY WEB SITES 

Content 

The web sites included in Table 10-5 present listings of Occupational Safety and Health 
Administration (OSHA) air criteria. 

http://www.epa.gov/airs/criteria.html I National Ambient Air Quality Standards 

Table 10-5. Health and safety web sites. 

WATER WEB SITES 

The web sites listed in Table 10-4 present standards and criteria for drinking water, surface 
water, and groundwater. 
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Table 10-6. Water web sites. 

conservation:-surface Water and Groundwater 
Quality Standards and 
Groundwater Effluent Limitations 
New Jersey Department of Environmental 
Protection: Division of Water Quality Rules 
and Standards 
Florida Department of Environmental 
~rotection-~rinkin,g Water Standards 
Florida Department of Environmental 

- 
62r302.pdf protection-surface Water Quality Standards 
h t t p : / l w w w . d e p . s t a t e . p a . u s / d e p l d e p u t a ~ S M  Pennsylvania Department of Environmental 
- DWMlInfoServ/PAMCLS3 .htm Protection: Pennsylvania Maximum 

Contaminant Levels for Drinking Water 

MODELING WEB SITES 

The web sites listed in Table 10-7 contain information on software models that can be used to 
assess the impact of recycled materials use on air and water quality. 

Table 10-7. Modeling web sit,es. 

URL Address 
http://www.epa.gov/ttn/chief/software. html 
http://www.epa.gov/scramOO 11 

Content 
U.S. EPA Air Emissions Estimation Software 
Support Center for Regulatory Air Models 
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LANDSCAPING MATERIAL WEB SITES 

The web site presented in Table 10-8 is a link to the U.S. EPA web site guidance document on 
using biosolids (contains allowable contaminant levels) in land applications. 

Tablie 10-8. Landscaping material web sites. 










