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SECTION 1 

INTRODUCTION 

The scope of work for Project Order 154 (PO-154) outlined in Project Order Plan for Project Order 254, 
A-E Support Services for Geotechnical Investigation Operable Unit 2 (PARSONS 1995a) called for the 
sampling and testing of the following types of off-site borrow materials: 

1) Fine concrete aggregates (sand) 
2) Coarse concrete aggregates (gravel) 
3) Pea gravel 
4) Riprap 

The purpose of the activity is to assist in identifying potential suppliers of granular materials acceptable 
for use in construction of the proposed Fernald On-Site Disposal Facility (OSDF). Specific laboratory 
tests were conducted on the various sampled borrow materials to determine the materials’ acceptability 
for use as a construction material in the OSDF, and to provide a basis for selection and ranking of the 
materials based on their associated properties of durability, soundness, and reactivity. 

1.1 Scope and Objectives 

During the course of the off-site borrow material study, several candidate suppliers were visited where 
samples of various granular materials were collected for petrographic examination (Appendix A). 

Following the petrographic examination, seven potential suppliers were selected by the Fernald 
Environmental Restoration Management Corporation (FERMCO) for further geotechnical testing and 
evaluation (see Figure 2-1). 

The overall objective of the geotechnical laboratory testing program was to provide a basis for assessment 
of the general quality and durability of the selected borrow materials. The testing laboratories conducted 
a broad suite of American Society for Testing and Materials (ASTM) standard classification, soundness, 
and physical property tests. The results of these tests provided the basis for evaluating the materials. 

1.2 Report Organization 

Section 2 describes the Off-Site Borrow Materials Geotechnical Sampling and Testing Program and 
provides an overall summary of test results. Borrow sources are identified and described, sampling is 
discussed, and laboratory tests and results are summarized. Sections 3.0 through 6.0 provide evaluation 
and ranking of fine aggregate, coarse aggregate, pea gravel, and riprap, respectively, based on material 
properties test results. Each of those four sections describes the rating criteria and provides an evaluation 

t 
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and ranking of the materials from each source based on the rating criteria and geotechnical test results. 
Section 7.0 presents conclusions in the form of a combined summary of all of the testing, rating, and 
ranking findings. 
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SECTION 2 

OFF-SITE BORROW MATERIALS GEOTECHNICAL SAMPLING AND 
TESTING PROGRAM 

Details of the off-site borrow material sampling and testing program were developed and provided by 
FERMCO and are presented in Dra3 Geotechnical Sampling and Testing Plan for &-Site Clay Borrow 
Areas, W-Site Materials Sources and Operable Unit 2 Waste Units (FERMCO 1995). Any subsequent 
modifications to the plan were implemented by field change mticdvariance documents prepared and 
maintained by FERMCO. Figure 2-1 shows the location of the off-site vendors. Table 2-1 presents the 
geotechnical laboratory test procedures used, and Table 2-2 provides a testing summary. 

Three sources for each of the material types were sampled. Five of the potential suppliers provided for 
sampling of two different material types, whereas two of the suppliers were only considered as a source 
for one material type, as can be seen from Table 2-3. 

2.1 Borrow Sources 

Presented in the following sections is a brief description of each of the suppliers from which samples 
were collected along with general observations made during sample collection. Figure 2-1 shows the 
locations of the off-site material vendors. Appendix B contains photographs taken at the various sites 
during sample collection activities. 

2.1.1 Allaeier and Sons Inc. 

Sampling was conducted at Allgeier’s retail store on Route 128 in Miamitown, Ohio. Fine aggregate and 
pea gravel samples were taken from stockpiles behind the topsoil barn and office/garage. Figures B-1 
through B-3 are photos of the office/garage entrance, fine aggregate stockpile, and pea gravel stockpile, 
respectively. - 

Estimates of annual production levels for fine aggregate and pea gravel, and of projected remaining 
lifetime of deposits were not available at the retail store. 

2- 1 

ooiiuoaar 
6/17/96, 1:26pm, Rev. No.: 0 



FILEN~ME: IUSRIREF2IOU2/P0154/POl54/DGN/GRAV-LOCl.DGN 

Figure 2-1 - Location Map for Off-Site Material Vendors 
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Table 2-1 - Laboratory Test procednres for Off-Site Borrow Material 

Test Method 

ASTM C 805-85 

ASTM D 3967-92 

ASTM D 4992-94 

ASTM C 88-90 

ASTM D 5240-92 

ASTM C 127-88 

ASTM C 128-93 

ASTM C 131-89 

ASTM C 535-89 

___~  ~ 

ASTM C 227-90 

_ _ _ ~ ~  ~ 

ASTM C 289-94 

ASTM C 586-92 

ASTM D 5312-92 

ASTM D 5313-92 

ASTM C 295-90 

4STM D 3042-92 

Title 
Standard Test Method for Rebound Number of Hardened Concrete [C 8051' 

Standard Test Method for Splitting Tensile Strength of Intact Rock Core 
Specimens [C 3967 
Standard Practice for Evaluation of Rock to Be Used for Erosion Control 
(Section 11.3.5, Insoluble Residue Test) @I 49921 

Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate [C 881 

Standard Test Method for Testing Rock Slabs to Evaluate Soundness of Riprap 
by Use of Sodium Sulfate or Magnesium Sulfate @I 52401 

Standard Test Method for Specific Gravity and Absorption of Coarse 
Aggregate [C 127) 
Standard Test Method for Specific Gravity and Absorption of Fine Aggregate 
[C 1281 
Standard Test Method for Resistance to Degradation of Small-Size Coarse 
Aggregate by Abrasion and Impact in the Los Angeles Machine [C 1311 

Standard Test Method for Resistance to Degradation of Large-Size Coarse 
Aggregate by Abrasion and Impact in the Los Angeles Machine [C 5351 

Standard Test Method for Potential Alkali Reactivity of Cement-Aggregate 
Combinations (Mortar Bar Method) [C 2271 

Standard Test Method for Potential Alkali-Silica Reactivity of Aggregates 
(Chemical Method) [C 2891 

Standard Test Method for Potential Alkali Reactivity of Carbonate Rock for 
Concrete Aggregates (Rock Cylinder Method) [C 5861 

Standard Test Method for Particle-Size Analysis of Soils p 4221 

Standard Test Method for Evaluation of Durability of Rock for Erosion 
Control under Freezing and Thawing Conditions @I 52121 
Standard Test Method for Evaluation of Durability of Rock for Erosion 
Control under Wetting and Drying Conditions @I 52131 
Standard Guide for Petrographic Examination of Aggregates for Concrete 
[C 2951 
Standard Test Method for Insoluble Residue in Carbonate Aggregates [D 30421 

Notes: Symbols in brackets [ ] correspond to test abbreviation used within this report. 

2-3 
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Table 2-3 - Borrow Material/Source Summary 

Allgeier and Sons Inc. 

Martin Marietta 

I Fine I Coarse I PeaGravel I Riprap 
Aggregate Aggregate 

X X 

X X 

Welch Sand and Gravel 

Highland Stone - Plum Run 

Melvin Stone Co. 

X 

X X 

X X 

New Point Stone Co. 

Watson Gravel Co. 

2.1.2 Martin Marietta 

X X 

X 

Sampling was conducted at Martin Marietta’s gravel pit adjacent to the Ross (Route 128) exit of Route 
27 in Ross, Ohio. This site lies between Route 27 and the Great Miami River. Current production 
consists of sand and gravel dredging from a lake adjacent to the river. Fine aggregate and pea gravel 
were sampled from stockpiles along the east side of the access road forming the western boundary of the 
site. Figures B-4 through B-7 are photos of the office, dredge, fine aggregate stockpile, and pea gravel 
stockpile, respectively. 

Production rates were estimated at 800-900 thousand tons per year, 65 percent of which is fine aggregates 
and 35 percent of which is pea gravel. Estimates of remaining quarry life were not available. 

2.1.3 Welch Sand and Gravel 

Sampling was conducted at Welch’s Route 128 site, adjacent to the eastern boundary of the Fernald 
Environmental Management Project (FEMP). The site abuts the glacial till escarpment near the FEMP 
eastern boundary, and current production consists of excavation of Great Miami Aquifer materials above 
and slightly below the water table. Fine aggregate samples were taken from a stockpile behind the office 
building. Figures B-8 through B-10 are photos of the front entrance, the current production area, and 
fine aggregate stockpile, respectively. 

Total yearly production was estimated at 1 million tons per year, with 30 percent fine aggregate, 30 
percent pea gravel, and 40 percent other sands and gravels. The estimated remaining life of this site is 
15 years. 09)0013 
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2.1.4 Hiahland Stone - Plum Run 

Coarse aggregate and riprap sampling were conducted at Highland Stone’s Plum Run Quarry. The Plum 
Run Quarry is about 30 miles southeast of Highland’s original quarry and main offices, which are just 
south of Route 50 a few miles west of Hillsboro, Ohio. Limestone is being mined from an upper and 
lower bed at Plum Run. Each bed is approximately 20 feet in thickness. Overburden is nearly uniform 
at a thickness of 5 to 10 feet. Photographs of the Plum Run site can be found in Appendix C. 

Average annual production for all Highland quarries was estimated at 800 thousand tons. Riprap 
production makes up 25 percent and coarse aggregate 40 percent of the total. It is estimated that 
Highland’s quarries can operate for about 50 more years at the current production rate. 

2.1.5 Melvin Stone Co. 

Coarse aggregate and riprap sampling were conducted at Melvin Stone on Melvin Road, just north of 
Route 22 near Sabina, Ohio. The site is a large limestone quarry with four separate areas, one of which 
(the original quarry on the east side of Melvin Road) is no longer active. Samples were taken from 
stockpiles in the #2 quarry, on the west side of Melvin Road across from the office building, The 
actively mined face at the time of sampling was at the northeast corner of quarry #4, which is northwest 
of quarry #2. The active face is a 60 foot thick limestone formation topped by 5 feet of overburden. 
Toward the western end of quarry #4, the mined deposit thins to 35 feet with 10 to 15 feet of overburden. 
Figures B-1 1 through B-15 are photos of the office building, the actively mined face, coarse aggregate 
stockpile, and riprap stockpile. 

Average annual production was estimated at 1 million tons. It is estimated that the quarry can operate 
at least 50 more years at that rate. 

2.1.6 New Point Stone Co. 

Coarse aggregate and riprap sampling were conducted at New Point Stone, just north of 1-74 in southeast 
Indiana and west of the New Point exit. Samples were obtained from stockpiles near the central road 
through the quarry. The actively mined face was at the western edge of the site, in a 45 to 50 foot thick 
limestone formation with 5 to 10 feet of overburden. Figures B-16 through B-20 are photos of the office 
building, the actively mined face, coarse aggregate stockpile, and riprap stockpile. 

The estimated combined capacity for coarse aggregate and riprap is 100 to 300 thousand tons per year. 
Five-hundred acres of the site remain to be mined. 

000014 
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2.1.7 Watson Gravel Co. 

Pea gravel sampling was conducted at Watson's gravel pit on Route 128 northeast of Ross, Ohio. The 
site lies on the east side of Route 128, between the highway and the Great Miami River. Current 
production consists of sand and gravel dredging from a lake adjacent to the river. Samples were taken 
from stockpiles along the gravel pit central road. Figures B-21 through B-23 are photos of the site 
entrance, dredge, and pea gravel stockpile, respectively. 

Total production rates are estimated at about 2 million tons per year, but this includes all other Watson 
sites. At the sampled site, an estimated 20 years of dredging and 100 acres of untouched deposits remain. 

2.2 Sampling 

At each vendor location, 10-gallon samples of the various types of materials offered by that vendor and 
being considered for use in on-site disposal facility construction were collected, field classified, 
containerized, and labeled for shipping. For each material type the following numbers of samples were 
taken per site: six 10-gallon samples of fine aggregate, twelve 10-gallon samples of pea gravel, six 10- 
gallon samples of coarse aggregate, and eighteen 10-gallon samples of riprap. Chain of custody forms 
accompanied the samples, whereas requests for analyses were developed and transmitted to the 
laboratories after sample arrival had been confirmed. 

All samples were taken from stockpiles. As per ASTM D 75, one-third of each sample was taken from 
the top of the stockpile, one-third from the middle, and one-third from the bottom. 

Appendix C contains a summary of field notes and observations obtained during field sampling of the 
riprap quarries. The appendix contains brief descriptions of lithology, structure, and weathering 
observations for each site. 

2.3 Laboratory Testing Program 

Table 2-1 lists the test procedures used during the laboratory testing program. Table 2-2 summarizes the 
geotechnical testing performed on each sample and the total number of tests performed. The subsections 
below provide a brief description of each laboratory test. 

2.3.1 Rebound Number of Hardened Concrete (ASTM C 8051 

The results of the test are often used to assess in-place uniformity of concrete, delineate regions of poor 
quality, and to estimate in-place strength. For the riprap samples, the results of the tests are used to 
evaluate durability. 

2-7 
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2.3.2 Spl'rttina Tensile Strenath of Intact Rock Core Specimens (ASTM D 
39671 

This test determines the tensile splitting strength of rock by diametral line compression of a disk 
specimen. The splitting tensile test is one of the simplest tests to evaluate tensile strength of rock 
considering the presence of compressive stresses representative of the field conditions. 

2.3.3 Insoluble Residue of Carbonate Rock (ASTM D 49921 

As described in Section 11.3.5 of ASTM D 4992, the insoluble residue test is useful in determining the 
percent of quartz, clay, or other non-carbonate minerals in limestone. The rock is dissolved in 
hydrochloric acid and the percent residue is weighed and determined as a percent of the total rock. The 
method used for the insoluble residue test followed ASTM STP 1177 (Fisher 1993). 

2.3.4 Soundness of Aaareaates bv Use of Sodium Sulfate or Maanesium 
Sulfate (ASTM C 881 

This test estimates aggregate soundness when subjected to weathering action in concrete or other 
applications. This is accomplished by repeated immersion in saturated solutions of sodium or magnesium 
sulfate followed by oven drying to partially or completely dehydrate the salt precipitated in permeable 
pore spaces. The internal expansive force, derived from rehydration of the salt upon re-immersion, 
simulates the expansion of water on freezing. For the PO-154 testing, a sodium sulfate solution was 
used. The test results can be used for making a preliminary estimate of the soundness of aggregates for 
the use in concrete and other purposes. The values obtained may be compared with Aggregate 
Specification ASTM C 33, that is designed to indicate the suitability of aggregate proposed for use. 

2.3.5 Testina Rock Slabs to Evaluate Soundness of Riprap bv Use of Sodium 
Sulfate or Maanesium Sulfate (ASTM D 52401 

This test is used to evaluate the soundness of riprap by the effects of a sodium sulfate solution on slabs 
of rock. See Subsection 2.3.4 for additional description of the sodium sulfate test. 

2.3.6 Specific Gravitv and Absorption of Coarse Aaaregate (ASTM C 1271 

This test is used to determine specific gravity and absorption of coarse aggregate. The PO-154 testing 
determined the bulk specific gravity, bulk specific gravity (saturated-surfacedry [SSD]), apparent specific 
gravity and absorption of the samples tested. Bulk specific gravity is the characteristic generally used 
for calculation of the volume occupied by the aggregate in various mixtures containing aggregate, 
including Portland cement concrete, and can also be used to compute voids in aggregate. Additionally, 
bulk specific gravity can be used in the evaluation of the relative durability of riprap. Bulk specific 
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gravity (SSD) is used if the aggregate is wet, that is, if absorption is satisfied. Bulk specific gravity is 
used for computations when the aggregate is dry or assumed to be dry. Apparent specific gravity pertains 
to the relative density of the solid material making up the constituent particles not including the pore 
space within the particles which are accessible to water. Absorption values are used to calculate the 
change in weight of an aggregate due to water absorbed in the pore spaces within the constituent particles, 
compared to the dry condition, when it is deemed that the aggregate has been in contact with water long 
enough to satisfy most of the absorption potential. 

2.3.7 SDecific Gravitv and Absorotion of Fine Aaareaate (ASTM C 1281 

This test is used to determine specific gravity and absorption of fine aggregate. The PO-154 testing 
determined the bulk specific gravity, bulk specific gravity (SSD), apparent specific gravity and absorption 
of the samples tested. See Subsection 2.3.6 for additional discussion of use of these test result, as they 
pertain to concrete design and computations. 

2.3.8 Resistance to Dearadation of Small-Size Coarse Aaareaate bv Abrasion 
and ImDact in the Los Anaeles Machine (ASTM C 131 1 

This procedure allows for testing sizes of coarse aggregate smaller than 1-1/2 inches for resistance to 
degradation using a Los Angeles testing machine. The Los Angeles test is a measure of degradation of 
standard gradings resulting from a combination of actions including abrasion and attrition, impact, and 
grinding in a rotating steel drum containing a specified number of steel spheres. After the prescribed 
number of revolutions, the contents are removed from the drum and the aggregate portion is sieved to 
measure the degradation as a percent loss. The test has widely been used as an indicator of the relative 
quality or competence of various sources of aggregate having similar mineral compositions. 

2.3.9 Resistance to Dearadation of Larae-Size Coarse Aaareaate bv Abrasion 
and ImDact in the Los Anaeles Machine (ASTM C 5351 

This procedure allows for testing sizes of coarse aggregate larger than 3/4 in. for resistance to 
degradation using a Los Angeles testing machine. See Subsection 2.3.8 for additional description of the 
Los Angeles test. 

2.3.10 Potential Alkali Reactivitv of Cement-Aqareaate Combinations (Mortar 
Bar Method) (ASTM C 2271 

This test covers the determination of the acceptability of cement-aggregate combinations to expansive 
reactions involving hydroxyl ions in association with the alkalies (sodium and potassium) by measurement 
of the increase (or decrease) in length of mortar bars containing the combination during storage under 
prescribed conditions of the test. Two types of alkali reactivity of aggregates are recognized: (1) alkali- 
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silica reaction involving certain siliceous rocks and minerals, and (2) and alkalicarbonate reaction 
involving dolomite in certain calcitic dolomite and dolomitic limestones. The results of these tests furnish 
information on the likelihood that a cement aggregate combination is potentially capable of harmful alkali- 
silica reactivity with consequent deleterious expansion of concrete. Criteria to determine potential 
deleterious alkali-silica reactivity of cement-aggregate combinations from the results of this test are given 
in the Appendix to ASTM C 33. 

Kosmos Portland Cement, Type I was used for the tests. This cement has a calculated sodium oxide 
equivalent (total alkali) of 0.7 percent. These tests were 3 months in duration. 

2.3.1 1 Potential Alkali-Silica Reactivitv of Aqqreqates (Chemical Method) (ASTM 
C 2891 

This test covers chemical determination of the potential reactivity of an aggregate with alkali in Portland- 
cement concrete as indicated by the amount of reaction during 24 hours at 80 degrees C in 1 Normal 
sodium hydroxide solution and aggregate that has been crushed and sieved to pass a No. 50 sieve (300 
pm) and retained on a No. 100 sieve (150 pm). The results from this test may be used in combination 
with other test methods to evaluate the potential reactivity of siliceous aggregates and alkali in Portland- 
cement concrete. 

2.3.1 2 Potential Alkali Reactivitv of Carbonate Rock for Concrete Aaareaates 
/Rock Cvlinder Method) (ASTM C 5861 

This test method covers determination of the expansive characteristics of carbonate rocks while immersed 
in a solution of sodium hydroxide at room temperature. The length changes occurring during such 
immersion indicate the general reactivity of the rocks. This method is intended for screening rather than 
specification enforcement and is intended to supplement data from field service records, petrographic 
examinations and tests of aggregate and concrete according to ASTM C 1105, Standard Test Method 
for Length Change of Concrete Due to Alkali Carbonate Rock Reaction." 

This test method is used to evaluate the alkali carbonate reaction involving dolomite in certain calcitic 
dolomite and dolomitic limestones. 

2.3.1 3 ,Particle-Size Analvsis of Soils (ASTM D 4221 

This test is, used to determine the quantitative distribution of particle sizes in soils. The distribution of 
particle sizes larger than 75 pm (retained on the No. 200 sieve) is determined by sieving, while the 
distribution of particles smaller than 75 pm is determined by a sedimentation process, using a hydrometer 
to secure the necessary data. 
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2.3.14 Evaluation of Durabilitv of Rock for Erosion Control under Freezina and 
Thawinq Conditions (ASTM D 53121 

This test method covers the procedures for evaluating the durability of rock for erosion control when 
exposed to freezing and thawing conditions. The test is designed to determine the effects of freezing and 
thawing action on individual pieces of rock for erosion control and the resistance of the rock to 
deterioration. The test method does not provide an absolute value, but rather an indication of the 
resistance to freezing and thawing; therefore the results of this test should be used in conjunction with 
other tests for the evaluation of rock durability. 

2.3.1 5 Evaluation of Durabilitv of Rock for Erosion Control under Wettina and 
Drvina Conditions (ASTM D 52131 

This test method covers the procedures for evaluating the durability of rock for erosion control when 
exposed to wetting and drying conditions. The test is designed to determine the effects of wetting and 
drying action on individual pieces of rock for erosion control and the resistance of the rock to 
deterioration. The test method does not provide an absolute value, but rather an indication of the 
resistance to wetting and drying; therefore, the results of this test should be used in conjunction with 
other tests for the evaluation of rock durability. 

2.3.16 Standard Guide for Petroaraohic Examination of Aaqreaate for Concrete 
JASTM C 2951 

This guide outlines procedures for petrographic examination of representative materials proposed for use 
as aggregates in concrete. It outlines the extent to which petrographic techniques should be used, the 
selection of properties that should be looked for, and the manner in which such techniques may be 
employed in the examination of samples of aggregate for concrete. 

2.3.17 Insoluble Residue in Carbonate Aaclreqate (ASTM D 30421 

Insoluble residue tests can be used to evaluate the acceptability of using carbonate material in drainage 
layers. Guidelines identified by the Ohio Environmental Protection Agency, Division of Solid and 
Infectious Waste Management (DSIWM) interpretation regarding carbonate content of drainage layers, 
use a modified ASTM D 3042 insoluble residue test at a pH of 4 to determine the carbonate content. The 
guidelines for allowable carbonate content of the granular drainage material used in the leachate collection 
system in no greater than 5 percent by weight using ASTM D 3042 with a pH of 4. Similarly, the 
allowable carbonate content of the granular drainage material used in the cap system is no greater than 
10 percent using the modified ASTM D 3042 test (OEPA 1994). 
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2.4 Summary of Test Results 

This section summarizes test results from the PO-154 laboratory testing program. 

2.4.1 PetroaraDhic Evaluation 

Thirtyeight samples from various suppliers of riprap, coarse aggregate, pea gravel, and fine aggregate, 
were collected for petrographic examination to be conducted in general accordance with ASTM C 295- 
90 Standard Guide for Petrographic Examination of Aggregates for Concrete. Samples were evaluated, 
visually and by means of low-power stereomicroscopy, for variability and presence of such features as 
porosity or other discontinuities of the petrofabric. Portions of each sample were set aside for 
microsection preparation, and for examination of crushed grains in calibrated index-of-refraction oils. 
Details of the petrographic study can be found in Appendix A along with photomicrographs that are 
presented in "Report on Petrographic Analysis of Aggregates for PO-154" by G. James Jansen, 
November 7, 1995. 

Microsections were first examined at magnifications of lox and 20x to note gross features, such as 
porosity, and then examined in a petrographic microscope. The microsection examinations were 
supplemented by further examining the crushed grains in calibrated index-of-refraction oils. Fine 
aggregates were examined only in calibrated immersion oils. 

Riprap samples were examined for characteristics that would detract from high strength and resistance 
to weathering. Particular attention was given to jointing, cracks, porosity and minerals susceptible to 
weathering. 

Samples of coarse aggregate, and fine aggregate were closely examined for the presence of such 
deleterious materials as chert, opal, and other silica polymorphs as well as alteration minerals and 
dolomite. Due to the cement-incompatibility factors regarding these materials, their presence is 
considered undesirable. 

The particle shapes (e.g., rounded, subrounded, angular, etc.) are important considerations regarding pea 
gravel performance and should be addressed in the design specifications. 

2.4.2 Phvsical ProDerties and Soundness Testing 

Geotechnical laboratory testing of the off-site borrow materials was performed by Aguirre Engineers, Inc. 
at Golden, Colorado, Advanced Terra Testing, Inc. at Lakewood, Colorado, and GeoSyntec Consultants 
of Atlanta, Georgia. The Advanced Terra Testing and Aguirre Engineers laboratory data sheets 
containing test results are found in W-Site Material Sources Geotechnical Investigation Geotechnical 
Laboratory Datu Report (SAIC 1996). Results of ASTM D 3042 tests performed by GeoSyntec are found 

- 
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in Appendix D. Tables 2 4  and 2-5 present a summary of these te3t results. The tables are intended to 
allow side-by-side comparison and evaluation of pertinent test results of materials from the various 
borrow sources. Additional details of the tests and specific test data are found on data sheets in SAIC 
1996. 

Table 2-4 summarizes the results of testing performed on fine aggregate (sand), coarse aggregate (gravel), 
and pea gravel. Summarized on the table are bulk specific gravity, percent absorption, percent loss from 
Los Angeles (LA) abrasion tests, grain size distribution, weighted loss from sulphate soundness tests, test 
parameters from chemical method and Mortar Bar method aggregatecement alkali potential reactivity 
tests, and percent soluble carbonate at pH of 4. 

Table 2-5 summarizes the results of testing performed on samples of riprap. Summarized on the table 
are bulk specific gravity, percent absorption, percent loss from Los Angeles abrasion tests, splitting 
tensile strength, rebound number, percent soluble carbonate at pH of 2 and 4, soundness loss from 
sulphate soundness tests, percent loss from freeze-thaw and wetdry tests, and change in length from 
Rock-Cylinder potential reactivity tests. 

Insoluble residue tests were performed using two different pH solutions: 

1) A pH solution of 2 to determine percent carbonate 

2) A pH solution of 4 consistent with Ohio Administrative Code (OAC) 3545-27-08(c) (l), (2), (3). 
(4), (S), (6), (3, (9) to evaluate acceptability of using carbonate material in the drainage layers 
(see Appendix D). 

Radiological and chemical analytical tests were also performed to document potential environment impacts 
of the various off-site material sources by comparison to soil final remedial levels (FRLs) (see Appendix 
E). 

Tables 2-4 and 2-5 summarize the data that provides the bases for the material evaluations and relative 
rankings described in Sections 3 through 6. 
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Table 2-4 - Summary of Fine Aggregate, Coarse Aggregate, and Pea Gravel Test Results 

Sample 
No. 

41 1052 
41 1053 
41 1054 
41 1055 
41 1056 
41 1057 

- 

* ,  

Notes: 
. . I  .. Teets: ASTM C 88 Soundness of Aggregate by Use of Sodium Sulfate or Magnesium Sulfate (sodium sulfate used for tests) 

ASTM C 127 Specific Gravity and Absorption of Coarse Aggregate 
ASTM C 128 Specific Gravity and Absorption of Fine Aggregate 
ASTM C 131 Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine 

ASTM C 289 Potential Alkali-Silica Reactivity of Aggregates (Chemical Method) 
ASTM C 535 Resistance to Degradation of Large-size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine 
ASTM D 422 Particle Size Analysis of Soils 
ASTM D 3042 lnsoluable Residue in Carbonate Aggregates (at pH of 4 per DSiWM Interpretation: Carbonate Content of Drainage Layer, 8/18/94) 

1 ' .  . . 

Retained on Ret. 
Pass Passing 

ND Not Detected 

1. Abbreviations: 

, ,  
- '?  ;::. , 
.I . ."? , . . 
. .  I I. ASTM C 227 Potential Alkali Reactivity of CementAggregate Combinations (Mortar-Bar Method) 
. I ,_ 

',: '. . 
' ., :, i ' .: . .  

2. Calculated Sodium Oxide Equivalent for Portland Cement: 0.7 % 
. .  

. .  

(P0002z 
P 
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Table 2-5 - Summary of Riprap Test Results 

L 
Standai 
Deviatic 

263.8 

- 
Percent 

Loss 

("/.) 

0.5 

- 
- 
P 0 s t - T f 

Exam 
Grade - 

A- 

- 

B 

ASTM C586 
Change in 

Length at 16 Wet 

-0.07 

1 .o -0.80 

-0.09 0.0 

0.2 

cc 

B- -0.08 

-0.09 0.4 cc 

-0.13 31.1 '" 

0.1 

C 

D+ -0.17 

0.0 D -0.17 

-0.13 0.3 

3 
C 

c 

233.6 

- 

-0.15 

-0.12 

-0.17 

OBPOOZ3 
611 7/96 
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Table 2-5 - Summary of Riprap Test Results (Continued) 

- 
2805 

Standard 

Deviation 
1.99 

1.70 

2.42 

2.33 

~ A S T ~  
I Percent Soluble y Soundness 1 

c__ 

'ost-Tes 
Exam 

Grade " - 
B 

D- 

B 

C 

ct 

ct 

- 

- 
;TM D53 
Pre-Test 
Exam 

Grade IS) - 
B 

D- 

s 

- 
Percenl 

LOSS 

A 

0.00 

- 

0.18 

0.1 t 

- 

0.30 

- 

0.30 

- 

0.21 

__. 

- 
;TM D53 
Pre-Test 
Exam 

Grade IS) - 
A 

C 

- 
'ost-Tes 
Exam 

Grade " - 
A- 

C 

ASTM C586 
Change in 

.ength at 16 Week 

("A) 

Soluble 
Carbonate 
D pH=2 (% 

96.9 

94.9 

88.5 

96.0 

Location Carbonate I Loss I Average [ Loss 
No. I (inches) I Gravity IAbsorptionl Loss I (p si) 

411106 1 2.5 I 2.50 I 2.4 I 39.0 I 1288 I D pH=4 ("A)! (%) 1 ( %) I ( %) 
1.6 1 I ighland Stone - Plum Run 

-0.08 

ighland Stone - Plum Run 

-0.13 

ighland Stone - Plum Run 

ighland Stone - Plum Run 

ighland Stone - Plum Run 

~ 

-0.10 A- 

C 

c+ 

A 

c+ 

C 

B 

A 

ct 

C 

B 

920 

I I I I n I -0.10 

5.1 1 

t .50 

96.6 

96.1 

-0.12 

ighland Stone - Plum Run 

-0.12 

Tests:. . ASTM C127 Specific Gravity and Absorption of Coarse Aggregate 
ASTM C535 Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion end Impact in the Los Angeles Machine 
ASTM C586 Potential Alkali Reactivity of Carbonate Rocks for Concrete Aggregate (Rock Cylinder Method) 
ASTM C805 Rebound Number of Hardened Concrete 
ASTM 03042 lnsoluable Residue in Carbonate Aggregates (at pH of 4 per DSIWM Interpretation: Carbonate Content of Drainage Layer, 6/16/94) 
ASTM 03967 Splitting Tensile Strength of Intact Rock Core Specimens 
ASTM D4992 Evaluation of Rock to be Used for Erosion Control, lnsoiuable Residue Test following the testing procedure in ASTM STP 1177 
ASTM 05240 Testing Rock Slabs to Evaluate Soundness of Rip Rap by Use of Sodium Sulfate or Magnesium Sulfate 
ASTM D5312 Evaluation of Durability of Rock for Erosion Control Under Freezing and Thawing Conditions 
ASTM 05313 Evaluation of Durability of Rock for Erosion Control Under Wetting and Drying Conditions 

Notes: t Duplicate test from same sample location 
2 Above the capacity of the test machine, actual value higher than reported (Duplicate Test) 
3 Corrected rebound number 
4 Used 50 gram sample with 100 ml HCI resulting In a solution pH of 2 
5 Qualitative pre and post lest examination grades assigned by laboratory based on Macroscopic observation 
6 Sample broke along crack line Into two pieces 

Data Souffies: Off-Site Material Sources Geotechnical Investigation Geotechnical Laboratory Data Report, SAC. April. 1996 Final Report - Laboratory Test Results OSDF Materials, GeoSyntec Consultants, 3 June 1996. 
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SECTION 3 

FINE AGGREGATE EVALUATION 

This section describes the evaluation and ranking of the fine aggregate materials tested during the PO-154 
laboratory program. The fine aggregates are candidate materials for Portland cement concrete structures 
associated with the Leachate Collection SystemnRachate Detection System (LCSLDS) granular drainage 
system central corridor. These structures are typically constructed below grade. 

3.1 Fine Aggregate Rating Criteria 

American Concrete Institute (ACI) Building Code Requirements for Reinforced Concrete (ACI 1986) 
were chosen to establish criteria for evaluation and relative ranking of the fine aggregate tested during 
the PO-154 laboratory program. ACI requires that concrete aggregate conform to ASTM C 33, 
"Standard Specifications for Aggregates." ASTM C 33-93 was used to establish rating criteria in three 
general areas: (1) grading (sieve analysis), (2) deleterious substances, and (3) soundness. Additionally, 
a fourth area: durability indicators, was evaluated using results of specific gravity, absorption and LA 
abrasion test results. The materials properties test results for the three fine aggregate (natural sand) 
sources were then evaluated against these criteria and ranked. The subsections below provide a 
description of the rating criteria. 

3.1.1 Gradina (Sieve Analysis] 

ASTM C 33-93, Section 6.1, states that fine aggregate shall be graded within the limits shown in Table 
3-1. ASTM, Sections 6.2, 6.3 and 6.4 provide additional criteria or exceptions to these grading criteria. 
ASTM C 33, Section 6.2, allows the minimum percent listed in Table 3-1 for the material passing the 
No. 50 and No. 100 sieves to be reduced to 5 and 0 respectively if an approved mineral admixture is 
used to supply the deficiency in percent passing these sieves. ASTM C 33, Section 6.2 also provides for 
modifications in the minimum percent passing the No. 50 and No. 100 sieves if the aggregate is to be 
used for airentrained concrete. ASTM C 33, Section 6.3, requires that the fine aggregate shall not have 
more than 45 percent passing any sieve and retained on the next consecutive sieve of those shown in 
Table 3-1, and its fineness modulus shall not be less than 2.3, nor more than 3.1. 

ASTM C 33, Section 6.4 indicates that aggregate failing to meet sieve analysis and fineness modulus 
requirements of ASTM C 33, Sections 6.1,6.2 or 6.3, may be accepted provided that concrete made with 
similar fine aggregate from the same source has an acceptable performance record in similar concrete 
construction. 
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Table 3-1 - ASTM C 33, Section 6.1 Grading Limits 

r 

Sieve (Specification E 11) Percent Passing 

3/8-in. (9.5-mm) 100 

NO. 4 (4.75-mm) 95 to 100 

No. 8 (2.36-mm) 80to 100 

NO. 16 (1.18-mm) 50 to 85 

No. 30 (600-pm) 25to60 

No. 50 (300-pm) 10 to 30 

2 to 10 No. 100 (150-pm) 

Source: ASTM C 33-93, Section 6 

In Subsection 3.2 below, the grain size test results (ASTM D 422) from the PO-154 testing of fine 
aggregate samples from three candidate sources are compared to these ASTM C 33 criteria. 

3.1.2 Deleterious Substances 

ASTM C 33, Section 7, provides limits for deleterious substances on fine aggregate for concrete. ASTM 
C 33-93, Section 7.1 states that the amount of deleterious substances in fine aggregate shall not exceed 
the limits shown in Table 3-2. ASTM C 33, Section 7.2 states that the fine aggregate shall be free of 
injurious amounts of organic impurities, and provides exceptions for materials subjected to and failing 
the test for organic impurities in fine aggregate (ASTM C 40). 

Additionally, ASTM C 33, Section 7.3, states that fine aggregate for use in concrete that will be 
subjected to wetting, extended exposure to humid atmosphere, or contact with moist ground shall not 
contain any materials that are deleteriously reactive with the alkalies in cement in amount sufficient to 
cause excessive expansion of mortar or concrete. Also provided in ASTM C 33, Section 7.3 is an 
exception to this requirement that if such materials are present in injurious amounts, the fine aggregate 
may be used with a cement containing less than 0.60 percent alkali calculated as a sodium oxide 
equivalent, or with the addition of a material that has been shown to prevent harmful expansion due to 
the alkali-aggregate reaction. 
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Table 3-2 - ASTM C 33 Limits for Deleterious Substances in Fine Aggregate for Concrete 

Weight Percent of Total 
Sample, max 

_ _ _ _ _ _ _ _ ~  ~ ~~ 

Clay Lumps and Friable particles 

Material Finer than No. 200 (75-pm) Sieve: 

3.0 

Concrete subject to abrasion 
' All other concrete 

3 . v  
5.w 

Coal and lignite: 

Where surface appearance of concrete is of importance II All other concrete 
0.5 
1 .o 

~~ ~ 

A In the case of manufactured sand, if the material finer than the No. 200 sieve consists of 
the dust of fracture, essentially free of clay or shale, these limits may be increased to 5 
and 7 percent respectively. 

ll Source: ASTM C 33-93, Table 1 

PO-154 grain size test results provide data to evaluate the material finer than the No. 200 sieve. The coal 
and lignite criteria is not anticipated to be applicable for these sources of sand based on the petrographic 
analyses data. Clay lumps and friable particles, as well organic impurities, will not be criteria for the 
fine aggregate evaluation since data collection activities did not consider these as objectives of the 
program. Significant presence of these impurities is not indicated by petrographic examination, field 
notes or laboratory data sheets. 

PO-154 Potential Alkali-Silica Reactivity of Aggregates (ASTM C 289) test results provide data to 
evaluate potential alkali-silica reactivity of the candidate fine aggregates tested. Similarly, PO-154 Mortar 
Bar tests (ASTM C 227) provide additional data to evaluate potential alkali-silica reactivity of the 
candidate fine aggregate. 

Evaluation of the three candidate fine aggregate sources with respect to deleterious materials using the 
PO-154 testing results is found in Section 3.2. 
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3.1.3 Soundness 

ASTM C 33, Section 8 provides evaluation criteria for fine aggregate with respect to soundness. ASTM 
C 33, Section 8.1, indicates that fine aggregate subjected to five cycles of the sulphate soundness test 
shall have a weighted average loss not greater than 10 percent. There are exceptions to this requirement. 
Fine aggregate failing to meet this requirement may be accepted, provided concrete of comparable 
properties, made from similar aggregate from the same source, has given satisfactory service when 
exposed to weathering similar to that expected. Additionally, aggregates not having a demonstrable 
service record and failing to meet requirements of ASTM C 33, Section 8.1, may be accepted if it 
provides satisfactory results in concrete subjected to the freezing and thawing test (ASTM C 666). 

Sulfate soundness test (ASTM C 88) results from the PO-154 testing program provide data to evaluate 
the three candidate sources against the ASTM C 88 soundness requirements. Results of this evaluation 
is described in Section 3.2. 

3.1.4 Durabilitv Indicators 

Tests results from specific gravity and absorption tests, and LA abrasion tests are general material 
durability indicators. Criteria from riprap rock from UMTRAP Technical Approach Document (DOE 
1989) (see Appendix F) provides a table that was used to score the relative durability based on test results 
of the candidate materials for this evaluation. The material with the highest durability is desirable. 

3.2 Fine Aggregate Borrow Material Evaluation and Ranking 

This section provides an evaluation and ranking of the three candidate fine aggregate sources (natural 
sand) based on the ranking criteria established and described in Section 3.1. Four general areas were 
evaluated: (1) grading (sieve analysis), (2) deleterious substances, (3) soundness, and (4) durability 
indicators. 

3.2.1 Scorincr Method 

To provide for an objective evaluation of the three candidate fine aggregate material sources, a simple 
scoring method was used. For the general areas: grading (sieve analysis), deleterious substances, and 
soundness of each material source was assigned a point value of 8, 9 or 10 as described in Table 3-3. 

. .  
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Evaluation Conclusion 

All three sources appear to be equivalent 

Two of the three sources appear to be 
equivalent and better than the third 

Table 3-3 - Aggregate Sieve Analysis, Deleterious Substances, zind Soundness Categories Scoring Criteria 

Points Assigned 

10 points to each source 

10 points to the equivalent sources 
9 points to the other source 

0 

0 

0 

~~ 

One source appears to be superior to the next, 
which is in turn is better than the third 

One source appears to be superior to the other I 0 10 points to the superior source 

0 

0 

0 

10 points to the superior source 
9 points to the next best source 
8 points to the other source 

two, which, for practical purposes, are 
equivalent 

9 points to the other two sources l o  

For evaluation of durability indicators, a score of 0.0 to 10.0 was assigned for the following three tests: 
bulk specific gravity, absorption, and LA abrasion. The score assigned each test came from a rock 
quality scoring criteria table found in UMTUAP Technical Approach Document (DOE 1989) (see 
Appendix F). Though this table is intended for evaluation of riprap rock, it provides an objective means 
to score the above mentioned tests for use in the overall evaluation of the expected durability of the 
aggregate. Based on the results of the Uranium Mill Tailings Remedial Action Project (UMTRAP) 
criteria score, each material source was assigned a point value of 8, 9 or 10 as described in Table 3-3. 

Each of the four categories was given equal weight. The scores for the four categories were summed for 
each candidate source to provide a total score. The material source with the highest total score is the 
preferred source based on material properties alone. Subsections 3.2.2 through 3.2.5 provide details of 
the evaluation and scores for each of the general areas evaluated. Section 3.2.6 presents a summary table 
showing the final scores. 

3.2.2 Gradina (Sieve Analvsis) Evaluation 

Table 3 4  provides a comparison of fine aggregate grain size test results to the grading requirements of 
ASTM C 33, Section 6. From review of the table and exceptions to the grading requirements of ASTM 
C 33, it appears that all of the three candidate fine aggregate will meet the ASTM grading requirements. 

Welch Sand and Gravel samples best meet the grading criteria of ASTM Section 6.1. Some of the Welch 
Sand and Gravel samples as tested, are about 1 to 2 percent deficient in the percent passing the No. 50 
and No. 100 sieves. These samples also meet the fineness modulus and consecutive sieve requirements. 
As seen from the table, some samples from Allgeier and Sons Co. had samples that did not meet ASTM 

080829 
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C 33, Section 6.1 limits for the No. 16 sieve, and the No. 100 sieve. Samples from Martin Marietta had 
samples that did not fall within the ASTM C 33, Section 6.1 limits for the NO. 8 sieve, the No. 50 sieve, 
the No. 100 sieve, and thus fineness modulus. 

Based on comparisons for the Grading (Sieve Analysis) category, the following scores were assigned: 

1) 
2) 
3) 

Welch Sand and Gravel - 10 points 
Allgeier and Sons Co. - 9 points 
Martin Marietta - 8 points 

3.2.3 Deleterious Materials Evaluation 

Evaluation of deleterious material within the fine aggregate considered the results of the grain size tests 
(ASTM D 422) to evaluate the percent fines, and Potential Alkali-Silica Reactivity of Aggregates (ASTM 
C 289) test results to evaluate potential alkali-silica reactivity of the candidate fine aggregates tested. 
Mortar Bar tests (ASTM C 227) were also performed to evaluate potential alkalicarbonate reactivity of 
the candidate fine aggregates. 

From review of Table 3-4, it can be seen that all samples from the three sources tested had percent fines 
passing the No. 200 sieve of less the 3.0 percent, and as such all meet the ASTM C 33, Section 7.1 
requirements for percent finer than the No. 200 sieve listed in Table 3-2. Therefore, for purposes of this 
evaluation the three candidate fine aggregate material sources are considered equivalent and lack 
potentially deleterious fines. 

The results of the ASTM C 289 alkali-silica aggregate reactivity tests for each of the candidate sources 
are presented in Figures 3-1 through 3-3. The ASTM C 289 test categorizes the material as innocuous, 
potentially deleterious, or deleterious depending on where the test results plot on a graph contained in 
the ASTM. The test results that are plotted are the Reduction in Alkalinity and Dissolved Silica Test 
results summarized in Table 2-4. There are three tests per sample. From review of Figures 3-1 through 
3-3, it can be seen all the sources had test results indicating the aggregates ranged from innocuous to 
deleterious with respect to potential alkali-silica reactivity. Aggregate from Welch Sand and Gravel and 
Allgeier and Sons had a higher percentage of the samples that were innocuous when compared to Martin 
Marietta. For practical purposes the ASTM C 289 test results from Welch Sand and Gravel and Allgeier 
and Sons can be considered equivalent. 

Table 2-4 summarizes the change in length at 3 months from Mortar Bar tests (ASTM C 227) of test 
specimens prepared using the candidate fine aggregate. The Portland cement used for these tests had a 
0.7 percent sodium oxide equivalent. The greatest change in length reported from all the tests of fine 
aggregate was 0.018 percent, with mortar bars of each candidate aggregate showing similar percent 
change in length over the duration of the 3 month test. For practical purposes, the ASTM C 227 test 
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results for the three candidate fine aggregate sources can be considered equivalent. ASTM C 33 states 
that combinations of aggregate and cement that have produced excessive expansions in the ASTM C 227 
test should be considered potentially reactive, and that while the line of demarcation between nonreactive 
and reactive combinations is not clearly defined, expansion is generally considered to be excessive if it 
exceeds 0.05 percent at 3 months. 

Thus, the ASTM C 227 test results do not show excessive expansion associated with alkali-silica 
reactivity, while the ASTM C 289 suggests that the cement-fine aggregate alkali reaction is potentially 
deleterious. Based on the ASTM C 289 alkali-silica test results, the fine aggregate tested can generally 
be considered potentially reactive. 

Based on these comparisons, for the Deleterious Materials category, the following scores were assigned: 

1) 
2) 
3) 

Welch Sand and Gravel - 10 points 
Allgeier and Sons Co. - 10 points 
Martin Marietta - 9 points 

3.2.4 Soundness Evaluation 

Table 2-4 summarizes the weighted loss from Sulfate Soundness tests (ASTM C 88) of fine aggregate 
samples from the candidate sources. The average form six samples tested from each site is: 

1) 
2) 
3) 

h 

L 

Allgeier and Sons Co. - 4.6 percent 
Welch Sand and Gravel - 4.3 percent 
Martin Marietta - 3.3 percent 

All samples tested had weighted loss percents of less than 7 percent. These test results meet ASTM C 
33, Section 8.1, requirements that fine aggregate subjected to five cycles of the sulphate soundness test 
shall have a weighted average loss not greater than 10 percent. For practical purposes, the results from 
the three sites are equivalent. 

Based on these comparisons, for the Soundness category, the following scores were assigned: 

1) 
2) 
3) 

Welch Sand and Gravel - 10 points 
Ailgeier and Sons, Co. - 10 points 
Martin Marietta - 10 points 
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ASTM C 33-93 

Standard Specification 

Requirements 

P:\ENGDATA\GE 

Sieve Analysis 100 95to100 80to100 50to85 25to60 10t030 '~ '  2t010 '~ '  
Section 6.1 Limits 

ASTM C33 
Table 1 Limit 3.0 

ASTM C33 
Section 6.3 45% Max 

Consecutive Sieve Criteria 
ASTM C33 
Section 6.3 2.3 to 3.1 

Fineness Modulus 

Table 3-4 - Comparison of Fine Aggregate Grain Size Test Results vs. ASTM C 33-93 Requirements 

dotes: 

JShaded blocks represent fine aggregate data which does not fall within the limits listed in ASTM Sections 6.1 and 6.3. See notes 2 and 3. 

!. ASTM C 33, Section 6.2 states that the minimum percent listed for material passing the No. 50 and No.100 sieves may be reduced to 5 and 0 respectively, 'if an approved mineral admixture 
is used to supply the deficiency in percent passing these sieves. Also, see ASTM C 33, Section 6.2 for modifications in the minimum percent passing the No. 50 and No. 100 sieves if the 
aggregate is to be used in air-entrained concrete. 

1. ASTM C 33, Section 6.4 states that aggregate failing to meet sieve analysis and fineness modulus requirements of 6.1 , 6.2, or 6.3, may be accepted provided that concrete made with similar 
fine aggregate from the same source has an acceptable performance record in similar concrete construction. Also, see ASTM C 33 for additional criteria if demonstratable service record 
is not available. 
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Figure 3-1 - Alkali-Silica Test Results for Welch Sand and Gravel Fine Aggregate 
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Figure 3-2 - Alkali-Silica Test Results for Allgeier and Sons Fine Aggregate 
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Figure 3-3 - Alkali-Silica Test Results for Martin Marietta Fine Aggregate 
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3.2.5 Durabilitv Indicators 

Test 

Bulk Specific Gravity 

Table 2-4 summarizes the bulk specific gravity, percent absorption, and percent loss from LA abrasion 
test for six samples of fines aggregate from each of the candidate sources. Table 3-5 show the average 
value for each site and the corresponding point value assigned from a rock quality scoring criteria table 
found in UMll?AP Technical Approach Document (DOE 1989) (see Appendix F). For this evaluation, 
the average of the test results was used to determine the score from the table. 

Average of Test Score 
Results 

2.65 8.0 

Table 3-5 - Fine Aggregate Durability Indicator Scoring 

1.3 

19.7 

tal 

2.65 

1.3 

22.1 

tal 

2.64 

Source 

4.4 

2.1 

14.5 

8.0 

4.4 

1.6 

14.0 

7.8 

Allgeier and Sons 

~~ 

Percent Absorption 

Percent Loss from LA 
Abrasion 

Welch Sand and 
Gravel 

1.5 4.0 

24.5 1 . 1  

Martin Marietta 

Total 12.9 

Percent Absorption 

Percent Loss from LA 
Abrasion 

Tc 

Bulk Specific Gravity 

Percent Absorption 

Percent Loss from LA 
Abrasion 

Tc 

Bulk Specific Gravity 
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Based on these comparisons, for the Durability Indicator category, the following scores were assigned: 

1)  
2) 
3) 

Welch Sand and Gravel - 10 points 
Allgeier and Sons, Co. - 10 points 
Martin Marietta - 9 points 

3.2.6 Fine Aqgreaate Rankinq 

Table 3-6 summarizes the overall score based on the scoring method described in Section 3.2.1. From 
review and evaluation of the PO-154 laboratory data, and the various exceptions to ASTM C 33-93 
requirements, it is apparent that materials from all of the candidate fine aggregate sources will be able 
to meet ASTM C 33-96 requirements. The source with the highest overall score was Welch Sand and 
Gravel, though, in general, fine aggregate properties from Allgeier and Sons, with the exception of the 
grading, was very similar to those of Welch Sand and Gravel. 

Table 3-6 - Fine Aggregate Scoring 
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SECTION 4 

COARSE AGGREGATE EVALUATION 

This section describes the evaluation and ranking of the coarse aggregate materials tested during the PO- 
154 laboratory program. The coarse aggregate tested was Sue Number 57 (1 in. to No. 4) gravel. The 
coarse aggregates are candidate materials for Portland cement concrete structures associated with the 
LCSLDS granular drainage system central corridor. These structures are typically constructed below 
grade. 

4.1 Coarse Aggregate Rating Criteria 

ACI Building Code Requirements for Reinforced Concrete (ACI 1986) were chosen to establish criteria 
for evaluation and relative ranking of the coarse aggregate tested during the PO-154 laboratory program. 
ACI requires that concrete aggregate conform to ASTM C 33, "Standard Specifications for Aggregates. 'I 
ASTM C 33-93 was used to establish rating criteria in three general areas: (1) grading (sieve analysis), 
(2) deleterious substances, and (3) soundness. Additionally, a fourth area: durability indicators, was 
evaluated using results of specific gravity and absorption test results. The materials properties test 
results for the three coarse aggregate (natural gravel) soufces were then evaluated against these criteria 
and ranked. The subsections below provides a description of the rating criteria. 

4.1.1 Gradincl (Sieve Analvsisl 

ASTM C 33-93, Section 10.1, states that coarse aggregate shall be graded within the limits shown in 
ASTM C 33, Table 2 for the coarse aggregate size specified. 

In Subsection 4.2 below, the grain size test results (ASTM D 422) from the PO-154 testing of Size 
Number 57 gravel from three candidate sources are compared to the ASTM C 33, Table 2 criteria. 

4.1.2 Deleterious Substances 

ASTM C 33, Section 1 1 ,  provides limits for deleterious substances in coarse aggregate for concrete. 
Except for the provisions described below, the limits in ASTM C 33, Table 3 shall apply for the "class" 
of aggregate designated in the purchase order or other documents. The class of aggregate depends on 
the weathering region within the United States, and type or location of concrete construction. The 
weathering region (from a map in ASTM C 33) for the FEMP is "Severe". The ancillary concrete 
structures of the OSDF LCS/LDS will be subject to frequent wetting. Thus, for purposes of this 
evaluation, the class designation used is 4s.  Table 4-1 summarizes the limits for deleterious substances 
and physical property requirements for coarse aggregate for concrete. The limits shown on the table are 
from ASTM C 33, Table 3, assuming a Class Designation of 4s. 

000038 
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Table 4-1 - ASTM C 33 Limits for Deleterious Substances and 
Physical Property Requirements of Coarse Aggregate for Class Designation 4s Concrete 

Item 

Clay Lumps and Friable Particles 

Chert (Less Than 2.40 sp gr SSD)' 

Sum of Clay, Friable Particles, and Chert (Less Than 2.40 sp gr 
SSDY 

Material Finer than No. 200 (75-pm) Sieve 

Coal and lignite 

AbrasionA 

Sodium Soundness (5 cycles)B 

Maximum Allowable (%) 

3.0 

5.0 

5.0 

1 .OD 

0.5 

50 

12 
~ 

A Abrasion loss of gravel, crushed gravel, or crushed stone shall be determined on the test 
of the size or sizes most clearly corresponding to the grading of gradings to be used in the 
concrete. When more than one grading is to be used, the limit on abrasion loss shall apply 
to each. See ASTM C 33-93 for abrasion requirements for crushed aircooled blast 
furnace slag. 

The allowable limits for soundness shall be 18 percent if magnesium sulfate is used. 

These limitations apply only for aggregates in which chert applies as an impurity. They 
are not applicable to gravels that are predominantly chert. Limitations on the soundness of 
such aggregate must be based on service records in the environment in which they are 
used. 

This percentage may be increased under either of the following conditions: (1) if the 
material finer than the No. 200 sieve is essentially free of clay or shale the percentage may 
be increased to 1.5; or (2) the source of fine aggregate to be used in the concrete is known 
to contain less than the specified maximum amount passing the No. 200 sieve (ASTM C 
33-93, Table 1 Fable 3-11) the percentage limit (L) on the amount of coarse aggregate 
may be increased to L = 1 + [(P)/(lOO-P)] (T - A), where P = percentage of sand in 
concrete as a percentage of total aggregate, T = ASTM C 33-93, Table 1 limit for the 
amount permitted in the fine aggregate, and A = the actual amount in the fine aggregate. 
(This provides a weighted calculation designed to limit the maximum mass of material 
passing the No. 200 sieve in the concrete to that which would be obtained if both the fine 
and coarse aggregate were supplied at the maximum tabulated percentage for each of these 
ingredients.) 

Source: ASTM C 33-93. Table 3 
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Coarse aggregate having test results exceeding the limits specified in ASTM C 33, Table 3 (Table 4-1) 
may be accepted provided that concrete made with similar aggregate from the same source has given 
satisfactory performance when exposed in similar manner to that to be encountered; or in the absence 
of a demonstrable service record, provided that the concrete has relevant properties. 

Additionally, ASTM C 33, Section 11.2, states that coarse aggregate for use in concrete that will be 
subjected to wetting, extended exposure to humid atmosphere, or contact with moist ground shall not 
contain any materials that are deleteriously reactive with the alkalies in cement in amount sufficient to 
cause excessive expansion of mortar or concrete. Also provided in ASTM C 33, Section 11.2 is an 
exception to this requirement that if such materials are present in injurious amounts, the fine aggregate 
may be used with a cement containing less than 0.60 percent alkalies calculated as a sodium oxide 
equivalent, or with the addition of a material that has been shown to prevent harmful expansion due to 
the alkali-aggregate reaction. 

PO-154 grain size test results provide data to evaluate the material finer than the No. 200 sieve. The coal 
and lignite criteria is not anticipated to be applicable for these sources of gravel based on the petrographic 
analyses data. Clay lumps and friable particles, as well organic impurities, will not be criteria for the 
fine aggregate evaluation since data collection activities did not consider these as objectives of the 
program. Significant presence of these impurities is not indicated by petrographic examination, field 
notes or laboratory data sheets. 

PO-154 Potential Alkali-Silica Reactivity of Aggregates (ASTM C 289) test results provide data to 
evaluate potential alkali-silica reactivity of the candidate coarse aggregates tested. Similarly, PO- 154 
Mortar Bar tests (ASTM C 227) provide additional data to evaluate potential alkali-silica reactivity of the 
candidate coarse aggregates. 

Evaluation of the three candidate coarse aggregate source with respect to deleterious materials using the 
PO-154 testing results is found in Section 3.2 

4.1.3 Soundness 

ASTM C 33, Section 1 1  provides evaluation criteria for coarse aggregate with respect to soundness. 
ASTM C 33, Table 3, indicates that coarse aggregate subjected to five cycles of the sulphate soundness 
test shall have a weighted average loss not greater than 12 percent. There are exceptions to this 
requirement. Coarse aggregate failing to meet this requirement may be accepted, provide concrete of 
comparable properties, made from similar aggregate from the same source, has given satisfactory service 
when exposed to weathering similar to that to be encountered. Additionally, aggregates not having a 
demonstrable service record and failing to meet requirements of ASTM C 33, Section 1 1 ,  may be 
accepted provided that the aggregate produces concrete having satisfactory relevant properties. 
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Sulfate soundness test (ASTM C 88) results from the PO-154 testing program provide data to evaluate 
the three candidate sources against the ASTM C 88 soundness requirements. Results of this evaluation 
is described in Section 4.2. 

4.1.4 Durabilitv Indicators 

Tests results from specific gravity and absorption tests are general material durability indicators. Criteria 
from riprap rock from UM'I1pAP Technical Approach Document (DOE 1989) (see Appendix F) provides 
a table that was used to score the relative durability based on test results of the candidate materials for 
this evaluation. The material with the highest durability is desirable. 

4.2 Coarse Aggregate Borrow Material Evaluation and Ranking 

This section provides an evaluation and ranking of the three candidate coarse aggregate sources (Size 
Number 57 gravel) based on the ranking criteria established and described in Section 4.1. Four general 
areas were evaluated: (1) grading (sieve analysis), (2) deleterious substances, (3) soundness, and (4) 
durability indicators. 

4.2.1 Scorina Method 

To provide for an objective evaluation of the three candidate coarse aggregate material sources, a simple 
scoring method was used. For the general areas: grading (sieve analysis), deleterious substances, and 
soundness each material source was assigned a point value of 8, 9 or 10 as described in Table 3-3. For 
the coarse aggregate evaluation, the LA Abrasion test results were evaluated under the deleterious 
materials category since ASTM C 33 gave criteria for acceptable abrasion. For evaluation of durability 
indicators (bulk specific gravity and absorption for the coarse gravel evaluation), a score of 0.0 to 10.0 
was for assigned. The score for each test came from a rock quality scoring criteria table found in 
UM'I1pAP Technical Approach Document (DOE 1989) (see Appendix F). Though this table is intended 
for evaluation of riprap rock, it provides an objective means to score the above mentioned tests for use 
in the overall evaluation of the expected durability of the aggregate. Based on the results of the 
UMTRAP criteria score, each material source was assigned a point value of 8, 9 or 10 as described in 
Table 3-3. 

Each of the four categories was given equal weight. The scores for the four categories were summed for 
each candidate source to provide a total score. The material source with the highest total score is the 
preferred source based on material properties alone. Subsections 4.2.2 through 4.2.5 provide details of 
the evaluation and scores for each of the general areas evaluated. Section 4.2.6 presents a summary table 
showing the final scores. 
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4.2.2 Gradina (Sieve Analvsis) Evaluation 

Table 4-2 provides a comparison of coarse aggregate grain sue test results to the grading requirements 
for No. 57 of ASTM C 33, Section 10.1. From review of the table and exceptions to the grading 
requirements of ASTM C 33, it appears that all of the three candidate coarse aggregate will meet the 
ASTM grading requirements. 

The average gradation of six samples tested from each site met the ASTM C 33-93 grading limits for Size 
Number 57 gravel, and for practical purposes, are equivalent. New Point Stone had one sample of six 
that did not fall within the 1 in. sieve limits. Melvin Stone and Highland Stone each had one sample that 
did not fall within the 1/2 in. sieve limits. 

Based on these comparisons, for the Grading (Sieve Analysis) category, the following scores were 
assigned: 

1) 
2) 
3) 

New Point Stone Co. - 10 points 
Melvin Stone Co. - 10 points 
Highland Stone - Plum Run - 10 points 

4.2.3 Deleterious Materials Evaluation 

Evaluation of deleterious material within the fine aggregate considered the results of the grain size tests 
(ASTM D 422) to evaluate the percent fines, and Potential Alkali-Silica Reactivity of Aggregates (ASTM 
C 289),: test results to evaluate potential alkali-silica reactivity of the candidate fine aggregates tested. 
Mortar Bar tests (ASTM C 227) provide data to evaluate potential alkali-carbonate reactivity of the 
candidate coarse aggregates. LA abrasion tests were also considered as part of this evaluation. 

Table 4-2 presents the percent finer than the No. 200 sieve. The average values from six tests of each 
source is: 

1) 
2) 
3) 

New Point Stone Co. - 1.8 percent 
Melvin Stone Co. - < 0.1 percent 
Highland Stone - Plum Run - 0.1 percent 

All samples tested from Melvin Stone Co. and Highland Stone Co. had less than the 1.0 percent finer 
than the No. 200 Sieve required by ASTM C 33. Five of six samples from New Point Stone had greater 
than 1.0 percent passing the number 200 sieve. This material should meet ASTM C 33 requirements 
provided that the maximum mass of material passing the No. 200 sieve in the concrete from both the fine 
and coarse aggregate does not exceeded ASTM C 33 limits (see weighted calculation described in Note 
D of Table 4-1). 4)80042 
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The results of the ASTM C 289 alkali-silica aggregate reactivity tests for each of the candidate sources 
are presented in Figures 4-1 through 4-3. The ASTM C 289 test categorizes the material as innocuous, 
potentially deleterious, or deleterious depending on where the test results plot on a graph contained in 
the ASTM. The test results that are plotted are the Reduction in Alkalinity and Dissolved Silica Test 
results summarized in Table 2-4. For presentation purposes Dissolved Silica test results with reported 
values of less than 2 are plotted on-the figures as 2.0. There are three tests per sample. From review 
of Figures 4-1 through 4-3, it can be seen that all of the test results for Highland Stone - Plum Run and 
Melvin Stone plotted in the innocuous potential reactivity region. Test results from New Point Stone 
indicate the material is basically innocuous to potential alkali-silica reactivity, with trace materials that 
could potentially be deleterious. For practical purposes the ASTM C 289 test results from Highland 
Stone - Plum Run and Melvin Stone can be considered equivalent. 

Table 2-4 summarizes the change in length at 3 months from Mortar Bar tests (ASTM C 227) of test 
specimens prepared using the candidate coarse aggregate. The Portland cement used for these tests had 
a 0.7 percent sodium oxide equivalent. The greatest change in length reported from all the tests of fine 
aggregate was 0.016 percent, with mortar bars of each candidate aggregate showing similar percent 
change in length over the duration of the 3 month test. For practical purposes, the ASTM C 227 test 
results for the three candidate coarse aggregate sources can be considered equivalent. As described in 
Subsection 3.2.3, expansion is generally considered to be excessive if it exceeds 0.05 percent at 3 
months. 

Based on ASTM C 289 and C 227 alkali-silica reactivity test results, the coarse aggregate tested can 
generally be considered nonreactive. 

Table 2-4 presents the results of LA abrasion tests. The average percent loss from six tests of each 
source is: 

1) 
2) 
3) 

New Point Stone Co. - 30.9 percent 
Melvin Stone Co. - 30.8 percent 
Highland Stone - Plum Run - 28.5 percent 

All samples tested had percent loss less than 36 percent New Point Stone and Melvin Stone had about 
equivalent average abrasion loss. The average abrasion loss for Highland Stone was about 3 percent less. 
All sources meet the ASTM C 33 requirement of 50 percent maximum allowable loss. 

Based on these comparisons for the Deleterious Materials category, the following scores were assigned: 

1) 
2) 
3) 

New Point Stone Co. - 8 points 
Melvin Stone Co. - 9 points 
Highland Stone - Plum Run - 10 points 

2 
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Table 4-2 - Comparison of Coarse Aggregate Grain Size Test Results vs. ASTM C 33-93 Requirements 

2.7 

* -  . 

1.8 

. ' I  

10.0 
16.1 
8.0 
18.6 
24.6 
7.3 
14.1 

~ 

Melvin Stone Coarse C A - 6  41 1099 ioo.0 100.0 93.1 41.4 
Melvin Stone Averages 100.0 100.0 89.3 29.0 

0.3 0.1 
2.8 1 .o 
0.5 0.5 
3.6 1.2 
6.0 1.5 
0.7 0.4 . 

2.3 0.8 

I I I I I 

ItHiahland Stone - Plum Run i Coarse i CA-  1 I 411112 I 100.0 I 100.0 I 88.4 I 30.8 

0.4 

Standard Specification 
Requirements 

0.1 

'assing 
318 in I No.4 I No. 8 

(4.75 mm) (2.36'mm) 
39.5 6.7 3.2 
40.1 8.7 4.6 

28.5 5.4 
25.3 6.4 
30.8 5.9 3.1 

... I Oto 10 1 Oto5 

3 
I 

(1.18 No-16 mm) I (75 No*200 um) 

1.4 I 1.0 

0.1 I co.1 
I 

0.5 0.2 

I l - O  

II 
Notes: 

Shaded blocks represent coarse aggregate data which does not fall within the limits listed in ASTM C33 Table 2 or 3 for size number 57 coarse aggregate. 
j 

2. ASTM C 33, Note 7 states that the ranges shown for size number 57 are by necessity very wide to accomodate nationwide conditions. For quality control of any 
specific operation, a producer should develop an average gradation for the particular source and production facilities, and control the gradation within reasonable 
tolerances from this average. 

I1 
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Figure 4-1  - Alkali-Silica Test Results for New Point Stone Co. Coarse Aggregate 
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Figure 4-2 - Alkali-Silica Test Results for Melvin Stone Co. Coarse Aggregate 

OUDATA\OU-2\PO1S4\OFF-SrIZ.BOR 4-9 6/17/96, 1:26pm, Rev. No.: 0 



500 

400 

300 

200 

100 

0 
1 

I I I 

10 100 

Dissolved Silica (mmole/l) 
1000 

Figure 4-3 - Alkali-Silica Test Results for Highland Stone - Plum Run Coarse Aggregate 
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4.2.4 Soundness Evaluation 

Table 2-4 sugmarizes the weighted loss from Sulfate Soundness tests (ASTM C 88) of fine aggregate 
samples from the candidate sources. The percent loss average from six samples tested from each site is: 

1) 
2) 
3) 

New Point Stone Co. - 4.5 percent 
Melvin Stone Co. - 2.7 percent 
Highland Stone - Plum Run - 2.7 percent 

All samples tested had weighted loss percents of less than 12 percent. These test results meet ASTM C 
33, Section 1 1 . 1 ,  requirements that coarse aggregate subjected to five cycles of the sulphate soundness 
test shall have a weighted average loss not greater than 12 percent. It should be noted that New Point 
Stone Sample Number 41 1068 had the highest percent loss (1 1 . 1  percent) all the samples tested, and this 
value was higher than the typical range of the other test results for New Point Stone (2 to 4 percent). 

Based on these comparisons, for the Soundness category, the following scores were assigned: 

1) 
2) 
3) 

New Point Stone Co. - 9 points 
Melvin Stone Co. - 10 points 
Highland Stone - Plum Run - 10 points 

4.2.5 Durability Indicators 

Table 2-4 summarizes the bulk specific gravity and percent absorption for six samples of coarse aggregate 
from each of the candidate sources. Table 4-3 shows the average value for each site and the 
corresponding point value assigned from a rock quality scoring criteria table found in UMTRAP Technical 
Approach Document (DOE 1989) (see Appendix F). For this evaluation, the average of the test results 
was used to determine the score from the table. 

4-1 1 
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Table 4-3 - Coarse Aggregate Durability Indicator Scoring 

Test 

Bulk Specific Gravity 

source 

New Point Stone Co. 

Melvin Stone 

Highland Stone - 
Plum Run 

Average of Test Results Score 

2.66 8.2 

Percent Absorption 1.5 4 

Total 12.2 

Percent Absorption I 3.5 I 0 

Bulk Specific Gravity 

Percent Absorption 

Total I 6.4 

~ ~ ~~ 

2.55 6 

3.8 0 

Based on these comparisons, for the durability category, the following scores were assigned: 

Total 

Bulk Specific Gravity 2.57 

1) 
2) 
3) 

New Point Stone Co. - 10 points 
Melvin Stone Co. - 9 points 
Highland Stone - Plum Run - 9 points 

~~ 

6 

6.4 

4.2.6 Coarse Aaategate Rankinq 

Table 4-4 summarizes the overall score based on the scoring method described in Section 3.2.1. From 
review and evaluation of the PO-154 laboratory data and various exceptions to ASTM C 33-93 
requirements, it is apparent that materials from all of the candidate coarse aggregate sources will be able 
to meet ASTM C 33-96 requirements. The source with the highest overall score was, Highland Stone - 
Plum Run, though, in general, coarse aggregate properties of the Melvin Stone Co. gravel were very 

similar to those of Highland Stone - Plum Run gravel. 

000849 
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'e, - 

New Point Stone 

Table 4-4 - Coarse Aggregate Scoring 

Melvin Stone Highland Stone - 
Plum Run 

Category 

Grading (Sieve Analysis) 

Deleterious Materials 

Soundness 

Durability Indicators 

Total Score 

10 10 10 

8 9 10 

9 10 10 

10 9 9 

37 38 39 
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SECTION 5 

PEA GRAVEL EVALUATION 

This section describes the evaluation and ranking of the pea gravels tested during the PO-I54 laboratory 
program. The pea gravel from the borrow sources are candidate materials for use in drainage layers of 
the OSDF. 

5.1 Pea Gravel Rating Criteria 

The criteria used for evaluating the pea gravel were: (1) estimated hydraulic conductivity (2) percent fines 
(3) soundness, and (4) durability indicators. The scoring criteria described in Subsection 3.2.1 were used 
to score each borrow source. The test results from each source were compared to pertinent Ohio 
Regulations (which are Applicable or Relevant and Appropriate Requirements for the OSDF drainage 
layers), and to each other, to establish a score. Carbonate content was not considered a rating criterion 
in the evaluation, since soluble carbonate for all of the candidate pea gravel sources, at a pH of 4, 
resulted in values well below the 5 percent allowed in granular drainage material used in the leachate 
collection (bottom) system (see Table 2-4). 

5.1.1 Hvdraulic Conductivitv 

Hydraulic conductivity of granular materials was estimated using Hazen's formula: 

where k is the hydraulic conductivity (cds)  and D,, is the equivalent grain diameter at which 10 percent 
is finer by weight (US EPA 1993). The D,, values were obtained from grain size analyses (ASTM D 
422) of the pea gravel. The resulting k must meet minimum requirements of Ohio Regulations which 
require the granular material to have a minimum permeability of 1 x lo3 cdsec.  Generally, granular 
drainage layers with k 2 1  x lo2 are recommended for Leachate Collection and Removal Systems 
(Sharma and Lewis 1994). 

5.1.2 Percent Fines 

Ohio Regulations require that the granular drainage materials have negligible amount of fines. These 
regulations have no quantitative requirements for fines. Experimental data verify that the percentage of 
fine material in a soil dominates hydraulic conductivity. For example, in filter sand, the addition of just 
a few percent of fine material to a drainage material can reduce the hydraulic conductivity of the drainage 
material by a hundredfold or more (US EPA 1993). This magnitude of influence is not expected in the 
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more granular pea gravel, where because of the porosity and flow rates anticipated, more than a few 
percent fines would be needed to reduce hydraulic conductivity by this magnitude. However, 
minimization of the fines in the pea gravel is an important consideration that the designer must consider 
when developing specifications for the drainage layers. Therefore, a source with the smallest amount of 
fines in the pea gravel is considered desirable. The percent fines data for the evaluation comes from the 
grain size tests (ASTM D 422) performed on samples of pea gravel from the candidate sources. 

5.1.3 Soundness 

Soundness is an overall indicator of the materials durability when exposed to repeated cycles of freeze- 
thaw. Though these drainage layers will be located below the frost depth and will not see the effects of 
these cycles, a material that performs well under these conditions may be desirable. As such, the results 
of the sodium soundness tests (ASTM C 88) of pea gravel samples were used as a criteria for relative 
evaluation of the three candidate materials. 

5.1.4 Durability Indicators 

Tests results from specific gravity, absorption tests, and LA abrasion tests are general material durability 
indicators. Criteria from riprap rock from U M m P  Technical Approach Document (DOE 1989) (see 
Appendix F) provides a table that was used to score the relative durability based on test results of the 
candidate materials for this evaluation. The material with the highest durability is desirable. 

5.2 . Pea Gravel Borrow Material Evaluation and Ranking 

This section provides an evaluation and ranking of the three candidate pea gravel sources based on the 
ranking criteria established and described in Section 5.1. (1) 
hydraulic conductivity (2) percent fines (3) soundness, and (4) durability indicators. 

Four general areas were evaluated: 

5.2.1 Scorina Method 

To provide for an objective evaluation of the three candidate pea sources, a simple scoring method was 
used. For the general areas: hydraulic conductivity, percent fines, and soundness each material source 
was assigned a point value of 8, 9 or 10 as described in Table 3-3. For evaluation of durability indicators 
(bulk specific gravity, absorption, and LA abrasion), a score of 0.0 to 10.0 was assigned. The score for 
each test came from a rock quality scoring criteria table found in UMTRAP Technical Approach 
Document (DOE 1989) (see Appendix F). Though this table is intended for evaluation of riprap rock, 
it provides an objective means to score the above mentioned tests for use in the overall evaluation of the 
expected durability of the aggregate. Based on the results of the UMTRAP criteria score, each material 
source was assigned a point value of 8, 9 or 10 as described in Table 3-3. 
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Each of the four categories was given equal weight. The scores for the four categories were summed for 
each candidate source to provide a total score. The material source with the highest total score is the 
preferred source based on material properties alone. Subsections 5.2.2 through 5.2.5 provide details of 
the evaluation and scores for each of the general areas evaluated. Section 5.2.6 presents a summary table 
showing the final scores. 

5.2.2 Hvdraulic Conductivitv 

Table 5-1 shows the estimated maximum, minimum and average hydraulic conductivity for the pea gravel 
calculated using Hazen's formula and using D,o values from grain sue tests of the candidate pea gravel 
sources. Laboratory hydraulic conductivity testing is recommended to be included as part of the OSDF 
construction specifications to verify the hydraulic conductivity of the granular drainage layer materials 
selected. The pea gravel materials tested from each source will have a hydraulic conductivity greater than 
the minimum required by Ohio Regulations. 

Based on the comparison of mean hydraulic conductivity in Table 5-1, for the hydraulic conductivity 
category, the following scores were assigned: 

1) 
2) 
3) 

Allgeier and Sons Co. - 10 points 
Martin Marietta - 8 points 
Watson Gravel Co. - 9 points 

5.2.3 . Percent Fines 

Table 2-4 presents the percent finer than the No. 200 sieve. The average values from six tests of each 
source is: 

1) 
2) Martin Marietta - 0.2 
3) 

Allgeier and Sons Co. - 0.1 

Watson Gravel Co. - 0.5 

All of the pea gravel sources has test results of 1.2 percent or less finer than the No. 200 sieve. The 
Watson Gravel company had samples with higher fines content than the other two sources. 

Based on this comparison, for the percent fines category, the following scores were assigned: 

1) 
2) 
3) 

Allgeier and Sons Co. - 10 points 
Martin Marietta - 9 points 
Watson Gravel Co. - 8 points 
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5.2.4 Soundness 

Table 2-4 summarizes the weighted loss from Sulfate Soundness tests (ASTM C 88) of pea gravel samples 
from the candidate sources. The average from six samples tested from each site is: 

1) 
2) Martin Marietta - 3.1 
3) 

Allgeier and Sons Co. - 5.2 

Watson Gravel Co. - 5.1 

All samples tested had weighted loss percents of less than 8 percent. Martin Marietta samples had lower 
percent soundness loss than the other two sources. 

Based on this comparison, for the soundness category, the following scores were assigned: 

1) 
2) 
3) 

Allgeier and Sons Co. - 9 points 
Martin Marietta - 10 points 
Watson Gravel Co. - 9 points 

5.2.5 Durabilitv Indicators 

Table 2-4 summarizes the bulk specific gravity, percent absorption, and percent loss from LA abrasion 
tests for six samples of pea gravel aggregate from each of the candidate sources. Table 5-2 shows the 
average value for each site and the corresponding point value assigned using a rock quality scoring 
criteria table found in UMZRAP Technical Approach Document (DOE 1989) (see Appendix F). For this 
evaluation, the average of the test results was used to determine the score from the table. 
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Table 5-2 - Pea Gravel Durability Indicator Scoring 

Percent Absorption 

Percent Loss from LA 
Abrasion 

Test I Average of Test Results I Score Source I 

2.3 2.4 

22.4 1.5 

Allgeier and Sons 

Total 

Martin Marietta 

10.3 

I Bulk Specific Gravity I 2.57 I 6.4 

Bulk Specific Gravity 2.68 

Percent Absorption 2.0 

Percent Loss from LA 25.9 
Abrasion 

8.6 

3.0 

0 

Percent Absorption 

Percent Loss from LA 
Abrasion 

I Total I 11.6 

2.3 2.4 

24.4 1 . 1  

Total 11.9 

Based on these comparisons, for the Durability Indicator category, the following scores were assigned: 

1) 
2) 
3) 

Allgeier and Sons Co. - 9 points 
Martin Marietta - 10 points 
Watson Gravel Co. - 10 points 

5.2.6 Pea Gravel Rankinq 

Table 5-3 summarizes the overall score based on the scoring method described in Section 3.2.1. From 
review and evaluation of the PO-154 laboratory data, it is apparent that materials from all of the candidate 
pea gravel sources will be able to meet hydraulic conductivity requirements. The source with the highest 
overall score was Allgeier and Sons. 

5-6 
(p 000 3; 

OUDATA\OU-2\PO 154\OFFS~E.BOR 6/17/96, 1 :26pm, Rev. No.: 0 



Table 5-3 - Pea Gravel Scoring 

Category 

Hydraulic Conductivity 

Percent Fines 

Soundness 

Durability Indicators 

Total Score 

Allgeier and Sons Co. Martin Marietta Watson Gravel Co. 

10 8 9 

10 9 8 

9 10 9 

9 10 10 

38 37 36 - 
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SECTION 6 

RIPRAP EVALUATION 

This section provides an evaluation of the riprap materials tested during the PO-154 testing program based 
on the test results. The evaluation considers that the anticipated use of the riprap is for erosion control 
or a biotic barrier at the proposed OSDF. 

6.1 Riprap Rating Criteria 

Riprap materials from the various borrow sources are ranked according to durability based on guidance 
from UMTRAP Technical Approach Document (DOE 1989). The materials are assigned a quantitative 
rating depending on the following seven test results: 

1) Absorption, ASTM C 127 
2) 
3) 
4) 
5) 
6) 
7) 

Bulk Specific Gravity, ASTM C 127 
Schmidt Hammer Mean Rebound Number, ASTM C 805 
Freeze/Thaw Percent Loss, ASTM D 5312 
Tensile Strength, ASTM D 3967 
Sodium Sulfate Soundness Percent Loss, ASTM D 5240 
LA Abrasion Percent Loss, ASTM C 535 

Results of these tests for six samples at each of the three potential borrow sources are summarized in 
Table 2-5. 

A quantitative rating is derived from the test results by scoring each test result on a scale from 0 to 10, 
multiplying the score by a weighting factor specific to the test result and rock type, summing the weighted 
scores for each of the seven test results, and dividing by the maximum possible score to obtain a percent. 
The test results listed above are presented in order of importance for determining limestone durability, 
with absorption results being the most heavily weighted and abrasion percent loss being weighted the 
least. A more detailed description of the rating system is presented in Appendix F, which contains an 
excerpt of UMTRAP Technical Approach Document (DOE 1989). 

6.2 Riprap Borrow Material Evaluation and Ranking 

Table 6-1 summarizes the durability scoring for each of the potential borrow sources. Percentage scores 
for each of the seven test results are presented, as well as an overall weighted percentage score for each 
potential source. 

OOOQS8 
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Table 6-1 - Riprap Durability Scoring 

Reference: UM'I1pAP Technical Approach Document (DOE 1989) 

As can be seen from Table 6-1, based on the UMTRAP technical approach, New Point Stone riprap 
clearly scores highest in durability. It exceeds minimum scores for use in both occasionally saturated 
areas (50 percent) and frequently saturated areas (65 percent). Further review of Table 6-1 scores 
indicate that the samples from New Point Stone had lower scores in the freeze/thaw and soundness loss 
categories than the other two sites. The sulfate soundness test results for New Point Stone showed a 
greater variability than the other sites. However, due to the weighting factors for limestone of the 
U M W  Technical Approach Document, New Point Stone had the greatest overall weighted score 
(largely due to the relatively higher specific gravity and lower absorption test results). 

Materials obtained from New Point Stone should be oversized to compensate for minor degradation in 
service. The percent of oversizing is determined by the difference between a score of 80 percent and the 
score of the material selected if it is less than 80 percent (DOE 1989). Limestone riprap obtained from 
New Point Stone Company should therefore be oversized by approximately 11 percent. 
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SECTION 7 

_ _ _ _ _ _ ~ ~ ~ ~  

Allgeier and Sons 
Inc. 

Martin Marietta 

Welch Sand and 
Gravel 

SUMMARY DISCUSSION AND CONCLUSIONS 

2 .  1 

3 2 

1 

Based solely on the results of the field and laboratory evaluation as outlined in the Geotechnical Sampling 
and Testing Plan, the ranking of suppliers with respect to material types is presented in Table 7-1. 
Number 1 identifies the supplier with the highest score relative to the other contenders, and number 3 
denotes the supplier with the lowest score. 

Table 7-1 - Ranking of Off-Site Borrow Sources 

Highland Stone - 
Plum Run 

Melvin Stone Co. 

New Point Stone Co. 

I Fine Aggregate I Coarse Aggregate I Pea Gravel I Riprap 

~ ~~ 

1 2 

2 3 

3 1 
~~ ~~ 

Watson Gravel Co. 3 

7.1 Fine Aggregate 

For fine aggregate there were four categories of evaluation for rating or scoring the physicalkhemical 
characteristics of samples from each potential source: sieve analysis, deleterious substances, soundness, 
and durability. Although Welch Sand and Gravel ranks first among the three contenders (based on the 
scoring approach outlined in Subsection 3.1.1), it is important to note that all of the fine aggregate 
materials tested were either within specification limits or could be modified to meet ASTM standards. 
Consequently, to make a final decision as to which supplier is best suited for providing the needed 
materials, other factors must be considered in addition to the physicalkhemical characteristics of the 
materials described in this report. Such factors as distance to the supplier and associated travel costs, 
highway conditions between the site and the supplier, and unit cost are examples of the types of factors 
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beyond the physicalkhemical characteristics that should be part of the source evaluation and ultimate 
selection. Additionally, based on the results of aggregate-silica reactivity tests, use of a cement 
containing less than 0.60 percent alkalies calculated as sodium oxide equivalent (NqO + 0.658 K,O) is 
recommended. Use of a low alkali cement (ASTM C 150-95) will minimize potentially deleterious 
aggregate-silica reactions. 

7.2 Coarse Aggregate 

For coarse aggregate the same four categories of evaluation were used as for the fine aggregate: sieve 
analysis, deleterious substances, soundness, and durability. Highland Stone - Plum Run accumulated the 
highest number of points in the scoring process, but only one point separates first from second and second 
from third place in the scoring. All of the materials tested are within the pertinent ASTM standards or 
specifications for Coarse Aggregate. 

7.3 Pea Gravel 

Evaluation of pea gravel sources took into consideration four categories of material characteristics: 
estimated hydraulic conductivity, percent fines, soundness, and durability indicators. Allgeier and Sons 
received the highest score, but only one point separates first from second and second from third place 
in the scoring. 

7.4 Riprap 

Evaluation of riprap materials, based on guidance from UMllpAP Technical Approach Document, resulted 
in New Point Stone scoring the highest for durability. Of the three considered, New Point Stone was the 
only potential supplier to exceed the UMTRAP minimum score for use in occasionally saturated and 
frequently saturated areas. Highland Stone scored high enough to exceed the minimum for occasionally 
saturated areas, but fell short of the required score for frequently saturated areas. Melvin Stone scored 
less than the required standard for both occasionally and frequently saturated areas. The final decision 
as to which supplier is best suited to provide riprap should consider variability of the physicalkhemical 
characteristics within the quarry with respect to the supplier’s ability to provide material that consistently 
meets design specifications. 
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Sample # Type Source 

41 0361 
41 0362 
41 0363 
41 0364 
41 0365 
41 0366 
41 0367 
41 0368 
41 0369 
41 0370 
41 0371 
41 0372 
41 0373 
41 0374 
41 0375 
41 0376 
41 0371 
41 0378 
41 0379 
41 0380 
41 0381 
41 0382 
41 0383 
41 0384 
41 0385 
41 0386 
41 0387 
41 0388 
41 0389 
41 0390 
41 0391 
41 0392 
41 0393 
41 0394 
41 0395 
41 0396 
41 0397 
41 0398 

Coarse Aggregate 
Coarse Aggregate 
Riprap 
Riprap 
Pea Gravel 
Pea Gravel 
Fine Aggregate 
Fine Aggregate 
Fine Aggregate 
Fine Aggregate 
Riprap 
Riprap 
Coarse Aggregate 
Coarse Aggregate 
Riprap 
Riprap 
Coarse Aggregate 
Coarse Aggregate 
Riprap 
Riprap 
Coarse Aggregate 
Coarse Aggregate 
Pea Gravel 
Pea Gravel 
Fine Aggregate 
Fine Aggregate 
Pea Gravel 
Pea Gravel 
Fine Aggregate 
Fine Aggregate 
Pea Gravel 
Pea Gravel 
Fine Aggregate 
Fine Aggregate 
Riprap 
Riprap 
Coarse Aggregate 
Coarse Aggregate 

New Point Stone 
New Point Stone 
New Point Stone 
New Point Stone 
Allgeier & Sons 
Allgeier & Sons 
Allgeier & Sons 
Allgeier & Sons 
Alvis Inc. 
AIvis Inc. 
Medusa Aggregates 
Medusa Aggregates 
Medusa Aggregates 
Medusa Aggregates 
Melvin Stone 
Melvin Stone 
Melvin Stone 
Melvin Stone 
Martin Marietta 
Martin Marietta 
Martin Marietta 
Martin Marietta 
Welch Sand & Gravel 
Welch Sand & Gravel 
Welch Sand & Gravel 
Welch Sand & Gravel 
Watson Gravel 
Watson Gravel 
Watson Gravel 
Watson Gravel 
Martin Marietta 
Martin Marietta 
Martin Marietta 
Martin Marietta 
Highland Stone 
Highland Stone 
Highland Stone 
Highland Stone 

List of Sources for Petrographic Analysis Samples 
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950907C 

SUMMARY 

The final list of Fernald Samples that warrant further aggregate testing is: 

Rip Rap: 41 0364, 41 0379, and 41 0396 

Course Aggregate: 410361 , 41 0373, 41 0374, and 41 0382 

Pea Gravel: 410365, 410366, 410383, 410388, and 410391 

Fine Aggregate: 410368, 410376, 310385, 410386, and 410394 

These are listed in order of preference. 

INTRODUCTION 

On 14 September 1995, Mr. Christopher Wienecke of Advanced Terra Testing 
submitted 38 samples of materials for petrographic examination. The RipRap samples 
were 41 0363, 364, 371 372, 375, 379, 380, 395, and 396. The coarse aggregate 
samples were 410361, 362, 373, 374, 377, 378, 381 , 382, 397, and 398. The 
fine aggregate samples were 410367, 368, 369, 370, 376, 385, 386, 389, 390, 
393, and 394. The pea gravel samples were 410365, 366, 383, 384, 387, 388, 
391, and 392. 

The glass containers of samples 41 0397 and 41 0398 were broken during transit and 
the samples were mixed to  the point that no distinction could be made between the 
two materials. On the instructions of Dermot Ross-Brown of SAIC, two samples were 
arbitrarily selected from the mixed mass and arbitrarily labelled 41 0397 and 41 0398; 
both samples originally came from the same rock pile. 

The sampfes were assigned Rocky Mountain Coal Petrography Log Number 950907. 

PROCEDURE 

All as-received samples were individually decanted from their containers and examined 
by eye for gross variations. A t  this point each individual sample was heaped into a 
cone and sampled by removing a subsample from each of four radial points of the 
cone and repeating the process until a sufficiently small sample for further inspection 
was obtained. 
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The unused portion of the original sample was returned to its container and the 
subsample was examined visually and with low power stereomicroscopy for variability 
and for gross features such as porosity and other discontinuities of the fabric. A 
subset of the subsample was then selected for microsection preparation and the 
remainder of the subsample was retained for later examination of crushed grains in 
calibrated index-of-refraction oils at the same time as examination of the 
microsections. 

When the microsections were completed, they were examined at magnifications of 
1OX and 20X in a Swift stereomicroscope to note gross features such as porosity. 
The sections were then examined in a Leitz Ortholux Pol I I  BK petrographic 
microscope. Microsection examinations were supplemented by examination of 
crushed grains in calibrated index-of-refraction oils in the Ortholux Microscope. The 
fine aggregate samples were examined only in calibrated immersion oils. 

Following the microscopic examinations, representative photomicrographs were taken 
to illustrate significant features of the samples. Magnifications of the photographs 
varied from 20X to lOOX., The photomicrographs are shown in the Appendix 6.  

Examinations were done by standard petrographic techniques (1 1 and with reference 
to the A l T  procedure, ATTTTP-14, RO, and ASTM Standard C 295-90 (2). 

Of particular interest in examining RipRap samples were criteria that would indicate 
high strength and resistance to weathering. Therefore, particular attention was paid 
to jointing, cracks, porosity, and minerals susceptible to weathering such as sulfides, 
iron oxides, and alteration minerals. 

For coarse aggregate samples, of particular interest were the presence of cement- 
incompatible minerals such as chert, opal, and other silica polymorphs. Dolomite was 
also considered an undesirable mineral component (3). Physical properties that were 
favorable were even grain size and low porosity. 

Pea gravel samples needed to be mechanically strong and resistant to weathering. For 
these materials, the presence of high strength minerals such as chert and quartzite 
pebbles were desirable as well as low porosity. Alternatively, the presence of high 
porosities and weathering minerals such as iron oxides were undesirable. 

Fine aggregate samples. Absence of cement-incompatible minerals such as chert, 
opal, and other silica polymorphs, alteration minerals such as sericite, and iron oxides 
were all criteria to be looked for. As in coarse aggregates, dolomite was an 
undesirable constituent. 
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Coarse Aggregate Samples. Even grain size, low porosity, lowest levels of chert, 
opal, and other silica minerals that react unfavorably with cementitious materials (2) 
were criteria used in sample selection. Additionally, a mineral considered less 
desirable in concrete aggregate minerals is dolomite, Ca, Mg, (CO,), (3). The absence 
of dolomite was another a factor used in selecting coarse aggregate samples. By the 
criteria named, coarse aggregate samples selected for further testing were 41 0361, 
41 0373, 41 0374, and 410382. 

I Pea Gravel Samples. Resistance to  weathering and high sample mechanical strength 
were attributes looked for in pea gravels. Accordingly, low porosity, the presence of 
strong mineral components such as chert and quartzite, and lowest levels of 
weathered impurities as, for instance, iron oxides were the criteria for selecting pea 
gravel samples 41 0365, 41 0366, 41 0383, 41 0388, and 41 0391 for further testing. 

Fine Aggregate Samples. Lowest levels of such impurities as iron oxides and 
alteration minerals, and such silica minerals as chert, opal, and other silica polymorphs 
were criteria used in selecting samples for further testing. No dolomite was found in 
any of the samples, so it was not a selecting factor. Fine aggregate samples chosen 
were 41 0368, 41 0376, 41 0385, 41 0386, and 41 0394. 

i 
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I ND I V 1 DUAL SAMPLE DESCR I F’T 1CiIJS 

APPENDIX A 
INDIVIDUAL SAMPLE DESCRIPTIONS 

MINERAL FORMULAS 

R I P  RAP SAMPLES ,- 

410363. The sample was gray to white with fine white 
coatings. A fair amount of porosity was seen. The sample 
was largely calcite with very minor silicate grains. 
A fair number of opaque particles were seen that could 
have been sulfides. The sample was quite fossiliferous. 

410364. The sample was tan to gray with several coarse 
phenocrysts approx 8 mm. and some porosity. The matrix 
was fine carbonate-calcite- with coarse phenocrysts and 
narrow carbonate veinlets. Several round aggregates of 
quartz were seen. 

410371. The sample was mottled l i g h t  to dark gray with 
very dark veinlets. Under the microscope were seen 
very coarse to very fine carbonate-calcite-crystals. 
An altered area was seen which contained a fair amount 
of quartz. 

410372. The sample was dark gray w i t h  white stringers. 
Tnere was a strong clayey feel to the surrace. A 
strong discontinuity was noted in the layering. Fine 
and coarse halves were seen in the microsection. In 
addition to quartz, potash feldspar and plagioclase 
feldspar were seen. The carbonate was calcite. 

410375. The sample was fine grained gray to clear. 
It was equigranular and had numerous voids. Under 
the microscope were seen fine calcite crystals , a 
number of very fine opaque grains, and abundant 
disconnected voids. 

410376. The sample was a tan to white granular rock 
with some yellow to orange streaks. Porosity was 
abundant. Under the microscope were seen calcite 
crystals, abundant oolitic grains, and an 
unidentified alteration product in some of the 
calcite crystals. 

416379. The sample was a generally equigranular gray to white 
rock with coarser phenocrysts. The sample was fossiliferous. 
Cracks were visible at low magnification. The carbonate was 
calcite. Some greenish alteration product was seen. Iron oxide 
stains were minor. 

410380. The sample was mottled white, gray, and dark equigranular. 
One prominent coarse phenocryst was seen. The calcite grains 
ranged rrom 150 to 450 microns. The sample showed abundant fine 
dirt in the section. Several grains of quartz were identified. 

A- 1 
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010395. The rock vas a mottled gray to white to clear granular 
material. It was fossiliferous. Grain size varied from 30 
microns to 0 . 4 5  mm. The carbonate was calcite. Minor to trace 
quartz was seen. A fair number of fi,ne opaque grains were seen 
in the carbonate grains. 

416396. The rock wae gray to white to clear. I t  was granular 
with some larger white fragments. Grain size varied from 
BO microns to 0.75 mm. The carbonate was calcite. Lots 
of fine opaque material wa5 seen in the carbonates. Some 
minor quartz and unidentified alteration product were 
also seen. 

. . . . 
. .  
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INDIVIDUAL SAMPLE DESCRIPTIONS 

_COARSE AGGREGATE SAMPLES - - 

410361. The sample was an even gray rock with fine white coatings 
and some reddish stains and some porosity. Grain size ranged from 
90 microns to 0.45 mm. The carbonate was calcite. Surface d i r t  in 
the calcite grains was abundant. Secondary calcite was 
considerably 'cleaner'. A few grains of silicates were seen here 
and there. 

410362. The sample was a light gray to tan rock with some white 
coatings and a fair amount of porosity. The calcite grains were 
generally fine grained. The fossil, remains were considerably 
coarser and occurred abundantly. Fine opaque particles were seen 
as well as traces of quartz and some siliceous alteration 
products. 

410373. A medium to dark gray rock w i t h  some white granular 
coatings. Not much porosity in evidence. Carbonates, calcite. 
were rossiliferous and fine grained. Dark opaque particles were 
fairly abundant. Traces or  quartz were seen. 

410374. The sample was a gray rock mottled with white 
phenocrysts. A fair amount of white coating was noted on the 
surface. Carbonate grains, calcite, were mixed with silicate 
inclusions. Some heavy iron stains were noted. Some non-iron 
oxide opaque particles were noted. 

410377. The variable gray to white to tan rock showed very 
abundant porosity and some fine surface coatings. The material 
was primarily calcite with abundant surface 'dirt'. Some of the 
opaque particles seen oould be sulfides. 

410378. The material was a light tan to gray granular rock w i t h  
gray. possibly clayey, coatings. Porosity was apparently great. 
The calcite matrix was fairly equigranular with few impurities 
except for abundant iron oxides. 

- 410381. The rock was a mottled gray and white rock with some 
white coatings and possible yellow sulfides. The carbonate 
was dolomite. The carbonate grains contained a great number 
of silicate inclusions. 

010362. The material was a mottled gray and white rock with 
some whitish surface coatings. Some porosity was seen. 
The calcite matrix contained traces of quartz, some iron 
oxide stains and some surface dirt. This sample may be the 
most suitable coarse aggregate of all submitted. 

410397. This coarse aggregate sample was arbitrarily selected 
from the  mixed lot of samples 410397 and 410398. It was gray 
granular with some porosity and a fair amount of gray fine 

ooouv5 
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coating. Porosity uas noted as well as a variety of surface 
dirt. T h e  carbonate was dolomite. 

410398. This was the other lot of material arbitrarily selected 
from the mixed lot of samples 410397 and 410398. It uas a gray 
granula'r material with some gray to white coatings and minor 
porosity. The carbonate matrix. here calcite, was qulte 
iossilirerous. Minor surface 'dirt' and minor quartz were seen 
in the calcite matrix. 

! 

. 
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FINE AGGREGATE SAMPLES 

410367. The sample was a typical calcite-granodiorite fines 
fine aggregate. Calcite, hornblende, quartz, and potash feldspar 
were seen as well as minor iron oxide stains. 

410368. The sample contained calcite. hornblende, quartz. 
potash feldspar, and plagioclase feldspar. it was another 
calcite-granodiorite aggregate. 

410369. The sample contained calcite, hornblende, iron oxides, 
quartz, and potash feldspar. 

410370. The sample contained calcite. hornblende , quartz 
potash feldspaar and plagioclase. Iron oxide stains were 
fairly abundant 

410385. The sample contained calcite, hornblende, iron oxides. quartz 
potash feldspar, and plagioclase feldspar. It was another calcite- 
granodiorite aggregate. 

410386. The sample was composed of calcite, hornblende, plagioclase 
feldspar, quartz and iron oxide stains. 

410389. Calcite, hornblende, plagioclase, potash feldspar, and 
quartz were the minerals in this sample. Some iron oxide stains 
were noted. 

410390. The material was a calcite, hornblende, quartz, and 
potash feldspar material. Iron oxide stains were also seen. 

410393. The material contained calcite, hornblende, quartz, 
potash feldspar, and some iron oxide stains. 

t' 

410394. This material was another calcite-granodiorite mixture 
consisting of calcite, hornblende, quartz, plagioclase, potash 
feldspar mixture w i t h  some iron oxide stains. 

A- 5 
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Mineral Formulas f o r  Minerals in the text 

. ; -- 

L .. 

2 Quartz Si0 

Calcite CaC03 

Dolomite CaMg(COg) 

Potash Feldspar KAISi3OB 

Plagioclase Feldspar Na,CaAIS1308 

Hornblende Ca,Fe4AlSi7022(0H), L 

Note -formulas slightly simplified for clarity 

2 

L 

I- . 
: !  . .  . .  . .  

. .  
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PEA GRAVELS 

, .' 

410365. The material was very porous. It was a mixture or 
carbonates, calcite, granodiorite pebbles, and some 
iron oxide stains. 

410366. The material was very variable in tan to dark 
gray pebbles. It was highly porous. Of the particles counted 
one was chert, 20 were calcite, and eight were silicates. 
The silicate pebbles were granitoids. 

410383. The sample was very heterogeneous from almost white to almost 
black. Some porosity uas seen. Of the particles counted one was chert. 
six were quartzite, five were granitoids, 37 were calcite, and 
one was chert. 

410384. The material was quite heterogeneous. It was white. tan, 
gray. and reddish. A fair amount or porosity was seen. Carbonates 
were all calcite. Of the particles counted two were chert, five 
were granitoids, three were quartzite, and 24 were calcite. 

410387. The sample showed abundant porosity, lots of iron oxides, 
and a very heterogeneous mineral mix. One chert particle, two 
quartzite grains, five granitoid grains, and 16 calcite particles 
were seen in section. 

410388. The material was gray and tan granular and white cherty. 
Rose and black mixed grains and tan, slightly layered grains 
were noted. Calcite grains were 16 in number. Two cherts were 
seen. Seven granitoids were noted, and f.our arkosic quartz 
grains were seen as welb as one grain of alteration products. 

410391. The sample contained tan, reddish, black, and white 
aphanitic grains. A fair amount of porosity was seen. Six grains 
of chert, three feldspathic grains, six grains of quartzite-many 
of them arkosic, and nine grains of calcite were seen. Some of 
the quartzite materials showed calcite cements. 

/' 

410392. The material was a heterogeneous, white aphanitic, 
tan granular, and gray mixture. Porosity was abundant. The 
sample was fossiliferous. Five grains of chert, one feldspathic 
grain, two granitic grains, 10 grains of quartzite-mostly 
arkosic, and 12 grains of calcite were noted. 

A- 7 



APPENDIX B 
PHOTOMICROGRAPHS AND BRIEF COMMENTS 

ExDlanation of Caotions 

Fig. No. 

Neg. No. 

Mag 

Sample No. 

Enhanced 

XNic 

Number of the photo sequentially from 1 to  31. 

Negative Number. First digit is the number of the negative set from 
which the print was made. Second digit group is the number of the 
negative in the set. 

Magnification of the photomicrographs. Usually 50 diameters but varies 
from 20X to  lOOX depending on the nature of the material. 

Sample number of the material photographed. 

Color of the specimen in polarized light was enhanced by use of a 
gypsum plate in the optical train of the microscope which caused all 
voids and pores to  appear pink. 

Crossed nicols. 
prisms of the microscope crossed. 

Photos were taken with the polarizer and analyzer 

B- 1 DRB00008.003 
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PHOTOGRAPHS OF POTENTIAL BORROW SOURCES 
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APPENDIX C 
FIELD NOTES - SAMPLING OF AGGREGATE SAMPLES 

This appendix contains a report entitled, "Parsons P.O. 154, Field Notes Sampling of Aggregate 
Samples." The report was prepared by Science Applications International Corporation, Golden, 
Colorado, under subcontract with Parsons. Mr. David Malancon, a Geological Engineer employed by 
Advanced Terra Testing, Inc., Lakewood, Colorado, performed the observations. 
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PARSONS P.O. 154 

FIELD NOTES 

SAMPLING OF AGGREGATE SAMPLES 

June 3, 1996 



Introduction 

The following report contains observations obtained during field sampling excursions to 
specified quarries m the vicinity of Cincinnati, Ohio, during the period October 2 to 9, 1995. The 
purpose of the field sampling excursions was to visit each of three quarry sites, provide general 
description of site geology, topography and lithology, and to collect sufficient samples for 
shipment to testing laboratories to conduct index, characterization and strength analyses. 

Site visitation and sampling were conducted in cooperation with Parsons personnel in 
support of Parsons PO 154 Work Plans, and in behalf of FERMCO requests. This report 
addresses only the observations of lithology, weathering features and structure at each site. 
Laboratory test results are presented in separate reports. 

Each site is described briefly in terms of lithology, structure, and weathering observations. 
General comments are made about sample quality and proportion. Photographs of pertinent 
features follow the text. 



New Point Stone: 

Lithology: 
The rock is a gray micnte with occasional iron staining andor quartz deposits in joints. 

Structure: 
The highwall mining thickness is 20-30 feet (Pictures 1-5). 
From the bottom to 5 feet; A gray micrite (limestone mud) with recrystallization up to fine 
sand sized particles and containing iron staining throughout the layer. 

5 feet: An unconformity (a break in deposition) containing a thin shale layer (1 inch or 
less), (Pictures 1 and 4). 

5 feet to top: A gray mimite with iron staining along joints. There is little or no 
recrystallization in this section. At ten feet fiom the bottom there is a 2-3 inch 
interbedded shale layer (Pictures 1-4). 

The bedding interval Within this section is thm, 4-6 inches on average. This, coupled with 
the minor jointing, made it difficult to get rip rap samples that would insure a 4 inch core 
for testing (Picture 7). 

Jointing: The major jointing has iron staining down the entire length of the joint but only 
shows minor signs of weathering (Picture 4). The joint interval is 100-200 feet. 

Weathering: 
The weathering affects the top 2-4 feet of the formation (Pictures 4 and 5). This is 
stripped off down to competent rock. Picture 6 shows an old working face. The age of 
the face is not known. However there is a 10 foot tree growing on the top of the face. 
This tree has grown there since the face was mined. 

f 

The overburden is approximately 20 feet in thickness and has been stripped down to 
competent rock (Pictures 1 and 2). 

. .  
Notes: 

The coarse aggregate was dirty (Picture 8). It contained fine sand sized rock fragments, 
rock dust andor silty material fiom the shale layers. 

Melvin Stone: 

Melvin Stone has two working areas, Quarry #3 (picture 4) and Quarry #4 (Pictures 1-3). 

Lithology: 
The rock in Quarry #3 has major recrystallization, up to pea gravel in size. It exhibits a 
porous texture. The Mine Engineer said most of the rip rap comes fiom this quarry, . .  

’? 



because it is sigruficantly harder than the material in Quarry M. The material in @any #3 
is probably a secondary dolomite, contributing to the porous texture and hardness. 

Quarry ##4 is a gray micrite. This material is primarily used for production of coarse 
aggregate and finer products. 

Structure: 
Quarry #3 has a 30 foot minable face. 

Quarry #4 has a highwall face of 30-50 feet in thickness, normally. At one point it is 70 
feet m thickness. 

Halfway up the face, 15 to 25 feet, there is an unconformity. This unconformity is 
difficult to see in the current working faces, but it is clearly defined in the old working face 
(Picture 5). 

10: 

Major jointing occurs in 100 foot or greater intervals (Pictures 1,2, and 3). Evidence of 
weathering in the joints can only be seen in Picture 2. These pictures are only from 
Quarry #4. Because this jointing pattern appears to be a regional structure it is assumed 
that Quarry #3 is also jointed in the same manner. 

Minor jointing is not prevalent in the current working faces. However, minor jointing is 
quite prevalent in the old working faces due to weathering (Picture 5). 

Weathering: 
:i’ The weathering affects the rock in the upper 2-4 feet of the sequence (Picture 2). The 

evidence of weathering is only intermittent in the major joints. It does extend to the 
bottom of one of the joints, (identified by iron staining of the joint on the left side of 
Picture 2), but it does not appear in two other pictured joints (the right side of both 
Pictures 1 and2). 

The overburden is 5-20 feet in thickness (Picture 3). This has been stripped to competent 
rock. 

Notes: 
It was not possible to approach the working face of either quarries, making it difficult to 
provide a detailed lithological description. The lithological description was based on 
examination of the rip rap pile (Picture 6). The rip rap samples were taken from the 
production stock pile only during lulls in production fiom Quarry #3. It was not possible 
to obtain samples fiom the top of the production stock pile. The average size of the rip 
rap was larger than that of New Point Stone. This is due primarily to a lower frequency 
of minor jointing an bedding effects. 

3 



Highland Stone - Plum Run: 

This quarry is mining two beds designated as upper (Picture 2) and lower (Picture 3). 

Lithology: 
Both beds are a gray micrite. There is a evidence of fossilization in the lower bed. 

A lithologic change occurs in the upper bed approximately 2/3, 13 feet, of the way up the 
face. The lower 2/3 has a smooth blast face while the upper 1/3 is rough, showing minor 
jointing, bedding planes and slight lithological changes within the upper third (Picture 2). 
However, there were no si@cant indications of lines in the product. 

Structure: ' 

Both beds are each approximately 20 feet in height. 

Major jointing occurs every 200 feet. 

Bedding planes are noticeably intiequent, with the exception of the upper third of the 
upper bed, as mentioned above. 

The minor jointing in the lower bed has a definitive parallel orientation. The main face is 
smooth while the side cut is blocky (Picture 3). The face cut is parallel to the joints, while 
the side cut crossed the joints. The minor jointing occurs at intervals of several feet apart. 
The average size of the rip rap was the largest of all three quarries. Larger individual 
specimens of the rip rap would not fit in the 10 gallon sample buckets. The larger average 
size could be caused by the lack of bedding plains. 

Weathering: 
The overburden is 5-10 feet in thickness and is d o r m  though out. Weathering affects 
the upper layer for 2-4 feet. These are stripped down to competent rock (Picture 1). 

The weathering in the major joints is sigmficantly greater than that of the other two 
quarries studied. This could be caused by several factors. It is possible that the rock is 
older , and has therefore had more time for weathering to occur in the joints, or this rock 
is more susceptible to weathering than rocks fiom the other two quarries. 

Notes: 
The coarse aggregate was clean. 
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Geomethanirs & Environmental hbai&ay 
2658 Holcomb Bridge Rad Suite I10 

3 June 1996 
Mr. Steve Garland 
Fernald Environmental Restoration Management Company 
7400 Willey Road 
Fernald. Ohio 45030 

Subject: Final Report - Laboratory Test Results 
OSDF Materials 

Dear Mr. Garland: 

GeoSyntec Consultants (GeoSyntec) is pleased to present the attached test results 
(Table 1, and Figures 1 through 18) for the above referenced project. A blank shown on 
the table or any of the figures indicates that the test was not performed, the parameter is 
not applicable, or that the test resulted in insufficient data to report the designated 
parameter. Attachment A presents the general information pertinent to the testing 
program, and GeoSyntec's policy regarding the limitations of and the use of the test 
results. 

GeoSyntec appreciates the opportunity to provide testing services for this project. 
Should you have any questions regarding the attached test results or if you require 
additional information, please do not hesitate to contact either of the undersigned. 

Sincerely, 

Barry E. Sigmon, P.G. 
Assistant Program Manager 
Geotechnical Testing 

Nader S. Rad, Ph.D., P.E. 
Laboratory Director 

, 

Attachment 

Copy To: Rick A. Holbrook . 

GLG0050/GEL96055 

Corporate ORlce: 
621 N.W. 53rd Street Suite 650 
Boca Raton. Florida 33487 USA 
TcI. (561) 995-0900 F ~ x  (561) 995-0925 

RegionalOtBces: 
Atlanta, GA Boca Raton. FL Chicago. IL 

Columbia .%ID Huntington Beach. CA San Antonio. TX 
Walnut Crcek. CA Paris. France 
*. mmmu-cw-m @ 

Labomtoria: 
Atlantb GA 

Boca Raton. R 
Huntington Beach. CA 
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APPENDIX E 
RADIOLOGICAL AND CHEMICAL TEST RESULTS 

This appendix contains the results of radiological and chemical tests performed on samples of pea gravel, 
coarse aggregate, fine aggregate, and riprap collected during the PO-154 investigation. The testing was 
performed by a FERMCO contract analytical laboratory. 

Table -1 : Construction Materials Radiological and Inorganic Data Summary 

1. This table summarizes test results and also presents the FEMP soil final remediation level (FRL) 
and background concentrations. 

2. Abbreviations for the table: 
CA = coarse aggregate 
FA = fine aggregate 
FRL = final remediation level 
PG = pea gravel 
RR = riprap 
Qual. = laboratory qualifier 

Table 2: InorPanic Chemical Analvsis Data 

1. This table contains the records of the total inorganic analysis data base for the pea gravel, coarse 
aggregate, fine aggregate, and riprap samples collected during the investigation. 

2. Abbreviations for the table: 

LO = Laboratorv Ou alifier 

Inorganic Laboratory Qualifiers 

U 

B 

Result was less than the Instrument Detection Limit (IDL); analyte is undetected. 
Associated numerical value is the Detection Limit. 
Reported result is greater than the IDL, but less than the Contract Required Detection 
Limit (CRDL); analyte is detected. 
Matrix spike recovery associated with this result was outside of control limits of 75 - 125 
percent; result should be considered estimated. 
Analytical result reported from the Method of Standard Additions (MSA) instead of from 
the standard calibration curve generated for this analyte. Result should be considered 
confident unless additional codes are used in conjunction with the "S" code. 

N 

S 
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+ Result that was reported from the MSA analysis which exhibited andytical linearity 
below the required correlation coefficient value of 0.995; result should be considered 
estimated. 
Result generated from Graphite Furnace Atomic Absorption (GFAA) analysis, and Post- 
digestion spike recovery associated with this result was outside of allowable range; 
consider result estimated. 
Analytical result considered estimated because of suspected matrix interference as 
demonstrated by noncompliant serial dilution data for associated sample. 
The laboratory duplicate results are not within the control limits; the result should be 
considered estimated. 

W 

E 

* 

VO = Validation Oualifier 

U 

UJ 

N 

R 

This analyte was analyzed for, but not detected at levels up to the corresponding limit of 
detection. This qualifier is also used to denote a value that was adjusted by the 5X/lOX 
rule for evaluation of blank data, as required by US EPA validation protocol (used with 
inorganic, organic, and radiochemical analytes). 
This analyte was analyzed for, but not detected. The associated detection limits should 
be considered estimated due to noncompliant QC associated with the analysis. Direction 
of bias, if any, is indicated in DV summary report (used with inorganic, organic, and 
radiochemical analytes). 
This organic analyte was tentatively identified as a result of marginal/questionable mass 
spectral and/or chromatographic quality of the sample as compared to 
calibrationheference standards. Data so qualified should not be utilized for baseline risk 
assessment evaluations. "N" is also utilized in radiochemistry validation when there are 
problems noted with standards or tracers that cause some doubt as to the quality of the 
data for specific isotopes; the DV Summary report will clarify the use of this code when 
these instances occur. 
These data are considered unreliable/unusable for any quantitative purpose, with the 
possible exception of a general assessment of nature and extent. "R" denotes unreliable 
data quality with respect to analyte identification and/or -quantification (used with all 
analyses). 



J These data are considered quantitatively estimated, and may be biased due to effects 
reflected in the associated QC results. Analyte identification is reliable, however, and 
US EPA guidance allows the use of "J" qualified data to be used in baseline evaluation 
of risk assessment, as well as nature and extent of contamination. This qualifier is also 
applied to organic data when the actual result is less than the CRQL; these data are also 
considered quantitatively estimated. "J" may carry additional meaning when used in 
radiochemical validation; the Data Validation Summary Report will further define the 
usage of this qualifier. 
These data were not validated. Reasons for non-validation can be found in the Data 
Validation Summary report associated with the data set. These data cannot be used in 
risk assessment evaluation. 

NJ Associated with organic non-target tentativelv identified comDounds - lab does not 
calibrate for these compounds, and identification/quantification is tentative (presumed 
present) at best. 
This qualifier indicates that a more technically useable/representative result for this 
analyte exists in another analysis of this sample (a dilution, reextraction, or re-injection). 
"2" qualified data should not be used. 
A dash (-) indicates that the result is CONFIDENT AS REPORTED; the validator did 
NOT assign any of the above qualifiers to the positive result (NOTE: When an 
undetected result is not further qualified, the validator will still enter the "U" qualifier 
in the validation qualifier column). 

NV 

2 

- 

Table 3: Radiological Analvsis Data 

1. 
-: 

This table contains the records of the radiological analysis data base for the pea gravel, coarse 
aggregate, fine aggregate, and riprap samples collected during the investigation. 

2. Abbreviations for the table: 

Attribute Qualifiers 

TPU = Total Propagated Uncertainty - 2 u (95 percent confidence) 
MDC = Minimum Detectable Concentration 
HAMDC = Highest Allowable (by contract) Minimum Detectable Concentration 
CE = Counting Error 
BC = Blank Corrected (YES/NO); result corrected to reflect any contamination in associated lab 
blank sample 

. I  

E-3 
000144 

6/25/96, 3:58pm, Rev. No.: 0 



LO = Laboratorv Oualifier 

Inorganic Laboratory Qualifiers 

U Result was less than the Instrument Detection Limit (IDL); analyte is undetected. 
Associated numerical value is the Detection Limit. 

VO = Validation Oualifier 

U 

UJ 

J 

NV 

This analyte was analyzed for, but not detected at levels up to the corresponding limit of 
detection. This qualifier is also used to denote a value that was adjusted by the 5X/lOX 
rule for evaluation of blank data, as required by US EPA validation protocol (used with 
inorganic, organic, and radiochemical analytes). 
This analyte was analyzed for, but not detected. The associated detection limits should 
be considered estimated due to non-compliant QC associated with the analysis. Direction 
of bias, if any, is indicated in DV summary report (used with inorganic, organic, and 
radiochemical analytes). 
These data are considered quantitatively estimated, and may be biased due to effects 
reflected in the associated QC results. Analyte identification is reliable, however, and 
US EPA guidance allows the use of "J" qualified data to be used in baseline evaluation 
of risk assessment, as well as nature and extent 0.f contamination. This qualifier is also 
applied to organic data when the actual result is less than the CRQL; these data are also 
considered quantitatively estimated. "J" may carry additional meaning when used in 
radiochemical validation; the Data Validation Summary Report will further define the 
usage of this qualifier. 
These data were not validated. Reasons for non-validation can be found in the Data 
Validation Summary report associated with the data set. These data cannot be used in 
risk assessment evaluation. 
A dash (-) indicates that the result is CONFIDENT AS REPORTED; the validator did 
NOT assign any of the above qualifiers to the positive result (NOTE: When an 
undetected result is not further qualified, the validator will still enter the "U" qualifier 
in the validation qualifier column). 

E 4  6/25/96, 3:58pm, Rev. No.: 0 
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Off-oile Drotect ion from aul1 Y intrusion 

Geomorphic analyses may indicate the need to protect piles from 
gully intrusion from off the site. Methods of design are similar to 
those used for sizing on-pile erosion protection. Oesign features 
may take the form of the toe protection shown in Figure 4.2, or 
may include armoring of existing erosional features at the gully 
head. Modification of the width and depth of the gully may be made 
depending on the anticipated depth of erosion. Should off-si te 
erosion be severe, setback distances to the pile may be designed on 
a site-specific basis using available geomorphic evidence of gully 
advancement. 

. .  

Rock durabil i ty 

Rock durability is defined as the ability of the material under 
consideration to withstand the forces (i .e., chemical or physical) 
of weathering. Therefore, the durability of rock riprap is a major 
concern in the design and long-term stability of erosion barriers. 
Long-term records (200 to 1000 years) of rock weathering are usually 
not available. 

Factors that affect rock durability are the (1) potential 
'chemical reactions with water that comes in contact with rocks; (2) 
amount of time that the rock is saturated; (3) temperature of the 
water; (4) raindrop impact and scour of sediments carried by flow 
against the riprap; (5) amount and velocity of windblown sand . impacting the rock; and (6) effect of wetting and drying together 
with temperature changes. These effects become more serious in 
climates that experience large changes in temperature and especially 
in those climates with frequent freeze-thaw cycles. 

One important study on weathering rates as a function of time 
for various rock types is a study by Colman (1981). Colman's study 
reviewed work by 50 researchers around the world. The study showed 
that as rocks weather, they tend to build up a residue or "rind" 
that reduces the weathering rate with time. Several other 
researchers have examined the thickness of weathering rinds on rocks 
in glacial deposits less than 10,000 years old. Included in these 
studies have been rocks from the Colorado Front Range and the San 
Juan Mountains in Colorado. The weathering rates for these rocks 
generally fits a square root of time or exponential function. One 
researcher showed that for sandstone boulders under the conditions 
studied, the rate of rind development occurs according to the 
following equation (Chin, 1981): 

d - 0.004 t0.81 ( 1 3 )  

where 

d - rind thickness in millimeters. 
t - time in years. 

(300223 
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Based on Equation 13, sandstone would weather approximately 
seven mi l l imeters  i n  10,000 years .  

The implicat ion of t hese  s tud ie s  i s  t h a t  l abora tory  tes ' ts  can 
be extremely conservat ive and do not t r u l y  represent  t h e  weathering 
o r  d u r a b i l i t y  o f  a p a r t i c u l a r  rock. For des ign  pu rposes ,  the  
inverse problem exists, i .e.,  pred ic t ing  the  fu tu re  performance o f  a 
given rock mater ia l  under an t i c ipa t ed  condi t ions i n  use .  I n  order  
t o  g e t  a q u a l i t a t i v e ,  more r e l i a b l e  answer t o  the  q u e s t i o n  of 
d u r a b i l i t y ,  the following section discusses  the method of  s e l e c t i o n  
and t e s t i n g  required t o  determine the r e l a t i v e  d u r a b i l i t y  of  a rock 
proposed f o r  use as eros ion  pro tec t ion  on a pile.  

Material  s e l ec t ion .  t e s t  ina. and ~1 acement 

Inves t iga t ions  should be conducted t o  i d e n t i f y  several sources 
of ava i l ab le  rock w i t h i n  a reasonable d i s t ance  from the s i t e .  The 
s u i t a b i l i t y  of  the r o c k  f o r  p r o t e c t i v e  covers  should then be 
assessed by labora tory  tests t o  determine the physical c h a r a c t e r i  s -  
tics. The results of these tests will be used t o  c l a s s i f y  the  rock 
as being of poor, f a i r ,  o r  good q u a l i t y  and t o  a s s e s s  t h e  expected 
long-term performance of t h e  rock. 

When rock of good q u a l i t y  i s  reasonably a v a i l a b l e ,  the cover 
design should incorporate  t h i s  rock. In those cases  where only rock 
of less-than-good q u a l i t y  i s  reasonably ava i l ab le ,  i nc reases  i n  the  
average rock s i t e  and r i p r a p  l aye r  thickness may be necessary .  An 
acceptable  procedure for  o v e r s i t i n g  o r  using l e s s  du rab le  rock i s  
d i  scussed bel ow. 

In  many cases, i t  may d i f f i c u l t  t o  demonstrate t h a t  l e s s - t h a n -  
good qua l i ty  rock will be durable  for 1000 years .  Therefore ,  i n  
accordance w i t h  the 200-year d u r a b i l i t y  c r i t e r i a  of 40 CFR 192, the  
use  of rock tha t  i s  not  of good qua l i ty  should be c l z a r l y  documented 
and j u s t i f i e d .  This documentation and j u s t i f i c a t i o n  should include 
ana lyses  and d i scuss ions  regarding the loca t ion ,  durabi1.i t y ,  and 
costs assoc ia ted  w i t h  the most p rac t i ca l  source of good-qual i ty  rock 
and/or the d i f f i c u l t i e s  and costs assoc ia ted  w i t h  i t s  placement. 

I t  should be emphasized t h a t  the ove r s i t i ng  procedure i s  an 
a t t empt  t o  q u a n t i f y  a d d i t i o n a l  rock s i t e  requirements ,  based on 
experience w i t h  eva lua t ing  rock d u r a b i l i t y  a t  several  UMTRA Pro jec t  
sites and l i m i t e d  f i e l d  d a t a .  The procedure should be used w i t h  
engineering judgment and should be used only i n  those c a s e s  where i t  
i s  c l e a r l y  documented t h a t  good-qual i ty  rock i s  n o t  reasonably  
avai 1 ab1 e. 

Pre-se lec t ion  methods, both f i e l d  and labora tory  t e s t s ,  should 
be used before  a complete suite of  labora tory  tests a r e  performed t o  
c l a s s i f y  the rock as t o  i t s  s u i t a b i l i t y  f o r  e ros ion  p ro tec t ion .  

-76- 
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Petrographic and X-ray diffraction tests may, in the judgment o f  the 
engineer, eliminate a rock source from consideration based on the 
amount of smectite (clay minerals with swelling properties) present. 
A "good" or "fair" rock would have no significant smectite minerals 
present; "poor" rock would have significant smectite present. This 
judgment of rock quality can also be applied in the field 
investigation. A rock receiving a "poor" rating has clay and 
weathering rinds over one centimeter (cm) thick and a rock receiving 
a "fair" rating can have clay and weathering rinds from zero to 
one cm thick. "Good" indicates no rinds are present. The presence 
of substantial amounts of'secondary minerals, or a1 teration minerals 
like sericite mica or pyrite, may be discerned in the field. The 
Schmidt hammer test is also appropriate for use in the field as a 
screening test. * 

Once a potential borrow source has been selected, a suite of 
laboratory tests will be performed on several samples. The 
appropriate tests will be determined by the engineer and will depend 
upon the type of rock and its placement location on the pile. 
Included in the choice of tests are: 

0 

0 

-0 

. o  

0 

Petroaraohic examination ( A S I M  CZ95l. Petrographic examina- 
tion of rock is used to determine the physical and chemical 
properties of the material source in question. The examina- 
tion should establish whether the rock contains chemically 
u n s t a b l e  minerals such as soluble sulfates, o r  
volumetrically unstable materials. This examination is a 
qualitative analysis .that can be used to identify potential 
borrow sources and the relative qual i ty of each source prior 
to performing the laboratory test. 

Bulk soecific aravitv (ASTM. C1271. The specific gravity of 
rock i s  an indicator of its strength or durability; the 
higher the specific gravity, the better the quality of the 
rock. The specific gravity is also a good indicator of a 
rock's ability to withstand freeze and thaw cycles. 

Absorotion (ASM C12 71. A low absorption is a desirable 
property to prevent rapid disintegration of the rock by salt 
action and mineral hydration. Absorption is not a good 
stand-alone indicator of a rock's ability to withstand 
freeze-thaw cycles. 

Sulfate soundness (ASTM CSSl. In locations subject to 
freezing or where the rock is exposed to salt water. 

Freeze-thaw (AASHTO 1 0 3 ) .  A good guide to weathering 
resulting from crystal1 ization processes, especially for 
frequently saturated areas. 

Schmidt Rebound Hammer. Measures the hardness of a rock; 
can be used in either the field or laboratory. 
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o Los Ancreles Abrasion (ASTM C131 o r  ( 3 3 5 1 .  A measure of  a 
rock's resistance t o  abrasion. 

o S D l i t t i n u  tensi le  ( B r a z i l i a n  disk) (ASTM 039671. An i n d i -  
rect  t e s t  of the tensile strength o f  a rock. 

All samples for  laboratory testing will be taken i n  accordance 
w i t h  Standard Practices for Sampling Aggregate (ASTM 075) .  A step- 
by-step procedure for  scoring rock d u r a b i l i t y  i s  summarized below 
and i s  t o  be used w i t h  the scoring c r i t e r i a  i n  Table 4.3. 

1. The t e s t  resul ts  are compared on a scale of zero t o  10. 
Test resul ts  of eight to  10 are considered "good," f i v e  t o  
seven are considered " fa i r , "  and one to four are "poor." 
Results noted as zero fa l l  below the least  acceptable t e s t  
r e s u l t .  The good-fair-poor r a t i n g  i s  used o n l y  f o r  
assessment and n o t  for actual scoring. The rock must be 
rated as good or f a i r  i n  petrographic analysis before being 
considered as a suitable source; th i s  r a t i n g  i s  used as a 
screening method for potential sources. 

2.  The score is  multiplied by a weighting factor,  shown on 
Table 4.3, appropriate  f o r  the  pa r t i cu la r  rock type 
(1 imestone, sandstone, or igneous) and for the specific 
t e s t .  

3.  The weighted scores are totaled, divided by the maximum 
possible score, and multiplied by 100, result ing i n  the 
percent of the maximum score. 

4 .  The score must meet the c r i t e r i a  f o r  the rock's specific 
use. For use i n  occasionally saturated areas,  which 
include the t o p  and sides of the pi le ,  the rock must score 
50 percent or greater. For use i n  frequently saturated 
areas, which include a l l  channels, buried toes and aprons, 
the rock must score 65 percent or  more. 

An occasionally saturated area is  defined as an area w i t h  
underlying filter/bedding layers and slopes ( a t  l eas t  two percent) 
that  provide adequate drainage and that i s  located well above normal 
groundwater levels.  Aprons, natural channels, and engineered diver- 
sions are defined as frequently saturated areas .regardless of d ra in -  
age or climate. 

. The ef fec t  of the weighting factor is  t o  focus the scoring on 
those t e s t  types t h a t  are the most or leas t  c r i t i ca l  for  the partic- 
ular type of rock being considered. The guidelines recommended by 
the NRC for  the determination of rock quality are as follows: The 
number o f  t h e  t e s t  types used ( s i x  physical t e s t s ,  X-ray 
diffract ion,  and petrographic analysis) i s  typically determined by 
the design engineer; there must be a t  least four or f ive repeti t ions 
of each t e s t  type  t o  provide an average of t e s t  resu l t s  and t o  
represent be t t e r  the poorest rock condition fo r  material t o  be 
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placed in significant amounts relative to the total quantity placed. 
Engineering judgment should be used to determine the particular type 
of tests based on pre-screening methods. 

The weighting factors for the three types of rock show that for 
limestone the most significant tests, in order of importance, are 
absorption, specific gravity, Schmidt hammer, and freeze-thaw. For 
sandstone the significant tests are Schmidt hammer, LA abrasion, 
absorption, and specific .gravity; while for igneous rock the tests 
are freeze-thaw, sodium sulfate soundness, tensile strength, and 
specific gravity. The LA abrasion test is the least significant 
test for limestone and igneous rock, with a weighting factor of only 
one. 

If a rock source of "good" durability cannot be found, the size 
of the rock should be increased to take into account the degradation 
af the rock with t'ime. The increase in size is subjective, since 
present technology has not looked at the interaction between tests 
to determine if a rock should be oversized. Most rock testing has 
been associated with typical construction aggregates (i .e., concrete 
or road base) and a determination as to whether the aggregate is 
good or bad with no intermediate evaluation. However, the quality 
of rock used to protect against occasional erosional forces may 
allow for some oversizing to compensate for minor degradation in 
service. Consequently, a method of oversizing to account for 
weathering is required so-that rock used for erosion protection will 
not erode.to a weight or sire that would be carried away during the 
design event. 

The oversiting methodology is based on the assumption that the 
This 

is a reasonably good assumption provided the rock contains an insig- 
nificant amount of smectite clay minerals. Insignificant amounts of 
these clays are evidenced by the absence of well-defined X-ray dif- 
fraction peaks used in their identification or failure of the rock 
to react to ethylene glycol. The presence of smectite minerals 
suggests that the rock is already in an advanced stage of chemical 
weathering and that further mechanical weathering i s control 1 ed by 
cyclic wetting and drying, or by slaking and abrasion, rather than 
by cyclic freezing .and thawing. Hence, the oversizing methodology 
does not apply to rocks containing significant amounts of smectites. 

The need for oversizing is based on the final durability scor- 
ing of the rock samples. Rock that meets the minimum criteria but 
scores less than 80 percent for both occasionally saturated areas 
and frequently saturated areas must be oversized. Oversizing is 
determined by the numerical difference between the minimum rock 
score of the materials being placed and 80 percent; e.g., rock 
scoring 68 percent would have to be oversized by 12 percent. Table 
4.4 lists the procedures for selecting the most cost-effective rock 
for erosion protection. 

.controlling failure mechanism is cyclic freezing and thawing. 
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fable 4.4 Design procedure for rock selection 

~~ 

I. Locate and Test Rock Sources 

1. Locate least expensive source(s) of "good" (80 to 100 percent score) 
rock. 

Locate least expensive source(s) of "other quality" (50 to 80 percent 
score) rock. 

I 

2 .  

11. Develop Best Designs 

I. Using oversizing criteria, if necessary, develop designs for rock 
sources identified above. 

2. 

3. Develop a final design utilizing the best rock that is reasonab 

Develop A1 ternate Compensating Designs 

Develop unit cost data for each rock size for each design. 

avai 1 ab1 e. 

I I I. 

" Assuming either: 

a. that only poor-quality (less-than-good quality) rock is availab 
and oversizing is not reasonably feasible, or 

b. that good-quality rock is reasonably available but is not of 
adequate size. 

then: 

a. use methodology (see Section 4.1) to justify use o f  a flood less 
than the PMF, and 

b. develop alternate designs based on less than PMP/PMF. 

-81- 000229 
. .  



When placing the rock, each load of r i p r a p  should be reasonably 
well-graded from the smallest  t o  the maximum s i ze  spec i f ied .  
Gradat ion  can be verified d u r i n g  placement by visual comparison o f  
material placed w i t h  a sample of known, acceptable g r a d a t i o n  already 
placed. If any differences of opinion occur between the engineer 
and the contractor, the difference shall be resolved by dumping and 
checking the  g r a d a t i o n  of any two random truckloads o f  rock. 
Alternatively, i f  the rock s ize  is not greater t h a n  three inches, 
the rock can be physically tested us ing  United States  standard 
sieves of the appropriate size. 

F i l t e r  reauirements and desian 

When designing the cover system, the need f o r  a f i l t e r  layer 
between the radon barrier and the erosion protection layer must be 
evaluated. Most of the research on the need f o r  a f i l t e r  and f i l t e r  
design c r i t e r i a  i s  over 20 years o l d  and has varied. 

Investigations by Sherard (1985) and Sherard e t  a l .  (1984a,  
1984b) have shown t h a t  design c r i t e r i a  fo r  various impervious so i l s  
are  dependent on the fines content (percent < No. 200 sieve) and 
f a l l  i n t o  the categories shown i n  Table 4.5.  

I t  i s  recommended that  Table 4.5 be used as the c r i t e r i a  f o r  
a l l  f i l t e r s .  These c r i t e r i a  can be relaxed i n  some instances f o r  a 
c l a y  w i t h  a high plast ic i ty  or  i f  there are fa i r ly  low flow g r a d i -  
ents.  In addition t o  the above c r i t e r i a ,  the following requirements 
fo r  a graded f i l t e r  should be met: 

The f i l t e r  material should pass the three-inch sieve fo r  
minimizing particle segregation and bridging during place- 
ment. Smaller maximum particle sizes may be specified i f  
pract ical .  Also, f i l t e r s  must not have more t h a n  f ive 
percent passing the No. 200 mesh sieve t o  prevent excessive 
movement of fines in the f i l t e r .  

Filter material should be reasonably well -graded throughout 
the in-place layer thickness. 

Filters for  gap-graded base so i l s  may require a more finely 
graded f i l t e r  than the f i l t e r  determined using the c r i t e r i a  
above. 

The minimum thickness of  the layer should be s i x  inches i n  
order t o  fac i l i t a te  ease of construction during placement. 

/ 

When a rock cover i s  t o  be used over a f i l t e r ,  the rock used 
should be essentially equidimensional and well -graded in size.  The 
rock blanket should also meet the f i l t e r  c r i t e r i a  of Table 4 . 5  so 
t h a t  the f i l t e r  material does not migrate th rough  the voids i n  the 
rock. The thickness of the rock layer should not  be l e s s  than the 
spherical diameter of the upper l imi t  of 0100 rock or l e s s  t h a n  1.5 
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