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H.1 INTRODUCTION 

This appendix outlines the selection and evaluation of rock sources for erosion protection materials on the 

outside slopes and perimeter drainage areas of disposal cell.  The sizing of these materials to meet U.S. 

Nuclear Regulatory Commission (NRC) long-term stability criteria is presented in Appendix D of this 

document.  The specifications for receipt and placement of these materials on the disposal cell are 

outlined in the Technical Specifications (Reclamation Plan Attachment A).  This appendix reflects 

responses to the NRC in 2006 and 2007 on testing and placement of erosion protection materials.  

Attachment H-1 of this appendix is a riprap suitability study submitted to the NRC by Sequoyah Fuels 

Corporation (SFC) on September 13, 2007. 

This appendix also provides evaluation of rock sources identified in 2012. 

H.2 ROCK SOURCE EVALUATION 

Two rock sources have beenwere initially evaluated by SFC: (1) a limestone quarry (Souter quarry) near 

the SFC site, and (2) several gravel pits in the site area.  The gravel pits in the site area contain rounded 

particles of chert and other durable materials, but are limited to particle sizes of up to six to eight-inch 

size.  SFC selected the Souter Quarry as the primary source of erosion protection rock for the potential to 

produce larger-sized rock and for uniformity in rock quality. 

Subsequently, two additional rock quarries in the area (Hansen Mountain and Roberts) were identified as 

potential sources for riprap production.  The testing of these additional sources was completed in 2012 

and 2014. 

H.3 ROCK TESTING 

Various limestone samples from the Souter Quarrythese quarries have been tested under the direction of 

SFC from 2002 through 20072014.  These test results are presented below in attachments H-1 and H-2, 

and compared with the NRC durability criteria in Table D-1 of NUREG-1623 (Johnson, 2002). 
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H.3.1 Initial Stage of Testing 

A sample of limestone from the Souter Quarry was tested in 2002 for screening of the rock for durability 

according to the guidelines in Appendix D of NUREG-1623.  The test results and rock quality designation 

scoring are presented in Table H.1 below. 

The rock quality designation at the bottom of each table is a weighted durability percentage, from 

guidelines in NUREG-1623.  A rock quality designation of 60 percent indicates unsuitable durability.  A 

rock quality designation above 80 percent indicates suitable durability.  A rock quality designation 

between 60 and 80 percent indicates suitable durability, but with oversizing (an increase in rock particle 

diameter) required to accommodate long-term particle weathering. 

Table H.1 Test Results From 2002 Sample 
Test Result Scorea Weighting 

Factor 
Weighted 

Test Scoreb 
Weighted 

Max. Scorec 
Specific gravity 2.64 7.8 12 93.6 120 
Absorbtion (%) 0.4 8.5 13 110.5 130 
Sodium sulfate soundness (%) 0.2 10.0 4 40.0 40 
Freeze-thaw (%) 0.2 9.0 7 63.0 70 
LA abrasion (%) 35.6/5d 6.5 1 6.5 10 
Weighted test score total ----- ----- ----- 313.6 370 
Rock quality designation (%) ----- ----- ----- 85 ----- 

aBased on a scale of 1 to 10, from NUREG-1623. 
bProduct of score and weighting factor. 
cProduct of weighting factor and score of 10. 
dResult adjusted for 100 revolutions. 
 

In 2006, a Souter Quarry limestone sample was collected for durability testing from an area of the quarry 

that would be used for riprap production.  Durability tests were focused on analyses that better 

characterize the durability of limestone (from NUREG-1623).  The petrographic analysis was included 

upon suggestion from NRC.  The test results are summarized in Table H.2. 

Table H.2 Test Results From 2006 Sample 
Test Result Scorea Weighting 

Factor 
Weighted 

Test Scoreb 
Weighted 

Max. Scorec 
Specific gravity 2.65 8.0 12 96.0 120 
Absorbtion (%) 0.4 8.5 13 110.5 130 
Petrographic analysis 6.5 6.5 10 65.0 100 
Weighted test score total ----- ----- ----- 271.5 350 
Rock quality designation (%) ----- ----- ----- 78 ----- 

aBased on a scale of 1 to 10, from NUREG-1623. 
bProduct of score and weighting factor. 
cProduct of weighting factor and score of 10. 
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The results from the 2002 testing indicate that the limestone is of acceptable durability, based on a rock 

quality designation of 85 percent.  The results from the 2006 testing (more specific to limestone) indicate 

that the limestone is of acceptable durability, but would require oversizing.  The amount of oversizing 

would be two percent, based on the difference between the measured rock quality designation (78 

percent) and the acceptable designation value (80 percent). 

H.3.2 Second Stage of Testing 

Additional testing of Souter Quarry limestone was conducted under the direction of SFC in 2007, using 

samples from the area of the quarry planned for riprap production.  These results are compiled in 

Attachment H-1 of this appendix. 

The test results from the 2007 testing are listed in Table H-3, and the rock quality designation calculations 

are summarized in Table H-4. 

Table H.3 Test Results From 2007 Samples 
Sample Description Specific 

Gravity 
Absorbtion 

(%) 
Sodium Sulfate 
Soundness (%) 

LA Abrasion 
(%) 

Comments 

Crushed limestone 2.600 1.10 0.4 10 For 500 revolutions 
Dark gray stone #1 2.736 0.60 ----- -----  
Dark gray stone #1 2.661 0.57 ----- -----  
North wall stockpile (E) 2.646 0.74 ----- -----  
North wall stockpile (W) 2.659 0.70 ----- -----  
Pink stone 2.662 0.53 ----- -----  
Values used in scoring 2.661 0.71 0.4 2 For 100 revolutionsa 

aResult from LA abrasion test adjusted for 100 revolutions. 
 
 
Table H.4 Summary of Test Results From 2007 Samples 

Test Result Scorea Weighting 
Factor 

Weighted 
Test Scoreb 

Weighted 
Max. Scorec 

Specific gravity 2.66 8.1 12 97.2 120 
Absorbtion (%) 0.71 6.7 13 87.1 130 
Sodium sulfate soundness (%) 0.4 10.0 4 40.0 40 
LA abrasion (%) 2d 9.5 1 9.5 10 
Petrographic analysis 7.5 7.5 10 75.0 100 
Weighted test score total ----- ----- ----- 308.8 400 
Rock quality designation (%) ----- ----- ----- 77 ----- 

aBased on a scale of 1 to 10, from NUREG-1623. 
bProduct of score and weighting factor. 
cProduct of weighting factor and score of 10. 
dResult adjusted for 100 revolutions. 
 

The results in Table H.4 are similar to the previous test results.  The rock quality designation indicated 

some oversizing is required (three percent).  The Technical Specifications (Reclamation Plan Attachment 
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A) specify rock sizes for all of the erosion protection material with a ten percent oversizing, and outline 

the frequency and testing for confirmation of durability and size of the actual limestone to be delivered to 

SFC. 

 

H.4 REFERENCES 

Johnson, T.L., 2002.  “Design  of  Erosion  Protection  for  Long-Term Stabilization,”  NUREG-1623, U.S. 
Nuclear Regulatory Commission, September. 
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MEMORANDUM 

3665 JFK Parkway  
Bldg 1  
Suite 200 
Fort Collins, Colorado 80525 United States 

TEL  +1 970 377 9410 
FAX  +1 970 377 9406 
www.mwhglobal.com 

TO: Sequoyah Fuels Corporation DATE:  November 12, 2014 
Plant Review Committee 

FROM:  Jason Cumbers REFERENCE: 1011789.010401 
Clint Strachan, PE 

SUBJECT:  Summary of Durability Testing for Riprap Sources 
Erosion Protection Rock  

Introduction 
This memorandum summarizes the results of the durability testing of riprap sources for disposal cell 
cover construction. This evaluation has been conducted by MWH Americas Inc. (MWH) at the request 
of Sequoyah Fuels Corporation (SFC).  

The current design of the Sequoyah disposal cell includes riprap for erosion protection on the side 
slopes of the cell as well as a rock apron around the perimeter at the toe of the slopes. Sequoyah has 
collected samples from three different rock quarries, and has had representative samples tested for 
durability properties. SFC has tested samples from the Souter Quarry, the Hanson Mountain Quarry, 
and the Roberts (APAC) Quarry.  

Based on comments from, and discussions with, the NRC (teleconference between SFC, MWH and 
NRC on April 22, 2014), the petrographic analysis which was previously included in some scores, has 
been removed from the scoring calculations included in this memo. The qualitative petrographic 
analysis results are included with this memo 

Petrographic Analysis 
SFC collected and sent samples from each of the three quarries for petrographic analyses on the rock 
samples. Each of the three petrography reports are attached to this memo.   

In April 2007, a representative of SFC sampled the Souter Quarry and shipped the material to Wiss, 
Janney, Elstner Associates, Inc. (Northbrook, IL) for petrographic analysis. The report on the limestone 
indicates the rock is “adequate” for riprap. The observations include the presence of small, variable 
amounts of clay sized minerals in thin layers, along which the rock tends to break. Because the layers 
are thin, the petrographer does not expect this to affect durability. The limestone is described as having 
low porosity. 

A representative of SFC sampled the Hanson Mountain Quarry and shipped the material to MWH. The 
rock samples were then forwarded to Petrographic Consultants International, Inc. (Louisville, CO) for 
petrographic analysis. The petrographic analysis was completed February 14, 2012. The conclusions in 
the report indicate that the sandstone is “judged to be excellent material for riprap”. The sandstone is 
composed primarily of quartz and is described in the report as fine to medium-grained. 
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A representative of SFC sampled the Roberts Quarry material in February, 2014 and shipped the 
limestone to Petrographic Consultants International, Inc. (Louisville, CO) for petrographic analysis. The 
petrographic analysis was completed March 10, 2014. The conclusions in the report indicate that the 
limestone is rated as “excellent” and a suitable choice for riprap material. The report indicates the rock 
has less than 1% porosity. 

The qualitative petrographic analyses indicate the Roberts (APAC) Quarry rock and the Hanson 
Mountain rock are high quality sources and are equally suitable for use as riprap. The Souter Quarry 
rock is of a lower quality than the other two options, based on the petrography. MWH had previously 
scored the rock sources by including a score for the petrographic analyses based on the reference to 
DePuy (1965) in NUREG-1623. The Roberts (APAC) Quarry rock and the Hanson Quarry rock each 
previously scored 9.5 out of 10 based on a review of the petrographic analyses. The Souter Quarry 
rock scored 7.5. If scores from the petrographic analyses were included in the rock scores, higher 
overall scores would result for Hanson Mountain and Roberts (APAC) and a lower overall score would 
result for Souter.  

Durability Testing 
A summary of the durability scores for each source evaluated is included in Tables 1-3 on the next 
page. The rock sources were scored for durability based on the guidance in NUREG-1623 (NRC, 2002) 
and scoring is based on Table D-1. The individual test scores are based on a range from 0 to 10. 
Testing included specific gravity, absorption, sodium sulfate soundness, L.A. abrasion, and Schmidt 
hammer. The supporting laboratory data for the scores are attached. The rock scores for the three 
sources are calculated on a similar suite of testing, with the exception of the Souter Quarry calculation 
which does not include a Schmidt hammer test result.  

The rock quality score is 234/300, or 78% for Souter Quarry, 262/350, or 75% for Hanson Quarry, and 
350/410 or 85% for Roberts Quarry. Based on NRC guidance for durability of erosion protection 
material, the Roberts Quarry (APAC) limestone is acceptable, without oversizing (score 80 to 100). 
Rock from the other two sources would require oversizing of 2% and 5% (increases in the design 
median rock sizes). 

Conclusions 
Based on the durability results and petrographic analyses, each of the three rock sources are durable 
enough to meet the minimum durability rating required by the guidance outlined in NUREG 1623, for 
use on the disposal cell. Oversizing of the median rock diameter would be required for the Souter and 
Hanson Mountain Quarries, if they are selected.  
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Table 1 – Summary of Scoring Criteria - Souter Quarry (2007) 

Laboratory Testa Result Score 
Weighting 

Factorc 
Weighted 

Score Maximum Score 
Bulk Specific Gravity (ASTM C127) 2.66 8.1 12 97 120 

Absorption, % (ASTM C127) 0.71 6.7 13 87 130 
Sodium Sulfate, % 

(ASTM C88) 0.4 10.0 4 40 40 

LA Abrasion  
(ASTM C535, 100 revs.b), % 2.0 9.5 1 10 10 

Schmidt Hammer (ASTM D5873)d - - 11 - - 

TOTALS 234 300
Notes: 78% Score 
a.) Test results provided by Data Testing Inc., Fort Smith, AR (2007) 
b.) Test conducted for 1,000 revolutions per ASTM, result corrected for 100 revolutions. 
c.) Weighting factors from Table d-1 NUREG-1623 for limestone. 
d.) Test results omitted due to improper test equipment (MFG, 2006) 

2% Oversizing required 

Table 2 – Summary of Scoring Criteria - Hanson Mountain Quarry (2012) 

Laboratory Testa Result Score 
Weighting 

Factorc 
Weighted 

Score Maximum Score 
Bulk Specific Gravity (ASTM C127) 2.51 5.2 6 31 60 

Absorption, % (ASTM C127) 2.00 3.0 5 15 50 
Sodium Sulfate, % 

(ASTM C88) 1.4 9.8 3 29 30 

LA Abrasion  
(ASTM C535, 100 revs.b), % 2.8 9.1 8 73 80 

Schmidt Hammer (ASTM D5873) 64 8.8 13 114 130 
TOTALS 262 350

Notes: 75% Score 
a.) Test results provided by Terracon (2012), except where noted. 
b.) Test conducted for 1,000 revolutions per ASTM, result corrected for 100 revolutions. 
c.) Weighting factors from Table d-1 NUREG-1623 for sandstone. 

5% Oversizing required 

Table 3 – Summary of Scoring Criteria - APAC Roberts Quarry (2014) 

Laboratory Testa Result Score 
Weighting 

Factore 
Weighted 

Score Maximum Score 
Bulk Specific Gravity (ASTM C127) 2.70c 9.0 12 108 120 

Absorption, % (ASTM C127) 0.60c 7.4 13 96 130 
Sodium Sulfate Soundness, % 

(ASTM C88) 1.8d 9.6 4 38 40 

LA Abrasion, % 
(ASTM C535, 100 revs.b) 2.9 9.1 1 9 10 

Schmidt Hammer (ASTM D5873) 65 9.0 11 99 110 
TOTALS 350 410

Notes: 85% Score 
a.) Test results by Terracon (2014) for MWH. 
b.) Test conducted for 1000 revolutions per ASTM and AASHTO, result corrected  
for 100 revolutions = 10% of 1000 revolution result.  
c.) For 4-inch material 
d.) For 1.5 to 2.5 inch material 
e.) Weighting factors from Table d-1 NUREG-1623 for limestone. 

n/a Oversizing required 
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Introduction 

This report has been prepared to assess the suitability of a sandstone unit in the 
McAlester Formation for riprap material at the request of MWH Americas, Inc. (MWH 
Project No. 1011789.010101).  The conclusions presented in this document are the results 
of microscopic examination of thin sections and X-ray powder diffraction analyses of the 
sandstone.  Three pieces of the sandstone were chosen for thin sections (2 cm x 4 cm) and 
studied under the petrographic microscope.  One sandstone sample was ground to a fine 
powder for X-ray diffraction analyses: (1) a bulk powder analysis (total mineralogy) and 
(2) clay mineral analysis (<3 micron fraction). 

Summary 

Modal analyses showed that the sandstone is a quartzarenite according to the 
classification of Folk (1974).  The sandstone in all three samples is fine (0.1) to medium 
(0.25) grained, moderately well sorted, and tightly packed.  In all samples the sandstone 
shows some degree of oxidation of iron minerals; this oxidation gives it a pale yellowish 
brown color even on fresh surfaces.  The sandstone has a strong structure due to the fact 
that most quartz grains have secondary quartz overgrowths, which have grown together, 
creating an interlocking texture.  All sandstone samples are from a quarry about half way 
between the towns of Sallisaw and Muldrow in Sequoyah County, Oklahoma.  

The bulk of the sandstone is composed of quartz.  Subordinate constituents are rock 
fragments, feldspars, and accessory minerals.  Porosity consists of grain-size pores from 
which feldspar or rock fragments have been leached.  These pores do not appear to be 
connected in the two dimensional framework of the thin section, and are probably not 
commonly interconnected in three dimensions.  Secondary quartz overgrowths, which 
precipitated on the original quartz grains, give the sandstone a great deal of competency. 

X-ray diffractograms revealed that no swelling clays are present.  No fractures were 
found in the sandstone samples examined.  No carbonate or other cements were found. 

Conclusions 

The sandstone is very competent and is judged to be excellent material for riprap, just 
below the quality of a granite.  Figure 1 presents a subjective assessment of the suitability 
of the sandstone for riprap material.  This sandstone is considered to be ~9.5 in terms of 
its suitability for riprap material.  It is not considered to be a “10” because of moldic 
porosity, presence of altered biotite, and occurrence of secondary clay minerals.  Pores 
are commonly surrounded by interlocking quartz grains or quartz overgrowths giving the 
sandstone a texture similar to that of a metamorphic quartzite. The fact that ground water 
was able to migrate into the sandstone to leach labile grains, however, indicates that 
microfractures were present at one time.  Biotite, due to its high iron content, leaches 
more readily than other silicates, such as quartz and feldspar, providing micro pathways 
for potentially mineral-destructive solutions to travel through the sandstone. 
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Estimated Suitability for Riprap Use1 

     0___________________________________10 
     I              I             I       I 
Bentonite   Clay-  Sandstone1     Granite 

 Cemented   Massive 
 Sandstone   Basalt 

1See “Conclusions” 

Figure 1. 
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Quality Assurance 

During the course of sample analysis and report preparation, every effort was been made 
to ensure that the character and integrity of the sandstone was safeguarded.  Only 
personnel who are technically qualified and specifically trained in the handling and 
analysis of geological samples, such as “soft-rock” or sandstone specimens, conducted 
the analytical procedures.  Our analytical techniques are “state of the art” and are 
constantly updated as new techniques become available.  Petrographic Consultants will 
promptly correct any errors of omission or fact upon notification by the client.  
Interpretations of analytical results are the sole responsibility of Petrographic Consultants 
International, Inc., and are subject to revision as new data become available. 

Methods 

Petrography 

Three sandstone samples to be examined were chosen by the petrographer and then cut 
with a diamond saw to expose fresh, flat surfaces.   A rectangular billet was cut out of 
each of the three samples with a diamond saw and mounted on a glass slide.  The 
mounted rocks were then ground to about 30 microns on a lapidary wheel; final polishing 
was completed with a fine lapidary lap by an automatic procedure and then by hand.  
Two of the thin sections were stained for identification of potassium feldspar by 
sequential etching over hydrofluoric acid and staining in barium chloride and sodium 
cobaltinitrate (Bailey and Stevens, 1960).  Plagioclase feldspar, although present, was not 
stained, for, in the experience of the author, this stain is unreliable.  The sections were 
also stained with a mixture of Alizarin red-S and potassium ferricyanide for identification 
of calcite and ferroan carbonates (Dickson, 1966).  For clarity of examination under the 
petrographic microscope, the thin sections then were covered with a very thin glass cover 
slip, which was adhered to the sample surface by epoxy. 

Thin sections were examined using a Leica Ortholux II petrographic microscope.  Color 
photomicrography was done using a Nikon Coolpix 5000 automatic digital camera 
mounted on top of the petrographic microscope.  Photomicrographs were calibrated by 
use of an E. Leitz Wetzlar stage micrometer with a 0.01 mm graduated scale.  Point 
counts of the two stained thin sections were made by inserting the thin section into a thin 
section holder, which was attached to the microscope stage.  The holder was adjusted so 
that the slide would move in increments adjusted to the grain size (approximately one 
increment per grain) of the samples so that the modal analyses would be representative of 
the samples.  Minerals at the points were recorded on a Lab-Count Denominator. 

Point counts consisted of 300 points per thin section.  Folk (1974) recommended for 
purposes of statistical accuracy that at least 300 points are necessary to reflect the 
mineralogy of a sample in a modal analysis.   
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Methods 

Petrography (cont.) 

Holes in sandstone are called “pores”.  The pores in this sandstone are secondary pores 
created by the leaching of feldspar and rock fragments.  These pores are generally no 
larger than the size of the original feldspar grain or rock fragment (~0.10 to 0.20 mm).   
Although Folk (1974) recommends that up to 1,000 points in pores be counted per thin 
section to most accurately assess the amount of porosity, this amount of point-counting is 
cost prohibitive.  Furthermore, when porosity consists of very small moldic pores formed 
by grain dissolution as in this study, the percentage of porosity acquired from 300 grain-
pore counts is close enough to the true porosity to be statistically meaningful.  

X-ray Diffraction 

Sandstone #2, was analyzed by X-ray powder diffraction for total mineralogy and for 
clay mineralogy.  The sample was first ground with a ball mill to a fine powder.  For the 
total mineral analysis, the powder was firmly packed into a holder and scanned by X-ray 
diffraction with Cu Ka radiation at a rate of 1o two-theta/minute over an angular range of 
4o to 60o.  For the <3 micron particle analysis, the powder was centrifuged at 1000 rpm 
for 120 seconds to remove the >3 micron fraction.  An oriented clay-size mount for X-ray 
diffraction was made by transferring some of the suspended <3 micron material to a  
25 mm diameter glass plate.  The material was then allowed to evaporate.  The clay 
sample on the glass slide was scanned at a rate of 1o two-theta/minute over an angular 
range of approximately 4o to 32o.  In both analyses, minerals present in amounts >5% are 
detected. 
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Petrography of Sandstone 
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Sample 1.  Quartzarenite 

Description of sandstone in thin section:  Moderately well sorted; “tight” sandstone 
with concavo-convex and long contacts between quartz grains; comprised of mainly 
quartz and altered rock fragments; very little feldspar; moldic porosity. 

Framework Minerals 

Nonopaque 

Quartz – Fine to medium grained; many grains have quartz overgrowths, especially when 
against other quartz grains. 

K-feldspar – Angular; very fine grained; one. 

Chert – Fine grained; subrounded. 

Siltstone rock fragment – Fine grained; subrounded; trace. 

Metamorphic rock fragment – Fine grained; mica and quartz; subrounded; trace. 

Muscovite – Colorless; 2nd order birefringence; micaceous; 0.1 to 0.5 mm long; common. 

Biotite – Reddish (oxidized); micaceous; partly altered to chlorite; common. 

Chlorite – Colorless; 1st order birefringence; up to 0.5 mm long; alteration of biotite. 

Opaque 

Magnetite – Black; subrounded; very fine grained; disseminated; trace. 

Accessory Minerals 

Tourmaline – Well rounded; 2nd order birefringence; pleochroic; blue and brown grains; 
fine grained; trace. 

Zircon – Colorless; rounded; high birefringence; very fine to fine grained; trace. 

Garnet – Clear; subrounded; isotropic; very fine grained; trace. 
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Sample 1  (cont.) 

Matrix 

Quartz overgrowths – Thin; cement many quartz grains together. 

Clay – Illite, chlorite, and perhaps kaolinite; iron oxide stained; on edges of vugs and in 
grains. 

Iron oxides – Orange-red; in biotite and chlorite; common. 

Discussion:  Leaching may have destroyed feldspar grains. 
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    Sandstone sample 1.  Quartz (Q) with overgrowths (og), rock 
    fragment, sedimentary rock fragment (srf).  XP, 100x, FL 1.0 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Sandstone sample 1.  Quartz with overgrowth (o) and large vug. 
    Note how some quartz overgrowths extend into pore throats. 
    XP, 100x, FL 1.0 mm. 
 
 
 
 
XP = Crossed polarizers. 
100x = Magnification. 
FL = Long dimension of image. 
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Sample 2.     Quartzarenite 

Description of sandstone in thin section:  Very fine to medium grained; angular to 
subangular; close packed (long and concavo-convex contacts); quartz grains are locally 
welded by quartz overgrowths; many rock fragments are oxidized and altered to clay; 
fresh, twinned plagioclase; disseminated moldic porosity. 

Framework Minerals 

Quartz – Subangular; where quartz grains are touching, grains are welded into adjacent 
quartz grains via their overgrowths. 

Plagioclase – Twinned; fresh; angular; fine grained; larger peak on X-ray diffractogram 
than K-feldspar. 

K-feldspar – A small peak is present on the X-ray diffractogram. 

Muscovite – Colorless; 2nd order birefringence; micaceous cleavage; fresh; common. 

Biotite – Dark; micaceous cleavage; oxidized; common. 

Chert – Subrounded; medium grained; trace. 

Altered rock fragments – Dark; minerals are obscured by a mixture of iron oxides and 
clay; some are composed of micas and may be metamorphic; others appear to be very 
fine grained igneous rock fragments. 

Accessory Minerals 

Nonopaque 

Zircon – Colorless; high birefringence; rounded; very fine to fine grained; disseminated. 

Garnet – Colorless; isotropic; rounded; pock-marked surface; very fine grained; 
disseminated. 

Tourmaline – Blue and brown pleochroic grains; well rounded; very fine grained; trace 
(<six). 

Opaque 

Magnetite – Opaque; subrounded; fine grained; disseminated; trace. 



11 

Sample 2 (cont.) 

Matrix 

Quartz overgrowths – Colorless; thin; cement many quartz grains together. 

Kaolinite – Dark due to iron oxide stain; on and in K-feldspar grains. 

Illite – Dark; clay size; stained by iron oxides; on grain rims; alteration product of rock 
fragments. 

Chlorite – Iron stained; individual grains and alteration product of biotite. 

Iron oxides – Dark brown; clay size; on grain rims and in grains; abundant. 

Pyrite – Opaque; euhedral (cube); very fine grained; one; (secondary). 

Discussion:  This is a solid, well-cemented sandstone, despite having some clay 
alteration within grains and rock fragments.   Leaching may have destroyed many 
potassium feldspars.  Moldic pores are grain size and isolated in two dimensions (plane 
of the thin section). 

X-ray diffraction analyses:  Clay minerals present are chlorite, illite, and kaolinite.  The 
relative abundance of clay minerals cannot be known without more analyses.  Framework 
minerals are quartz, plagioclase (two types), and K-feldspar. 
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        Sandstone sample 2.  Plagioclase feldspar (Pf), which is twinned; 
          quartz (Q) and chert grain (Ch).  XP, 100x, FL 1.0 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Sandstone sample 2.  Colorful muscovite grain and quartz grain 
         with quartz overgrowths (Qo).  XP, 100x, FL 1.0 mm. 
 
 
 
XP = Crossed polarizers. 
100x = Magnification. 
FL = Long dimension of image. 
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Sample 3.    Quartzarenite 

Description of sample in thin section:  Fine- to medium-grained quartz and altered rock 
fragments; more feldspar grains than samples 1 and 2; “tight” sandstone; micaceous; 
heavy minerals extend along 0.5 mm thick bedding plane (see images); less porosity than 
1 and 2. 

Framework Minerals 

Nonopaque 

Quartz – Subangular; many quartz overgrowths. 

Chert – Subrounded; fine grained; disseminated (~1%). 

K-feldspar – Untwinned and twinned; angular; fine grained; fresh; several grains seen in 
thin section. 

Plagioclase – Twinned; angular; fine grained; fresh; several grains. 

Siltstone – Subrounded; fine grained; composed of quartz and mica; trace. 

Metamorphic rock fragments – Micaceous; subrounded; fine grained. 

Biotite – Reddish (oxidized); micaceous; medium grained; common; sub parallel to other 
mica grains. 

Muscovite – Clear; 2nd order birefringence; micaceous; up to 0.25 mm long; common. 

Chlorite – Colorless; some individual grains. 

Accessory Minerals 

Zircon – Colorless; subrounded; 3rd order birefringence; ~25 microns; disseminated and 
in heavy mineral lamina. 

Tourmaline – Brown; pleochroic; subrounded; very fine to fine grained; disseminated and 
in heavy mineral lamina. 

Garnet – Colorless; isotropic; high relief; rounded; <20 microns; disseminated. 

Rutile – Golden yellow; 0.1 mm in diameter; one angular grain. 
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Sample 3  (cont.) 

Accessory Minerals (cont.) 

Opaque 

Magnetite – Black; subrounded; very fine to fine grained; disseminated; trace. 

Matrix 

Quartz overgrowths – Thin; most weld quartz grains together when grains are adjacent; 
some project into pores; common. 

Clay – Clay-size particles of illite and kaolinite occur in rock fragments and around the 
edges of pores; chlorite is an alteration product of biotite. 

Iron oxides – Orange-brown; clay size; alteration product of biotite, chlorite, and other 
iron-bearing minerals; common. 

Discussion:  Although this sample has more feldspar and fewer pores than samples 1 and 
2, it would still be classified as a quartzarenite if point counted. 
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   Sandstone sample 3.  Heavy minerals (x) along a bedding plane or 
   lamina.  Most of these grains are zircon, tourmaline, or garnet.  Dark areas 

 are altered grains or iron oxides in pores.  PPL, 250x, FL 430 microns. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Sandstone sample 3.  K-feldspar — notice low (gray) birefringence 
  and angularity/cleavage. Dark areas are quartz grains at extinction. 
  XP, 250x, FL 430 microns. 
 
 
PPL = Crossed polarizers. 
100x = Magnification. 
FL = Long dimension of image. 
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 Modal Analyses 

Sandstone Classification1 

Sample 1.  Quartzarenite 

Quartz + chert  96.40 % 
K-feldspar   0.30% 
Rock fragments  3.30% 

Sample 2.  Quartzarenite 

Quartz + chert  94.40% 
Feldspar  1.40% 
Rock fragments  4.20% 

1Folk (1974). 

Mineral 
(1) 

Percent 
      (2)   
   Percent 

Quartz  81.26 84.38 
Chert 0.23 0 
K-feldspar 0.23  0.90 
Plagioclase 0  0.31 
Rk. frg. unk 2.71  3.75 
Siltstone 0.23 0 
Muscovite 0.23  0.31 
Biotite 1.81  0.31 
Qtz og. 5.19  5.31 
Clay 2.71  2.81 
Iron oxides 1.34  0.31 
Pores 4.06  1.56 
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Terracon Consultants , Inc.   1901 Sharp Point Drive, Suite C  Fort Coll ins, Colorado  80525 
P  [970] 484-0359  F  [970] 484-0454     www.terracon.com 

June 2, 2014 

MWH Americas, Inc. 
3665 JFK Parkway, Suite 206 
Fort Collins, Colorado  80525 

Attn: Mr. Jason M. Cumbers, P.E. 
P:  (970) 377-9410 
E:  jason.cumbers@mwhglobal.com 

Re: Laboratory Test Results for Limestone Riprap 
Sequoyah Fuels Corporation Testing 
Gore, Oklahoma 
Terracon Project No. 20146308 

Terracon Consultants, Inc. (Terracon) has completed the laboratory testing services for the 
project referenced above.  These services were performed in general accordance with the 
Change Order No. 1 (dated May 13, 2014) and Master Consulting Services Subcontract (dated 
January 19, 2012).  A total of seven (7) 5-gallon bucket samples of limestone riprap were 
shipped   directly   from   Sequoya   Fuels   in  Gore,   Oklahoma   to   Terracon’s   office   in   Fort   Collins, 
Colorado.  A brief description of the requested laboratory testing procedures and details 
associated with each test performed for this project are presented below.  Test results are 
summarized in the attached Physical Properties of Riprap report. 

Impact Hammer Testing for Rock 

Terracon performed laboratory testing to determine the rebound hardness number of rock 
material using a spring-driven steel impact hammer (Schmidt Hammer) in general accordance 
with ASTM D5873.  The specimen selected for rock hardness testing consisted of a block of 
limestone riprap with rough  dimensions  of  approximately  5”  by  6”  by  6”.  Prior to performing our 
testing, a smooth surface was cut on one side of the block using a wet mason saw.  The block 
was allowed to dry at room temperature for three days prior to performing rock hardness testing.  
The impact hammer used to perform our testing consisted of an ELE Model #35-1475.  The 
block was secured in a v-block and ten tests were conducted on the prepared face of the riprap 
sample in Position B (vertical).  Testing was performed in our laboratory with an ambient air 
temperature of about 71 degrees Fahrenheit.  A correction factor of 1.0 was applied to the 
average rebound hardness number, HR which was determined to be 65. 

Los Angeles Abrasion 

A portion of the riprap sample was also subjected to Los Angeles Abrasion testing which was 
performed in general accordance with ASTM C535.  After visual representative sample 
selection and crushing to the required size fractions utilizing a single-jaw laboratory crusher, 





Physical Properties of Riprap 1901 Sharp Point Drive, Suite C
Fort Collins, Colorado   80521
Tel:  (970) 484-0359
Fax:  (970) 484-0454

Client Name: MWH Americas, Inc. Project No.:  Date of Report: 2-Jun-14
Address: 3665 JFK Parkway, Suite 206 Sample I.D.# or Description: 

Fort Collins, Colorado  80525 Sequoyah Fuels Corporation Testing
Attn: Mr. Jason M. Cumbers, P.E.

Project Name: Sequoya Fuels Corporation Testing
Location: Gore, Oklahoma

Soil-Aggregate Type:
Sampled By: Client Date: 23-May-14 Proposed riprap materials
Submitted By: Client Date: 23-May-14 Reviewed By: Eric D. Bernhardt, P.E.

Construction Materials Dept. Manager

Sieve Analysis, ASTM C136 Test Standards are ASTM unless otherwise indicated w/ "T" designation
X Passing Specification Specifi-

Sieve Retained Test Standard Results cation
Size Fineness Modulus C125

% Accumulative Min. Max. Rebound Hardness Number, HR D5873 65

6" Lightweight Pieces, % C123
5" LA Abrasion, % Grade 1 C535 29
4" Sodium 2-1/2 to 2 in. C88
3" Sound- 2 to 1-1/2 in. C88

2-1/2" ness 1-1/2 to 1 in. C88
2" % 1 to 3/4 in. C88

1-1/2" Absorption, % C127 0.6
1" Specific Bulk (Dry) C127 2.679

3/4" Gravity Bulk (SSD) C127 2.695
1/2" 4" Apparent C127 2.727

3/8" Absorption, % C127 0.9
#4 Specific Bulk (Dry) C127 2.680
#8 Gravity Bulk (SSD) C127 2.703

#10 3" Apparent C127 2.744

#16 Absorption, % C127 0.6
#20 Specific Bulk (Dry) C127 2.670
#30 Gravity Bulk (SSD) C127 2.687
#40 2" Apparent C127 2.717

#50 Absorption, % C127 0.7
#80 Specific Bulk (Dry) C127 2.670
#100 Gravity Bulk (SSD) C127 2.684
#200 -2"+3/4" Apparent C127 2.715

Comments:

Copies to: Addressee (via e-mail)

20146308

1.8

2.7

Soundness Testing - Terracon was not provided with the full grain-size distribution for the rirap materials delivered to 
our office.  Terracon can provide weighted calculations if provided with the grain-size distribution test results, upon 
your request.  Refer to attached letter dated 6/2/2014 for additional information.

RIPRAPPROP Sequoyah Fuels (5-23-14)


