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1. Introduction
The Honeywell Metropolis Works (MTW) facility, owned by Honeywell and operated by Honeywell's Performance
Materials and Technologies division, is located approximately two miles northwest of downtown Metropolis,
Illinois. The facility historically has managed calcium fluoride (CaF2) material generated during the treatment of
wastewater by storage in surface impoundments (referred to as "ponds" by the facility) under its Resource
Conservation and Recovery Act (RCRA) permit. Because uranium is used at the facility, the site and ponds are
regulated under a U.S. Nuclear Regulatory Commission (NRC) license.

A plan to decommission four ponds at the MTW Facility by in-place solidification and engineered cover was
submitted to the Nuclear Regulatory Commission (NRC) in 2010 (Source Material License SUB-526). As described
in the engineering report included in the decommissioning plan (CH2M HILL, 2010), durable rock riprap is
proposed to prevent long-term erosion of the berms, drainage ditches, and cover systems. An estimated volume
of 30,000 cubic yards of 12-inch D50 riprap is needed for the project.

The NRC sets high quality standards regarding the durability of riprap used for armouring storage facilities, which
are described in NUREG 1623, Design of Erosion Protection for Long-Term Stabilization (NRC 2002). The document
specifies durability lab testing for prospective rock sources, and associated scoring criteria to demonstrate rock
quality and durability. Only the most resistant rock types should be used to ensure erosion protection for a design
life of 1,000 years or, if not reasonably achievable, then at least 200 years.

This report documents the riprap durability evaluation performed for the MTW Facility pond closure in
accordance with the NRC guidance. The information herein is consistent with Honeywell's discussions with NRC
staff on February 9 and March 8, 2012.

This report includes the following sections:

" Preliminary Quarry Source Evaluation (Section 2)
* Riprap Sampling and Testing (Section 3)
" Riprap Durability Evaluation (Section 4)
" Conclusions (Section 5)

This report discuss the potential riprap source locations considered and presents the evaluation of the proposed
source material for the riprap using methods established by NRC.

1.1 Potential Riprap Source Locations
The Cypress and Rosiclare quarries were preliminarily evaluated as potential riprap sources. Each is located within
40 miles of the MTW Facility and actively produces aggregate and riprap for such clients as the Illinois Department
of Transportation and the U.S. Army Corps of Engineers. The formation being mined at each site is Mississippian in
age or older. The rock includes limestone, dolomite, chert, shale, and sandstone. The exposed rock in each quarry
consists, from top to bottom, of about 10 feet of the Aux Vases formation, 135 feet of the St. Genevieve
formation, and 10 feet of the St. Louis Formation.

The St. Genevieve and St. Louis formations are the primary sources of riprap and consist of limestone, sandstone,
and shale. The limestone in the St. Genevieve formation is mostly white to light gray, cross-bedded, oolitic and
fossiliferous packstone and grainstone. Some chert is present, typically light gray to bluish gray and, when found
as float, commonly shows bioclastic and oolitic texture. The St. Louis formation consists of limestone and is
predominantly medium gray, dense lime mudstone that contains abundant chert nodules and breaks with
conchoidal fracture. Thinner intervals of fossiliferous wackestone and packstone and, rarely, oolitic grainstone,
are present. Chert, largely dark gray to black and vitreous, is abundant.

The Cypress Quarry was selected for further evaluation based on observations made during preliminary site visits
in September 2011 (to both quarries) which included an assessment of the mineralogy of the rock, bedding
planes, partings, and structural features that could affect the quality of the riprap being produced. Also, it is closer
to the MTW facility than the Rosiclare Quarry.
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1.2 Summary of Riprap Durability Evaluation
Fifteen representative block samples were collected from the operating face of the Cypress Quarry in December
2011. Laboratory durability tests were selected in accordance with NRC (2002). The following durability tests were
conducted on seven representative riprap samples in early 2012:

* Relative density (specific gravity), ASTM C 127
* Absorption, ASTM C 127
* Sulfate soundness, ASTM C 88
* Los Angeles abrasion, ASTM C 535 (100 and 1,000 revolutions)
* Rebound hardness, ASTM D 5873
* Petrographic examination, ASTM C 295

The test results were scored using methods presented in the NRC guidance documents. They are presented in
Section 4 of this report.

1.3 Conclusions
NUREG 1623 provides riprap durability requirements for critical areas, defined as areas that are frequently
saturated, all channels, poorly drained toes of aprons, control structures, and energy dissipation areas. A riprap
source must meet the following scoring requirements for use in critical areas:

* Score of 80 to 100-Source accepted, and no oversizing of D50 required.

* Score of 65 to 80-Source accepted, but oversize using factor of (80 - rating), expressed as a percent increase
of the D5 0 required.

* Score Less Than 65-Source rejected.

Riprap is produced at the Cypress Quarry from the upper, middle, and lower benches. The upper and lower
benches of the quarry meet the durability requirements for critical areas established by the NRC (riprap quality
scores of 75 to 89 in the samples tested), and the quarry is capable of producing enough riprap to meet the needs
of the project from the two benches without modification to current operations. The upper part of the middle
bench, which contains oodolic limestone, will not meet durability requirements for riprap in critical areas as
established by the NRC (riprap quality scores of 52 to 90 percent in the samples tested).

Quality assurance procedures will be implemented during closure to ensure the following:

* Only source rock from the upper and lower benches will be used for the project.

* Source rock from the lower bench will be oversized to meet the design requirements for use in critical areas.

* Overburden soil and Aux Vases sandstone will be completely stripped or removed before mining the upper
bench.

* Rock from the middle bench will be fully removed or segregated within the quarry before subsequent rounds
of blasting of the upper or lower bench takes place.

2. Preliminary Quarry Source Evaluation
Two operating limestone quarries were identified as potential sources of riprap based on preliminary screening
criteria. Shawnee Stone, LLC, operates Cypress Quarry near Cypress, Illinois. Martin Marietta Materials in
Shetlerville, Illinois, operates Rosiclare Quarry (Figure 1). Initial site visits were conducted in September 2011. The
preliminary evaluations were performed to select one quarry for a more detailed evaluation.

2.1 Preliminary Quarry Selection
Quarries were selected for further consideration based on the following preliminary qualitative screening criteria:

0 Quarry is within a 1-hour drive of the MTW Facility.

COPYRIGHT 2012 CH2M HILL



RIPRAP DURABILITY EVALUATION: CYPRESS QUARRY

* Quarry has sufficient capacity to produce the FIGURE 1

required riprap quantities. Site Location: Cyress Quarry
* Quarry produces rock types that would Rosiclare

potentially meet NRC durability requirements. .a y

The Cypress and Rosiclare quarries satisfy the
preliminary screening criteria. Site visits were then
performed at each quarry. A ' Q

2.2 Quarry Descriptions and Site
Visit Observations e M y

Honeywell MVITW Fatit

2.2.1 Cypress Quarry

Cypress Quarry is located about 0.7 mile south of
Cypress, Illinois, on the east side of Illinois Highway
37 (Figure 2). Cypress Quarry operates a multi-bench C C"

pit that mines three different ledges of limestone, all
from the St. Genevieve and St. Louis formations. It is a

bounded on the south by a rail line, and is being
advanced to the north and partially to the east. The FIGURE 2

quarry is now owned Shakespeare Oil Co., Inc., and Cypress Quarry Site Location
is operated under the name Shawnee Stone, LLC.
Harry C. Temple, John W. Shakespeare, and James A.
McCarty founded Shakespeare Oil Co., Inc., in 1950. /
Historic photographs indicate that quarrying at the
site started in the early to mid-1930s.

The quarry has three active benches: upper (25 feet '

thick), middle (70 feet), and lower (50 feet). The -- ,-
lower bench was being actively mined during the A Cypress Quarry

site visit conducted in September 2011. The blasting
pattern had a vertical hole spacing of about 14 by 16
feet, and extended about 300 feet along the ..
advancing headwall (Photo 1). Half casts were
present in the rock mass after the shot and were I
evident throughout the quarry (Photo 2). The half
casts indicate not only how well the drill holes are
being loaded but also the durability of the rock, if it is friable, and the plane in which the rock will tend to fracture.

The shot rock was blocky and mostly free of planes of weakness. Visual inspection of the rock surface showed low
porosity associated with the rock mass. Stylolites were present in the rock blocks, but they were widely spaced and
infrequent and did not appear to be planes of weakness (Photo 3).

The upper, middle and lower benches are part of the St. Genevieve formation which is roughly 135 feet thick. Ten
feet of the lower bench is part of the St. Louis formation and visible from the floor of the quarry. The St. Louis
formation contains an abundance of chert nodules ranging from an inch up to several inches in diameter (Photo 4).
Only a small fraction of the formation-about 10 feet-is being mined.

No geologic structures were observed in the headwall other than about 15 significant bedding planes and limited
vertical jointing of the rock.

2.2.2 Rosiclare Quarry

Rosiclare Quarry is located about 0.5 mile west of the intersection of Illinois Highways 34 and 146 on the south
side of the road, and about 4 miles west of Rosiclare (Figure 3). It is bounded on the east by 115 East Road and on
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the west by Highway 34 and is currently being FIGURE 3
Site Location: Rosiclare Qa

advanced to the South. The quarry is owned and S

operated by Martin Marietta Materials, the
second largest aggregate producer in the United
States. It typically produces and sells 500,000
tons annually of construction aggregate and id Q iar..

agricultural limestone. Rosiclare Quarry
operates a multi-bench pit that mines three
different ledges (upper, middle, and lower
benches) of limestone for different applications.

Martin Marietta Materials had recently shot
part of the middle bench, which is part of the St.
Genevieve formation (Photo 5). The blasting
pattern had a vertical hole spacing of about 12
by 14 feet, and extended along the headwall for
about 500 feet. There were no signs of half casts
in the shot face, and the rock was heavily
jointed and highly fractured (Photo 6). The shot rock pile consisted of rock having a diameter less than 24 inches,
with most less than 12 inches (Photo 7).

Stylolites in the rock blocks were observed frequently in the shot rock pile and in the other stockpile locations
around the quarry, but they did not appear to be planes of weakness (Photo 8).

The St. Louis Formation is visible at the bottom of the quarry. The formation contains many chert nodules ranging
from 1 to 2 inches in diameter.

No significant geologic structures were observed in the headwall of the quarry, other than about 10 distinct
bedding planes and vertical jointing of the rock.

2.3 Geologic Setting
The rock mined at the Cypress and Rosiclare quarries is part of the same formation formed more than 330 million
years ago, and thus of Mississippian age or older. The rock includes limestone, dolomite, chert, shale, and
sandstone. The bedrock at each site was overlain by younger Cretaceous sediments about 70 to 80 million years
ago. In general, the rock dips regionally to the north-northeast from about ½A to 5 degrees. Jointing in the rock
mass generally is vertical to nearly vertical, trending dominantly north-south and northeast-southwest. A
northwest-southeast fracture set is locally developed.

The exposed rock in each quarry consists, from top to bottom, of about 10 feet of the Aux Vases formation,
135 feet of the St. Genevieve formation, and 10 feet of the St. Louis Formation. The Aux Vases formation consists
mainly of sandstone, shale, and limestone. The sandstone is variably light gray, tan, greenish gray, and purplish
red, very fine- to fine-grained, slightly micaceous, well-sorted quartz arenite. It is commonly described as being
calcareous or leached, and porous on weathered outcrops. The shale is greenish to olive-gray, platy, and fissile.
Lenses or interbeds of oolitic and sandy limestone are present. The lower contact with the St. Genevieve
formation can be gradational to erosional.

The St. Genevieve formation consists of limestone, sandstone, and shale. Limestone is mostly white to light gray, cross-
bedded, oolitic and fossiliferous packstone and grainstone. Less common is dark gray to brownish gray fossiliferous
wackestone and lime mudstone. Chert is light gray to bluish gray and, when found as float, commonly shows bioclastic
and oolitic texture. Interbeds of sandstone and shale, similar to those of the Aux Vases, occur in the upper part. The
lower contact with the St. Louis formation is transitional and usually defined by the presence of chert nodules.

The St. Louis formation consists of limestone and is dominantly medium gray, dense lime mudstone that contains
abundant chert nodules and breaks with conchoidal fracture. Thinner intervals of fossiliferous wackestone and
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packstone and, rarely, oolitic grainstone are present. Chert, largely dark gray to black and vitreous, is abundant.
The lower contact was not observed. Figure 4 depicts the bedrock mapping of each site.

FIGURE 4
Bedrock I Site
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2.4 Literature Review
The site manager of the Cypress Quarry provided laboratory testing results and a report on rock samples
previously tested for the U.S. Army Corps of Engineers. The laboratory testing results and summary reports were
reviewed for relevant information. The FMR, Inc. report titled, Petrographic Examination, US Army Corps of
Engineers, Shawnee Stone, Cypress Quarry Erosion Control Stone Samples LL-D (Lower Level-Dark Colored) dated
November 2009 and the Bowser-Morner report titled, Laboratory Analysis of Five Rip-rap Specimens, USACE
Erosion Control Stone, Shawnee Stone-Cyprus Quarry dated 2010 were reviewed and provided a basis for initial
evaluation of the riprap at the Cypress Quarry as a potential source.

The mineralogy of the stone analyzed in each of the reports was indicative of the rock observed in the quarry in
the area of interest. The quarry stone principally is micritic limestone but has zones of argillaceous limestone

5
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dolomitic and oodolitic limestone with trace amounts of chert. It was determined that the chert constituent
would not affect the quality of the riprap. No shale or other deleterious constituent materials were observed. The
report stated that the lower bench and the lower level of the middle bench are of good quality for use as
erosional control. The upper level of the middle bench is of poor quality for erosion control. It should be noted
that samples from the upper bench were not collected for testing in 2009 or 2010, since the upper bench was not
actively being mined at the time.

Neither report specified the precise locations of the samples, but based on conversations with the site manager,
the samples were collected from the present headwall and are representative of what is now exposed in the face.
This is consistent with the observation made on the initial field reconnaissance in the quarry, where visible bands
of light colored oodolitic limestone were present in the upper part of the middle bench but were not observed in
the upper bench, lower part of the middle bench, or the lower bench. Therefore, it was determined that the FRI
and Bowser-Morner laboratory reports were representative of the rock observed at the site and that rock from
the north headwall may be suitable for use as riprap for the MTW Facility. Riprap durability scoring was not
possible using the existing data, since the location of the reported samples was not documented and not all
testing recommended in NUREG 1623 was completed.

2.5 Quarry Selected for Laboratory Testing
A recommendation was made to further evaluate the Cypress Quarry and to collect representative samples of
each bench for laboratory testing to determine the durability of the source rock. This decision was based on
observations made at the Cypress and Rosiclare quarries, proximity to the project site, and evaluation of available
documents and laboratory testing. The recommendation specified that five carefully documented and
representative samples be collected from each bench.

3. Riprap Sampling and Testing
CH2M HILL conducted a second site visit to the Cypress Quarry in December 2011 to collect representative
samples from each bench for evaluation and laboratory testing. Samples were documented in the field and
shipped to the Geotechnical Services, Inc. (GSI), laboratory in Wichita, Kansas, for durability testing.

3.1 Sample Collection
Representative rock samples were collected from each bench at Cypress Quarry. A quarry employee operated a
man basket that provided access to the entire face of the headwall. Each bench was carefully reviewed so that
representative samples could be collected from each bench. The following key features were considered:

* Color of the rock, suggesting differences in the mineralogy
* Partings in the rock, identifying potential zone of weakness
* Pervasiveness of rock types both horizontally and vertically in the formation

After evaluating the headwall, five representative samples were selected from each bench and labeled UB-X for
upper bench samples, MB-X for middle bench samples, or LB-X for lower bench samples. An additional three
samples were collected from a historic (inactive) mining face at the quarry (labeled OLD-X). Each sample was
described briefly and then prepared for shipment to GSI's laboratory for laboratory durability testing (Photo 9).

The conditions of each bench observed during sample collection are described below.

3.1.1 Upper Bench

The upper bench of the quarry is part of the St. Genevieve formation. It is about 25 feet thick and consists of a
light brown to olive gray micritic, fossiliferous limestone (Photo 10). The rock mass is horizontally bedded and
dominated by vertical or near vertical jointing. There are no signs of stylolites. No other significant structural
features were noted in the formation. The upper bench is overlain by the Aux Vases formation and overburden.

6
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3.1.2 Middle Bench

The middle bench of the quarry is part of the St. Genevieve formation. It is about 70 feet thick and can be
described as banded with alternating sequences of light and dark colored limestone (Photo 11). The upper layer
consists mainly of a light gray, argillaceous dolomitic and oolitic limestone with dark gray to black stylolites, but
the stylolites do not appear to be planes of weakness based on observations of the shot rock. The darker bands
consist of medium gray fossiliferous limestone. The rock mass is horizontally bedded and contains widely space
vertical or near vertical jointing. No other significant structural features were noted in the formation.

3.1.3 Lower Bench

The lower bench of the quarry is part of the St. Genevieve and St. Louis formations. It is about 50 feet thick and
consists of a medium dark gray fossiliferous limestone containing sporadic chert nodules and infrequent dark gray
to black stylolites, but did not appear to be planes of weakness based on observations of the shot rock (Photos 12
and 13). The rock mass has widely spaced horizontally bedded and occasional vertical or near vertical jointing. No
other significant structural features were noted in the formation.

3.2 Laboratory Testing
Laboratory testing of the samples was based on guidance provided in NUREG 1623. Durability testing was completed
on 7 of the samples collected from the upper, middle and lower benches of the Cypress Quarry in March 2012
(Photos 14 through 16). Samples were selected on the basis of variation in each bench. Laboratory testing included
specific gravity, absorption, sulfate soundness, Los Angeles abrasion, and hardness. Table 1 summarizes the
laboratory test results. Appendix B contains the complete laboratory testing report.

TABLE 1
Laboratory Testing Results

Sample Specific Gravity Absorption (%) Sodium Sulfate (%) LA Abrasion, 100 rev (%) Schmidt Hammer

Middle Ledge (MB-2) 2.69 1.4 0.2 5 57

Middle Ledge (MB-3) 2.70 0.28 3 5 65

Middle Ledge (MB-4) 2.66 3.88 1.3 7 48

Note: Values based on laboratory testing conducted by GSI on samples collected from the Cypress Quarry on December 15, 2011.

The sulfate soundness test (ASTM C 88) indicates the soundness of the rock to withstand deterioration from
weathering conditions. Samples were sawn from the slabs to comprise the test sample. A magnesium sulfate
solution was used during the evaluation. Five cycles of immersion and drying were conducted per the standard.
Calculations were made to determine the percentage of material loss from the slabs.

The relative density (specific gravity) and absorption determinations (ASTM C 127) indicate the porosity of the
rock and resistance to water movement. Samples were immersed in water, mass was determined in air and under
water, and the samples were dried to a constant mass. Calculations were made to determine the relative density,
percent absorption, and dry density of the material.

The Los Angeles abrasion test (ASTM C 535) indicates resistance to degradation of the rock from abrasion,
attrition, impact, and grinding. Samples were sawn from the slabs to comprise the test sample. Twelve steel
spheres were enclosed in the rotating drum during the test per the standard. Tests were performed to 100 and
1,000 revolutions. This was done to permit comparison with scoring criteria in NUREG 1623 (which is based on
100 revolutions), as well as to comply with the ASTM standard (recommends 1000 revolutions). The No. 12 sieve

7
COPYRIGHT 2012 CH2M HILL



RIPRAP DURABILITY EVALUATION: CYPRESS QUARRY

was used to determine the amount of degraded material loss from the test. Calculations were made to determine
the percentage of degraded material loss.

The petrographic examination (ASTM C 295) was conducted to determine the physical and chemical
characteristics of the stone; to describe and classify the constituents of the stone; to determine relative amounts
of constituents that have a bearing on the performance of the stone as erosion protection material; and to
compare the sample with results of previously examined samples and sources.

4. Riprap Durability Evaluation
This section discusses the durability of the riprap based on results from field observations and laboratory testing
for the Cypress Quarry.

4.1 Rock Durability Based on Field Observations
As noted, the rock face and rock shot from the headwall were inspected to determine bedding planes, planes of
weakness, and other structural features that may affect the durability or sizing of the rock when excavated. Other
observations include signs of mineralization that may affect durability.

Removal of roughly 300 feet of the lower bench took place while on site. Observations were made as to condition of
the headwall following the shot, size of rock following the shot, composition of the rock, and the plane at which the
rock tended to break. It was very difficult to find any rock block with regular surface features that would suggest that
the stylolites present were a plane of weakness (Photo 3). Several rock blocks contained thin discolored bands that
blend into the surrounding stone surface that may have been stylolites. Occasionally, a stone was found with a hint
of dolomitic claylike material or very thin stylolites staining on a stone surface. The shot rock was blocky and mostly
free of planes of weakness. Visual inspection of the rock surface showed low porosity associated with the rock mass.
Stylolites were present in the rock blocks, but they were infrequent and widely spaced.

The St. Louis formation is visible from the floor of the quarry. The formation contains abundance chert nodules
i to 2 inches in diameter (Photo 4). Only a small fraction of the formation, about 10 feet, is being mined. No geologic
structures were observed other than about 15 significant bedding planes and limited vertical jointing of the rock.

4.2 Rock Durability Based on Laboratory Testing
Laboratory testing was completed in accordance with NUREG 1623. Procedures used for testing were in
accordance with applicable ASTM methods, as discussed in Section 3.

Results of the laboratory testing presented in Table I were scored using the NUREG 1623, Table D-1, Scoring
Criteria for Determining Rock Quality (Figure 5). The quality scores for each sample (for each test and overall
score) are presented in Table 2.

Appendix D of NUREG 1623 provides riprap durability requirements for critical areas, defined as areas that are
frequently saturated, all channels, poorly drained toes of aprons, control structures, and energy dissipation areas.
A riprap source must meet the following scoring requirements for use in critical areas:

* Score of 80 to 100-Source accepted and no oversizing of D50 required.

" Score of 65 to 80-Source accepted, however oversize using factor of (80-rating), expressed as a percent
increase of the D50 required.

" Score Less Than 65-Source rejected.
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FIGURE 5
Scoring Criteria for Determining Rock Quality, from NUREG 1623, Table D-1

Table D-1. Scoring criteria for determining rock quality.

Weighting Facer Score
Laboratory

Tt Lima- SOW.lnen 10R 9 8 7 6 5 4 1 3 2 1£ 0
stone stone Good Fair Poor

Sp. Uravity 12 6 9 2.75 2.70 2.65 2.60 2.55 2.50 2.45 2.40 2.35 2.40 2.

Absorl'glon,•% 13 5 2 .10 .30 .50 .67 .83 1.0 1.5 2.0 2.5 3.0 3.5

Sodium 4 3 II 1.0 3.0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0
Sulfate. %

UA Abrasion I 8 1 1.0 3.0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0
(100 revs). %I

Schnidt I 1 13 3 70 65 60 54 47 40 32 24 16 8 0
Hammer

I. Scores were derived ftom Tables 6.2,6, and 6V7 of NURE ./CR-2642- "Long.Term Survivability of Riprap ftr Armoring Uranium Mill Tailings and
Covers: A Lterature Review," 1982.

2. Weighting Factors are derived from Table 7 of Petrographi Investigatiols of Rock Durability and Comparisons of Various Test Procedures,- by 0. W.
DuPuy, Pgeefing July 1965. Weighdng bactors are based on Inverse of ranking of test methods for each rock type. Other tests may be used;
weighting factors for these tests may be derived using 7wo 7. by counting upwiad from the bottom of the table.

3. Test methods should be siandardized. If a stanlard test Is avallable and should be those used In NURMICR-2642. so that proper correlations can be made.

TABLE 2
Riprap Source Rock Quality Scoring: Cypress Quarry

Sample Specific Gravity Absorption Sodium Sulfate LA Abrasion (100 rev) Schmidt Hammer Overall Score

Middle Ledge (MB-2)

Middle Ledge (MB-3)

Middle Ledge (MB-4)

88%

90%

82%

42%

91%

100%

90%

99%

80%

80%

68%

75%

90%

61%

71%

90%

52%0%

Note: Values based on laboratory testing conducted by GSI on samples collected from the Cypress Quarry on December 15, 2011.

NUREG 1623 identifies noncritical areas as an area that is occasionally saturated, top slopes, side slopes, and well
drained toes and aprons. Acceptance of a riprap source must meet the following scoring requirements:

" Score of 80 to 100-Source accepted and no oversizing of D50 required.

" Score of 50 to 80-Source accepted, however oversize using factor of (80-rating), expressed as a percent
increase of the of D50 required.

* Score Less Than 50-Source rejected.

Scoring showed the upper and lower benches to be suitable sources of riprap for use in critical areas. Riprap from
upper ledge would not require oversizing, but that from the lower bench would require an increase of about
5 percent in D50.

The middle bench could be considered a riprap source for noncritical areas, but because of the higher variability in
the test results and field observations for the middle bench, and sufficient quantities available from the lower and
upper benches, the middle bench rock will not be used.
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4.2.1 Petrographic Analysis

Six samples-LB-3, LB-5, MB-3, MB-4, MB-5, and UB-1-underwent petrographic examinations to provide geologic
descriptions for the rock and to identify potentially deleterious properties.

The rock mass generally is a light to dark gray fossiliferous limestone exhibiting textural and compositional
variations. It appeared to be hard and durable based on the results from the petrographic analysis. However, the
petrographic examination confirmed observations made in the field and results from previous laboratory testing
that the middle bench would not be a suitable source for riprap in critical areas. Samples from the middle bench
were oolitic and dolomitic limestone. Trace amounts of gypsum and several subparallel stylolites were observed
in samples from the middle bench. Sample UB-1 from the upper bench was identified as having a seam consisting
of quartz, dolomite, and other clay-sized minerals. The durability of the rock will not likely be affected by the
presences of this seam, since it consists mainly of quartz and calcite.

4.2.2 X-Ray Diffraction

X-ray diffraction was performed on samples UB-1, MB-4 and LB-3. The purpose was to determine the mineral
composition of the rock and identify potentially deleterious properties. Results of x-ray diffraction confirm that
the rock is composed of calcium carbonate with some dolomite and small amounts of quartz. Feldspar was noted
in samples UB-1 and LB-3. Sample LB-3 contained a small amount of pyrite and several different clay minerals.

It is rare for limestone to contain pure calcite, pure dolomite, or a pure mixture of the two. Limestone typically
contains a variety of accessory minerals of which quartz, chert, clay, and pyrite are among the most common. The
degradation of a rock often is caused by clay minerals, which are present in the rock from its origin. The exact
percentage and type of clay minerals cannot be determined from x-ray diffraction, but based on the
diffractograms for LB-3, it appears that the clay fraction makes up a relatively small constituent of the overall
sample and will likely not affect the durability of the rock mass. This is borne out by the durability testing
completed as part of this study and specifically the LA abrasion testing, in which larger clay content would tend to
result in a higher percentage loss of material following the test.

4.3 Natural Analogs
A review of natural analogs was performed to obtain evidence of long-term resistance to weathering. According
to NRC's guidance in NUREG 1757 Volume 2, Appendix P, evidence of resistance to weathering can be both direct
and indirect.

Direct evidence of long-term resistance was identified in the Cypress Quarry, where mining operations commenced
in the early to mid-1930s. Quarrying started at the south end of the property and extended to the north. Field
observations of the south wall of the quarry (Photos 17 and 18) were made looking for signs of mining activity, such
as half cast from drilling and blasting or other tooling marks. No specific tooling marks were identified on the south
wall, but the rock face was overgrown with vegetation with moss and lichen covering some of the face. The edges of
the rock were sharp and did not appear to be rounded, suggesting resistance to weathering (Photos 19 and 20).
Historical photos of the site were compared with features at the site looking for traces of weathering (Photos 21 and
22), but no such signs were easily defined. Half casts identified in the west wall of the quarry, which was mined in
the 1950s, were fresh and showed no visible signs of weathering (Photo 23). Based on observations made at the
quarry and historical photos, the formation has been resistant to weathering for more than 80 years.

Because of the absence of substantial quantitative weathering rate studies for the limestone, NRC's guidance in
NUREG 1757 notes that indirect evidence of resistance to weathering can add confidence in the durability and
slow weathering of rock types selected for long-term erosion protection.

An example of indirect evidence is the limestone grooves found at Kelleys Island, in the western basin of Lake Erie.
The striations were formed during the glacial period when massive ice sheets from Canada advanced into Ohio.
Evidence of the glaciers can be seen in the grooves and striations in the island's limestone bedrock. The limestone
reportedly is dolomitic in nature, gray to brown, with massive bedding. The upper 60 percent of the formation is
fossiliferous, gray limestone, whereas the lower 30 percent is brown dolomitic limestone. It was formed during
the Devonian Period 350 to 410 million years ago (Snow, 1991). The exact composition of the limestone is not
10
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RIPRAP DURABILITY EVALUATION: CYPRESS QUARRY

reported, but the rock at the Cypress Quarry has a similar depositional history and is from the Mississippian
Period (325 to 350 million years) and is described as being dolomitic in nature.

Since the rock is similar in composition to the Cypress Quarry, the large tract of grooves, 15 feet deep and 35 feet
wide, are indicative of resistance to weathering over 10,000 years. Studies of the groves have show signs of
chemical weathering of the rock but have been limited to beds consisting of crinod stems and other fossils that
have been weathered out. In general, limited weathering in the range of 1 to 4 centimetres has taken place over
10,000 years (Snow, 1991). This suggests that the rock at the Cypress Quarry would be able to resist the effects of
weathering over thousands of years.

5. Conclusions
Based on the site visits, review of existing documents, and laboratory testing, we conclude the following:

* Durability test results and scores demonstrate acceptable physical properties of the limestone associated with
the upper and lower bench of the Cypress Quarry.

* Clay minerals are present in trace amounts, as are heterogeneities such as stylolites. However, these do not
pose a significant risk to the long-term durability of the riprap in the upper and lower benches.

" Historic areas of the Cypress Quarry show that the formations are resistant to weathering for more than 80
years.

* Indirect evidence from natural limestone analogues adds confidence that limestone weathering rates are slow
and that similar limestone has resisted weathering for thousands of years.

We conclude that the upper and lower bench limestone is durable and is expected to resist weathering and
associated size reduction for at least 1,000 years. We consider the upper and lower bench limestone and the
Cypress Quarry acceptable for use in the erosion controls at the Honeywell site.

Quality assurance procedures will be implemented during closure to ensure the following:

* Only source rock from the upper and lower benches will be used for the project.

* Source rock from the lower bench will be oversized to meet the design requirements.

* Overburden soil and Aux Vases sandstone will be completely stripped or removed before mining the upper
bench.

* Rock from the middle bench will be fully removed or segregated within the quarry before subsequent rounds
of blasting of the upper or lower bench takes place.
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Photographs



3. Stylolite in rock block at Cypress Quarry 4. Chart nodules in the St. Louis Formation at Cypress Quarry
7. Rock generated from shot rock at Rosiclare Quarry 8. Stylolite in rock block at Rosiclare Quarry
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Gc GI Geotechnical
Sup i Services, Inc.

Superior service .. practical solutions

4503 E. 47th St. S.
Wichita, KS 67210
(316) 554-0725 tel
(316) 554-0744 fax

www.gsinetwork.com

March 15, 2012

Mr. Robert Martin, P.E.
CH2M Hill
135 South 8451 Street, Suite 400
Milwaukee, WI 53214

Subject: Laboratory Test Summary
Cypress Quarry Riprap Durability Evaluation
Cypress, Illinois
GSI Project No. 127040

Dear Mr. Martin:

The Geotechnical Services, Inc. (GSI) laboratory received 18 limestone slab samples as
summarized in the table below. We have appended to this letter photographs of the slab samples
as delivered to our laboratory. We understand the results of this testing program will be used to
evaluate the durability of various rock ledges at the Cypress Quarry for use as rnprap materials.

We performed laboratory tests on 7 of the 18 slab samples as indicated below. The tested samples
were selected in coordination with CH2M Hill to provide a representative cross-section of the
various materials in the quarry. We have retained the untested samples for future testing.

Table 1: SamDles Collected &-Tested
smpi Vo TeWs Pedonue4 smpm iv TW& Petfamed*

LB-01 None

LB-02 None
LB-3 S, P,X
LB__4 None
LB-05 S, P
MB-01 None
MB-02 S
MB-03 S, P

MB-05 None
UB-01 S, P. X
UB-02 None
UB-03 None
UB-04 S
UB-05 None

OLD-01 None
OLD-02 None

MB-04 S,P, X OLD-03 None
*S--Standaid Tesftng, P-Pet rographic Analysis; X-X-ray DMf',ctton Analysis

For the purposes of this report, we have divided the testing into three categories: standard testing,
petrographic analysis, and X-ray diffraction analysis. Standard tests were performed in our Wichita
laboratory--which has been validated by the U.S. Army Corps of Engineers--by or under the direct
supervision our laboratory manager, Mr. John Schuller. Test results were also reviewed by the
laboratory quality assurance manager, Mr. Tom Kettler, P.E.
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Cypress Quarry Riprap Durability Evaluation
Cypress, Illinois

GSI Job No. 127040
March 15, 2012

Petrographic analyses were performed by American Petrographic Services, Inc. (APS) and X-ray
diffraction analyses were performed by the Materials Analysis and Research Laboratory (MARL) at
Iowa State University. We have appended copies of the reports of these analyses.

After documenting the as-received condition of the rock samples and performing rebound hammer
testing, we fractured the slabs to test size using a hammer and chisel. To best simulate the
behavior of riprap materials, we attempted to prepare test samples comprising the largest
gradations presented in each of the test methods.

We performed tests In general accordance with the following test methods:

" Specific Gravity/Absorption (ASTM C127, "Density, Relative Density (Specific Gravity),
and Absorption of Coarse Aggregate")

" Sodium Sulfate Soundness (ASTM C88, "Soundness of Aggregates by Use of Sodium
Sulfate or Magnesium SulfateF)

" LA. Abrasion (ASTM C535, "Resistance to Degradation of Large-Size Coarse Aggregate
by Abrasion and Impact in the Los Angeles Machine")

" Rebound Hardness (ASTM D5873, -Determination of Rock Hardness by Rebound
Hammer Methoof)

We determined the oven-dry/bulk (OD) specific gravity, specific gravity in the saturated surface dry
(SSD) condition, and the apparent specific gravity. Results of these tests as well as the rebound
number, HR, are presented in Table 2.

Table 2: LaboratoryTet Summary. Specific Grvity, Absrptin and Rebound Hardness
Speda GanwyfAbispt Rhbnd

Sm"ple ID Number,

OD SSD App. Abs HR

LB-3 2.65 2.66 2.87 0.31% 58

LB-5 2.63 2.65 2.89 0.85% 53

MB-2 2.59 2.63 2.69 1.40% 57

MB-3 2.68 2.69 2.70 0.28% 65

MB-4 2.41 2.50 2.66 3.88% 48

UB-1 2.63 2.64 2.65 0.30% 61

UB-4 2.70 2.71 2.72 0.28% 58

We performed sodium sulfate tests using fresh solution with aggregate sizes of 1 inch and 3A inch
(67 percent 1 inch and 33 percent 1% inch). Sodium sulfate soundness test results are presented
below In Table 3.
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Table 3: Laboratory Test Summary: Sodium Sulfate Soundness
bkidviduaW Low (%) Ahd. Weigh~d Low W TOM/

Sample V by Sieve Size by Sieve Size Weightd

1" 314" 1" 34# LOW(%)

LB-3 0.0 0.0 0.0 0.0 0

LB-5 0.3 2.0 0.2 0.7 1

MB-2 0.0 0.5 0.0 0.2 0

MB-3 3.4 2.1 2.3 0.7 3

MB-4 1.5 1.0 1.0 0.3 1

UB-1 0.0 0.0 0.0 0.0 0

UB-4 0.0 0.0 0.0 0.0 0

We initially performed the Los Angeles abrasion test on samples meeting the distribution of
Grading 1 as defined in Table 1 of ASTM C535. These samples were subjected to 1000
revolutions in the Los Angeles abrasion machine, as specified in ASTM C535. After reviewing the
results of these tests, CH2M Hill requested additional testing on the samples using 100 revolutions.
Because the amount of remaining sample was limited, the second group of samples meets the
distribution of Grading 2 as defined in Table 1 of ASTM C535. This gradation comprises smaller
aggregate particles. Los Angeles Abrasion test results are presented in Table 4.

Table 4: Laboratory Test Summry: Los Angeles Abrasion

L-A. Abraion, L.A. Abraon,
Sample VD % Low % Low

(1000 Rve) (100 Revs)

L8-3 35 4

LB-5 32 5

MB-2 42 5

MB-3 24 5

MB-4 39 7

UB-1 36 7

UB-4 25 3

B-3



tGSI "iM1W
Sueosverr fW-PraitA1 Whodtns

Cypress Quarry Riprap Durability Evaluation
Cypress, Illinois

GSI Job No. 127040
March 15,2012

Please contact our office if you have any questions on the enclosed, or if you would like further
information.

Respectfully submitted,
Geotechnical Services, Inc.

David A. Edwards, P.E.
Principal

)John Schuller
Laboratory Manager

DAEIJJS/tk

Enclosures (Petrographic Analysis Report; X-Ray Diffraction Report, Photographic Logs)

g:94obWvcha\12"12704cNab tst M W mimaiy.dom" x
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American
Petrographic
Services, Inc.

PETROGRAPHIC ANALYSIS OF ROCK

PROJECT:
MATERIAL CHECK

REPORTED TO:
GEOTECHNICAL SERVICES, INC.
4503 E 47TH STREET SWICHITA, KS 67210

ATTN: JOHN SCHULLER

APS JOB NO: 10-07442 DATE: MARCH 1, 2012

INTRODUCTION

This report presents the results of laboratory work performed by our firm on six rock samples
submitted to American Petrographic Services, Inc. (APS) by Mr. John Schuller of Geotechnical
Services, Inc. on February 14, 2012. We understand the samples represent a material proposed
for use as rip-rap. The scope of our work was limited to performing petrographic analysis testing
on the aggregate sample to provide a geological description of the material as well as identify
any potentially deleterious properties when it is used as rip-rap.

X-ray diffraction testing was also requested to be performed on samples LB-3, MB-4 and UB-1.
No other physical or chemical testing was requested or performed.

ORIGINAL DIMENSIONS

Sample Identification
LB-3
LB-5
MB-3
MB-4
MB-5
UB-1

Original Dimensions
220 mm (8-11/16") x 127 mm (5") x 70 mm (2-3/4")
250 mm (9-13/16") x 102 mm (4") x 60 mm (2-3/8")

139 mm (5-1/2") x 111 mm (4-3/8") x 90 mm (3-9/16")
220 mm (8-11/16") x 139 mm (5-1/2") x 76 mm (3")

185 mm (7-5/16") x 90 mm (3-9/16") x 90 mm (3-9/16")
235 mm (9-1/4") x 127 mm (5") x 67 mm (2-5/8")

TEST RESULTS

Our complete petrographic analysis test results appear on the attached data sheets. A summary of
our analysis and opinions are as follows:

550 Cleveland Avenue North I Saint Paul, MN 55114
Phone (651) 659-9001 I (800) 972-6364 1 Fax (651) 659-1379 I www.ampetrographic.com I AA"EEO
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1. In general, all samples were comprised of fossiliferous limestone exhibiting textural and
compositional variations, and appeared to be hard and durable. Samples MB-4 and MB-5
were comprised of oolitic limestone and dolomitic fossiliferous limestone, respectively
(detailed petrographic descriptions of all samples are attached separately).

2. All samples had relatively low porosity at approximately 1% or less.

3. Our petrographic work did identify a small amount of gypsum (less than 5%), several sub-
parallel stylolites in sample MB-5 and numerous seams comprised of clay-sized material
(most likely quartz or calcite) in sample UB-1. Unless an adequate service history exists for
these materials when used as rip-rap, APS would recommend further testing in the form of
freeze-thaw testing and wetting and drying testing per ASTM: D 5312 and ASTM: D 5313.

4. If the material is to be grouted with a portland cement-based product, we believe there is a
small chance for expansive alkali-silica reactivity due to the presence of secondary
chalcedony and very fine-grained quartz within the samples. Unless an adequate service
history exists for this material when used in the production of concrete, APS would
recommend further testing in the form of mortar bar expansion per ASTM: C 1260.

5. X-ray diffraction testing was conducted at Iowa State University; the results are attached as
a stand alone report.

TEST PROCEDURES

Laboratory testing was performed on February 16, 2012 and subsequent dates. The petrographic
analysis was performed on representative hand samples and in thin section. A total of six thin
sections were produced. A combination of stains was utilized to differentiate carbonate minerals.
Observations were made using a Nikon polarizing-light microscope with magnification up to
600x, Olympus stereozoom microscope with magnification up to 130x and a Keyence Digital
microscope with magnification up to 1000x. Testing was performed in accordance with
"Standard Practice for Evaluation of Rock to be Used for Erosion Control, ASTM: D4992
section 10" and APS Standard Operating Procedure 00 LAB 004, "Petrographic Examination of
Aggregates for Concrete, ASTM: C295."

Photographs are included to illustrate our work and conclusions.
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REMARKS

The test samples will be retained for a period of at least thirty days from the date of this report.
Unless further instructions are received by that time, the samples may be discarded. Potential
reactivity testing can be performed in our laboratories. The geologic services for this project
have been conducted in a manner consistent with that level of care and skill exercised by
members of the profession currently practicing this area under similar budget and time
constraints. The test results relate only to the sample tested. No warranty, express or implied, is
made.

If we can be of further assistance to you, please contact us.

Report Prepared by:
American Petrographic Services, Inc.

Blaie Lemcke, GIT
Petrographer

Report Reviewed by:
American Petrographic Services, Inc.

Sýcott W-olteP
President
MN License #30024
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00 LAB 004
PETROGRAPHIC EXAMINATION OF AGGREGATES. ASTM: C295

APS JOB NO:
SAMPLE ID:

10-07442
LB-3

DATE: 2-20-2012
PETROGRAPHER: B. Lemcke/A. Brewer

DESCRIPTION:

A medium gray to medium dark gray (Munsell rock colors N5 and N4) fossiliferous limestone. The rock is
further classified as a biomicrite to biosparite or grainstone according to the classification schemes by Folk and
Dunham, respectively. The rock has relatively low porosity (less than 1%). Allochems are comprised of fossils,
fossil fragments, ooids and intraclasts. Fossils (fragments) and allochems are sub-mm up to 4 mm in maximum
dimension and are comprised of calcite. Fossils (fragments) consist of foraminifera, bivalves, crinoids, and
coral. Allochems are cemented by calcitic micrite to spar. Quartz consists of sub-rounded to sub-angular, sand
to silt-sized detrital grains. Quartz is also present as chalcedony which partially replaces a few fossil fragments.

MINERALOGY: OPTICAL PROPERTIES:
MINERALS VOL(%)* COLOR BIREFRINGENCE RELIEF OTHER

occurs as detritus and
quartz 5-8 colorless low I" order low secondarytchald

secondary chalcedony

calcite 85-88 colorless high 3rd to 4 th order variable rock forming mineral

dolomite 4-5 colorless high 3rd to 4th order

muscovite trace colorless 2nd order

zircon trace colorless 3rd order
red,black,steel blue in

hematite trace opaque reflected light

pyrite trace opaque -brassy yellow in reflected
pyritetraeI opaque light

* Based on visual estimation of thin section
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00 LAB 004
PETROGRAPHIC EXAMINATION OF AGGREGATES. ASTM: C295

APS JOB NO:
SAMPLE ID:

10-07442
LB-5

DATE: 2-20-2012
PETROGRAPHER: B. Lemcke/A. Brewer

DESCRIPTION:

A light gray to medium light gray (Munsell rock colors N7 and N6) fossiliferous limestone. The rock is further
classified as a biomicrite or packstone according to the classification schemes by Folk and Dunham,
respectively. The rock has relatively low porosity (less than 1%). Allochems are comprised of fossils, fossil
fragments, and intraclasts. Fossils (fragments) and allochems are sub-mm up to 3 mm in maximum dimension
and are comprised of calcite. An approximately 2 mm thick calcite vein was present along a fractured edge of
the sample. Fossils (fragments) consist of foraminifera, bivalves, crinoids, and coral. Allochems are cemented
by calcitic micrite. Quartz consists of sub-rounded to sub-angular, sand to silt-sized detrital grains. Quartz is
also present as chalcedony which partially replaces a few fossil fragments and intraclasts.

MINERALOGY: OPTICAL PROPERTIES:
MINERALS VOL(%)* COLOR BIREFRINGENCE RELIEF OTHER

occurs as detritus and
quartz 5 colorless low SI order low sedarytchal d

secondary chalcedony

calcite 85-88 colorless high 3rd to 41h order variable rock forming mineral

dolomite 5-8 colorless high 3 to 4th order variable
red,black,steel blue in

hematite trace opaque .... refle c ted lght
reflected light

pyrite trace opaque brassy yellow in reflected
light

* Based on visual estimation of thin section
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00 LAB 004
PETROGRAPHIC EXAMINATION OF AGGREGATES, ASTM: C295

APS JOB NO:
SAMPLE ID:

10-07442
MB-3

DATE: 2-20-2012
PETROGRAPHER: B. Lemcke/A. Brewer

DESCRIPTION:

A medium light gray to medium gray (Munsell rock colors N6 and N5) fossiliferous limestone. The rock is
further classified as a biosparite or grainstone according to the classification schemes by Folk and Dunham,
respectively. The rock has relatively low porosity (less than 1%). Allochems are comprised of fossils, fossil
fragments, ooids and intraclasts. Fossils (fragments) and allochems are sub-mm up to 3 mm in maximum
dimension and are comprised of calcite. Fossils (fragments) consist of foraminifera, bivalves, crinoids, and
coral. Allochems are cemented by calcite spar. Quartz consists of sub-rounded to sub-angular, sand to silt-sized
detrital grains and commonly as ooid nuclei. Quartz is also present as chalcedony which partially replaces a few
fossil fragments. A few dark gray seams, ranging from sub-mm up to 1 mm in thickness are present. The seams
appear to be comprised of sand to silt-sized, sub-rounded detrital quartz and clay-sized material (most likely
quartz or calcite).

MINERALOGY: OPTICAL PROPERTIES:
MINERALS VOLN%)* COLOR BIREFRINGENCE RELIEF OTHER

occurs as detritus and
quartz 2-3 colorless low 1St order low sedarytchald

secondary chalcedony

calcite 95-98 colorless high 3rd to 4th order variable rock forming mineral

hematite trace opaque -- redblacksteel blue in
reflected light

pyrite trace opaque brassy yellow in reflected
light

* Based on visual estimation of thin section

B-I0



00 LAB 004
PETROGRAPHIC EXAMINATION OF AGGREGATES, ASTM: C295

APS JOB NO:
SAMPLE ID:

10-07442
MB-4

DATE: 2-20-2012
PETROGRAPHER: B. Lemcke/A. Brewer

DESCRIPTION:

A mottled white to light gray (Munsell rock colors N9 to N7) oolitic limestone. The rock is further classified as
an oosparite or grainstone according to the classification schemes by Folk and Dunham, respectively. Oolites
range from sub-mm up to 1 mm in diameter and are primarily comprised of calcite. Oolite nuclei are comprised
of intraclasts, fossil fragments and rarely quartz. Oolite lamellae exhibit concentric micritized lamellae and
radial fibrous calcite. Other allochems present include: calcitic intraclasts, peloids and fossil fragments. Fossil
fragments consist of coral and bivalves. Fossil fragments ranged from sub-mm up to 8 mm in maximum
dimension. Several, sub-parallel, approximately 1 mm thick stylolites are present with a maximum amplitude of
approximately 10 mm. Stylolites appear to be comprised of dolomite, gypsum, sub-rounded sand to silt-sized
detrital quartz and clay-sized material (most likely quartz or calcite).

MINERALOGY: OPTICAL PROPERTIES:
MINERALS VOL(%)* COLOR BIREFRINGENCE RELIEF OTHER

quartz 1-2 colorless low 1 St order low detrital

dolomite 2-3 colorless high 3rd to 4th order variable euhedral

calcite 90 colorless high 3rd to 4ih order variable

gypsum 4-5 colorless 1S order low

hematite trace opaque black in reflected light

pyrite trace opaque brassy yellow in reflected
light
reddish brown in reflectediron-oxide trace opaque light

* Based on visual estimation of thin section
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00 LAB 004
PETROGRAPHIC EXAMINATION OF AGGREGATES, ASTM: C295

APS JOB NO:
SAMPLE ID:

10-07442
MB-5

DATE: 2-29-2012
PETROGRAPHER: B. Lemcke/A. Brewer

DESCRIPTION:

A light gray to medium light gray (Munsell rock colors N7 and N6) fossiliferous, dolomitic limestone. The rock
is further classified as a biomicrite or packstone according to the classification schemes by Folk and Dunham,
respectively. The rock has relatively low porosity (less than 1%). Allochems are comprised of fossils, fossil
fragments, and intraclasts. Fossils (fragments) and allochems are sub-mm up to 3 mm in maximum dimension
and are comprised of calcite. A few relatively large bivalves are present that are approximately 20 mm in
maximum dimension. Fossils (fragments) consist of foraminifera, bivalves, crinoids, and coral. Allochems are
cemented by calcitic micrite. Quartz consists of sub-rounded to sub-angular, sand to silt-sized detrital grains.
Quartz is also present as chalcedony which partially replaces a few fossil fragments and intraclasts.

MINERALOGY: OPTICAL PROPERTIES:
MINERALS VOL(%)* COLOR BIREFRINGENCE RELIEF OTHER

occurs as detritus and
quartz 5-8 colorless low 1S order low sedarytchald

-secondary chalcedony

calcite 70-75 colorless high 3rd to 4th order variable rock forming mineral

dolomite 15-20 colorless high 3rd to 4th order variable
red,black,steel blue in

hematite trace opaque .... refle c ted lght
reflected light

pyrite trace opaque -brassy yellow in reflected
light

* Based on visual estimation of thin section
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00 LAB 004
PETROGRAPHIC EXAMINATION OF AGGREGATES, ASTM: C295

APS JOB NO:
SAMPLE ID:

10-07442
UB-1

DATE: 2-20-2012
PETROGRAPHER: B. Lemcke/A. Brewer

DESCRIPTION:

A light brownish gray to olive gray (Munsell rock colors 5YR 6/1 to 5Y 4/1), micritic, fossiliferous limestone.
The rock is further classified as a biomicrite or mudstone according to the classification schemes by Folk and
Dunham, respectively. The rock has relatively low porosity (less than 1%). Fossil fragments are less than 1 mm
in maximum dimension and are comprised of calcite consisting of bivalves and coral that float in a matrix of
micritic calcite. Numerous dark gray anastomosing seams, ranging in thickness from less than 1 mm up to 5 mm
in thickness are present. The seams appear to be comprised of sand to silt-sized, sub-rounded detrital quartz;
dolomite and clay-sized material (most likely quartz or calcite).

MINERALOGY: OPTICAL PROPERTIES:
MINERALS VOL(%)* COLOR BIREFRINGENCE RELIEF OTHER

quartz 2-3 colorless low 1 st order low occurs as detritus

muscovite trace colorless 2nd order moderate

dolomite 5 colorless high 3rd to 4th order variable

calcite 85-90 colorless high 3rd to 4 th order variable rock forming mineral

hematite trace opaque .... black in reflected light

pyrite 2-3 opaque - brassy yellow in reflected
_________ __________ _________________light

reddish brown in reflectediron-oxide trace opaque light

* Based on visual estimation of thin section
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APS #: 10-07442
PROJECT: MATERIAL CHECK

DATE: MARCH 1,2012

SAMPLE ID: LB-3 DESCRIPTION: Sample as received.

SAMPLE ID: LB-5 DESCRIPTION: Sample as received.
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APS #: 10-07442
PROJECT: MATERIAL CHECK

DATE: MARCH 1,2012

SAMPLE ID: MB-3 DESCRIPTION: Sample as received.

SAMPLE ID: MB-4 DESCRIPTION: Sample as received.
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APS #: 10-07442
PROJECT: MATERIAL CHECK

~i

DATE: MARCH 1, 2012

SAMPLE ID: MB-5 DESCRIPTION: Sample as received.

SAMPLE ID: UB-I DESCRIPTION: Sample as received.

B-16



APS #: 10-07442
PROJECT: MATERIAL CHECK

DATE: MARCH 1,2012

SAMPLE ID:
MAG:

LB-3
10ox

DESCRIPTION: View of fine-grained chalcedony within partially silicified intraclast
(gray, white and black colors) in thin section of fossiliferous limestone under cross polarized
light.

SAMPLE ID:
MAG:

LB-5 DESCRIPTION: View of fine-grained chalcedony within partially silicified fossil
10ox fragment (gray, white and black colors) in thin section of fossiliferous limestone under cross

polarized light.
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APS #: 10-07442
PROJECT: MATERIAL CHECK

DATE: MARCH 1,2012

SAMPLE ID:
MAG:

MB-3
40x

DESCRIPTION: General view of fossiliferous limestone in thin section under plane
polarized light.

SAMPLE ID:
MAG:

MB-3
10ox

DESCRIPTION: View of fine-grained chalcedony within fossil fragment (gray, white
and black colors) in thin section of fossiliferous limestone under cross polarized light.
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APS #: 10-07442
PROJECT: MATERIAL CHECK

DATE: MARCH 1,2012

SAMPLE ID:
MAG:

MB4
30x

DESCRIPTION: Polished section of oolitic limestone showing undulating stylolite.

SAMPLE ID:
MAG:

MB4
40x

DESCRIPTION: View of gypsum (yellow arrows) generally following a stylolite in thin
section of oolitic limestone under cross polarized light.
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APS #: 10-07442
PROJECT: MATERIAL CHECK

DATE: MARCH 1,2012

SAMPLE ID:
MAG:

MB-5 DESCRIPTION: Typical view of fossiliferous dolomitic limestone showing fossil
40x fragments, intraclasts, dolomite and detrital quartz in thin section under plane polarized light.

Note calcite has been stained red color with alizarin red-S.

SAMPLE ID: UB-1 DESCRIPTION: Polished section of micritic fossiliferous limestone showing several
seams comprised of clay-sized material (most likely quartz and calcite) including a relatively
thick seam on the left side of the sample.
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APS #: 10-07442
PROJECT: MATERIAL CHECK

DATE: MARCH 1,2012

SAMPLE ID:
MAG:

UB-1
200x

DESCRIPTION: Magnified view of seam (dark brown color) which appears to be
comprised of quartz, dolomite and clay-sized material (most likely quartz or calcite) in thin
section of micritic fossiliferous limestone under plane polarized light.

SAMPLE ID:
MAG:

UB-1 DESCRIPTION: Same view as above under cross polarized light.
200x
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IOWA STATE UNIVERSITY
OF SCIENCE AND TECHNOLOGY

Office of Biotechnology
Materials Analysis and Research Laboratory
23 Town EnRineering
Aines, IA 50011-3232
Phone: 515 294-8752
FAX: 515 294-4563
http :/ -iwww marl.iastateedti

Report of X-ray Analysis
Client: Scott Wolter, American Petrographic Services, Inc.

Samples: APS10-07442
P0 No. 1190

Contract No.: 1000

Date Received: 02/20/2012

Report Date: 02/24/2012

Instrument set up: SIEMENS D 500 X-ray diffractometer (XRD)
Cu X-ray tube operated at 45kV and 30mA
Diffracted beam monochromater
Medium resolution slits (0.15' detector slit)

Sample Preparation: Three samples were received for analysis (see
Table 1). The samples were all 1" to 2" nominal size rock
fragments. The samples were crushed and then ground to a fine
powder using a SPEX shatterbox. The finely-ground powder was
back-packed into a circular specimen holder for x-ray analysis.

Table 1. Description of samples received for the project.
Sample Name Description

1 UB-1 Large rock fragment
2 MB-4 Large rock fragment
3 LB-3 Large rock fragment

Results: The results of the XRD studies are given below (see
Figures 1 through 3, the minerals identified in the diffractograms
are summarized at the bottom of the figures). Note that the
intensity axis (y-axis) of the diffractograms has been plotted on
a square-root scale to enhance the observation of weak peaks.

Summary: All three samples were carbonate rocks. All three were
primarily composed of calcium carbonate (Calcite) with some
Dolomite. Small to moderate amounts of a-quartz were also noted in
the diffractograms. The 3.2A peak suggests the presence of
feldspar in UB-I and LB-3. Sample LB-3 also appeared to contain
pyrite plus several different clay minerals.

Analysis Approved:

Dr. Scott Schlorholtz, Scientist - MARL
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igure 1. X-ray diffractogram of the sample denoted as UB-1.
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Figure 2. X-ray diffractogram of the sample denoted as MB-4.
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APS1 0-07442, LB-3, bulk powder
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Figure 3. X-ray diffractogram of the sample denoted as LB-3.
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PHOTO #1

VIEW: Bulk rock
samples as shipped.
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PHOTO #1

VIEW: Sample LB-1

PHOTO #2

VIEW: Sample LB-02

GSI
Geotechnical Services, Inc.
4503 E 47th Street South
Wichita, KS 67210
(316) 554-0725
www.gsinetwork.com

Cypress
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PHOTO #3

VIEW: Sample LB-03

PHOTO #4

VIEW: Sample LB-04

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois

MG. #: N/A
GE: 3/23/2012S I

IRAWO ey: DAETM J
PROJECTMGR.: JJS

Geotechnical Services, Inc.
4503 E 47th Street South
Wichita, KS 67210
(316) 554-0725
www.gsinetwork.com

I
Photographic Log Page 3
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PHOTO #5

VIEW: Sample LB-05

PHOTO #6

VIEW: Sample MB-01

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois
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PHOTO #7

VIEW: Sample MB-02

PHOTO #8

VIEW: Sample MB-03

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois

I Photographic Log Page 5
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PHOTO #9

VIEW: Sample MB-05

PHOTO #10

VIEW: Sample UB-01

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois
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PHOTO #11

VIEW: Sample UB-02

PHOTO #12

VIEW: Sample UB-3

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois
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PHOTO #13

VIEW: Sample UB-04

PHOTO #14

VIEW: Sample UB-5

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois

MCALE: N/A
MwG. 9: N/A
TG: 3/23/2012S I

PRAwO M.: DAE
PROJECTMOR.: JJS

Geotechnical Services, Inc.
4503 E 47th Street South
Wichita, KS 67210
(316) 554-0725
www.gsinetwork.com

I
Photographic Log Page 8
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PHOTO #15

VIEW: Sample Old-01

PHOTO #16

VIEW: Sample Old-02

Geotechnical Services, Inc.
,4503 E 47th Street South

Wichita, KS 67210
(316) 554-0725G S www.gsinetwork.com
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PHOTO #17

VIEW: Sample Old-03

PHOTO #18

VIEW: Sample UB-3
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PHOTO #19

VIEW: Sample LB-3
gradation 2 for 100
revolution LA Abrasion
sample.

PHOTO #20

VIEW: Sample LB-05
gradation 2 for 100
revolution LA Abrasion
sample.

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois
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PHOTO #21

VIEW: Sample MB-02
gradation 2 for 100
revolution LA Abrasion
sample.

PHOTO #22

VIEW: Sample MB-03
gradation 2 for 100
revolution LA Abrasion
sample.

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois

Photographic Log Page 12
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PHOTO #23

VIEW: Sample MB-04
gradation 2 for 100
revolution LA Abrasion
sample.

I

PHOTO #24

VIEW: Sample UB-01
gradation 2 for 100
revolution LA Abrasion
sample.

Cypress Quarry Riprap Durability Analysis
Cypress, Illinois
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PHOTO #23

VIEW: Sample UB-04
gradation 2 for 100
revolution LA Abrasion
sample.
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