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1.0 INTRODUCTION

This Pre-Design Studies Report summarizes pre-design studies (PDS) conducted at the Church
Rock Mill Site (Mill Site) in preparation for the Northeast Church Rock (NECR) Mine Removal
Action (RA), which consists of removal of mine soil and waste materials and placement in a
repository constructed at the Mill Site. The Mill Site is located approximately 16 miles northeast
of Gallup, NM, as shown on Figure 1-1, Site Location Map. Figure 1-2, Regional Map, shows
the location of the Mill Site and the NECR Mine Site, which is located approximately one-half
mile northwest of the Mill Site. The Mill Site features are shown in Figure 1-3, Church Rock Mill
Site Layout.

The PDS described in this report were conducted in accordance with the Northeast Church
Rock Mine Site Removal Action, Volume I: Pre-Design Studies Work Plan, Church Rock Mill
Site (MWH, 2013), hereafter referred to as the Work Plan. The scope and objectives of the PDS
were described in the Work Plan. The goal of the PDS was to collect pre-design data necessary
to design the RA in accordance with the proposed performance standards and United States
Environmental Protection Agency’s Region 9 (USEPA) Action Memorandum: Request for Non-
Time Critical Removal Action at the Northeast Church Rock Mine Site (Action Memo) (USEPA,
2011a) and the USEPA Region 6’s Proposed Plan (USEPA, 2012) and the Record of Decision
(ROD) for the United Nuclear Corporation (Church Rock Mill Site) Surface Soil Operable Unit
National Priorities List Site (USEPA, 2013).

1.1 REPORT BACKGROUND

As part of the pre-design data needs evaluation, MWH identified the major RA design elements
and reviewed available site data. The existing data were evaluated for completeness with
respect to the level of detailed information necessary to design each element of the RA. MWH
(2013) identified data needs and presented field sampling plans to obtain the data necessary for
design of the RA. This PDS report is one of two separate reports for the NECR RA, and
describes results of the PDS conducted at the Mill Site. Results of the PDS conducted at the
NECR Mine Site will be submitted separately.

1.2 REPORT OBJECTIVES AND SCOPE

The overall PDS objective was to collect data necessary to design the RA. This report
summarizes the sampling activities and results of the PDS investigation at the Mill Site, as well
as results of previous investigations at the Mill Site. Specifically, this report presents the
following information:

e A summary of previous investigations conducted at the Mill Site
e A summary of the PDS performed at the Mill Site and results of the investigations
¢ A narrative interpretation of PDS data and results for the Mill Site

Pre-Design Studies Report, Church Rock Mill Site October 2014
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The report contents include the following:

e Section 1 — Background and objectives

e Section 2 — Summaries of previous investigations and pre-design data needs
e Section 3 — Summary of the results of the PDS

e Section 4 — Conclusions and remaining data needs

e Section 5 — References

Laboratory data reports, drilling logs, and field photographs documenting the PDS activities at
the Mill Site are included in the appendices.

Pre-Design Studies Report, Church Rock Mill Site October 2014
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2.0 INVESTIGATIONS CONDUCTED AT THE MILL SITE

As part of the pre-design data needs evaluation, MWH identified major RA design elements and
reviewed available data for the Mill Site, specifically data related to the tailings impoundment.
MWH evaluated geotechnical, geological, and hydraulic data for the tailings and underlying
materials in the vicinity of the repository for mine spoils proposed as part of the RA. Specifically,
the tailings data were evaluated with respect to the placement of mine spoils on top of the
reclaimed tailings impoundment, in order to develop a focused PDS geotechnical investigation
program. Section 2.1 summarizes previous investigations conducted at the Mill Site.

2.1 SUMMARY OF PREVIOUS INVESTIGATIONS

Several geotechnical investigations have been conducted at the Mill Site since operation of the
tailings impoundment began in 1977. A memorandum summarizing existing information about
available borrow materials, tailings and underlying alluvium, and the Zone 3 Sandstone in the
area of the impoundment is included in Appendix A1. The following paragraphs summarize the
sources of material specific information for the Mill Site.

2.1.1 Borrow Materials

MWH identified 19 boreholes previously drilled in or near the East and West Borrow Areas.
These include ten boreholes in the East Borrow Area (Sergent, Hauskins & Beckwith (SHB),
1978b and Civil Systems Inc. (CSl), 1980) and eight boreholes in or near the West Borrow Area
(SHB, 1978a and CSI, 1980). Borrow material was later excavated from these areas and used
for construction of the existing tailings impoundment cover. These areas were subsequently
sampled and characterized (post-excavation) in 2008. These borrow areas are under
consideration for repository cover material, and a MWH borrow characterization memorandum
for these areas is provided in Appendix A2.

A topsoil stockpile containing approximately 20,000 cubic yards (cy) of material exists on UNC
property west of Highway 566 and south of the UNC offices. Dwyer Engineering, LLC
summarized the available geotechnical information for the site in 2012, which included limited
geotechnical test data for the topsoil stockpile from 2008. These results are provided in the
memorandum in Appendix A3.

2.1.2 Tailings

The preliminary geotechnical investigation for the tailings impoundment was conducted in 1974
(SHB, 1974). A subsequent geotechnical investigation in 1978 (SHB, 1978a) included drilling
boreholes through the embankment and through the tailings within the impoundment. In 1979,
UNC conducted a stability and integrity assessment of the tailings dam, which included
information about the interior dikes and the south cell (SHB, 1979). Additional boreholes were
drilled through the tailings impoundment in the Central Cell, in Borrow Pit No. 1, and in the

Pre-Design Studies Report, Church Rock Mill Site October 2014
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South Cell in 1985. These borehole logs are included as attachments to a UNC memorandum
(UNC, 1986) and the geotechnical data is partially summarized in the impoundment
Reclamation Plan (Canonie, 1991). Interim stabilization of the Central Cell was completed in
1991, and a series of shallow boreholes were drilled in the Central Cell in 1992 (UNC, 1993).
These boreholes appear to have been drilled through the interim cover surface. The 1992
tailings data is included in Appendix B of the Central Cell Final Reclamation As-Built Report
(Canonie, 1995). A more detailed summary of historical tailings investigations and results is
included in Appendix A1.

2.1.3  Alluvium

The SHB investigations (SHB, 1974, 1976, 1978a, 1978b, 1979) include laboratory testing of
more than 200 samples of alluvium taken from the vicinity of the North and Central Cells. A
summary of historical investigations and properties of the alluvium beneath the tailings is
included in Appendix A1.

2.2 PRE-DESIGN STUDIES

Following USEPA approval of the PDS work plan in 2013, the field portion of the PDS was
conducted at the Mill Site from October through December 2013. PDS field activities at the Mill
Site consisted of surveying; cone penetration tests (CPTs); drilling, excavation and soil
sampling; characterization of existing site features and surrounding flora and fauna; and a
cultural resources survey. Specifically, the PDS included the following, which are described in
Section 3.0:

e Topographic survey of the impoundment cells and surrounding areas

e Geotechnical evaluation of tailings impoundment and underlying geologic units

e Borrow material investigation

¢ Volume and characteristics of on-site erosion protection materials

e Revegetation study

¢ Biointrusion evaluation

e Cultural resources survey

e Visual inspection and survey of branch swales and North Upstream Diversion Channel
o Debris inventory

e Soil analog studies (ongoing, results to be provided in a future addendum)

All activities were conducted in accordance with the Work Plan and the applicable SOPs
included in the Work Plan. Some minor changes were implemented due to field conditions, as
described in Section 3.0. Because excavation, drilling and CPT were conducted through the
existing tailings impoundment cover into and through the tailings, procedures were implemented
to minimize disturbance and radiological exposure, as well as to restore the cover system after
sampling was complete. These procedures are outlined in the Work Plan.

Pre-Design Studies Report, Church Rock Mill Site October 2014
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3.0 SUMMARY OF MILL SITE PRE-DESIGN STUDIES

A description of each PDS task and associated results are provided below.
3.1 TOPOGRAPHY

Cooper Aerial Surveys Co. (Tucson, AZ) completed an aerial survey to update topographic
information at the impoundment to an accuracy of 1 foot horizontally and 0.5 foot vertically.
Ground control survey data was also collected on 100-foot intervals along Pipeline Arroyo,
along the drainage swales on the existing cover, and in select locations along the north
upstream diversion channel. The drilling and CPT locations were surveyed after completion.
The figures provided in this report include the updated topographic information.

3.2 GEOTECHNICAL EVALUATION OF TAILINGS IMPOUNDMENT AND UNDERLYING
UNITS

3.2.1 Cover Material

The existing tailings cover was sampled to evaluate the existing gravel admixture layer and
underlying radon barrier, as described in the sections below. Specifically, these evaluations
included geotechnical characteristics and volume of the existing gravel admixture layer and
remolded saturated hydraulic conductivity of the underlying radon barrier.

3.2.1.1 Summary of Field Investigation and Sampling

On November 12 and 13, 2013, Mill Site personnel excavated twelve test pits (CS-1 through
CS-12) on the existing tailings impoundment using a backhoe. The test pit locations are shown
on Figure 3-1, PDS Tailings Impoundment Sampling Locations. The test pits were 2.5 feet wide
(the width of the backhoe bucket) and ranged in length from approximately 4 to 6 feet.
Excavation depths ranged from 14 inches to 2 feet. The materials excavated from the test pits
were temporarily stockpiled on plastic sheeting. The table below summarizes the materials and
cover layer thicknesses encountered in each test pit.

Materials encountered during the excavation were logged, and photographs of the test pit walls
were taken. Photographs were also taken before and after each excavation. The test pit logs
are provided in Appendix B2, along with photographs of the open excavations and
representative photographs showing typical “before” and “after” conditions. Photographs
showing typical backhoe excavation and backfill compaction are also included in Appendix B2.

Ten of the test pit locations (CS-1 through 6 and CS-8 through 11), exhibited three distinct
material types. An upper, soft layer of sandy clay material was observed, ranging in thickness
from 3 to 8 inches. A bag sample of this material was collected at each test pit location. Below
the upper sandy clay layer, a layer of rock mulch was observed, ranging in thickness from 3 to 4
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inches. The rock consisted of crushed basalt ranging in size from 'z inch to 3 inches. Composite
bucket samples of the upper sandy clay and the rock mulch material were collected. The
combined sandy clay and rock mulch layer is considered the admixture layer of the existing
cover. Below the rock mulch layer, a clay material was encountered. This layer is considered
the radon barrier layer of the existing cover. The test pits extended between 13 and 20 inches
into the radon barrier, but did not extend through it. Bag samples and bucket samples of this
material were collected.

At CS-7, a rock mulch layer was not present. Only sandy clay was observed, extending from the
ground surface to the total excavation depth. Bag and bucket samples of the material were
collected. This test pit is outside of the tailings impoundment on undisturbed natural ground. At
CS-12, only the soft sandy clay material was observed. This material extended to a depth of 14
inches where sandstone bedrock was encountered. Both a bag sample and bucket samples
were collected at this location. This test pit is likely outside of the extent of tailings deposition.

After excavation, the stockpiled cover materials were placed back in the test pit and compacted
with the backhoe bucket and by wheel tracking with the backhoe. The final excavated area was
graded to match the surrounding area. A stake was placed at each test pit location for
subsequent gamma and location/elevation surveying. The radiological survey data is included in
Appendix C. The collected cover material samples were transported to the Mill Site office area
for storage and laboratory testing.

3.2.1.2 Laboratory Testing

Selected samples were submitted for geotechnical, analytical, and agronomic testing, in
accordance with the Work Plan. The laboratory testing results are summarized in Table 3-1,
Summary of Geotechnical Laboratory Data — Cover Samples and Table 3-2, Summary of
Agronomic and Analytical Laboratory Data — Impoundment Cover, Stockpiles, and Borrow
Areas. The data are provided in Appendix B1.

3.2.1.3 Volume and Composition of Admixture Material

The conceptual repository design includes the removal of the admixture material (combined
rock mulch and overlying sandy clay) from within the footprint of the repository for use in RA
construction. Based on the three conceptual repository alternatives, the repository footprint area
could range from approximately 55 to 70 acres.
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Summary of Cover Test Pit Depths and Layer Thicknesses

CS-1 24 8 3 11
CS-2 24 7 3 10
CS-3 24 3 3 6
CS-+4 24 6 4 10
CS-5 24 6 3 9
CS-6 24 4 3 7
CS-7 20 N/A N/A N/A
CS-8 28 4 4 8
CS-9 26 5 4 9
Cs-10 25 3 4 7
CS-11 24 6 3 9
CS-12 14 14 N/A N/A

Notes:
1. Radon barrier was encountered in test pits below the depth of the rock mulch.
2. Combined thickness of the upper sandy clay layer and rock mulch layer
3. N/A = material not encountered at the test pit location

The admixture material observed during the field excavations (including the upper sandy clay
and the rock mulch layer) ranged in thickness from 6 to 11 inches, with an average thickness of
approximately 8.5 inches. These values exclude the observations made at CS-7 and CS-12
where the rock mulch layer was not present. Using the range of repository footprint areas of 55
to 70 acres, and assuming an average admixture thickness of 8.5 inches, the corresponding
volume of admixture material excavated from the existing cover would range from approximately
63,000 to 80,000 cubic yards.

The excavated admixture material would be comprised of mixed sandy clay soil and crushed
basalt rock. Based on laboratory gradation testing, the average soil/rock mixture would be
comprised of approximately 60 percent soil and 40 percent rock (by dry weight) and the rock
fraction would consist of 1/4-inch to 3-inch crushed basalt material. The fines content of the soil
fraction of the mixture would be approximately 57 to 73 percent and would be low-plasticity clay.

3.2.1.4 Rock Quality Scoring of Gravel in Impoundment Cover Admixture Layer

Gradations were conducted on samples of the soil-rock admixture layer of the existing
impoundment cover. The median diameter (D5, value) of the samples tested (CS-2, CS-6, and
CS-9) ranges from 0.1 to 13 mm (less than or equal to 0.5 inches). The gravel fraction of these
samples was then evaluated for potential reuse as erosion protection at the site. The gravel was
tested for durability in general accordance with guidelines for long-term performance outlined by
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the US Nuclear Regulatory Commission (NRC). These guidelines are for rock to be used for
erosion protection material on exposed surfaces and utilize a rock scoring value (Johnson,
2002). In order to develop the scoring criteria, specific gravity, absorption, sodium sulfate
soundness, and L.A. Abrasion tests were performed in accordance with ASTM guidelines.
Durability testing results are provided in Appendix B1. The table below summarizes the
durability score of the gravel fraction of the cover material.

Based on information provided in NUREG-1623 (NRC, 2002), rock for use in areas defined as
critical areas must meet a score of 65 percent or greater and require oversizing if the score is
less than 80 percent. The basalt samples tested from the existing cover scored 94 percent and
therefore would not require oversizing for reuse as erosion protection rock.

Summary of Durability Scoring Criteria for Impoundment Cover Gravel

Bulk Specific Gravity 278 10 9 90 90
(ASTM C127)
Absorption, % 155 4 2 8 20
(ASTM C127)
Sodium Sulfate, %
(ASTM C88) 0.37 10 11 110 110
. 2N o
LA Abrasion (100 revs.?), % 5.1 8 1 8 10
(ASTM C535)
TOTALS 208 220
Score: 94 %
Oversizing required: none

Notes:
1. Test results provided by Advanced Terra Testing and CTC Geotek (2014), results presented are the median of three values.
2. Test conducted for 100 revolutions per NUREG-1623
3. Based on a range of 0 to 10, rock strength scores based on DePuy (1965 (Table 1))
4. Weighting factors for igneous rock, NUREG-1623 and DePuy (1965)

3.2.1.5 Clay (Radon Barrier) Layer

The clay layer beneath the admixture layer on the existing impoundment cover was sampled
and tested for geotechnical properties. Clay layer samples are classified as low-plasticity clay
(CL) with fines contents ranging from 51 to 69 percent. Water contents of the samples tested
are between 6 and 11 percent (by mass) and up to 4 to 6 percent below the optimum water
contents measured from the standard Proctor tests. Saturated, hydraulic conductivity tests were
conducted on samples remolded to 90 percent, 95 percent, and 100 percent of the standard
Proctor density for the material. Resulting conductivities range from 7.6E-08 cm/sec to 3.0E-04
cm/sec, with the lowest values of saturated hydraulic conductivity generally corresponding to the
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samples remolded to the greatest percent compaction. The specimens were tested at two initial
confining stresses (8 and 24 psi) to replicate the range of conditions under future fill placement.

3.2.2 Tailings and Underlying Units
3.2.2.1 Cone Penetration Tests

ConeTec conducted the CPTs at the Mill Site impoundment on November 5-10, 2013 to aid in
characterization of the subsurface materials. CPT is a method used to obtain in-situ soil data
(e.g., soil type, moisture conditions and stratigraphy) without collecting soil samples. The raw
data generated during CPT includes tip resistance, sleeve friction, friction ratio, pore pressures,
and bulk resistivity. The tailings materials are not a natural deposit and therefore it is difficult to
correlate CPT data obtained in tailings to published CPT-soil correlations. Therefore, the CPT
investigation was intended to provide a general understanding of subsurface conditions and
tailings stratigraphy in the impoundment. These conditions were then verified and further
evaluated by logging boreholes and performing laboratory testing on samples obtained in the
boreholes. The CPT investigation is described below. The borehole investigation and laboratory
testing program are described in Sections 3.2.2.2 and 3.2.2.7.

Completed CPT locations are shown on Figure 3-1. The Work Plan specified that CPTs be
conducted at 12 locations within the impoundment. However, based on conditions encountered
during the field investigation, CPTs were conducted at an additional 20 locations to further
characterize specific areas of the impoundment. CPTs were conducted at a total of 32 CPT
locations within the impoundment. CPTs were conducted at 12 additional locations in the
Central Cell, six locations in the North Cell, and two locations in the South Cell. The CPTs
extended to depths ranging from 2.5 to 119 feet below the ground surface, depending on the
materials encountered. A summary of the materials and the thicknesses of the layers
encountered is included in Table 3-3 Summary of Borehole and CPT Profiles. The CPT program
included tip and shear resistance measurements, dynamic pore pressure measurements, pore
pressure dissipation tests, resistivity measurements, and shear wave velocity measurements.

After drilling and sampling, CPT holes were backfilled with bentonite grout, and a stake was
placed at each location for subsequent gamma and location/elevation surveying. The
radiological survey data are included in Appendix C. The CPT logs, pore pressure dissipation
plots, and shear wave velocity calculations are included in Appendix B2.4.

3.2.2.2  Drilling and Sampling

Drilling in the tailings impoundment was performed on November 19-21, November 26-27 and
December 2-4, 2013 by National Exploration, Wells & Pumps. The Work Plan included six
boreholes; five in the impoundment, and one through the embankment. Two additional
boreholes were drilled during field work; one in the North Cell (B-23) and one in the Central Cell
(B-15). A total of eight boreholes were drilled, including one drilled through the embankment,
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four in the Central Cell and three in the North Cell. Figure 3-1 shows completed borehole
locations. The boreholes were all paired with a CPT location.

Hollow-stem auger drilling methods were used to drill each borehole and samples were
collected by various methods through the borehole lengths. A CME-85 auger rig was used to
perform the drilling. Drilling depths ranged from 39 to 109 feet depending upon the conditions
encountered and the presence or absence of bedrock.

Continuous (dry-core) samples were collected as the primary sampling method. Dry-core
samples were logged, placed in labeled core boxes, photographed, and stored in the Mill Site
office area away from the work areas. Acrylic liners were used to collect dry-core samples of the
tailings. A 2.5-inch (outside diameter) California split-spoon sampler was used to obtain 2-inch
diameter samples at select locations. Three-inch diameter Shelby tube samples were also
collected during drilling.

After drilling and sampling, boreholes were backfilled with bentonite grout, and a stake was
placed at each location for subsequent gamma and location/elevation surveying. The
radiological survey data are included in Appendix C. Borehole logs, photographs of the core,
and other representative photographs of drilling operations are provided in Appendix B2.

3.2.2.3 Material Contacts

The CPT data combined with the profiles from the borehole logs were used to determine the
thickness and texture of the tailings layers, as well as the location of the contact between the
tailings and underlying alluvium. Seven of the CPTs were paired with boreholes to correlate
CPT results with direct observation of the materials encountered. The relationships used to
determine the tailings-alluvium contact are described below.

Data collected from the CPTs, such as cone resistances (tip and sleeve), dynamic pore
pressures, and electrical resistivity measurements, were used to identify contact locations
between the tailings and underlying alluvium. Nineteen of the 32 CPTs encountered fine-grained
tailings in contact with the alluvium. Four of the 19 CPTs were paired with boreholes to
determine the CPT expression of the contact between fine tailings and alluvium. Typically the
cone tip resistance increased by a factor of 4 to 6 from the fine tailings to the alluvium, with
values increasing from approximately 10-20 tons/square foot (isf) to a range of 40-150 tsf.
Sleeve friction increased to 1.8-2.2 tsf from approximately 0 tsf within the tailings. Resistivity
readings increased from approximately 0 ohm-meter (ohm-m) in the tailings to 500-650 ohm-m
in the alluvium. Dynamic pore pressure measurements did not exhibit a consistent pattern
during the transition from tailings to alluvium.

A different pattern delineated the contact between coarse-grained tailings and underlying
alluvium. In three of the 32 CPTs, coarse-grained tailings were in contact with the alluvium. Two
of these three CPTs were paired with boreholes to determine the CPT pattern of the contact
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between fine tailings and alluvium. The cone resistance (tip and sleeve) and the normalized soil
behavior exhibited a distinct pattern at the transition from coarse-grained tailings to alluvium.
Sleeve resistance increased by a factor of 3 to 5, from a range of approximately 0.3-1.0 to 2.2-
6.1 tsf. Tip resistance increased from a range of approximately 30-50 to 75-250 tsf. A
normalized soil behavior type (SBT) of zones 5 to 7 (clayey silt, silt, and sandy silt) were
typically observed in the tailings and SBTs of 3 to 4 (clay and silty clay) were observed in the
underlying alluvium.

3.2.2.4 Dynamic Pore Pressures and Pore Pressure Dissipation Tests

Dynamic pore pressures were measured during the CPTs. Eight pore pressure dissipation
(PPD) tests were performed (CPT-10 (2 depths), CPT-7, CPT-8, CPT-9, CPT-11, CPT-18, and
CPT-19) within the tailings impoundment. Results of the dissipation tests and dynamic pore
pressure measurements indicate elevated, quasi-steady-state pore pressures in the fine-grained
tailings. The pore pressure dissipation plots are included in Appendix B2.4

The resulting quasi-steady-state pore pressures from the two tests conducted within the tailings
at CPT-10 showed pressure heads of about 21 and 31 feet at test depths 15 feet apart
vertically. These results indicate increasing quasi-steady-state pore pressure results with depth
in the tailings at that location. Other pore pressure dissipation tests conducted in Borrow Pit No.
1 at CPT-8, CPT-9, CPT-18, and CPT-19 show a range of quasi-steady-state pore pressures,
without a trend of increasing quasi-steady-state pore pressures as test depths increased. The
results indicate the presence of a series of depositional layers with different textures, degrees of
saturation, and varying quasi-steady-state pore pressures, rather than a static water level.

The dissipation test conducted in the tailings at CPT-11 (located in Borrow Pit 2) showed a
quasi-steady-state pressure head condition at about 49.5 feet below ground surface (bgs) or 4.5
feet above the bottom of the tailings. Due to the short test duration (1 hour) in this fine-grained
material, this result likely overestimates the actual pressure head at this location. However,
CPT-11 did exhibit the highest dynamic pore pressures throughout the impoundment, exceeding
350 feet at approximately 48 feet in depth. The dynamic pore pressures (u) measured during
the CPTs within the tailings throughout the rest of the impoundment typically ranged from zero
to approximately 200 feet. While these results at CPT-11 could indicate near-saturated
conditions at this location, free water was not observed during drilling at this location.
Additionally, the Shelby tube collected from 51.5 to 52.5 feet was not wet upon recovery, and
the laboratory test results (Table 3-4, borehole TI-B11) from that sample do not indicate
saturation.

The ConeTec report includes a table summarizing the data collected during the CPT
investigation. The table contains a column listing depths for “Apparent Water Table”. These
depths were calculated based on quasi-steady-state pore pressure measurements obtained
during PPD testing. The quasi-steady-state pore pressure is typically taken to be the pore
pressure measurement recorded at the end of the PPD test. In cases where a hydrostatic
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groundwater condition exists (i.e. no vertical flow component) and where the pore pressures at
the end of PPD testing have truly dissipated to static levels, the depth of the water table at the
CPT location can be calculated by subtracting the static pressure from the depth at which the
PPD test was performed. ConeTec used these assumptions and procedures to estimate the
Apparent Water Table depths presented in the ConeTec report.

In cases of multiple saturated or nearly-saturated fine-grained zones (as is often the case in
tailings after cessation of operations), or where there is a component of flow in the vertical
direction, the procedure ConeTec used to define the depth for the “Apparent Water Table” is not
appropriate. In addition, when positive dynamic pore pressures are generated during CPT
soundings in finer-grained materials, quasi-steady-state pore pressures measured at the time of
PPD test termination are often higher than true “static” pore pressures. This overestimation of
static pore pressures results in underestimation of the depth to the water table and
overestimation of saturated thicknesses.

At Church Rock, and specifically in the borrow pits, the CPT results and the borings indicate the
presence of coarse-grained materials above, and in some cases interlayered with, fine-grained
materials. The laboratory data indicate the upper coarse-grained materials have low water
contents and are partially saturated, even though many of the test specimens were obtained
from zones that are below the “Apparent Water Table” depths identified by ConeTec. Likewise,
laboratory testing of finer grained samples indicated that, although they were at a higher
moisture content and degree of saturation, many of these materials were also partially saturated
even though they are below the “Apparent Water Table” defined by ConeTec. Therefore, the
elevated dynamic and quasi-steady-state pore pressures are interpreted to indicate
compressible fine-grained materials that are near saturation, rather than a static water level.
This is consistent with the properties of tailings placed hydraulically during milling.

3.2.25 Standpipe Piezometers and Free Water Assessment

A description of free water encountered during the subsurface investigation within the
impoundment is presented below. In summary, free water was encountered in three boreholes:
TI-B3 (in the dam), TI-B10 (Borrow Pit No. 1), and TI-B11 (Borrow Pit No. 2). The water was
present in the alluvium underlying the dam at TI-B3 and in the alluvium underlying the tailings at
TI-B10 and TI-B11. No free water was identified in the tailings during the drilling program.

Temporary Standpipe Piezometers

On November 9, 2013, temporary standpipe piezometers were installed by hand in the open
CPT holes at CPT-10 and CPT-18. The piezometers were constructed with 1-inch diameter,
flush-threaded PVC screen and casing. Each piezometer consisted of a 5-foot section of slotted
screen at the bottom (including a bottom cap), and PVC casing extending to the ground surface.
The piezometers were installed to depths of 62.8 and 49.6 feet bgs at CPT-10 and CPT-18,
respectively.
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A water level probe was used to check for the presence of water in the piezometers.
Measurements were made periodically at CPT-10 from November 9 through 25, 2013.
Measurements were made at CPT-18 from November 9 through December 9, 2013. Both
piezometers were dry during the entire monitoring period.

The piezometer casing at CPT-10 was removed on November 25, 2013 and the casing at CPT-
18 was removed on December 9, 2013. Both piezometers were removed by hand with minimal
effort, indicating the CPT holes did not cave in during the monitoring period. Upon removal, the
casing from both piezometers was observed to be dry, with no visible water present on the
surface of the casing or slotted screen. Following casing removal, the holes were backfilled with
bentonite grout.

Free Water Encountered During Drilling

Free water was encountered during driling at TI-B3, TI-B10 and TI-B11. Water was
encountered during drilling at TI-B3 below approximately 55 feet bgs (approximate elevation of
6,914) in the alluvium. The borehole was left open overnight, and the water level measured
through the hollow-stem augers the next morning was approximately 66 feet bgs, or near
elevation 6,903 feet within the alluvium.

Free water was encountered during drilling at TI-B10. Field observations indicated that the
sampler was wet upon retrieval from within the alluvium at a depth near 90 feet bgs
(approximate elevation of 6,883 feet). The augers were left in-place overnight and the water
level was measured again at about 90 feet bgs the following morning.

Free water was encountered during drilling at TI-B11. Field observations indicated that the
cuttings became wet at a depth of approximately 90 feet bgs (approximate elevation of 6,887)
and the sampler was wet upon retrieval from within the alluvium at a depth near 92 feet bgs
(approximate elevation of 6,885). Very moist to wet alluvium was encountered at TI-B1 below 34
feet bgs (approximate elevation of 6,935); however static water was not present in the borehole
after drilling. TI-B1 was grouted and abandoned immediately following drilling.

3.2.2.6  Impoundment Stratigraphy

Information collected from the PDS investigation within the tailings impoundment significantly
augments the existing information. The comprehensive dataset was used to update the
impoundment thickness map and cross sections shown in the Work Plan. Using this dataset,
Figure 3-2, Tailings Impoundment Thickness Isopach Map, and Figure 3-3, Distribution and
Thickness of Fine-grained Tailings, were developed to show variation of thickness across the
impoundment, as well as the thickest zones of fine-grained tailings. Table 3-3, presents
information on material properties and thicknesses encountered in the impoundment during the
CPT and borehole investigation.
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The revised cross sections are shown in Figures 3-4 and 3-5, Impoundment Cross Sections 1
and 2, and Impoundment Cross Sections 3 and 4, respectively. A new cross section was added
to the set included in the Work Plan, and the orientations of the sections were changed slightly
to intercept locations of thick tailings and better illustrate subsurface conditions within the area
of the proposed repository.

The previously-developed bedrock surface used to generate the maps and sections shown in
the Work Plan was updated in areas where new information was obtained. Bedrock surface
information was used to create the maps shown in both the Work Plan and in this report, but the
bedrock surface itself is not shown in any figures other than the cross sections (Figures 3-4 and
3-5). Depressions in the bedrock surface previously interpreted in the Work Plan to be isolated
depressions are now interpreted to be paleochannels. One paleochannel is in general alignment
with the present day Pipeline Arroyo, and another is a tributary to that paleochannel that trends
east-west through Borrow Pits 1 and 2 in the impoundment. The paleochannels are represented
by a deeply eroded bedrock surface and thick alluvial deposits underlying Pipeline Arroyo and
the Central Cell. The general location of the paleochannels is shown on Cross Section 2 (Figure
3-4) and Cross Section 4 (Figure 3-5).

The borehole and CPT logs included in Appendix B2 provide details to support the identification
of these channels. In particular, CPT-10 encountered refusal at elevation 6,910 feet within the
alluvium. However, the paired borehole TI-B10 was able to penetrate through that sandstone
obstruction at elevation 6,910, and again through a second sandstone obstruction 20 feet lower
before encountering competent rock near elevation 6,868 feet. A similar obstruction was
encountered in TI-B15 and CPT-15. Based on the depth to rock in boreholes near CPT-9 and
CPT-27, it appears those locations may also have encountered refusal on boulders or a hard
clay layer within the alluvium, above the actual bedrock surface. The sandstone encountered at
TI-B10 appeared to be alluvial boulders in the paleochannel.

The cross sections shown in Figures 3-4 and 3-5 are for illustrative purposes and are not
presented at a large enough scale to show details such as lateral variations in impoundment
cover thickness or interlayering of fine and coarse tailings. Detailed information about
interlayering of fine and coarse tailings is provided in Table 3-3. The contacts shown in the
cross sections were generated from topographic surfaces developed for each material type in
the impoundment. Boreholes and CPT locations shown in Figures 3-4 and 3-5 are projected
onto the sections; therefore the elevations of contacts shown at projected borehole or CPT
locations are only the true elevation at that location when the section passes through the
borehole or CPT location.

3.2.2.7 Laboratory Testing

Selected samples from the impoundment boreholes were submitted for geotechnical testing, in
accordance with the Work Plan. The laboratory testing is summarized in Table 3-4, Summary of
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Geotechnical Laboratory Data — Mill Site Impoundment, and the data are provided in Appendix
B1.

3.2.2.8 Geochemical Properties of the Tailings

The acid leach milling process used at the Mill Site introduced a significant amount of sulfate
into the tailings (from the sulfuric acid used for acidification). Gypsum was the primary by-
product of the milling process in the 1981 Mill License Renewal Application (D’Appolonia, 1981).
The concentration of gypsum in the tailings varies with grain size, with the greatest amount of
gypsum likely present in the fine-grained tailings. The paragraphs below describe the processes
that lead to gypsum formation and the influence of the gypsum on the tailings.

Calcium-bearing minerals naturally occur in the sedimentary rock and ore body in the region of
the Mill Site. The ore milling process dissolved many of the calcium-bearing minerals, resulting
in free calcium ions available in the mill circuit. Sulfate was added during the milling process in
the form of sulfuric acid (H,SO,) to aid in the dissolution of uranium. Gypsum (CaSO,e2H,0)
may precipitate in systems when excess Ca** and SO,* are present in aqueous solutions. As a
result of the milling processes, free calcium and sulfate ions in the tailings solution precipitated
in the form of gypsum after the tailings and solution were deposited in the impoundment.

The presence of gypsum is known to affect certain geotechnical laboratory test results,
specifically particle-size distribution and water content. Per ASTM 2216-10, soil water content is
determined by heating a soil sample to 110°C and measuring the mass of water removed by
evaporation. When a sample containing gypsum is heated to 110°C, the gypsum loses its
molecular water and becomes bassenite (CaSO,e0.5H,0) and anhydrite (CaSO,). Since
molecular water accounts for about 20 percent of the mass in gypsum, this loss of molecular
water manifests itself as elevated soil water content when samples containing gypsum are dried
at 110°C. For this reason, ASTM 2216-10 (ASTM, 2010) suggests drying soil samples
containing gypsum at a lower oven temperature (60°C) to determine the water content. Using a
lower oven temperature allows the soil (pore) moisture to evaporate without removing the
molecular water from the system.

3.2.2.9 Effect of Gypsum on Geotechnical Properties of the Tailings

MWH assessed the potential for gypsum in the tailings samples upon initial review of test
results, after a significant portion of the laboratory testing had already been completed.
However, to properly account for the presence of gypsum in the tailings samples, the laboratory
testing program was revised to obtain the water content for remaining specimens using both
drying temperatures. The remaining specimens, which included 15 tailings samples, were
initially dried at 60°C and weighed to calculate water content. The oven temperature was then
increased to 110°C, and the same specimens were weighed a second time to calculate the
water content corresponding to the 110°C oven temperature. This information provided a
comparison set of data for the water contents measured at the two oven temperatures. The
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relationship between the water contents measured at 60°C and those measured at 110°C was
then used to develop a correlation between the two values and to adjust the initial test results in
samples that were heated to 110°C only. Water contents measured at 60°C, were generally
about 0.5 percent to 3.0 percent lower than water contents measured at 110°C. The reduction in
percent water content represents the fraction of the water in the tailings that is chemically bound
in the form of gypsum, and not within pore spaces. This information, along with the SWCC data,
helped to further define the volume of pore water within the tailings that would be affected by
additional loading. The results of geotechnical laboratory testing on tailings impoundment
samples are included in Table 3-4. Table 3-4 also includes a series of water contents measured
for both oven temperatures as well as water content, specific gravity, and dry density results
adjusted to reflect a 60°C water content.

The hydrometer test results for specimens containing fine-grained tailings were also likely
affected by gypsum. Gypsum influences the results of particle-size analysis in two ways: 1)
gypsum is a flocculant for clay minerals; and 2) gypsum has a lower density than soil, both of
which can skew the fine-grained particle distributions during measurement using the hydrometer
method (Arnett, 2009). Particle-size distribution tests were conducted using the standard
amount of sodium hexametaphosphate as a deflocculant. Because additional deflocculant was
not added to account for the presence of gypsum, the hydrometer results presented in Table 3-4
may not be representative of the actual particle sizes. The presence of gypsum in the test
solution would reduce the effectiveness of the deflocculant resulting in a higher measured
percentage of larger (silt-size) particles.

Results of the laboratory testing indicated that as the percentage of silt-size material in the
tailings increases, the difference between the water contents measured at 60°C and 110°C also
increases. The geochemical properties described above do not alter the conceptual repository
design, nor do they require any additional investigation. The calculation of water content and the
volume of water molecularly bound in gypsum, combined with the results of the SWCC data and
the rest of the geotechnical laboratory test results, provide a comprehensive dataset for the
repository design.

3.3 BORROW MATERIAL INVESTIGATION

Five potential borrow areas were investigated to determine the volume of suitable material
available for use in repository cover construction and general RA regrading activities. The
borrow material investigation involved borehole drilling and sampling in all five potential borrow
areas. The borrow area locations are shown on Figure 3-6, Drilling Locations and Preliminary
Grading, East and West Borrow Areas, and Figure 3-7, Drilling Locations and Preliminary
Grading, North, South, and Dilco Hill Borrow Areas, and include the following:

e \West Borrow Area
e East Borrow Area
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e Dilco Hill Borrow Area
e South Drainage Borrow Area
¢ North Drainage Borrow Area

3.3.1 Summary of Field Investigation and Sampling

Drilling was performed November 14-18 and December 10-12, 2013 by National Exploration,
Wells & Pumps. Up to five boreholes were drilled within each borrow area, in accordance with
the Work Plan. Hollow-stem auger driling methods were used at each location. A CME-85
auger rig was used to perform the drilling. Drilling depths ranged from 10 to 60 feet and varied
depending upon the borrow area being investigated, the location of the borehole within the
borrow area, and the presence or absence of bedrock.

Continuous (dry-core) samples were collected as the primary sampling method. Dry-core
samples were logged, placed in labeled core boxes, photographed, and stored in the Mill Site
office area. A 2.5-inch (outside diameter) California split-spoon sampler was used to obtain 2-
inch diameter samples at typical sampling depths of 2.5, 5 and 10 feet bgs, and at additional
depths depending on the materials encountered. Bulk composite samples of the cuttings were
collected from a variety of depth intervals, depending on the volume of cuttings produced and
the materials encountered.

After drilling and sampling, the boreholes were backfilled with drill cuttings and/or clean fill
material from the borehole area, and a stake was placed at each location for subsequent
location/elevation surveying. Borehole logs, core photographs, and other representative
photographs of drilling operations are provided in Appendix B2.

3.3.2 Laboratory Testing

Selected samples were submitted for geotechnical, analytical, and agronomic testing.
Laboratory testing is summarized in Section 3.3.3 and the results are provided in Table 3-2 and
Table 3-5, Summary of Geotechnical Laboratory Data — Borrow Areas, and Appendix B1.

3.3.3 Summary of Results

Field investigation and geotechnical laboratory test results for each borrow area are
summarized below. The table below lists the depth drilled at each borehole location, and the
depth of soil encountered above bedrock.
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Summary of Borrow Area Borehole Depths and Soil Thicknesses

Total Thickness of Soil
Borehole Depth Above Bedrock
(ft) (ft)
West Borrow Area
WB-B1 36.5 >36.5
WB-B2 35.0 >35.0
WB-B3 30.0 None
WB-B4 38.7 1.0
WB-B5 24.7 22.5
East Borrow Area
EB-B1 10.0 None
EB-B2 15.0 3.0
EB-B3 25.0 15.0
EB-B4 20.0 >20.0
EB-B5 10.8 8.5
EB-B6 17.6 11.5
Dilco Hill Borrow Area
DH-B1 60.0 15.0
DH-B2 40.0 2.0
DH-B3 40.0 25
South Drainage Borrow Area
SB-B1 25.0 >25.0
SB-B2 15.0 141
SB-B3 15.0 7.8
SB-B4 30.0 >30.0
North Drainage Borrow Area

NB-B1 20.0 >20.0
NB-B2 20.0 >20.0

Based on field investigation results, preliminary grading plans were developed for each borrow
area to estimate the volume of material available for repository cover construction. Grading
plans were developed to avoid nearby cultural resource sites while adhering to the approximate
borrow area boundaries delineated in the Work Plan. The borrow areas will be graded to drain
similarly to the conceptual designs shown on Figures 3-6 and 3-7. However, final grading
configurations of the borrow areas will depend on the material volumes required, the locations of
the cultural resource sites, efforts to limit unnecessary disturbance to vegetation, and depths of
suitable and available materials. The table below summarizes the approximate volume and
predominant material types available from each borrow area.
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Summary of Borrow Material Volumes and Material Types

Predominant Approximate In-Place
Borrow Material Types Ve
Area
Soil Description USDA Classification (cy)
Clayey Sand and
West Borrow Silty, Clayey Sand Sandy Loam 100,000
I
East Borrow Sandy Clay and Sandy Loam 50,000
Clayey Sand
Sandy, Silty Clay Sandy Loam 5,000
Dilco Hill Mixed Sandstone,
Shale and Coal (Rock) a 370,000
: Sandy Clay and
South Drainage Borrow Clay with Sand Sandy Clay Loam 170,000
. Sandy, Silty Clay and
North Drainage Borrow Silty, Clayey Sand Sandy Loam 80,000
available soil from borrow areas 405,000
available rock from borrow areas’ 370,000

Notes:
1. Estimated volume of rock available from Dilco Hill

3.3.4 West Borrow Area

Five boreholes were drilled in the West Borrow Area to depths ranging from 24 to 39 feet.
Drilling was generally performed at the locations shown in the Work Plan, except for WB-B4,
which was moved due to access constraints. Boreholes WB-B1 and WB-B2 were drilled in the
central, lower portion of the borrow area where most of the available borrow material is located.
At these locations, clayey sand was encountered to the greatest depths drilled. Boreholes WB-
B3, WB-B4 and WB-B5 were drilled around the perimeter of the borrow area. At WB-B3 and
WB-B4, bedrock comprised of claystone, sandstone, and/or coal was encountered near the
ground surface. At WB-B5, silty, clayey sand was encountered to a depth of 22.5 feet, where
sandstone bedrock was encountered.

Based on the borehole logs and results of geotechnical laboratory testing, the predominant
material available from the West Borrow Area is relatively homogeneous and consists of clayey
sand and silty, clayey sand. The laboratory-measured sand content ranged from 46.3 to 61.6
percent for all samples tested. The fines content ranged from 37.9 to 48.6 percent and was
comprised of low plasticity clay or silty clay. A small amount of gravel (less than 10 percent) was
encountered in some samples. The corresponding USDA classification of the material is “sandy
loam.”
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Based on the field investigation and the preliminary grading contours shown in Figure 3-6,
approximately 100,000 cubic yards of material consisting of clayey sand and silty, clayey sand
is available in the West Borrow Area.

3.3.4.1 East Borrow Area

Six boreholes were drilled in the East Borrow Area to depths ranging from 10 to 25 feet.
Borehole EB-B6 was added to the driling program presented in the Work Plan to better
characterize the depth and extent of potential borrow material in the East Borrow Area.
Boreholes EB-B1 and EB-B2 were drilled in the western portion of the borrow area and
sandstone bedrock was encountered at or near the ground surface at both locations. Boreholes
EB-B3 and EB-B4 were in the southern portion of the borrow area. At EB-B3, sandy clay was
encountered to a depth of 15 feet, where sandstone bedrock was encountered. At EB-B4, sandy
clay and silty, clayey sand was encountered to the maximum depth drilled (20 feet). Boreholes
EB-B5 and EB-B6 were in the central portion of the borrow area. At EB-B5, sandy clay and
clayey sand was encountered to a depth of 8.5 feet, where shale bedrock was encountered. At
EB-B6, sandy clay was encountered to a depth of 11.5 feet, where shale bedrock was
encountered.

Based on borehole logs and results of geotechnical laboratory testing, the predominant material
available from this borrow area is relatively homogeneous and consists of sandy clay and clayey
sand, with nearly equal portions of sand and fines in most samples tested. The sand content
ranged from 26.6 to 50.5 percent for all samples, and the fines content ranged from 45.5 to
73.4 percent and was comprised of low plasticity clay or silty clay. A small amount of gravel
(less than 10 percent) was encountered in one sample. The corresponding USDA classification
of the predominant material type is “sandy loam.”

Based on the field investigation and the preliminary grading contours shown in Figure 3-6,
approximately 50,000 cubic yards of material consisting of clayey sand and sandy clay is
available in the East Borrow Area.

3.3.4.2 Dilco Hill Borrow Area

Three boreholes were drilled in the Dilco Hill Borrow Area to depths ranging from 40 to 60 feet.
At each borehole location, a relatively thin veneer of unconsolidated soil overlying bedrock was
observed. The bedrock consisted of sandstone, shale, coal, and interbedded sandstone and
shale. Borehole DH-B1 was drilled in the northern portion of the top of the hill. At this location,
silty clay with sand, silty sand, and silty clay was encountered to a depth of 15.0 feet, where
bedrock was encountered. DH-B2 was drilled in the central portion of the top of the hill. Silty
clay with sand was encountered to a depth of 2.0 feet, where bedrock was encountered. DH-B3
was drilled in the southern portion of the top of the hill. Silty clay with sand was encountered to a
depth of 2.5 feet, where bedrock was encountered.
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Based on borehole logs and results of the geotechnical laboratory testing, a small amount of
unconsolidated soil is available from the top of the hill. Material ranges in depth from
approximately 2 to 15 feet, and consists of sand and sandy, silty clay. The corresponding USDA
classification of this material is “sandy loam.”

Most of the available material from the Dilco Hill Borrow Area is comprised of sedimentary
bedrock. Above a depth of approximately 25 to 30 feet, the predominant material type is
sandstone, shale, and interbedded sandstone and shale. Below a depth of 25 to 30 feet, the
predominant material is comprised of shale and coal.

Based on the field investigation and the preliminary grading contours shown in Figure 3-7,
approximately 5,000 cubic yards of sandy, silty clay is available from the top 2 to 15 feet of the
Dilco Hill Borrow Area. In addition, approximately 370,000 cubic yards of mixed sandstone,
shale and coal is also available. Since auger refusal was not encountered in any of the
boreholes drilled, it is expected that this bedrock material can be ripped using conventional
excavation equipment, such as a Caterpillar D-8 or heavier dozer, with a single tooth ripper.

3.3.4.3 South Drainage Borrow Area

Four boreholes were drilled in the South Drainage Borrow Area to depths ranging from 15 to 30
feet. Borehole SB-B4 was added to the drilling program presented in the Work Plan to better
characterize the depth and extent of potential borrow material in the South Drainage Borrow
Area. Borehole SB-B1 was drilled in the eastern portion of the borrow area, where sandy clay
was encountered to the total borehole depth of 25.0 feet. SB-B2 was drilled in the northern
portion of the borrow area. At this location, clay with sand was encountered to a depth of 14.1
feet, where sandstone bedrock was observed. SB-B3 was drilled in the southwestern portion of
the borrow area. Clay with sand was encountered to a depth of 7.8 feet, where sandstone
bedrock was observed. SB-B4 was drilled in the central portion of the borrow area. Sandy clay
was observed to a depth of 28.5 feet, where gravelly clay was encountered.

Based on borehole logs and results of the geotechnical laboratory testing, the predominant
material available from this borrow area is relatively homogeneous and consists of sandy clay
and clay with sand. The sand content ranged from 21.6 to 46.7 percent for all samples tested,
and the fines content ranged from 53.3 to 78.4 percent and was comprised of low plasticity clay.
The corresponding USDA classification of the predominant material type is “sandy clay loam.”

Based on the field investigation and the preliminary grading contours shown in Figure 3-7,
approximately 170,000 cubic yards of material consisting of sandy clay and clay with sand is
available in the South Drainage Borrow Area.
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3.3.4.4 North Drainage Borrow Area

Two boreholes were drilled in the North Drainage Borrow Area. NB-B1 was drilled to a depth of
20.0 feet in the northwestern portion of the borrow area. At this location, silty clay with sand and
silty sand was encountered to a depth of 18.0 feet, where gravelly sand was observed. NB-B2
was drilled to a depth of 20.0 feet in the southeastern portion of the borrow area. At this
location, silty sand, silty clay, and sandy clay/clayey sand was encountered to the total depth
drilled.

Based on borehole logs and results of the geotechnical laboratory testing, the predominant
material available from this borrow area is relatively homogeneous and consists of nearly equal
portions of sand and clay or silty clay. The laboratory-measured sand content ranged from 49.0
to 55.6 percent for all samples tested. The fines content ranged from 44.4 to 51.0 percent and
was comprised of low plasticity silt or silty clay. The corresponding USDA classification of the
predominant material type is “sandy loam.”

Based on the field investigation and the preliminary grading contours shown in Figure 3-7,
approximately 80,000 cubic yards of material consisting of sandy, silty clay and silty, clayey
sand is available in the North Drainage Borrow Area.

3.4 STOCKPILE MATERIAL INVESTIGATION

On-site stockpiles of topsoil, bedding material, and erosion protection material were
characterized to determine the volume, composition, and geotechnical and agronomic
properties of the materials. The stockpile locations are shown on Figure 1-3. Photographs of the
stockpiles are provided in Appendix B2.

3.4.1 Topsoil Stockpile

The topsoil stockpile is located southwest of the Mill Site office area, west of Highway 566. On
November 21, 2013, two bulk samples of the material were collected with a shovel from the
stockpile. The samples were collected by scraping away material from the surface of the pile
and collecting material from the interior of the pile. During the sampling, the material was
visually classified as sandy clay.

The topsoil stockpile was surveyed with a hand-held GPS unit during the investigation, and the
survey information was used to estimate the volume of the material. The stockpile volume is
shown in the table below.
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3.4.2 Stockpiles of Bedding and Erosion Protection Material

Seven separate stockpiles consisting of bedding and erosion protection material were observed
near the tailings impoundment. The crushed basalt rock stockpiles are surplus materials from
previous reclamation construction activities at the site.

At each stockpile location, the material was visually classified. Stockpile 1 was identified as
crusher fines material. Stockpile 3 was identified as road base material. Stockpiles 2, 4, 5, 6 and
7 were identified as crushed basalt erosion protection material. The nominal D5, of each of the
stockpiled materials was taken from the previous project specifications, as shown in the table
below.

On November 13, 2013, composite bulk samples were collected from Stockpiles 1 through 5 for
laboratory testing. Samples were collected by scraping away material from the surface of the
pile and collecting material from the interior of the pile. At Stockpiles 2 and 3, samples were
collecting using a backhoe. At Stockpiles 1, 4, and 5, samples were collected with a shovel.
Samples from Stockpiles 6 and 7 were not collected because of the large size of the material.

The stockpiles were surveyed during the investigation, and the survey information was used to
estimate the volume of material in each pile. The below above lists the material types and the
approximate stockpile volumes.
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Volume and Type of Stockpiled Materials

. . Approximate Measured Median
Dgts?cﬁgtlggn Mﬁtegfl Volume Particle Size (Dsp)
9 yp (cubic yards) inches (mm)?
Topsoil Stockpile Sandy Clay 20,000 <((’,'\?07t5e g‘)m
Stockpile 1 Crusher Fines 1,300 0.03 (0.7)

. 1.5-inch Erosion 0.94 (24.0)
Stockpile 2 Protection Rock 2,850 0.89 (22.5)
Stockpile 3 Road Base 680 0.50 (12.8)

: 1.5-inch Erosion
Stockpile 4 Protection Rock 2,920 1.2 (29.8)

. 6-inch Erosion
Stockpile 5 Protection Rock 470 Note 4

. 9-inch Erosion
Stockpile 6 Protection Rock 260 Note 4

. 15-inch Erosion
Stockpile 7 Protection Rock 280 Note 4

Notes:
1. Descriptions based on gradation specifications from previous construction activities
2. Measured as a portion of this investigation
3. Hydrometer tests not performed
4. Large riprap samples were not tested for gradations.

3.4.3 Laboratory Testing

Selected samples from Stockpiles 1, 2, 3, and 4 were submitted for geotechnical and agronomic
testing. Laboratory test results for the stockpile samples are provided in Table 3-2 and Table 3-
6, Summary of Geotechnical Laboratory Data — Site Stockpiles, and Appendix B1.

3.4.4 Rock Quality Scoring

Samples from stockpiles 2, 4 and 6 were evaluated as potential sources for reuse as riprap and
erosion protection at the site. The gradations from stockpiles 2 and 4 indicate D5, values
ranging from 0.9 to 1.2 inches for the three samples tested. Samples were tested for durability
based on guidance for long-term performance outlined by the NRC. The guidance is for rock to
be used for erosion protection on exposed surfaces and utilize a rock scoring value (Johnson,
2002). In order to develop the scoring criteria, specific gravity, absorption, sodium sulfate
soundness, L.A. Abrasion, unconfined compressive strength, and splitting tensile strength tests
were performed in accordance with ASTM guidelines. Strength tests were performed on core
samples from larger specimens of the rock. Results of the durability testing are provided in
Appendix B1 and summarized in the table below.
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Based on information provided in NUREG-1623 (NRC, 2002), rock for use in areas defined as
critical areas must meet a score of 65 percent or greater and require oversizing if the score is
less than 80 percent. Based on the test results (rock score of 69 percent), the basalt from the
stockpiles tested would require 11 percent oversizing if it were to be used as erosion protection
rock in critical areas.

Summary of Durability Scoring Criteria for Stockpiled Nominal 1-inch Basalt

1 3 | Weighting | Weighted Maximum
Laboratory Test Result Score Factor® Score Possible Score
Bulk Specific Gravity
2.77 10 9 90 90
(ASTM C127)
Absorption, %
(ASTM C127) 1.98 3 2 6 20
Sodium Sulfate, %
9.37 5.6 11 62 110
(ASTM C88)
LA Abrasion (100 revs.?), %
5.9 8 1 8 10
(ASTM C535)
Unconfined Compressive °
Strength, psi 14,440 3 7 21 70
(ASTM D7012, method C)
Splitting Tensile Strength >, psi
1,32 1 1
(ASTM D3967) 320 9 0 %0 00
TOTALS 277 400
Score: 69%
Oversizing required: 11%

Notes:

1. Test results provided by Advanced Terra Testing and CTC Geotek (2014), table includes the average of 2 results.
2. Test conducted for 100 revolutions per NUREG-1623

3. Based on a range of 0 to 10, rock strength scores based on (DePuy, 1965 (Table 1))

4. Weighting factors for igneous rock, NUREG-1623 and DePuy (1965)

5. Tests conducted on core samples from the D5, = 9-inch stockpile.

3.5 VEGETATION EVALUATION

Cedar Creek Associates, Inc. conducted vegetation analog and baseline surveys on October
19-23, 2013 to evaluate the following information: 1) successive vegetative communities on
undisturbed ground near the impoundment (vegetation analogs), to provide information
necessary to design a long-term and low-maintenance vegetated repository cover, and 2)
baseline surveys of the borrow areas to quantify the plant and animal communities at the
proposed borrow areas that will be disturbed during construction.
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3.5.1 Revegetation of Repository Cover

Identified vegetation communities that are projected to colonize and occupy the repository cover
during the design life are as follows: 1) early to mid-successional (also termed “reclaimed”); 2)
grassland (mid-successional); and 3) shrubland (late-successional or climax community). The
ecological succession among the projected repository cover communities is expected to follow
this same sequence of reclaimed, grassland and shrubland. Although highly dependent on land
management practices and climatic factors, vegetation succession is expected to progress
through the communities listed above, over the following approximate durations:

o Reclaimed Community: 0 - 50 years
o Grassland Community: 25 - 100 Years
e Shrubland Community: 50 - 1,000 Years

Vegetation surveys were conducted at the three vegetation communities. Cedar Creek used
methods that quantified the vegetative parameters of the local vegetation analogs. Information
collected as part of this analysis will be used during design of the RA. The vegetation
communities identified and results of the revegetation evaluation are included in Appendix D.

3.5.2 Baseline Evaluation of Borrow Areas

Results of the vegetation and wildlife surveys at the borrow areas indicate that no rare,
threatened or endangered species occur within any of the potential borrow sites. Additionally,
noxious weeds, musk thistle, and tamarix were all observed in the East Borrow area during the
vegetation surveys. If soils from the East Borrow Area are used to construct the repository
cover, the noxious weeds in the East Borrow Area should be managed via chemical control prior
to construction. This will minimize or prevent the spread of noxious weeds as a result of
construction.

Further results of the baseline and analog surveys indicate that the baseline and analog sites
are comparable. Therefore, the analog sites can be used as a reference for post-construction
revegetation success criteria. Survey results indicate which species will likely prove successful
during revegetation. These results, coupled with other project experience in the arid west, will
be used to develop an effective and efficient revegetation plan for the repository cover and the
borrow areas disturbed during construction. Additional details about the baseline surveys are
included in Appendix D2.

3.6 BIOINTRUSION EVALUATION

Cedar Creek Associates, Inc. conducted biointrusion (animal and plant) surveys on October 19-
23, 2013 for each vegetation community identified in the Work Plan. An animal biointrusion
evaluation was performed to determine the presence of burrowing animals in the Mill Site
vicinity. Animal biointrusion sampling occurred as small mammal trapping and incidental wildlife
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observation transects. Pocket gophers, prairie dogs, and badgers were not identified on the
existing impoundment cover, but they were identified in the vicinity of the Mill Site. Discussions
with UNC personnel indicate that evidence of prairie dogs and badgers has not been observed
on the existing cover, and evidence of pocket gophers on the cover has not been observed in
10-15 years (L. Bush, pers. comm., July 9, 2014). Results of Cedar Creek’s biointrusion
evaluation are included in Appendix D1.

Plant biointrusion survey results indicate the presence of a zone of calcium carbonate
accumulation at depths ranging from 50 to 70 cm (1.6 to 2.3 feet) at the three vegetation
communities projected to colonize the repository cover. The calcium carbonate zone can restrict
water infiltration and plant root depth and cause roots to spread laterally. As part of the design
process, further characterization of the borrow area soils may be necessary to investigate the
concentration of calcium carbonate throughout the depth of the excavations proposed in the
borrow areas. Additional information about plant biointrusion and the presence of calcium
carbonate in the soils is included in Appendix D1.

3.7 KNOWN CULTURAL RESOURCES AT THE MILL SITE

Dinetahdoo Cultural Resources Management (Dinetahdoo) conducted a cultural resources
inventory at each of the borrow areas between October 22-24, 2014. The inventory was
performed prior to drilling, to identify archeological sites located within the borrow investigation
areas. The survey was conducted under New Mexico State Historic Preservation Office permit
number NM-13-236-SM. Prior to the field survey, Dinetahdoo personnel also interviewed nearby
residents about the location of any sacred places, burials, or traditional cultural places that
might be affected by the PDS investigation.

The survey covered a total area of approximately 72 acres, including a buffer zone extending
about 50 feet beyond the proposed limits of each of the borrow areas shown in the Work Plan.
Dinetahdoo demarcated cultural resources sites in the field at the time of the survey, and
recommended a 50-ft buffer be maintained around each site to ensure that the sites were not
disturbed during the PDS.

No previously-recorded archeological sites were identified near the borrow areas. Four new
documented sites and seventeen isolated occurrences were identified and evaluated by
Dinetahdoo during the inventory. One of the four archeological sites is the location of an
Anasazi artifact scatter. The other three archeological sites were Anasazi habitations. The exact
locations of the cultural resources sites have been redacted in order to preserve confidentiality.
No traditional cultural places were identified in the area of interest.

Dinetahdoo recommended archeological clearance for the PDS field work activities and
subsequent construction activities in the areas surveyed, provided the following stipulations are
met:
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e Construction activities in the borrow areas shall be confined to the five inventoried areas.
The limits of the inventoried areas extend up to 270 feet beyond the proposed limits of
grading in some locations, due to borrow area modifications as a result of the PDS.

o Any new discoveries shall be immediately reported to the New Mexico State Historic
Preservation Office

Further recommendations include the following:

e Re-flag and avoid sites LA177467/NM-Q-21-123 (inside the South Drainage Borrow
Area) and LA177468/NM-Q-21-124 (inside the East Borrow Area).

¢ Re-flag and monitor ground disturbing activities within 50-ft of sites LA177466/NM-Q-21-
122 (outside the North Drainage Borrow Area) and LA177469/NM-Q-20-61 (inside the
West Borrow Area).

The recommendations from Dinetahdoo will be implemented during RA construction. As part of
the design process, a cultural resources inventory will be performed for the remaining areas
planned to be impacted during construction of the RA. Results of the cultural resources
inventory of the borrow areas are included in Appendix E.

3.8 INVENTORY OF THE LOCATION, NATURE AND VOLUME OF MILL SITE SURFACE
DEBRIS

An inventory of observable surface debris and solid waste was conducted at the Mill Site to
quantify the volume and type of debris present. The Mill Site survey included surficial debris
located in the southwest area of the Mill Site, materials and wastes located near the tailings
impoundment, the tailings impoundment evaporation sprinkler system, and other materials
observed while traversing the site. The debris located near the Mill Site office buildings and
shaft construction yard were also inventoried and are included in the volume estimates below.
Based on site information, some but not all, of these materials were used during mill operations
and should be assumed to have elevated concentrations of radionuclides. The management
approach for these materials will be developed during design of the RA.

A written description, photographic record, estimate of the size and quantity, and survey
coordinates of the debris locations were recorded for each object or area containing debris that
was identified during the PDS. This information is included in Appendix B4. The locations,
material types, whether or not the material was fixed to the surface, and, in some cases, length
or area of the debris are shown on Figure 3-13, Mill Site Debris Overview. Each distinct pile or
piece of debris is identified by a unique identification number in Figures 3-14 through 3-16. The
numbers correspond to the descriptions listed in the table in Appendix B4.1. The debris
observed was composed of metal, concrete, plastic, fiberglass/rubber, and/or wood.
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An estimate of the volume of material present for each item of debris observed was made based
on field observation and, in some cases, the length or area of the item was measured using the
GPS. The estimated total volume for large items such as buildings and large tanks excludes the
void space within the structure. Some items contained more than one type of material (i.e., the
buildings located on the southeast side of the tailings ponds are metal and wood, and also
contain insulation and miscellaneous parts/debris). For material type volume calculations, the
volume of the mixed material debris was classified by the predominant material. A burial pit
located northeast of the office building is estimated to contain about 3,700 cy of trash and
debris. The table below summarizes the estimated total volume of debris based on the material
type. Total estimated volume of debris at the Mill Site is approximately 6,870 cy. The most
prominent debris material is metal. The second largest volume of material on the site is concrete
which includes foundations, vaults, and loading docks located in the shaft construction yard and
near the office buildings. The volume totals are based on the final volumes for debris that is
anticipated to be compressible.

Summary of Debris Volume by Material Type

Material Volume (cu. yds.)
Metal 1,870
Concrete 615
Plastic 450
Wood 175
Fiberglass/Rubber 60
Misc. Buried Debris 3,700
Total 6,870

Note: The volume of miscellaneous buried debris is an

estimate of the buried trash and debris located northeast of the

Mill Site office building.
A similar debris assessment was conducted at the mine site and identified approximately 25,600
cy of debris. The results are presented in the NECR Mine Site PDS Report.

3.9 VISUAL INSPECTION AND SURVEY OF BRANCH SWALES AND NORTH DIVERSION
CHANNEL

Several impoundment branch swales (Branch Swales A through H) and the North Upstream
Diversion Channel were visually inspected to document existing conditions, in order to provide
data necessary for design of the RA. The swale and channel locations are shown on Figure 3-8,
Branch Swales and North Upstream Diversion Channel Section Locations. The evaluations
were performed on November 27, December 7, and December 14, 2013, and included a
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qualitative evaluation of the physical condition of the materials used for construction, the
physical condition of the drainage rock or channel bottom, and the amount of sediment and
vegetation accumulation. For the North Diversion Channel, the evaluation also included
qualitative evaluation of the condition of the berm located west and north of the channel (the
roadway berm).

Based on the field observations, sections of swales or the channel with similar characteristics
were identified and grouped together. These groupings are shown on Figure 3-8. The existing
conditions were summarized for each of these sections. Table 3-7, Summary of Branch Swale
Conditions presents a summary of the condition of the branch swales, and Table 3-8, Summary
of North Upstream Diversion Channel Conditions presents a summary of the conditions of the
North Diversion Channel. Representative photos for each swale or channel section are provided
in Appendix B3.

In addition to the qualitative evaluations, cross sections were surveyed across each branch
swale and channel in several locations. Cross sections were surveyed along the entire length of
Branch Swales A, E, F, G and H and portions of Branch Swales B, C, and D and the North
Upstream Diversion Channel. Representative cross sections through the branch swales are
shown on Figures 3-9 through 3-11, Branch Swale Cross Sections. Representative cross
sections through the diversion channel are shown on Figure 3-12, North Upstream Diversion
Channel Cross Sections. The corresponding locations of the representative cross sections are
shown on Figure 3-8. The existing drainage swales and the north diversion can be incorporated
into the RA design. Some localized areas may require maintenance or improvements during
construction to remove vegetation or siltation. The sizes of the existing swales and diversion
channel may require adjustments to accommodate design flows. This evaluation will be
completed during RA design.
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Table 3-1 Summary of Geotechnical Laboratory Data - Cover Samples
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barrier | Tl - CS05 - 04A Bulk 9 24 Sandy Lean Clay CL Loam 9.6 29 | 12| 17 1.3 37.3 61.4 42.0 19.4
(clay | TI-CS09 - 04A Bulk 9 26 Sandy Lean Clay CL Loam 7.7 28 [ 13 ] 15 4.0 38.1 57.9 40.0 17.9
layer) | TI-CS11-04A Bulk 9 24 Sandy Lean Clay CL Clay Loam 8.6 268 [115.0@ 14.9]| 32| 13| 19 5.1 28.4 66.5 40.7 25.8 7.6E-08 [ 1.4E-07 | 1.0E-07 | 24
Tl - CS02 - 04A Bulk 10 | 24 Sandy Lean Clay CL [Sandy Clay Loam] 11.4 28 | 12| 16 3.6 44.7 51.7 30.4 21.3
Tl - CS04 - 04A Bulk 10 | 24 Sandy Lean Clay CL Clay Loam 15.0 | 268 |113.5@ 15.0| 35| 15| 20 0.9 35.0 68.2 37.2 26.9 4.6E-06 | 6.2E-06 | 2.3E-07| 8
Tl - CSO1 - 04A Bulk 11 24 Sandy Lean Clay CL Loam 9.2 268 |117.3@ 13.0( 29 | 15| 14 2.0 39.8 58.2 39.0 19.2 ND3 | 3.0E-04 | 4.6E-05| 7.8E-07| 8 | 8.6/9.6 [21.7/19.0
Notes: 1. Sample Types: Bulk = bucket/grab sample

0 NOoO O~ WON

. USCS = Unified Soil Classification Sysytem, material descriptions are based on field observations, and refined with laboratory data, if available. USCS classifications are provided only where sufficient laboratory data are available. CL = low plasticity clay
. USDA = United States Department of Agriculture, USDA classifications are based on the sand/silt/clay fraction of the sample and on USDA grain-size designations.

. Bulk saturated surface dry (SSD) specific gravity of the gravel fraction, average of three results (ASTM C127).
. LL = liquid limit, PL = plastic limit, Pl = plasticity index

. L.A. abrasion results are percent loss, by mass, for 100 revolutions.
. Weighted percent loss for the 3/4-inch to 3/8-inch size range

. Average of three results for the gravel fraction of the cover gravel/soil mixture samples

9. Pinhole dispersion test (ASTM method A) conducted on a specimen remolded to approximately 95% of the maximum standard Proctor density at optimum water content. ND3 = slightly to moderately dispersive clays that erode slowly under 2-inch or 7-inch head.
10. Flexible wall permeameter tests conducted on specimens remolded to approximately 90, 95 and 100% of the maximum standard Proctor density and tested at the confining stresses shown in the table.

11. SWCC test conducted on material passing the No. 10 sieve, remolded to approximately 95% of the maximum standard Proctor density and optimum water content. SWCC tests performed with pairs of specimens for each test.




Table 3-2 Summary of Agronomic and Analytical Laboratory Data - Inpoundment Cover, Stockpiles, and Borrow Areas
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WB-B2-04 Bulk 0 120 27.30 25.2 2.63 0.3 2.8 9.50 1.5 7.4 6.0 94 0.26 23 0.2 0.87 7.3 280 1.0£05
EB-B4-03 Bulk 0 120 27.90 25.5 3.30 0.8 2.3 13.10 0.9 7.7 6.0 178 0.46 83 0.7 3.35 33.1 280 1.1+05
Borrow Areas NB-B1-04 Bulk 0 180 5.34 20.4 1.01 1.0 6.6 3.18 0.4 8.0 7.0 136 0.16 69 1.1 2.37 20.9 280 0.8+05
SB-B4-01 Bulk 0 180 26.10 24.5 2.66 0.6 6.1 10.30 0.8 7.8 7.0 292 0.72 49 0.3 1.20 13.2 336 1.0£05
DH-B3-02 Bulk 0 120 7.07 10.3 1.84 3.3 0.4 4.26 0.2 7.8 6.0 42 0.05 155 4 9.61 75.6 168 1.3+0.6
TI-CS02-01 Bulk 0 7 30.40 30.5 2.95 0.4 2.5 8.36 1.5 7.7 7.0 309 0.87 40 0.2 1.04 10.5 448 1.5+0.6
Cover Samples TI-CS07-01 Bulk 0 6 6.27 24.8 0.81 0.1 2.1 1.94 1.5 7.8 8.0 251 0.40 10 0.1 0.29 2.6 392 1.7+£0.5
TI-CS11-01 Bulk 0 6 23.90 22.0 2.81 0.9 3.4 8.23 1.3 7.7 7.0 268 0.95 80 1 4.19 36.2 336 1.0+£0.6
Stockpiles Topsoil Stockpile Bulk - - 11.10 33.5 2.30 1.9 1.9 7.99 0.4 7.9 4.0 196 0.20 228 2.3 7.16 84.1 224 1.0+0.6

Note: 1. Sample Type: Bulk = bucket/grab sample




Table 3-3 Summary of Borehole and CPT Profiles

. i North Cell

Site Location:
Dam

Hole Number: 3 28 1 29 2 4 24 13 23 25
Surface Elevation (ft): 6969 6962 6970 6957 6960 6965 6962 6969 6962 6969
CPT or Paired CPT/Borehole' : paired cpt only paired cpt only paired cpt only cpt only cpt only paired cpt only
Embankment (thickness in feet): 47 - - - - - - - - -
Cover/Fill (thickness in feet): - 10 18 9 125 13 7 4 13 25
Coarse Tailings (thickness in feet): - 16 17 - 0 2 - - 2 -
Interlayered Coarse/Fine Tailings (thickness in feet): - - - - 0 4.5 - - - -
Fine Tailings (thickness in feet): - 1 - 1 2 - - - 1 -
Bottom of Tailings Elevation (ft): - 6935 6935 6947 6945 6945 6955 6965 6946 6967
Alluvium (thickness in feet): 23 57 53 93 19 6 15 - 27 -
Sandstone (Zone 3) (thickness in feet): * - * - 5 2 - - 225 -
Sandstone/Shale (Zone 2) (thickness in feet): - - - - - - - - 5 -
CPT Footage: 9 84 88 103 34 27.5 22 4 43 25
Borehole Footage: 70 - 70 - 38.5 - - - 70.5 -

. L Borrow Pits
Site Location: Perimeter of Borrow Pit 1 Borrow Pit 1 Borrow Pit 2
Hole Number: 5 14 20 17 6 9 10 8 16 18 19 11 27 12
Surface Elevation (ft): 6973 6980 6979 6975 6974 6976 6973 6976 6973 6972 6975 6978 6977 6979
CPT or Paired CPT/Borehole’: cpt only cpt only cpt only cpt only cpt only cpt only paired paired cpt only cpt only cpt only paired cpt only cpt only
Cover/Fill (thickness in feet): 5 6 7 7 7 7 8 9 8 6 5 43 15 43
Coarse Tailings (thickness in feet): - 11.5 14 8 8 15 14 16 7 6 23 - - -
Interlayered Coarse/Fine Tailings (thickness in feet): - - 7 - - 23 - - 18 0 - - - -
Fine Tailings (thickness in feet): - 3.5 5 6 19 0 22 19 10 30 17 11.5 - 2
Bottom of Tailings Elevation (ft): 6968 6959 6946 6954 6940 6931 6929 6932 6930 6930 6930 6924 6962 6934
Alluvium (thickness in feet)?: 33 14.5 13 27 2 24 61 17 12 8 13 42.5 65 7
Sandstone (thickness in feet) (Zone 3): - - - - - ++ ++ - - - - - ++ -
Sandstone/Shale (thickness in feet) (Zone 2): - - - - - - - 5 - - - - - -
Sandstone (thickness in feet) (Zone 1): - - - - - - 3 - - - - 6 - -
CPT Footage: 38 35.5 46 48 36 69 63 61 55 50 58 97 80 52
Borehole Footage: - - - - - - 108 66 - - - 103 - -

. . West Side of Central Cell and South Cell®
Site Location:

Central Cell South Cell

Hole Number: 15 26 7 21 22 30 31 32
Surface Elevation (ft): 6977 6973 6972 6966 6968 6962 6951 6950
CPT or Paired CPT/Borehole’ : paired cpt only cpt only cpt only cpt only cpt only cpt only cpt only
Cover/Fill (thickness in feet): 3 6 7 5 6 6 6 5
Coarse Tailings (thickness in feet): 27 8 8 - 25 21 20 35
Interlayered Coarse/Fine Tailings: - - 26 - - - - -
Fine Tailings (thickness in feet): - 1 0 - 2 1 4 -
Bottom of Tailings Elevation (ft): 6947 6958 6931 6961 6935 6934 6921 6910
Alluvium (thickness in feet): 41.5 13 29 16 61 47 50 79
Sandstone (thickness in feet): * o+t - + - - - - +
CPT Footage: 55 28 70 21 94 75 80 119
Borehole Footage: 715 - - - - - - -

Notes:

1. Profiles for "CPT only" holes interpreted based on cpt/borehole pairs and CPT signatures are described in Section 3.2.2.

2. Wet alluvial soils encountered at about 90 feet below the ground surface at borings B10 and B11.
3. CPT soundings only (no boreholes) along the west side of the central cell and the south cell.

— o~ o~ o~

*) Boring terminated in alluvium, prior to refusal
+) CPT terminated in alluvium, prior to refusal

++) CPT refusal likely on a boulder, or hard clay layer within the alluvium
-) Material type not encountered, or CPT footage only




Table 3-4 Summary of Geotechnical Laboratory Data - Mill Site Impoundment
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TI-B1 |CA 16 16.5 | Lean Clay with Sand (Fill) | CL 16.2 104.7 33 13 [ 20 0.3 272 | 725 | 429 | 29.6
TI-B1 [CA 20.5 21 Coarse Tailings 6.1 5.7
TI-B1 |CA 21 21.5 Coarse Tailings 7.5 21.9/19.8| 96.5/99.6 | 105.5 0.0 90.7 9.3 5.5 3.8 3.7E-04 | 18 | 0.024
TI-B1 |ST 27 27.5 Coarse Tailings SP 4.0 97.6 2.67 NP 0.0 92.7 7.3 5.2 2.1 2.9E-03 | 14 34.9
TI-B1 [CA 30 30.5 Coarse Tailings 13.9 13.5
CENTRAL| TI-B1 |CA 30.5 31 Coarse Tailings 14.6 29.6/33.8| 84.2/83.6 91.6 3.0E-07 | 25 [ 0.092
CELL TI-B1 _[CA (top) 31 31.5 Coarse Tailings 0.8 0.4
TI-B1 |CA (bottom) 31 31.5 Fine Tailings CL 41.6 76.5 268 | 269 | 44 17 | 27 0.0 30.9 [ 69.1 54.6 14.5 33.3
TI-B1 |CC-AC 32 33 Coarse/Fine Tailings CL 29.3 | 27.8 33 16 17 0.0 46.7 | 533 | 374 15.9
TI-B1 [CA 36 36.5 Clayey Sand 21.0 | 19.9 [36.3/33.2| 85.2/88.0 97.3 2.73 0.0 625 | 375 | 328 4.7 1.7E-06 [ 32 | 0.059
TI-B1 [CA 41 41.5 Lean Clay with Sand CL 26.7 98.6 31 15 16 0.0 18.2 81.8 54.7 271 1.2E-07 35
TI-B1 |ST 45 46 Clayey Sand 22 21.2 106.0 0.058 34.4
TI-B10 |ST (top) 10 11 Coarse Tailings 9.7 9.1 110 110.5 | 2.63 | 2.65
TI-B10 |ST (bottom) 10 11 Coarse Tailings 9.0 20.7/21.5(102.6/101.2] 96.8 0.2 71.9 27.9 16.6 11.3 4.3E-04 34 | 0.094
TI-B10 _|cc-AC “ (top) 125 | 14 Coarse Tailings 67 | 63 261 | 2.64
TI-B10 |cc-AC “ (bot) 12.5 14 Coarse Tailings 7.5 31.3/31.4| 85.0/85.0 99.1 0.7 715 | 278 18.9 8.9 6.7E-05 | 36
TI-B10 |CA 15 15.5 Coarse Tailings 9.3 103.0
TI-B10 |CA 16 16.5 Coarse Tailings SM 6.5 100.0 2.65 NP 24 82.3 15.3 10.2 5.1
TI-B10 [ST 215 | 225 Coarse/Fine Tailings CL 281 | 26.7 91.9 92.9 43 19 [ 24 0.0 43.0 | 57.0 | 514 5.6 0.111
TI-B10 |CA 25.75 26 Fine Tailings 43.7 41.0
TI-B10 |CA 26 26.5 Fine Tailings CH 60.4 57.4 63.1 64.3 2.71 | 2.80 74 27 47 0.0 10.0 90.0 82.6 7.4
CENTRAL] TI-B10 |ST 30.3 30.7 Fine Tailings CH 47.7 45.3 72.2 73.4 271 | 2.78 57 22 35 0.0 24.3 75.7 68.4 7.3
CELL - TI-B10 |ST 32 32.5 Coarse Tailings SM 15.4 100.1 2.67 NP 0.0 83.1 16.9 12.6 4.3
BORROW| TI-B10 |CA 35 35.5 Fine Tailings 50.2 47.7 71.3 72.5
PIT 1 TI-B10 |CA 35.5 36 Fine Tailings 542 | 514
TI-B10 |CA 36 36.5 Coarse/Fine Tailings SC/CL| 339 | 322 86.7 87.8 268 [ 272 | 36 16 [ 20 0.0 506 | 494 | 31.1 18.3
TI-B10 |ST (top) 40 41 Fine Tailings 47.3 45.7 70.5 73.7 2.54 | 2.56
TI-B10 |ST (bottom) 40 41 Fine Tailings CH 49.7 47.2 | 47.7/55.7| 75.3/67.9 73.3 74.5 61 21 40 0.0 20.7 79.3 46.5 32.9 2.9E-08 58 | 0.315
TI-B10 |CA 46 46.5 Silty Sand 9.9 95.4 2.74 0.0 65.8 34.2 23.4 10.8
TI-B10 [ST 55 56 Silty Sand 14.1 25.7/24.8| 98.0/99.9 | 100.8 24E-05 | 72 | 0.139
TI-B10 |CA 66 66.5 Silty Sand / Sandy Silt [SM/ML | 13.8 94.5 NP 0.0 50.1 499 | 334 16.5
TI-B10 |CA 71 71.5 Silty Sand 18.1 100.8
TI-B10 |CA 91 91.5 Clayey Sand 18.6 105.6 2.66
TI-B10 |CC 106.9 | 107.3 Sandstone 14.2 109.1 1.4E-07 | 115
TI-B11 |CA 6 6.5 Sandy Clay (Fill) 8.6 93.5
TI-B11 |ST 15 16 Clayey Sand (Fill) 8.2 16.0/16.3(117.7/116.6] 110.4 2.67 3.9 57.6 38.5 24.6 13.9 2.5E-05 38 | 0.085
TI-B11 [CA 21 215 Sandy Clay (Fill) 12.3 107.6
CENTRAL TI-B11 |ST 30.5 31.5 Sandy Clay (Fill) CL 13.7 112.4 30 13 17 71 41.3 51.6 33.9 17.7 9.0E-07 51 | 0.059
CELL - TI-B11 |CA 45.5 46 Fine Tailings 117.2 | 88.7
BORROW TI-B11 |ST 515 | 525 Fine Tailings CH 63.0 | 59.9 62.5 63.7 275|284 | 91 30 | 61 0.0 2.7 97.3 90 7.3 3.1E-08 | 67 [ 0.482
PIT 2 TI-B11 |ST 56 57 Silty Sand SM 16.2 31.0/30.8| 90.6/92.8 77.9 2.64 NP 0.0 60.4 39.6 31.9 7.7 5.6E-04 72 | 0.129
TI-B11 |CA 61 61.5 Sandy Clay 16.0 95.4 0.0 38.7 61.3 441 17.2
TI-B11 |CA 66 66.5 Silty Sand 14.2 96.2
TI-B11 |CA 81 81.5 | Clayey Sand with Gravel 11.0 107.6 2.76 12.9 65.6 21.5 9.9 11.6
TI-B11 |CA 100 100.2 Sandstone 21.1 103.9 1.3E-05 | 112
TI-B8 |CA 25 25.5 Coarse Tailings 9.0 8.4 103.7 104.2 | 2.72 | 2.72
TI-B8 [cA® 25.5 26 Coarse Tailings 6.2 25.7 94.6 99.6 0.0 87.9 | 12.7 7.9 4.8 36E-04 | 46
TI-B8 [cA® 26 26.5 Coarse Tailings SM 16.8 27.0 94.8 91.7 NP 0.0 76.0 | 24.0 19.0 5.0 )
CENTRAL TI-B8 |ST 30 31 Fine Tailings CH 65.1 | 61.8 61.5 62.7 74 | 25 | 49 0.0 9.2 90.8 | 81.2 9.6 0.426
CELL - TI-B8 (ST 31 31.5 Fine Tailings 443 | 414
BORROW TI-B8 [ST (top) 35 36 Coarse Tailings 14.3 13.6 90.9 91.4 2.66 | 2.67
PIT 1 TI-B8 |ST (bottom) 35 36 Coarse Tailings 16.5 31.2/39.3| 89.3/82.3 89.6 2.67 1.6E-05 | 43
TI-B8 [ST (top) 41 42 Fine Tailings 41.8 39.7 79.2 80.4 2.60 | 2.63
TI-B8 |ST (bottom) 41 42 Coarse/Fine Tailings SC/CL| 356 | 34.3 |33.1/31.6| 88.7/90.7 82.8 83.6 35 16 19 0.0 51.2 | 48.8 | 40.7 8.1 1.3E-07 | 53 [0.262
TI-B8 |CC-AC (top) 435 | 445 Coarse/Fine Tailings 31.2 29.3 91.0 92.3
TI-B8 _[cC-AC® (bot) 43.5 44.5 Fine Tailings 45.6 43.3 |47.9/49.0| 74.4/73.6 73.6 74.8 0.0 14.5 85.5 74.7 10.8 3.0E-08 61




Table 3-4 Summary of Geotechnical Laboratory Data - Mill Site Impoundment

(continued)
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TI-B8 [|CC-AC 44.5 45 Fine Tailings 2.59 .60
BORROW TI-B8 |CA 46 46.5 Lean Clay with Sand CL 21.9 95.2 2.72 30 16 14 0.0 27.9 721 55.6 16.5
PIT1(cont.)] TI-B8 |CA 56 56.5 Silty Sand SM 12.6 97.6 2.70 NP 0.0 57.0 43.0 30.9 12.1
TI-B8 |BULK 63.5 64 Shale X X X X
TI-B15 |CA 6 6.5 Coarse Tailings 54 101.1 0.0 87.5 12.5 9.8 2.7
TI-B15 |CA 11 11.5 Coarse Tailings 6.8 93.8
TI-B15 |CC-AC 13.5 14 Coarse Tailings SM 19.0 18.4 2.68 NP 0.0 69.6 30.4 22.6 7.8
TI-B15 |ST 15.5 16 Coarse Tailings SM 14.2 90.4 2.66 NP 0.0 54.9 15.1 10.1 5.0 8.3E-04 38 | 0.126
TI-B15 |CA 21 21.5 Coarse Tailings SM 12.7 99.8 2.68 NP 0.0 80.6 19.4 13.3 6.1
CENTRAL TI-B15 |CC-AC 285 | 29.5 Coarse Tailings SM 19.3 2.66 NP 0.0 65.4 34.6 24.4 10.2
CELL TI-B15 |CA (top) 31 31.5 Silty Sand 22.3 21.3
TI-B15 |CA (bottom) 31 31.5 Silty Sand SM 17.1 101.8 2.71 NP 6.2 51.9 41.9 25.9 16.0
TI-B15 |CA 41 41.5 Clayey Sand 11.4 10.1 87.1 88.1
TI-B15 |CA (top) 46 | 465 Sandy Silt 258 | 24.0
TI-B15 |CA (bottom) 46 46.5 Sandy Silt ML 17.3 99.3 2.81 NP 0.0 37.0 63.0 55.7 7.3
TI-B15 |CA 56 56.5 Silty Clay 1.7 10.5 104.2 105.3
TI-B15 |CA 66 66.5 Clayey Sand 12.7 11.8 100.7 101.5
TI-B23 |ST 15.5 15.75 Coarse Tailings 20.7 19.6 87.7 2.77 0.0 62.8 37.2 34.1 3.1
TI-B23 |ST 17.25 17.5 Sandy Clay 22.5 101.9 2.73 0.0 31.1 68.9 46.5 22.5
TI-B23 |ST 26 27 Lean Clay CL 21.6 101.7 2.73 49 18 31 0.0 8.8 91.2 43.8 47.5 0.046
TI-B23 |CA 45.2 457 Sandstone 13.8 108.7 2.4E-07 43
TI-B23 |cA® 655 | 66 Shale 10.2 103.0 9.7E-08 | 62
NORTH TI-B2 |CA 6 6.5 |Silty Sand with Gravel (Fill) 7.7 100.4 2.68 26.9 29.9 43.2 30.7 12.5
CELL [ T1IB2 [CcA 11 | 115 Clayey Sand (fill 245 75.9 2.73 00 | 654 | 346 | 303 | 43
TI-B2 [|CC-AC 13.5 14.5 Fine Tailings 41.7 39.6 0.0 23.1 76.9 49.2 27.7
TI-B2 |CA 15 15.5 Silty Sand 6.9 90.4 2.68
TI-B2 |CA 21 21.5 Silty Sand 7.0 91.4 2.74 0.0 82.9 17.1 11.5 5.6
TI-B2 |CA 26 26.5 Lean Clay with Sand CL 23.5 93.2 34 16 18 0.0 20.9 79.1 51.5 27.6
TI-B2 |BULK 38.4 38.7 Sandstone 13.5 X
TI-B3 |CA 11 11.5 Silty Sand (dam) 5.1 108.4 2.64 54 74.7 19.9 13.5 6.4
TI-B3 |CA 16 16.5 Silty Sand (dam) 4.7 105.3 -2.8 (2,236)
TI-B3 |ST 21 22 Sandy Clay (dam) CL 16.0 111.1 30 12 18 0.0 32.8 67.2 41.7 25.5 -0.03 (2,709) 32.2,195
TI-B3 |CA 26 | 265 Sandy Clay (dam) 12.0 106.8 25 | 13 | 12
TI-B3 |CA 31 | 315 Sandy Clay (dam) 16.1 108.4
DAM TI-B3 [ST (top) 35 36 Clayey Sand (dam) 10.5 10.2
TI-B3 |ST (bottom) 35 36 Clayey Sand (dam) SC 14.7 102.2 2.67 23 14 9 2.1 50.2 47.7 30.9 16.8 nc -0.7 (4,608) 33.7, 135
TI-B3 |CA 41 41.5 Sandy Clay (dam) 21.5 90.6 0.0 33.8 66.2 41.7 24.5
TI-B3 |CA 45.5 46 Sandy Clay (dam) 17.0 17.7 110.1 109.4 29.3, 293
TI-B3 |CA 46 46.5 Sandy Clay (dam) 18.0 104.8 28 13 15
TI-B3 |ST 56 57 Lean Clay CL 221 21.1 105.3 106.2 2.72 43 14 29 0.0 1.7 88.3 48.4 39.9 -1.5 (7,204) 22.2, 494
TI-B3 |CA 61 61.5 Silty Clay 25.8 99.0 0.0 22.0 78.0 54.9 23.1

Notes: 1. Material descriptions are based on field observations, and refined with laboratory data, if available. USCS classifications are provided only where sufficient laboratory data are available.

2. SWCC tests conducted with pairs of specimens for each test.

calculated using the average specific gravity for all samples of 2.70.
8. Shale sample had multiple horizontal fractures and was likely disturbed during sampling.

6. SWCC specimen remolded to the in-situ water content and density of the Shelby tube sample from 41-42 feet.

7. Compression indices estimated using the maximum anticipated loading during fill placement and the range of loading during testing. Initial void ratios are

3. Flexible wall permeameter tests conducted at confining pressures representing confining stresses for the proposed design fill. Confining stresses were estimated as the

existing overburden stress on the specimens (depth times total unit weight of material above) plus the maximum anticipated fill height for the location times the estimated unit weight of fill.
4. Specimen remolded to the in-situ water content and density of the Shelby tube sample from 10-12.5 for the SWCC.
5. Remolded SWCC and permeability tests conducted on a 50-50 mixture of the materials from these two specimens, remolded to the average measured density of the two CA samples.

9. Sample Types: CC = continuous core, CC-AC = continuous core in acrylic liner,
top/bottom indicates the specimen was taken from the top or bottom of the sample interval
10. Values in italics were calculated based on the relationship (WC60=0.951*(WC110)-.0611)

between the water content results measured for 15 tailings samples at the two oven temperatures.

11. Shaded cells are alluvium.
12. Consolidated undrained (CU) triaxial shear, staged loading of one specimen with pore
pressure measurements

ST = 3" diam. Shelby tube, CA = California sample

R =remolded, nc = Cc not calculated, because fill will not be placed in this location
X = testing not possible due to sample disturbance

LL = liquid limit, PL = plastic limit, Pl = plasticity index




Table 3-5 Summary of Geotechnical Laboratory Data - Borrow Areas
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WB-B1-01A | CA | 3.0 | 35 Clayey Sand 3.8 88.8 46.7 2.67
WB-B1-03A | CA [11.0] 115 Clayey Sand SC Sandy Loam 6.4 111.0 | 33.3 2.67 28 18 10 2.8 48.6 48.6 32.8 15.8
WB-B1-06 | Bulk | 5.0 | 10.0 [ Silty, Clayey Sand [SC-SM|  Sandy Loam 264 [1125@13.7] 26 | 20 6 0.8 52.3 46.9 31.0 159 | ND3 |7.2E-04 [ 5.8E-04 | 2.1E-04| 6.6/6.2 | 31.7/32.4
West Borrow WB-B2-02A | CA | 55| 6.0 Clayey Sand SC Sandy Loam 5.6 87.1 47.8 2.67 8.6 53.5 37.9 23.8 141
WB-B2-05 | Bulk [ 10.0]20.0 Clayey Sand SC Sandy Loam 26 17 9 9.9 46.3 43.8 27.7 16.1 | ND3 | 8.5E-05 | 1.2E-04 | 6.4E-05] 6.4/6.7 | 30.9/33.7
WB-B5-001B] CA | 3.0 | 35 Clayey Sand 3.7 92.5 443 2.66
WB-B5-002A] CA | 6.0 | 6.5 | Silty, Clayey Sand [SC-SM|  Sandy Loam 5.1 86.9 47.7 2.66 24 17 7 0.0 56.3 43.7 27.8 15.9
WB-B5-005 | Bulk | 0.0 [ 10.0| Silty, Clayey Sand [SC-SM|  Sandy Loam 117.3 @ 12.7 0.0 61.6 38.4 22.8 15.6
EB-B2-001A| CA | 3.0 | 3.5 | Weath. Sandstone 5.8 107.1 35.8 2.67
EB-B3-003B| CA [10.5[11.0| SandyleanClay | CL Sandy Loam 6.0 83.1 50.7 2.70 26 15 11 0.0 46.3 53.7 34.9 18.8
EB-B4-02A | CA [ 6.0 | 6.5 | SandylLeanClay | CL Sandy Loam 5.4 80.7 51.2 2.65 0.0 48.5 51.5 33.9 17.6
East Borrow | _EB-B408 | Bulk [ 10.0[20.0] Silty, Clayey Sand |SC-SM| _Sandy Loam 267 |[117.1@12.9] 23 17 6 0.0 50.5 495 32.0 175 | ND3 [ 8.7E-04 | 9.0E-04 | 4.4E-04 | 46/4.2 | 30.8/29.8
EB-B5-02B | CA [ 55 ] 6.0 Clayey Sand SC Sandy Loam 6.7 93.8 44.4 2.71 27 15 12 8.8 457 455 28.8 16.7
EB-B6-01B | CA | 3.0 | 35 Sandy Clay 7.6 91.2 46.1 2.71
EB-B6-03 | Bulk | 0.0 [ 10.0 [Lean Clay with Sand| CL Clay Loam 114.8 @ 14.1 0.0 26.6 73.4 44.3 29.1 | ND3 | 2.3E-04 | 3.6E-05 [ 2.9E-05| 9.4/9.3 | 32.8/32.2
EB-B6-04A | CA | 11.0|11.5| SandyleanClay | CL | Sandy Clay Loam | 8.6 95.2 43.3 2.69 31 13 18 0.0 31.1 68.9 43.8 25.1
SB-B1-01A | CA | 35 | 40 | SandyLeanClay | CL Sandy Loam 7.1 91.4 49.3 2.89 0.0 43.1 56.9 39.2 17.7
SB-B1-03A | CA [11.0[11.5] SandylLeanClay | CL | Sandy ClayLoam| 6.6 82.6 50.7 2.69 31 15 16 0.0 46.7 53.3 32.9 20.4
South BorrowlSBB104 [ Bulk | 0.0 [250] SandyleanClay | CL | Sandy Clay Loam 270 [1155@ 14.2] 33 14 19 0.0 42.6 57.4 30.7 26.7 | ND1 | 2.3E-04 | 5.7E-05 [ 1.4E-04 | 6.4/5.9 | 31.9/30.3
SB-B2-02B | CA | 55 [ 6.0 | SandyLeanClay | CL Loam 7.7 80.1 52.6 2.70 36 15 | 21 0.0 29.8 70.2 454 24.8
SB-B3-02A | CA | 6.0 | 6.5 [Lean Clay with Sand| CL Clay Loam 10.2 84.3 49.7 2.69 40 17 | 23 0.0 21.6 78.4 46.2 32.2
SB-B4-01 | Bulk | 0.0 [15.0] SandyLeanClay | CL | Sandy Clay Loam | 7.1 267 |1141@14.4| 33 15 18 0.8 39.6 59.6 35.7 239 | ND3 | 3.4E-04|2.0E-04|74E-05| 9.1/8.6 | 29.6/33.5
NB-B1-03B | CA [10.5] 11.0 Silty Sand SM Sandy Loam 5.4 84.4 49.5 2.68 25 | 22 3 0.0 55.6 44.4 30.3 14.1
North Borrow| NB-B2-01B | CA | 3.0 | 3.5 Silty Sand SM Sandy Loam 4.9 81.9 50.3 2.64 27 | 23 4 0.0 51.2 48.8 33.9 15.0
NB-B2-04 | Bulk | 0.0 [ 10.0| Sandy, Silty Clay |[CL-ML| Sandy Loam 113.9 @ 14.5| 26 19 7 0.0 49.0 51.0 32.5 18.5 | ND3 |4.0E-04 | 2.7E-04 | 7.5E-05 | 4.9/4.7 | 29.5/29.9
DH-B1-01B | CA | 3.0 | 35 Silty Sand 3.5 88.8 46.6 2.66
DH-B1-03 | Bulk | 0.0 [ 10.0] Sandy, Silty Clay [CL-ML|  Sandy Loam 5.4 267 [1175@ 13.8] 25 19 6 2.0 47.4 50.6 35.0 156 | ND4 |6.3E-04 |7.1E-04 | 2.5E-04 | 4.2/4.1 [39.6 /35.0
Dilco Hill | DH-B1-10 | Bulk [ 35.0 | 45.0 [Lean Clay with Sand| CL Loam 10.3 2.38 15 20.9 77.6 60.9 16.7 | ND3 | 1.6E-04 | 2.5E-05 | 3.2E-06 | 5.8/6.0 | 25.7/24.5
DH-B2-03 | CA [15.0] 15.5[Silty Clay with Sand [CL-ML|  Sandy Loam 10.5 96.7 39.2 2.55 29 | 24 5 0.0 27.7 72.3 66.9 5.4
DH-B3-05 | Bulk | 20.0 [ 30.0| SandyleanClay | CL Loam 7.3 2.66 [116.3 @ 13.0] 29 18 11 2.5 34.6 62.9 455 17.4

Notes: 1. Sample Types: CA = California sample, Bulk = bucket/grab sample
2. USCS = Unified Soil Classification Sysytem, material descriptions are based on field observations, and refined with laboratory data, if available. USCS classifications are provided only where sufficient laboratory data are available. CL = low plasticity clay
3. USDA = United States Department of Agriculture, USDA classifications are based on the sand/silt/clay fraction of the sample and on USDA grain-size designations.
4. LL = liquid limit, PL = plastic limit, Pl = plasticity index
5. With the exception of DH-B1-03, which was tested at a density based on the natural in-situ density measured from the CA samples, specimens were remolded to approximately 85% of standard Proctor density and

between the estimated natural and optimum water contents for the soil.

6. ND1 = nondispersive clay with very slight to no colloidal erosion under 15-inch or 40-inch head; ND4, ND3 = slightly to moderately dispersive clays that erode slowly under 2-inch or 7-inch head (ASTM test method A)

7. Specimens remolded to approximately 80%, 85%, and 90% of maximum standard Proctor dry density and between the estimated natural and optimum water contents for the soil.

8. Specimens remolded to approximately 85% of maximum standard Proctor dry density and between the estimated natural and optimum water contents for the soil. SWCC tests performed with pairs of speciments for each test.




Table 3-6 Summary of Geotechnical Laboratory Data - Site Stockpiles
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Topsoil-01 Bulk Sandy Clay CL 2.68 33 10 23 2.6 32.4 65.0
Topsoil-02 Bulk Sandy Clay CL 2.71 39 12 27 0.5 26.8 72.7
TI-SP1-01 Bulk Crusher Fines 1.9 80.8 17.3
TI-SP2-01A Bulk Erosion Protection Gravel 2781 93.0 6.3 0.7 57 8.26 1.868
Stockpiles | TI-SP2-01C Bulk Erosion Protection Gravel 83.3 4.9 11.8
TI-SP3-01A Bulk | Road Base (gravel with sand) 67.4 24.6 8.0
TI-SP4-01A Bulk Erosion Protection Gravel 2.75® 98.0 1.2 0.8 6.1 10.47 2.091
TI-SP6 (56A) Bulk 9-inch riprap 20,780 and 23,630 | 1,320 and 1,400
TI-SP6 (56B) Bulk 9-inch riprap 19,100 and 14,440 | 1,530 and 1,720

Notes: 1. Bulk = bucket/grab sample
2. USCS = Unified Soil Classification Sysytem, material descriptions are based on field observations, and refined with laboratory data, if available.
USCS classifications are provided only where sufficient laboratory data are available. CL = low plasticity clay
3. Average of three bulk saturated surface dry (SSD) specific gravity results for the rock samples (ASTM C127)
4. LL = liquid limit, PL = plastic limit, Pl = plasticity index
5. L.A. Abrasion results are percent loss, by mass, for 100 revolutions.
6. Weighted percentage loss for 0.75 to 1.5-inch size range
7. Average of three absorption results
8. Specimens were collected from the 9-inch stockpile and cored for strength testing.



Table 3-7 Summary of Branch Swale Conditions

Approx. Depth of
Swale Observation Sediment Accumulation Vegetation
Section” Date Sedimentation'? Above Rock Accumulation® Other Observations
Branch Swale A
A-1 11/27/2013 Moderate Up to 3" Moderate to Heavy
A-2 11/27/2013 Heavy Up to 12" Moderate to Heavy |Sediment accumulation appears to be from erosion of the south slope of the swale.
A-3 11/27/2013 Light <1/2" Light to Moderate
A-4 11/27/2013 Moderate Up to 2" Moderate Low area, with standing water present.
A-5 12/7/2013 Moderate Up to 3" Moderate to Heavy
Branch Swale B
B-1 11/27/2013 Moderate Up to 2" Moderate Sediment accumulation appears to be from erosion of east slope of the swale.
B-2 11/27/2013 Light <1/2" Moderate
Branch Swale C
C-1 12/7/2013 Heavy Up to 8" Moderate Sediment accumulation appears to be from erosion of the east slope of the swale.
C-2 12/7/2013 Light <1/2" Moderate
C-3 12/7/2013 Moderate Upto 1" Moderate
C-4 12/7/2013 Heavy Up to 12" Moderate Sediment accumulation appears to be from erosion of the south slope of the swale.
C-5 12/7/2013 Light <1/2" Light to Moderate
C-6 12/7/2013 Moderate Up to 2" Light to Moderate
Branch Swale D
D-1 12/7/2013 Heavy Up to 8" Moderate Sediment accumulation appears to be from erosion of the east slope of the swale.
D-2 12/7/2013 Moderate Up to 2" Moderate
D-3 12/7/2013 Light <1/2" Moderate to Heavy
D-4 12/7/2013 Moderate Up to 1" Light Low area, with standing water present.
D-5 12/7/2013 Moderate Up to 2" Light
D-6 12/7/2013 Moderate Up to 2" Heavy
Branch Swale E
E-1 12/7/2013 Heavy Up to 6" Moderate to Heavy |Partial erosion of side rock to bottom in places.
E-2 12/7/2013 Light <1/2" Moderate to Heavy |Partial erosion of side rock to bottom in places.
Branch Swale F
F-1 12/14/2013 Minimal None Moderate
F-2 12/14/2013 Minimal None Light Partial erosion of side rock to bottom in places.
Branch Swale G
G-1 12/14/2013 Minimal None Moderate Partial erosion of side rock to bottom in places.
G-2 12/14/2013 Minimal None Light
Branch Swale H
H-1 12/7/2013 Light to Moderate Up to 2" Moderate
H-2 12/7/2013 Light <1/2" Moderate

Notes

: 1. Swale sections are shown on Figure 3-8.

2. Sedimentation:

Minimal = Erosion protection rock is entirely visible, with little to no accumulation of sediment
Light = Erosion protection rock is mostly visible, with less than 1/2 inch sediment accumulation above the rock in places
Moderate = Erosion protection rock is not visible, or only partially visible, with accumulation of sediment up to approximately 3 inches above the rock
Heavy = Erosion protection rock is not visible, with accumulation of sediment up to approximately 6 inches or greater

3. Vegetation:

Minimal = None, or only occasional vegetation present

Light = Some light vegetation present (grasses/small shrubs), covering up to approximately 1/3 of the surface
Moderate = Up to approximately 2/3 of the surface covered with vegetation and/or tumbleweeds

Heavy = Nearly entire surface covered with heavy vegetation and/or tumbleweeds




Table 3-8 Summary of North Upstream Diversion Channel Conditions

Channel Observation Approx. Depth of Vegetation Condition of Other
Section"”! Date Sedimentation®” | Sediment Accumulation | Accumulation®® Roadway Berm Observations
NDC-1 12/14/2013 Light Up to 6" Moderate Stee'p, comprlsed of sgnqstone apd ﬂ.”' some minor No erosion protection rock is present on bottom or sides.
erosional rills present in fill material, lightly vegetated.
NDC-2 12/14/2013 Minimal None Light to Moderate Less steeg, covered with erosion protection rock, little or Erosion protection rock is present on bottom and sides.
no vegetation.
NDC-3 12/14/2013 Minimal None Moderate Steep, comprised of sandstone and fill, heavily vegetated. No erosion prot.ectlon rock is present on bottom, some
small rock on sides.
NDC-4 12/14/2013 Minimal to Light Up to 2" Light to Moderate Less steep than previous sectlonl, erosion protection rock  |Erosion protection rock is present on bottom and east
extends about 2/3 up the slope, lightly vegetated. slope, and 2/3 up west slope.
NDC-5 12/14/2013 | Light to Moderate Up to 12" Moderate to Heavy Steep, comprlsed of sgantone apd fill, some minor No erosion protection rock is present on bottom or sides.
erosional rills present in fill material.
Less steep than previous section, comprised of sandstone |No erosion protection rock present. Sediment
NDC-6 12/14/2013 | Moderate to Heavy Up to 18" Heavy and fill, some minor erosion rills present in fill material with |accumulation appears to be from East Borrow Area.
sediment accumulation at the toe, heavily vegetated. Channel is less well-defined in this area.
Comprised of fill, some minor erosion rills present, heavil No erosion protection rock is present on bottom or sides,
NDC-7 12/14/2013 Light Up to 6" Moderate to Heavy P ’ P ’ Y least slope of channel becomes increasingly shallow
vegetated. -
(moving south to north).
No erosion protection rock is present on bottom or sides.
NDC-8 12/14/2013 | Moderate to Heavy Up to 18" Heavy Corppnsed of fill, sor_ne erosion rills pre;ent, with some Sediment accumulation appears to be _from arga east of
sediment accumulation at the toe, heavily vegetated. channel. East embankment becomes increasingly shallow
toward the north.
Comprised of fill. some minor erosion rills present. lightl No erosion protection rock is present on bottom or sides.
NDC-9 12/14/2013 | Moderate to Heavy Up to 18" Heavy P ’ P M9MY AR incised erosional cut is present at the bottom of the
vegetated. )
channel, in what appears to be shale.
Notes:

1. Channel sections are shown on Figure 3-8.
2. Sedimentation:

Minimal = Little to no accumulation of sediment on channel bottom
Light = Accumulation of sediment up to approximately 6 inches in portions of channel bottom
Moderate = Accumulation of sediment up to approximately 12 inches in portions of channel bottom
Heavy = Accumulation of sediment up to approximately 18 inches or greater in portions of channel bottom

3. Vegetation:

Minimal = None, or only occasional vegetation present

Light = Some light vegetation present (grasses/small shrubs), covering up to approximately 1/3 of the surface
Moderate = Up to approximately 2/3 of the surface covered with vegetation and/or tumbleweeds

Heavy = Nearly entire surface covered with heavy vegetation and/or tumbleweeds




CONCEPTUAL REPOSITORY

CPT*OZQE

63960

@CPT-24

o (=] o
o o o
(e} g (s}
8)//// & 8
N 1,694,000 o) 9 )
(§Y] (4] (1)
179
A \
N2 5 - PIPELINE ARROYO
N
o
N
°©
) o
6950
040 o
5
~ 6? % 6955
N BRANCH SWALE (TYP)
= w8
b SHIRS
2, . N FORMER CHURCH ROCK MILL SITE CONCEPTUAL REPOSITORY
NG} S FOOTPRINT ALTERNATIVE NO. 2
o
[—
[
NORTH CELL
O

GENERAL AREA OF BORROW PIT NO:. 1

LEGEND:
5605

=8|

® CPT—XX

CS—XX

GROUND SURFACE ELEVATION,
FEET

ROAD

DRAINAGE

FENCE

SECTION BOUNDARY

MILL SITE PROPERTY BOUNDARY
PHYSICAL STRUCTURE

CONE PENETRATION TEST
LOCATION

COVER TEST PIT SAMPLING
LOCATION

AUGER BORING AND SAMPLING
LOCATION

N: \Design—Drafting\Clients_Q~Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014-02-28 pds report\10504318 PDS4

FOOTPRINT ALTERNATIVE NO. 3 ©CPT-03 l |
S I
cPT-01~— @CPT-13 I \
| |
® CPT-17 i
i
CENTRAL CELL CPT*O; l
® \ CPT-18—18 l
CPT-22 <
CPT-09g, cPT-10@ I
CRT-07% ) CPT—27 Oppr_ . \,
CPT—15L CPT-19 [ ] CPTM I \, 5,
-] 2 [ (@}
4 o) X
CPT-30 -~ Q =} = &y
N [ ] CPT=1 4. c Q o, & o
h CPT-08" - O% ©
g |
& S CPT-20@
$ | /
RUNOFF CONTROL DITCH \ %%0 I; GENERAL AREA OF BORROW PIT'NO. 2
‘@
6995
CPT=31 CPT-21 I
\ ¢ !
70
70052 4// I
EVAPORATION 7010 ! N
( PONDS & I
o ® 7010 CONCEPTUAL REPOSITORY, l
& © CPT-32 7010 FOOTPRINT ALTERNATIVE NO. 1
—
(s} < o
& . e '
S .
& NORTH DIVERSION DITCH I
SOUTH CELL :
p 7005 .
\ = | : .
N o 0 200 400
P . >
/ @W ] CONTOUR INTERVAL = 5
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 [PROJECT LocATIoN
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY D MIRANDA 07-14 PROJECT M w H
NEW MEXICO WEST
DATUM: CHECKED BY ¢ STRACHAN i PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY E DORNFEST 07-14 Unc
s PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
) FINAL cF | E 10-14 CLIENT APPROVAL ° PDS TAILINGS IMPOUNDMENT e NAM53'1
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. SAMPLING LOCATIONS 10504918 PDS4




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE~DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS5

=} o 7 o [}
8‘ - z : \ : g 2 %
5 /, = <«  , © ol o N
{ earsoo [ 3 \ g 2 ) | LEGEND:
- m m \ m /;g 5605 GROUND SURFACE ELEVATION,
74 FEET
1 ”L/%/O ( 6992
// 25 JE \ \ / g 6’3 — 1015
5 N 00 Z - 7 PIPELINE ARROYO e & P
1 = . = \ : S DRAINAGE
— 7 o
M2 z o ) 1 \ ° FENCE
S - °
> \\ L o —————————— SECTION BOUNDARY
i = A | ’ i — i e ———— L 7 ) . MNP = e S S —— A RS A7 e = e CROSS SECTION LOCATIONS
7045 — /7 : ¢ /! ' ) - -
L A— | . 6050 3 T = . N\ | —— — « = MILL SITE PROPERTY BOUNDARY
1080 I — i A Z j ~J Q i
| 4 63%6 | . Vi / \\ I . / | | HISTORIC GEOTECHNICAL BORINGS
i / 55 . y I ] _ WITH TAILINGS INFORMATION
‘l £ BRANCH SWALE (TYP) il 72N @ SHBXX=XX " (SERGENT, HAUSKINS AND
Y i‘ il i [ BECKWITH, 1978-1979)
s e © # | | j
> O‘PQ = _\"So CONCEPTUAL REPOSITORY | { ‘ HISTORIC BORINGS WITH TAILINGS
& ! ¥ | | BXX
\ A ‘ @v FOOTPRINT ALTERNATIVE NO. 2 ‘ L] INFORMATION (UNC, 1386)
FORMER CHURCH ROCK MILL SITE ’ (}Z\ 0 i
| X Q
\ R A | | @ TI-BXX AUGER BOREHOLE SAMPLING
e g Il 2 LOCATION (MWH, 2013)
- i - Sl |
’ WES S\ | O CPT-XX CPT LOCATION (MWH, 2013)
) NORTH CELL A I ‘
hED) 6960 "”m N | =) PHYSICAL STRUCTURE
i 2 CPT-02 0 ‘ \
S & [ 4 & \
!‘ 2 CPT-24 - H
¢ @) Il ] IMPOUNDMENT THICKNESS
;‘} Il | l (EXISTING GROUND SURFACE
i ~ ( “ I\ TO BOTTOM OF TAILINGS)
y | /
; !\ A SHB79-14, | T - 1o W
| S , CONCEPTUAL REPOSITORY 2 Y . '1
j g ™ / FOOTPRINT ALTERNATIVE NO. 3 g PT-03g GENERAL AREAGE | o - 15 []
| | -8 ' S BRI e BORROWPITNO. 1| ’ ,
! I\ o Z /////CPT-01 e ! 15" - 20 ]
} | - y SHB79-16 l} 200 - 25 [
: | /s |
| \ /& N\ | 25 - 30’ ]
| l 30 - 35' O
, | | 3 - 40 [
'/SHBT8a-26 OCPT-26 i |
4 SHB78a-25 - I [ 00 - 45 L]
@ SHB78a-24 CENTRAL CELL 3 > \ :J [ 45 _ 50’ D
® /. cpr22 ‘ I+ =
€ i S 7810 1\ I I’ 50 - & O
ya " \ H | Il
PT-10 | (s |
®<HB79.13 s = 660 g O cpT-09 \ T1:B14 | 1 ‘ “ i !‘
: 2 CPT27® I ‘ ‘ ,
gpr1s® 11 : oPTs CPT-11 o NOTES:
~SHB79—1-8‘ cPT-08) 1. CROSS SECTIONS SHOWN ON FIGURES 3-4
519 TI4B8 AND 3-5.
CPT-14
GENERAL AREA OF BORROW PIT NO. 2
@ SHB79-17
CPT-21
o0
EVAPORATION
PONDS
\ CONCEPTUAL REPOSITORY \ |
FOOTPRINT ALTERNATIVE/NO. 1 ! ‘ S
o e
/ IS 3 { i
7 I\ o ©
4 L NORTH DIVERSION DITCH 2R I‘ s
é})«b 7025 g 2 ‘ “ /\Q
; |
<1 7050 370 ( ‘ I ®
_ 103%40 28 I‘ N
. Al 7049 NCRE) | | o
7 A8 g ‘ &
i\ Q I AN
o) c d 7050 A | " “
UTH CELL o“? > 1656 I i 9 200° 400" ﬂob
° Il ‘ l“ _CONTOUR INTERVAL = 5’ i /\Q@D
\ . i
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 JPROJECT LOCATION
« EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY D MIRANDA Q7-14 PROJECT
« THE GROUND SURFACE ELEVATIONS SHOWN ON THE BORING LOGS NEW MEXICO WEST CHECKED BY C STRACHAN 07-14 M w H
1 e SETOAT IS 0 ST 69 (T8 A0 o unc PRE-DESIGN STUDIES REPORT
BASED ON A COMPARISON BETWEEN THE 2013 TOPOGRAPHY AND APPROVED BY E DORNFEST Q7-14
;:EPTAgngSCPg:HSNOWN IN THE OCTOBER 1678 REPORT UNITS: PROJECT MANAGER T LEESON 07-14 TITLE FIGURE REVISION
. US FEET -
_ + BORROW PIT CONFIGURATIONS BASED ON TOPOGRAPHY INCLUDED o TAILINGS IMPOUNDMENT THICKNESS 3'2 ‘ 0
0 FINAL cF ED 10-14 WITH UNC (1993) AND OPERATIONAL AERIAL PHOTOGRAPHS. CLIENT APPROVAL COVER AND TAILINGS) ISOPACH MAP FILE NAME
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. ( ) 10504918 PDS5




TAILINGS NOT ENCOUNTERED

FINE-GRAINED TAILINGS 5 FT
THICK OR LESS

FINE—GRAINED TAILINGS
GREATER THAN 5 FT THICK

N: \Design-Drafting\Clients_Q~Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014-02-28 pds report\10504918 PDS6

NOTE: 2013 CPT LOCATIONS SHOWN ON
AERIAL PHOTO DATED NOVEMBER 4, 1980,

TAKEN FROM CHESTER ENGINEERS (2012).

PROJECT LOCATION

CHURCH ROCK MILL SITE

PROJECT

PRE-DESIGN STUDIES REPORT

@ mwH

TITLE

DISTRIBUTION AND THICKNESS OF
FINE-GRAINED TAILINGS

FIGURE REV\S\ON

FILE NAME
10504918 PDS6




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE~DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS7

WEST

ri BORROW PIT NO. 1 |

BORROW PIT NO. 2 ——‘ EAST

7200 7200
PROPOSED REPOSITORY FILL crT-10
660 _55' CPT-18
6972.0 ¢
6969.5 113 CPT-11
658 SHB79-18 CPT-07 B15 (20) B10 cbT-19 LT_Z 69775
7100 69714 6967.0 6971.7 CPT-15 6976.8 69783 6975.0 cPT-27 & Bl | 7100
(-98) 118 an 6976.6 <0 CPT-09 (:58) a7 6976.9 6977.3
SHB79-13 ¢ 49
6968.0 30) 6975.6 14
EMBANKMENT R -23
- 42 BRANCH —
w CPT-30 SWALE (TYP) w
T 6962.4 w
: (144) B
4 4
S 7000 - AN L A / Z 7000 O
= =
< <
> >
g g
[} TAILINGS [}
6900 — -
PROPOSED REPOSITORY FILL 6800 T T T T T T T T T T T T T 6800
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2767
DISTANCE, FEET
EXISTING COVER/FILL CROSS SECTION 1
VERTICAL SCALE HORIZONTAL SCALE
g 7?' 15‘0' Q 15‘0' 390'
TAILINGS (UNDIFFERENTIATED FINE AND COARSE) ERTICAL EXAGCERATION = 2%
ALLUVIUM
DILCO COAL
JONE 3 SANDSTONE NORTHWEST SOUTHEAST
i NORTH CELL CENTRAL CELL i
ZONE 2 SHALE AND COAL 7200 7200
CPT-16 B10 s
PROPOSED REPOSITORY FILL 6973.3 6973.3 2)
ZONE 1 SANDSTONE 29 124
19 CPT-20
CPT-13 CPT-05 cPT-19 6979.2
B2 6969.1 69730 CPT-00 (57)
REPOSITORY ALT 1 NORTH AND CENTRAL CELL 7100 — 6959.9 CPT-24 o4 © \6,57.5;\, 57} 7100
@3) 6962.0 37 %;1;20 BRANCH NOTES:
CPT-02 (152 N SWALE (TYP
REPOSITORY ALT 2 NORTH AND CENTRAL CELL = 6959.9 -120 (TYP) — 1. CROSS SECTION LOCATIONS SHOWN ON FIGURE 3-1.
w 76) w
REPOSITORY ALT 3 CENTRAL CELL & EMBANKMENT DILCO COAL o 2. CROSS SECTIONS WERE GENERATED FROM TOP—OF—UNIT
> / i > SURFACES DEVELOPED FROM MWH BOREHOLE AND CPT
O 7000 _ ~ — ) —= 7000 © INFORMATION AND SELECT HISTORIC BOREHOLES THAT PROVIDE
x BURIED MILL DEMOLITION DEBRIS = L TSN 20\ VANIVAN K2 = = INFORMATION ABOUT TAILINGS, THE EMBANKMENT, AND/OR
< — < ALLUVIUM.  ADDITIONAL INFORMATION ON ZONE 1, ZONE 2,
u _ T u ZONE 3 AND DILCO COAL IS FROM TOP—OF—UNIT SURFACES
— DEBRIS AREAS (CONCRETE, STEEL, EXCAVATED o TAILINGS / o DEVELOPED BY CHESTER ENGINEERS. LOCATIONS OF
— —
MILL MATERIAL) BOREHOLES PROJECTED ONTO CROSS—SECTIONS ARE FOR
ALLUVIUM . - LOCATION REFERENCE ONLY.
____ CONTACT, SOLID WHERE APPROXIMATE, DASHED  ggoo-f —  __— === ST - 6900 3. LOCATIONS OF DEBRIS IN BORROW PIT 2 WERE SURVEYED
WHERE UNCERTAN ST T o —_ e “ DURING MILL DECOMMISSIONING.
W WATER ENCOUNTERED DURING DRILLING o N 1T 4. HISTORIC BOREHOLE AND DEBRIS ELEVATIONS ARE BASED ON
+ (MWH, 2013) ZONE 1 THE BEST AVAILABLE INFORMATION. DUE TO SURVEY ERROR
L AND DATUM CORRECTIONS, THE ELEVATIONS OF THE
BOREHOLES, DEBRIS AND CONTACTS SHOWN ARE APPROXIMATE.
SHB79-14 — BORHOLE 6800 - 6800
T T T T T 1 T 1 T T T
6968 DESIGNATION 5. EXISTING COVER/FILL THICKNESS IS SHOWN AS AN ESTIMATED
e 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2367 AVERAGE THICKNESS OF 10 FEET FOR THE NORTH GELL AND &
\ELE\/AT\ON PDS 2013 ?OR‘NG AND/OR C>PT DISTANCE, FEET FEET FOR THE CENTRAL CELL.
LOCATIONS (SHOWN IN BLACK
OFFSET CROSS SECTION 2 6. WATER ENCOUNTERED DURING DRILLING AND SHOWN HERE IS
VERTICAL  SCALE | HORIZONTAL SCALE WITHIN ALLUVIUM.
EXISTING HISTORIC BORINGS (SHOWN IN RED) 0 75 150 0 150 00 i
GROUND — | — ! 7. TABLE 3-5 AND FIGURE 3—3 PROVIDE MORE DETAILED
SURFACE VERTICAL EXAGGERATION = 2X INFORMATION ON LOCATION OF FINE AND COARSE TAILINGS.
DIMENSIONS AND ELEVATIONS IN FEET
————— BORING
EXTENT
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 PROJECT LOCATION
« EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. %‘(E)W EM:EX‘CO west (D::/;\::V:E[?YBY 2 :-\(RR//\::[::N Zz:li PROJECT M w H
DATUM: PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY E DORNFEST 07-14 Unc
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV‘S‘ON
N o 3-4 0
\ss\?[ FINAL oF | ED | 1014 CLIENT APPROVAL IMPOUNDMENT CROSS SECTIONS 1 AND 2 [sievwawe
eV DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS7




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE~DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS7

f SOUTH CELL | CENTRAL CELL | NORTH CELL |
7200 7200
SHB79-12
6963.0
(-56)
CPT-22 ePT-01 B1
71004 CPT-32 ar1-31 S SHBTEa-26 69697 gogg 7 — PROPOSED REPOSITORY FILL L 7100
; 6951.1 49 7 -
S0 18) ey © SHB78a-25 @0 SHB79-15 BRANCH SWALE (TYP) CPT-02
662 658 6958.0 6966.3 6959.9 CPT-29
5, 23 -
6954.0 6971.4 86 (185) B2 6957.2
. 20y 183 CPT-28 6959.9 (64) o
w 6963.7 185) w
w 9 w
z L‘l =
O 7000 7000 O
= =
= % ! _/ / =
H 1 /ﬁl:’—’—’;__ﬂ:j —= e S~ <~ oo L | I H
] e — e — —— ]
— — e e g I I TAILINGS S
~— N X—_‘, i 1
6900 + A ZONE3 6900
/_L//— A \A_
ALLUVIUM — ke
ZONE 2 ==
6800 \ \ \ \ \ \ \ \ \ \ \ \ \ — \ \ \ \ 1 6800
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 3850
DISTANCE, FEET
PROPOSED REPOSITORY FILL CROSS SECTION 3
VERTICAL SCALE | HORIZONTAL SCALE
g 7‘5 '\5‘0 l? '\5‘0 qD
— | — |
EXISTING COVER/FILL VERTICAL EXAGGERATION = 2X
TAILINGS (UNDIFFERENTIATED FINE AND COARSE)
ALLUVIUM | | |
NORTH CELL ki BORROW PIT NO. 1 BORROW PIT NO. 2 4»‘
7200 7200
DILCO COAL
B1
CPT-01 | 69697
ZONE 3 SANDSTONE B3 CPT-03 6969.7 133 CPT-18
69686 Ooea [~ EMBANKMENT {138 CPT-05 cpr-t6  CP1-10 Ty BRANCH SWALE (TYP
a61) wn PROPOSED REPOSITORY FILL — el o 6973.4 (113) r CH|S (TYP)
_ SHB79- S bl (5) [
ZONE 2 SHALE AND COAL 7100 69679 / CPT-04 126) 37) B10 CPT-12 7100
6964.9 3 CPT-27 g
113 CPT-13 6978.7
(144 6969.1 69723‘3 69786-9
ZONE 1 SANDSTONE I PIPELINE SHB79-15 130 . 5
i 6966.3 w
o ARROYO ) o
4 4
REPOSITORY ALT 1 NORTH AND CENTRAL CELL O 7000 - )
'<>_( AVA '<>_( NOTES:
REPOSITORY ALT 2 NORTH AND CENTRAL CELL ﬁ T /T*\ ﬁ 1. CROSS SECTION LOCATIONS SHOWN ON FIGURE 3-1.
REPOSITORY ALT 3 CENTRAL CELL b 2. CROSS SECTIONS WERE GENERATED FROM TOP—OF—UNIT
SURFACES DEVELOPED FROM MWH BOREHOLE AND CPT
6900 - e INFORMATION AND SELECT HISTORIC BOREHOLES THAT PROVIDE
x BURIED MILL DEMOLITION DEBRIS ZONE 2 INFORMATION ABOUT TAILINGS, THE EMBANKMENT, AND/OR
O ekt ALLUVIUM.  ADDITIONAL INFORMATION ON ZONE 1, ZONE 2,
ALLUVIUM - ZONE 3 AND DILCO COAL IS FROM TOP—OF—UNIT SURFACES
" — —x DEBRIS AREAS (CONCRETE, STEEL, EXCAVATED DEVELOPED BY CHESTER ENGINEERS. LOCATIONS OF
MILL MATERIAL) - / : L ° BOREHOLES PROJECTED ONTO CROSS—SECTIONS ARE FOR
e A > . LOCATION REFERENCE ONLY.
—— ———- CONTACT, SOLID WHERE APPROXIMATE. DASHED 6800 . ' ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ : : 6800 3. LOCATIONS OF DEBRIS IN BORROW PIT 2 WERE SURVEYED
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2797 DURING MILL DECOMMISSIONING.
DISTANCE, FEET 4. HISTORIC BOREHOLE AND DEBRIS ELEVATIONS ARE BASED ON
WATER ENCOUNTERED DURING DRILLING .
w (MWH, 2013) CROSS SECTION 4 THE BEST AVAILABLE INFORMATION. DUE TO SURVEY ERROR
AND DATUM CORRECTIONS, THE ELEVATIONS OF THE
o VERTICAL SCALE 500 o  TORZONTAL SCAE BOREHOLES, DEBRIS AND CONTACTS SHOWN ARE APPROXIMATE.
SHB79-14 — [— ] T —— ] ;
6968 [B)ESR‘HG(@LA%ON VERTICAL EXAGGERATION = 2x 5. EXISTING COVER/FILL THICKNESS IS SHOWN AS AN ESTIMATED
467 \ AVERAGE THICKNESS OF 10 FEET FOR THE NORTH CELL AND 6
ELEVATION PDS 2013 BORING AND/OR CPT FEET FOR THE CENTRAL CELL.
LOCATIONS (SHOWN IN BLACK)
OFFSET 6. WATER ENCOUNTERED DURING DRILLING AND SHOWN HERE IS
WITHIN ALLUVIUM.
EXISTING HISTORIC BORINGS (SHOWN IN RED)
GROUND 7. TABLE 3-5 AND FIGURE 3-3 PROVIDE MORE DETAILED
SURFACE INFORMATION ON LOCATION OF FINE AND COARSE TAILINGS.
DIMENSIONS AND ELEVATIONS IN FEET
——BORING
EXTENT
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 PROJECT LOCATION
« EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY D MIRANDA 07-14 PROJECT M w H
NEW MEXICO WEST
CHECKED BY C STRACHAN 07-14
DATUM: PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY E DORNFEST 07-14 Unc
TS PROJECT MANAGER T LESSON 07-14 TITLE FIGURE ‘REV\S\ON
{ ] -
0 FINAL CcF £ 10-14 CLIENT APPROVAL IMPOUNDMENT CROSS SECTION 3 AND 4 e NAME3 5 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS7




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE~DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS3

) / | ]
g » 8 8 Y | | g
N 1,690,000 S & ] 3 ‘ g
' ! [ N 2 . N
& T N\ g & 5 6990 ' 5
o I - o o o
[ r \\ p L | S L = 6995 ' ‘ Ll
69 - R , ‘ ; /, ~
5 N o | fa — 7000 7 '
) /
5 § 7005 — | l [
G _— - J
N 7010 |
6 \\ ~ 1]
9 B .
S0 N 1,691,000 |
1
|
= 2 |
— =} 20
10 ‘
7 7025 ‘ I
|
: ‘ -
° ' |
WB-B3 1030 ‘ “
| I
& 700 | 'i
{
[ |
| 7019 ”
- ﬁ N
§ % | l
8 ” l‘
7045 ‘ .
| 1
| |
| 7050 \ |
| | 70z
|
¥ 1055 ‘ ”
. |
WB—-B4 £
7025 ”
=
2373 | |
oo o ‘ |
S
6997.1 3
‘ < o5
B 29
2 l
7 2 °© ‘ ‘ 7040
7 S o ) |
N_ 1,689,000 N | I‘ 7045
| il
7
019 i P
[ l‘ 7055
&0
N ‘ l‘ 7
s 2 ‘ :
s 3 | [
03, o \ A2
0 S N/ 1,690,000 N\ !
N S < 1690, 7050 . ) |
o o o [ [l
> ey N Y .
s 2] N S 4
N 5 7055 ‘ I‘ S
I N
> 2, > I N o
So ° Q Q 3, | A
2 R ] . N
o |
|
WEST BORROW AREA EAST BORROW AREA
[ 100’ 200 LEGEND: [+ 100° 200’
CONTOUR INTERVAL = &' 5605 GROUND SURFACE ELEVATION, CONTOUR INTERVAL = &'
FEET
PRELIMINARY GRADING CONTOUR
ROAD
****** DRAINAGE
NOTE:
APPROXIMATE LIMIT OF BORROW 1. CULTURAL RESOURCE SITES (IF IDENTIFIED) HAVE BEEN ACCOUNTED
EXCAVATION FOR IN THE PRELIMINARY GRADING PLANS WITH A 100 FT BUFFER
ZONE.
SECTION BOUNDARY 2. PROPOSED BORROW AREA BOUNDARIES REPRESENT EXTENTS OF
GRADING TO EXTRACT USABLE MATERIAL AND MAINTAIN POSITIVE
— — . —— MILL SITE PROPERTY BOUNDARY FINAL DRAINAGE. BOUNDARIES HAVE BEEN MODIFIED FROM WORK
PLAN BASED ON GRADING TIE—INS.
@ WB-B5 BORROW AREA DRILLING LOCATION
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 JPROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. NE: DRAWN BY D MIRANDA 07-14 PROJECT
NEW MEXICO WEST CHECKED BY C STRACHAN 07-14 M w H
DATUM: PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY E DORNFEST 07-14 unc
uniTs: PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
5 L o 1 o= 1 voms CLENT APPROVAL . DRILLING LOCATIONS AND PRELIMINARY GRADING - NAME3-6 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. EAST AND WEST BORROW AREAS 10504918 PDS9




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS10

o o -
o o =
o o
o o
o~ o \
0 e}
o o
[} L ~
N 1,696,000
| 5
> NN
5 3 N .
> \
o
\ h 1\?0
7 7125
i o
S — —
o ¥ g - a
1 . N 1,693,500 g FaN 2
| ) | - =t & -
& S - —3 — ~ e
o 7(\177 G o~
s 8 e e - ;\
990 A . o |
1,695,00~ - ° N Q & p
~—— = N\ A
Ve T T \ < i
N W,695,5QO |
‘ N
I
‘ |
1IN \
| 10
& 1
e )
\ ‘
| < i
| |
| ‘ [
: ‘ \
. N 1,693,000 ! / ‘
I 7 |
A ¥
2 &
NORTH DRAINAGE BORROW AREA & N
0 100’ 200° ‘ |
— : ~
CONTOUR INTERVAL = 5 [S) ‘
S i
N ‘
| o %
s |
LEGEND: | \ ‘
5605 GROUND SURFACE ELEVATION, 1 7
FEET | |
y | 1
&2 \
[ PRELIMINARY GRADING CONTOUR & 7050;
S |
A J |
ROAD & \ J ;
DH-B3 ‘ /
777777 DRAINAGE 8@ 6985 ‘ ‘
© )
APPROXIMATE LIMIT OF BORROW N/ },p92,500 7025 1
EXCAVATION !
‘ 1
SECTION BOUNDARY | ‘
@ WB-B5 BORROW AREA DRILLING LOCATION \ 7 @l
G 3
oV
NOTE: 3
| = 1. CULTURAL RESOURCE SITES (IF IDENTIFIED) HAVE BEEN ACCOUNTED
‘ FOR IN THE PRELIMINARY GRADING PLANS WITH A 100 FT BUFFER
) ¢ ZONE.
%5 S,
g ) 2. PROPOSED BORROW AREA BOUNDARIES REPRESENT EXTENTS OF
. GRADING TO EXTRACT USABLE MATERIAL AND MAINTAIN POSITIVE
o . FINAL DRAINAGE. BOUNDARIES HAVE BEEN MODIFIED FROM WORK % .
w - | PLAN BASED ON GRADING TIE—INS. \ Y ;
SOUTH DRAINAGE BORROW AREA DILCO HILL BORROW AREA
0 100" 200" 0 100' 200"
5 ; ) :
CONTOUR INTERVAL = 5 CONTOUR INTERVAL = 5'
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 JPROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY D MIRANDA Q7-14 PROJECT M w H
NEW MEXICO WEST
CHECKED BY C STRACHAN 07-14
DATUM: PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY E DORNFEST 07-14 unc
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
) FINAL CF £D 10-14 CLIENT APPROVAL * DRILLING LOCATIONS AND PRELIMINARY GRADING - NAME3'7 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. NORTH, SOUTH, AND DILCO HILL BORROW AREAS 10504918 PDS10




N: \Design—Drafting\Clients_Q~Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014-02-28 pds report\10504318 PDS11

2 8 o 8
96
g = © g . LEGEND:
o o o N
y 0 n
< G 5959 < 5605 GROUND SURFACE ELEVATION,
L — 7 S o FEET
H o)
! ’
ROAD
F_%/\-‘ o
6950 —
!0“0 i o @ ‘I ’\»—\ 777777 DRAINAGE
& — ‘
= S < N PIPELINE ARROYO
! S8 w/ - l \ 6955 —————  FENCE
N "§ °
N é) SECTION BOUNDARY
@ el FORMER CHURCH ROCK MILL SITE _\‘0 d
(o)) o )
2 R(g \ \S BRANCH SWALE G G-2 @ —— — . —— PROPERTY BOUNDARY
g 2 ) . \
ﬂ 1 22 BRANCH SWALE OR CHANNEL
0 CROSS SECTION LOCATION AND
i — G-1 - & DESIGNATION
\ © B
: Q C-1 C-2
/ BRANCH SWALE OR CHANNEL
¢} NORTH CELL . SUB—DESIGNATION
6960 S
F-2 /> NOTE:
BRANCH SWALE F 4 1. SEE SHEETS 3-9, 3-10, 3-11, AND 3-12
« FOR TYPICAL SWALE OR CHANNEL CROSS
o\l I SECTION MEASUREMENTS.
o
QY f
S J 1 = l
S , [ .
/. S 6965 © I
o O
38w
[N @) I
i > E-2 ‘
700, BRANCH SWALE E B i
8970 j
o) o
% A e
i ® ’
D .
N 1,692,000 92 \v E-1 27 !
° © ﬂ
o o j/ CENTRAL CELL l
@ | o7 s o
© .
58 H-1 I
S) § -
& & @q% D‘2 i UPSTREAM NORTH DIVERSION CHANNEL
/4 _ /
75 / BRANCH SWALE D — X ; 4
o8 /6970 BRANCH SWALE H - . | \ 5 3
0 2 Y =) L) @
6965 S N I L3 &
b & . % 06 B
/ BRANCH SWALE C 5985 C 3 o
%, . - l
o
B =) < , H2 - P | )
6955 RUNOFF CONTROL DITCH 2 7N/ 7|
33 o
o \
. S e |
. \
/ © 4/73 .
950 % Q@ |
5 S y .
\ & |
A ' D-1//S7] ; ,
6 EVAPORATION PONDS s
%o # |
. o 4 7
v}
& p !
© o BRANCH SWALE B |
@ . BRANCH SWALE A 00, I
UPSTREAM NORTH DIVERSION CHANNEL l
G
%
& . |
7005 .
SOUTH CELL |
2
I O/O I
o o4 [
@)
030 ;
%O\
2.0
Js
7004450
N 1,690,000
p 0 200° 400
4090 |
CONTOUR INTERVAL = 5'
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 PROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY D MIRANDA 07-14 PROJECT
;;'J:j_xm Vet CHECKED BY C STRACHAN 07-14 PRE-DESIGN STUDIES REPORT MW H
NAD 83 APPROVED BY E DORNFEST 07-14 Unc
UNITS: PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
) FINAL cfF | e | 10-14 CLIENT APPROVAL ° BRANCH SWALES AND NORTH UPSTREAM R
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. DIVERSION CHANNEL SECTION LOCATIONS 10504918 PDS11




BRANCH SWALE A

7010 7010 7010 7010 7010 7010 7010 7010
8 6' 6.2'
r 7.5 »] 5.6' ‘«
15 7000 2 3' — 7000 15 7000 — L 2.2" — 7000 15 7000 — — 7000 15 7000 — — 7000
i W 15 w 71 w
5 109 - z | 2 63 =
<] <] 12.3 <] <]
E E E 1.6' i E
< < < <
> > > > 4
w w w i w 6.7
6990 — — 6990 i 6990 — — 6990 i 6990 — 44‘[ — 6990 i 6990 — i 82 " — 6990
? ; 25.6' 24 52 T 24
% ‘<7 19.2' 4»‘ %
6980 : : : : 6980 6980 : : : : 6980 6980 : : : : 6980 6980 : : : : 6980
-30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 -30 -20 -10 0 10 20
/1 BRANCH SWALE A-1 / 2>\ BRANCH SWALE A-2 /3" BRANCH SWALE A-2 /4> BRANCH SWALE A-3
3-8 3-8 3-8 \38/
6990 6990 6990 6990 6990 6990 6990 6990
. 6.9' r—
ﬂ 6.8 14.8'
i 10.4'
L s 3.3

- g 1.9 . . - 9.9' ,

1 6980 - — 6980 1 6980 — — 6980 1 6980 — 16980 1 6980 — 8.1 — 6980

w % * w 2. 7v w L \—J 4.3 w .1

w 85 w w : w

3 3 - 3 e I 3 L !

g g 13— £ } : 219 : g

& & & & |

m 6970 — — 6970 m 6970 ~ — 6970 m 6970 ~ — 6970 m 6970 — 1 235 ! — 6970

2.1
6960 : : : : 6960 6960 : : : : 6960 6960 : : : : 6960 6960 : : : : 6960
-30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -40 -30 -20 -10 0 10

/5 BRANCH SWALE A-3 /6 BRANCH SWALE A-4 / 7"\ BRANCH SWALE A-5 /8 BRANCH SWALE A-5
3-8 3-8 3-8 3-8

BRANCH SWALE B

N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS12

7010 7010 7010 7010 7010 7010
—= 69 6.6' ‘*
{ g 75 |
5 7000 —,\’J 26 7000 {5 7000 7000 {5 7000 8.3 7000
[ ‘ i &
z z 2 1.9' z
S I | 21.9 <] 2.3 ] ‘
E 24— - ! E % E 17 1.6'
s s % SR —4 s % %
m 6990 — 6990 i 6990 — — 6990 i 6990 — 6990
17.1
6980 ‘ ‘ ‘ ‘ 6980 6980 ‘ ‘ ‘ ‘ 6980 6980 ‘ ‘ ‘ ‘ 6980
-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20
/9" BRANCH SWALE B-1 /10" BRANCH SWALE B-1 /11" BRANCH SWALE B-1
3-8 3-8 3-8
0 1o 20
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 PROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY K TULLAR Q7-14 PROJECT M w H
NEW MEXICO WEST
AT CHECKED BY C STRACHAN 07-14 PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY E DORNFEST 07-14 Unc
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
L] -
0 FINAL CF ED 10-14 CLIENT APPROVAL BRANCH SWALE CROSS SECTIONS (1 OF 3) T AE 3-9 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS12




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS12

BRANCH SWALE C

7000 7000 7000 7000 7000 7000
6.9' 8.6' "
7.6 i
J 8.6 87 105

£ 6990 \// o 6990 [ 6990 L i 6990 5 6990 6990
w . B w w
w 2 w g [ i
g [ f g 2L g
= 11.1° > J , f =
-oe = 1 ~ ]
T 6980 6980 7 6980 6980 1 6980 22 + 6980

6970 : : : : 6970 6970 : : : : 6970 6970 : : : : 6970

-30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20
/12 BRANCH SWALE C-1 /13 BRANCH SWALE C-2 /14 BRANCH SWALE C-2
3-8 3-8 3-8
6990 6990 6990 6990 6990 6990
i 8.7
*‘ 5.5 T r 8.9 rw —1 s 7 7. 8

6980 — L 1.9 - 6980 6980 — L 4{2 36980 5 6980 6980
B J f B 2 i B 2 3
z 13 RIS z ! I~ 89 =l } z I ~ 58—
< < <
& a E
26970 6970 26970 6970 6970 6970

6960 : : : 6960 6960 : : : : 6960 6960 : : : : 6960

-30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20

/15" BRANCH SWALE D-1
3-8

/16" BRANCH SWALE D-2
3-8

/17 BRANCH SWALE D-2
3-8

BRANCH SWALE E

6990 6990 6990 6990 6990 6990 6990 6990

{5 6980 . ! 6980 15 6980 | 6980 {1 6980 | 6980 15 6980 6980

w 5.2 7.8 w ! 9.1' w w

e . e 6.3 o , e

z [1-7 Z z 6.5 8.9 Z

] o ] i o

E = E =

@ 6970+ j 1‘ 6 ») % 6970 o 6970 % L J ? 6970 6970+ j s % 6970 o 6970 — 6970

1.5 9.3' 8 : }
12. 5
6960 T T T T 6960 6960 T T T 6960 6960 T T T T 6960 6960 T T T T 6960
-30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20
/18" BRANCH SWALE E-1 /19 BRANCH SWALE E-1 /20 BRANCH SWALE E-2 /21 BRANCH SWALE E-2
38 38 @ @ 0 10 20
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 PROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY K TULLAR Q7-14 PROJECT M w H
NEW MEXICO WEST
AT CHECKED BY C STRACHAN 07-14 PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY E DORNFEST 07-14 Unc
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
L] -
0 FINAL CF ED 10-14 CLIENT APPROVAL BRANCH SWALE CROSS SECTIONS (2 OF 3) E NAME3 10 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS12




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS12

BRANCH SWALE F

6980 6980 6980 6980 6980 6980 6980 6980
= a0 - | 1 =95 —=] = "7'8'1>' =07 —=| -
b 6970 49 -7 ’1 6970 " 6970 9.1 6970 - 6970 6970 - 6970 o 23] 6970
Z L { Z L z z
: - : R 1 : ] : { 1
g : g 2.3' 2.4' g T — 2.8 < | —
s i s S ‘ ; s 27 [ T : s A~ 35
6960 10' ] 6960 I 6960 ‘ ‘ 6960 I 6960 1 < g2 = ! 6960 I 6960 6960
16— —A 74" f—— ) % Fgﬂ'» %
6950 6950 6950 6950 6950 6950 6950 6950
-30 20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 20 -10 0 10 20
(22> BRANCH SWALE F-1 /23> BRANCH SWALE F-1 (24 BRANCH SWALE F-2 (25" BRANCH SWALE F-2
3-8 3-8 3-8 3-8
6980 6980 6980 6980 6980 6980 6980 6980 6980 6980
6970 6970 16970 6970 16970 6970 156970 6970 [ 6970 6970
& i # i
; Z z z ’
g 6.5 S 71 g 04 = e 10.4' == o 11— —-—11.9' —
l»’ 55 ‘«+ 7.2 h—l 5 —! 71 r— 18 < 48.1'>1 < < ¢
' w
6960 | . —L 6960 “56950 JL | | F I 6960 ﬁegeo ‘L ‘ ‘ H L! 6960 ﬁegso !‘ | ‘ ! l, 6960 g 6960 lL I jpgun | 6960
: — 2.4' . 3 3.7
J - ? e 3.4
: 78 J : f J f %
1.3 ™ 1.7 FS'S " 1.7 FS_Q'» Fg,s" et— 10.1" —]
6950 6950 6950 6950 6950 6950 6950 6950 6950 6950
-30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20 -30 -20 -10 0 10 20
(26 BRANCH SWALE G-1 27\ BRANCH SWALE G-2 /28" BRANCH SWALE G-2 /29" BRANCH SWALE G-2 @ BRANCH SWALE G-2
3-8 3-8 3-8 3-8 i
6980 6980 6980 6980 6980 6980
‘ 149 .o
s —10.5' ‘j —— 10— i i
6970 | [ 82 = 8.7 = 6970 56970 - | | 16970 5 6970 > 6970
n i AN ‘ i n
Z i Z 25' 24" z J‘ f
o] o o] 2
< ™ T22 2 B 18.3'
n : L i
016960 - |} i b 6960 2 6960 6960 2 6960 6960
‘ 233
6950 6950 6950 6950 6950 6950
-30 -20 -10 0 10 -30 -20 -10 0 10 -30 -20 -10 0 10
/31 BRANCH SWALE H-1 /32 BRANCH SWALE H-1 /33 BRANCH SWALE H-2
38 38 38 . o -
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 PROJECT LOCATION
B S T s 0. oo o [oRem ey < TR CHURCH ROCK MILL SITE MWH
NEW M:EX\CU WEST PROJECT
Nﬁ)ﬂéy: CHECKED BY C STRACHAN 07-14 PRE_DESIGN STUDIES REPORT
APPROVED BY E DORNFEST 07-14 Unc
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
0 FINAL CF ED 10-14 CLIENT APPROVAL ® BRANCH SWALE CROSS SECTIONS (3 OF 3) E NAMS"11 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS12




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS12

ELEVATION EEET

NORTH UPSTREAM DIVERSION CHANNEL

7030 7030 7030 7030 7030 7030 7030 7030
- 13.9' — =] 15.1' 147
= =—11.5'—= [ ) -
7020 7020 {5 7020 7020 [ 7020 7020 1 7020 ‘ 5y 7020
‘ L | 10.2' —= b ~—16.3' uLLJ 59 14.2" |
LR 27.2' ) 6 { i 5 5
: = £ =
7.1 < < . _ <
; \ / < - p" s I — s I\ o
7010 i 51 701057010 7010 g 7010 * 7010 77010 | 7.3 7010
L— 18.5' ——=| * 49— V "
‘ 293 30 5.
7000 7000 7000 7000 7000 7000 7000 7000
-50 -40 -30 -20 -10 0 10 20 -40 -30 -20 -10 0 10 20 -50 -40 -30 -20 -10 0 10 20 -50 -40 -30 20 -10 0 10 20
/34 DIVERSION CHANNEL NDC-1 /35" DIVERSION CHANNEL NDC-2 /36" DIVERSION CHANNEL NDC-3 /37 DIVERSION CHANNEL NDC-4
3-8 3-8 3-8 3-8
7020 7020 7020 - . 7020 7020 7020
‘«— 14,3 —=f 25.3 } | 214 18 344 |
/ T ii i 21.2' -
17010 } 11.8' - 7010 17010 T— 7010 5 7010 1 7010
w 10 w w '
e o / o 16.1
z ; z z 11.3'
] <] ]
e E E
2 7000 7000 & 7000 e 7000 & 7000 ‘ 7000
33 12.4'— T 23.8"
27.4
6990 6990 6990 6990 6990 6990
-50 -40 -30 20 -10 0 10 20 30 -50 -40 -30 -20 -10 0 10 20 -50 -40 -30 -20 -10 0 10 20 30 40
/38" DIVERSION CHANNEL NDC-5 /39" DIVERSION CHANNEL NDC-5 /20" DIVERSION CHANNEL NDC-5
3-8 3-8 3-8
7010 — 7010 7010 7010 7010 7010
f 24.8' e 18 ﬂ i 20.7" | 234
] 18.7' | I ’
[ 1 ~_ oo
/ .
57000 | 7000 £ 70001 9.7" 7000 57000 - 10 % 7000
i . | K A 0 —
z 6.8 — ‘ 22 & 42 Z - 3 J
E E 1 E ’
% % | 33.7' | % 1.9'
26990 6990 26990 6990 26990 6990
36.9
6980 6980 6980 6980 6980 6980
-50 -40 -30 -20 -10 0 10 20 -40 -30 -20 -10 0 10 20 30 40 -40 -30 -20 -10 0 10 20 30 40 50 60
m DIVERSION CHANNEL NDC-6 @ DIVERSION CHANNEL NDC-7 @ DIVERSION CHANNEL NDC-8
3-8 3-8 3-8
7010 7010 7010 7010
i 23.7 i 253"
~
f l=—10.2' »j \ 32.8
5 7000 - 7000 57000 g 7000
ul 17 1.8 u : {
2 \ { = %
) r )
i }
2 6990 } 6990 2 6990 ‘ 2.5 ! 1.2—11 6990
‘ 28.4'
6980 6980 6980 6980
-50 -40 -30 -20 -10 0 10 20 30 -40 -30 -20 -10 0 10 20 30 40 50
ﬂ:l\ DIVERSION CHANNEL NDC-8 ﬂfs\ DIVERSION CHANNEL NDC-8
3-8 3-8 0 1o 20°
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY J CUMBERS 07-14 JPROJECT LoCATION
T T D o Biers co. |aone o [orum e PETIY S CHURCH ROCK MILL SITE
ZONE: _ PROJECT
NEW MEXICO WEST
Nﬁ)ﬂéyi CHECKED BY C STRACHAN 07-14 PRE-DESIGN STUDIES REPORT M w H
APPROVED BY E DORNFEST 07-14 Unc
UNITS: PROJECT MANAGER T LEESON 07-14 TITLE FIGURE REVISION
US FEET
0 FINAL CF ED 10-14 CLIENT APPROVAL ° NORTH UPSTREAM DIVERSION HE NAME3-12 ‘ 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. CHANNEL CROSS SECTIONS 10504918 PDS12




N: \Design—Drafting\Clients_Q-Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014-02-28 pds report\10504918 PDS16

7 I;

|

i

N 1,690,000

/@
i)

e e ——

PIPELINE ARROYO \

£ 2,52!0 0

BRANCH SWALE (TYP)

SEE SHEET 3-15

CENTRAL CELL

e ML P

e L

LEGEND:
5605 GROUND SURFACE ELEVATION, FEET
ROAD
DRAINAGE
e FENCE

TAILINGS IMPOUNDMENT (APPROXIMATE EXTENT OF TAILINGS)

SECTION BOUNDARY

— e o e MILL SITE PROPERTY BOUNDARY

) PHYSICAL STRUCTURE

EXISTING DEBRIS TYPE:
NON—FIXED FIXED
® @ METAL

® o CONCRETE
® (€] PLASTIC
[ [ WOOD
® O OTHER
DRISCO PIPE
NOTES:

1. FIXED DEBRIS IS PARTIALLY BURIED.

2. DESCRIPTION OF DEBRIS BY IDENTIFICATION NUMBER IS PROVIDED

IN APPENDIX B.

{ é
' 0 250’ 500"
!
CONTOUR INTERVAL = 10°
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY K JOHNSON 07-14 PROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY C FOWLER 07-14 PROJECT
NEW VEXICO WEST CHECKED BY E DORNFEST 07-14
DATUM: PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY T LEESON 07-14 U
UNITS: PROJECT MANAGER T LEESON 07-14 TITLE FIGURE REVISION
o 3-13
0 FINAL cF | 10-14 CLIENT APPROVAL MILL SITE DEBRIS OVERVIEW S
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS16




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS17

5 70 3
@ LEGEND:
o o
A7 ) 5605 GROUND SURFACE ELEVATION, FEET
72\8
ROAD
N 1 o]t ®/101
o) 90, 89 TAILINGS IMPOUNDMENT (APPROXIMATE EXTENT OF TAILINGS)
95\ 88
96 91
EVAPORATION PONDS N 5
97 \
5 99% 94793 N
& .‘100 =
87 /R
o -
/131
/73 A /86
. - &®
o Q. &
< 85
®8
769 9
R
74~ 10)
@75
Q’
EXISTING DEBRIS TYPE:
SOUTH CELL NON—FIXED FIXED
® @ METAL
® o CONCRETE
000 ® @ PLASTIC
\ o (] WoOoD
I\ 710 ® O  OTHER
DRISCO PIPE
060
N 1,690,00 NOTES:
1. FIXED DEBRIS IS PARTIALLY BURIED.
2. DESCRIPTION OF DEBRIS BY IDENTIFICATION NUMBER IS PROVIDED
y IN APPENDIX B.
30 <32
31
.133 =
- x:?f; ®/51
o
35
/50
& 4 —— =
\ ®«36
2 ®39
¢ 26 i
w 2 i
1 @ N 377
@ 27 24 49
3 - 40 &
We? i, — /42 ®
4 ® ® 12@ ®154Q16 & 4 J4T
4 —&
N 13 L ) 4
s oo Ty 2 S
5 2 & D s B ®21 43
9 1519 @20 44 | ‘
N @ AN
&N - >
A
|
0 100° 200"
— |
N\ CONTOUR INTERVAL = 2
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY K JOHNSON 07-14 - PROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY C FOWLER Q7-14 PROJECT M w H
NEW MEXICO WEST
CHECKED BY E DORNFEST 07-14
DATUM: APPROVED BY T LEEon p— Unc PRE-DESIGN STUDIES REPORT
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
{ ] -
0 FINAL CF ED 10-14 CLIENT APPROVAL MILL SITE DEBRIS INVENTORY (1 OF 3) E NAME3 14 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS17




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE-DESIGN STUDIES CHURCH ROCK\2014—02—28 pds report\10504918 PDS18

2 % T g E il
M < Te}
SN 1,692,040 \ a P LEGEND:
o o ~
L 6 w w 5605 GROUND SURFACE ELEVATION, FEET
ROAD
/112
N / TAILINGS IMPOUNDMENT (APPROXIMATE
EXTENT OF TAILINGS)
&
,102
RN
N7 1,691,500
'/59
63
62
° 61 60 EXISTING DEBRIS TYPE:
766 64 65 NON—FIXED FIXED
6
\® ®®\69 . BRANCH SWALE (TYP) ® 5} METAL
68
® (@] CONCRETE
® (©] PLASTIC
E [ J o WOOoD
® o OTHER
DRISCO PIPE
101 2010
& R
90, 89
95\ 88 0\C
96 91
EVAPORATION PONDS 08 B o
v :®97 \94 9 NOTES:
X400 — = 1. FIXED DEBRIS IS PARTIALLY BURIED.
87 | 2. DESCRIPTION OF DEBRIS BY IDENTIFICATION NUMBER IS
O’ T PROVIDED IN APPENDIX B.
131 1
13 @ (8{86
600 ®85 . 02"
69
<
N 1,690,500 / | - 0
T4~ [ \
_e75
~— _/ N
R
000
{
IL 010 ° 0 100" 200’
— |
CONTOUR INTERVAL = 2
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY K JOHNSON 07-14 [PROJECT LOCATION
+ EXISTING SURFACE TOPOGRAPHY GENERATED FROM AERIAL STATE PLANE COORDINATES CHURCH ROCK MILL SITE
PHOTOGRAPHS DATED DEC 2013 BY COOPER AERIAL SURVEYS CO. ZONE: DRAWN BY C FOWLER Q7-14 PROJECT M w H
NEW MEXICO WEST
DATUN: CHECKED BY E DORNFEST 07-14 PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY T LEESON 07-14 Unc
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
{ ] -
0 FINAL CF £D 10-14 CLIENT APPROVAL MILL SITE DEBRIS INVENTORY (2 OF 3) E NAME?’ 15 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS18




N: \Design—Drafting\Clients_Q—Z\United Nuclear Corporation\PRE~DESIGN STUDIES CHURCH ROCK\2014—02-28 pds report\10504918 PDS19

z LEGEND:
z - 5605 GROUND SURFACE ELEVATION, FEET
ROADS
—————— DRAINAGE
N e FENCE
i r,
N, 72)8
FORMER CHURCH ROCK MILL SITE ol I TAILINGS IMPOUNDMENT (APPROXIMATE EXTENT OF TAILINGS)
d N 5 8o
-3 \+\ . SECTION BOUNDARY
\+\ ’ 3 —— — . —— MILL SITE PROPERTY BOUNDARY
N
4, N =) PHYSICAL STRUCTURE
6,
hy s
=
66\6‘
0228 /*/
/ N
/ ! \‘\
0232 \\ 0869
®233 a4 \\, EXISTING DEBRIS TYPE:
23 UNC OFFICES S */ ®135 \ NON—FIXED FIXED
+\ / [N / . B \ ® (€] METAL
— oS +\// N /*/ ® o CONCRETE
®238 239 /‘ N 9 / ®223 170 - \\ ® @ PLASTIC
AV 236 A \‘\ )4 @169 w N ® ®  wooD
S %{ - 4 L / \ 168 137 AN ® O  OTHER
S L 9237 N— = . / ©136 \
Jo > L . - T~ BN / 195 N DRISCO PIPE
43 s /28 (T " N @149 %
éﬁgﬂi—.@uo e ) % </ @171 ‘ 138—® 13,
R @241 N =) ’ C®ira T ! 139 @152 ;
172
\244\242 )2\?0 {® 173 1 1\® ©140 §151 (,/ Q 4»
® &2 174 ‘ 17 Y
S ¢ ~ i 9 - p \
®265 e . X175 {180 B2 g @144 @150 P .
@17 143, N\ NOTES:
254 ) 178 o
3 -~ 176" 0181 N
®253 = 20y @14@ \ 1. FIXED DEBRIS IS PARTIALLY BURIED.
@256 ®2&2§?1 . \ 2. DESCRIPTION OF DEBRIS BY IDENTIFICATION NUMBER IS PROVIDED
= e IN APPENDIX B.
— D #
— S : ©188 % X
- ©220 ®187 & @158 @167 N\
g \+ /*/* & 1 85\ %1 82 ) 193 D147 ) ®159 \
- e ' O ®21 ? ) 183 1892190 4 i % - \
279 »o78®@279 5 ®160 %
278\\% 186 N1 @rgg D108 @194 Q6 " & \+\
277 "
276 ®270 @267 218\@217 197/® 9195
o271 al 196" ©163
275 268 7 S - - 61 O162 g
Coans o @g "o \R166 @ /@?&
272 216 “2212 202" 545 .
2 X269 W\ € | 200——® / / \$ /*/
=) S N @ ® /206 @ \ o 132=—»
R 204 y 0 O\ L
1 3 | M 208/ % G207 ‘ S
— i et i ) i LSOOI T N 210 . o ¥ Y
| K ! ) | ,/‘ \
! : ‘ 7 R ¢\
f - yd \
S | / \
© 208 g ===
40 ©209 v -
. x L X X x\/x’\\’ /¢/ B
7150 L 3 > 5 . 24
< 5 SN oo \ /¢/ S
B . & L - Q lqﬂ’ EU‘D’
‘ CONTOUR INTERVAL = 2"
DRAWING REFERENCE(S): PROJECTION: DESIGNED BY K JOHNSON 07-14 PROJECT LOCATION
T T D o Biers co. |aone o [orum e < FowLER S CHURCH ROCK MILL SITE @ H
ZONE: _ PROJECT “"‘A'
NEW MEXICO WEST
CHECKED BY E DORNFEST 07-14
DATUM: PRE-DESIGN STUDIES REPORT
NAD 83 APPROVED BY T LEESON 07-14 Unc
TS PROJECT MANAGER T LEESON 07-14 TITLE FIGURE ‘REV\S\ON
{ ] -
0 FINAL CF ED 10-14 CLIENT APPROVAL MILL SITE DEBRIS INVENTORY (3 OF 3) E NAME3 16 0
S DESCRIPTION TECH | ENG DATE CLIENT REFERENCE NO. 10504918 PDS19




@ mwH

40 SUMMARY AND CONCLUSIONS

The PDS were conducted at the Mill Site in preparation for design of the repository, as a part of
the NECR Mine Site RA. The goal of the PDS was to collect pre-design data and information
necessary to design the RA in accordance with the proposed performance standards and
United States Environmental Protection Agency’s Region 9 (USEPA) Action Memorandum:
Request for Non-Time Critical Removal Action at the Northeast Church Rock Mine Site (Action
Memo) (USEPA, 2011a) and the USEPA Region 6’s Proposed Plan (USEPA, 2012) and the
Record of Decision (ROD) for the United Nuclear Corporation (Church Rock Mill Site) Surface
Soil Operable Unit NPL Site (USEPA, 2013). The tasks that were conducted during the PDS
consisted of the following:

e Topographic survey of the impoundment cells and surrounding areas

e Geotechnical evaluation of tailings impoundment and underlying units

e Borrow material investigation

¢ Volume and characteristics of on-site erosion protection materials

e Revegetation study

e Biointrusion evaluation

e Cultural resources survey

e Visual inspection and survey of branch swales and North Upstream Diversion Channel
e Debris inventory

Results of the individual investigations are described in Section 3.0 and the data are provided in
Appendices. The significant results from the PDS at the Mill Site are summarized below, along
with findings that potentially impact RA design.

The tailings encountered in the tailings impoundment are laterally and vertically heterogeneous,
and contain varying amounts of fine-grained tailings. This variability is consistent with the
operation of the mill and location of slurried tailings discharge and ponded water within the
impoundment. As a result of this heterogeneity, the tailings water content varies throughout the
impoundment and within individual tailings profiles. Based on the CPT work, observation of
collected samples, and laboratory testing, the tailings profiles encountered in the PDS
investigation are unsaturated.

While there is variability in the tailings particle-size distribution and water content, the tailings
impoundment is a suitable repository site, with appropriate design considerations for tailings
settlement. Potential performance issues related to tailings settlement will be accommodated
during design with the total amount and rate of loading from mine spoils placement.

Results of the borrow investigations and preliminary grading layouts indicate that up to 400,000
cy of soil are available in the borrow areas, excluding the Dilco Hill Borrow Area which is mostly
sedimentary rock. The preliminary grading and excavation plans exclude areas within 100 feet
(buffer zone) of the identified cultural sites. Approximately 20,000 cy is available in the topsoil
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stockpile. The soil in the borrow areas has an average fines content of 53 percent, indicating it
is suitable for construction of an evapotranspirative (ET) cover. Based on preliminary designs
and assuming a repository capacity of 900,000 cy with a three foot thick ET cover, up to
323,000 cy of cover and clean fill soil could be required for repository construction. This soil
volume does not include fill required for regrading at the NECR Mine Site. If more than 420,000
cy of borrow is required for RA construction at both the Mine and Mill Sites, rock material could
be excavated from the Dilco Hill and crushed in limited quantities.

The existing soil-gravel admixture in the cover on the impoundment can be stripped and reused
during RA construction. Volume estimates indicate there is up to 80,000 cy of this material
available, depending on the final repository design. Grading plans will dictate whether additional
larger rock are needed to supplement the rock sizes presently in the admixture layer.

The existing erosion protection rock present at the Mill Site (in stockpiles) could be used as
supplemental material for RA construction. The durability scoring of the existing stockpiled
materials indicates some oversizing may be required for this material, depending on its intended
future use. Riprap for channels would likely need to be imported, due to the limited volumes of
material stockpiled on site.

The existing clay layer (radon barrier) beneath the cover admixture layer was tested for
geotechnical properties, including remolded saturated hydraulic conductivity. The clay layer is
suitable for a physical barrier between the mine spoils and underlying tailings. Testing of
remolded samples of the clay layer material indicate that saturated conductivities on the order of
10" cm/sec would be achieved if the material was reworked and compacted at near optimum
water content to between 95 and 100% of standard Proctor density.

The existing drainage swales and the north diversion can be incorporated into the RA design.
Some localized areas may require maintenance or improvements during construction to remove
vegetation or siltation. The sizes of the existing swales and diversion channel may require
adjustments to accommodate design flows. This evaluation will be completed during RA design.

Animal biointrusion studies results indicate the presence of pocket gophers, prairie dogs, and
badgers in the vicinity of the Mill Site. The vegetation and biointrusion studies also identified a
calcium carbonate accumulation zone in the vegetation analog areas that could potentially
restrict plant root and water infiltration depth. Further characterization of the borrow area soils is
necessary to investigate the concentration of calcium carbonate throughout the depth of the
excavations proposed in the borrow areas, in order to design the evapotranspirative cover and
specify organic amendments necessary for vegetation establishment.
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Results of the vegetation and wildlife surveys at the borrow areas indicate the following:

1. No rare, threatened or endangered species occur within any of the potential borrow
sites.

2. If soils from the East Borrow Area are used to construct the repository cover, the noxious
weeds in the area should be managed via chemical control prior to construction, in order
to minimize the spread of noxious weeds as a result of construction.

3. The baseline and analog sites are comparable; therefore the analogs can be used as a
reference for post-construction revegetation success criteria.

The data collected and summarized in this report as a portion of the PDS meet the objectives of
the Work Plan and are sufficient for use in the RA design. The only identified data gap is
potential further agronomic characterization of borrow area soils, which would be implemented
during the design phase.
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BUILDING A BETTER WORLD

TECHNICAL MEMORANDUM

TO: Mr. Lance Hauer, GE DATE: August 12, 2013
(Revised September 26, 2013)

FROM: Jason Cumbers, PE, MWH REFERENCE: 1012376

CC: Toby Leeson, MWH

SUBJECT: Church Rock Mill Site Repository - Summary of Relevant Geotechnical Data

Background

NRC and DOE comments on the MWH Draft Data Gaps Report (MWH, 2012) recommended a
site geotechnical investigation of the foundation materials for the new repository. MWH
evaluated existing geotechnical, geological and hydraulic data for the tailings and underlying
materials in the vicinity of the proposed repository. Specifically, this information was evaluated
relevant to the placement of mine spoils on top of the reclaimed tailings impoundment, in order
to develop a focused geotechnical investigation program to obtain information to supplement
existing information on the tailings, the underlying alluvium, and the Zone 3 Sandstone.

This memorandum provides a summary of existing data from the materials described above.
This summary of data is focused on the area around the conceptual repository layouts and the
specific data for the tailings, in the North and Central Cells. Pertinent geotechnical, geological
and hydraulic information is summarized herein, and references, where specific test results and
borehole information can be found, are presented. Figure 1 shows the locations of pertinent
historic borings, wells, and geologic cross sections in the vicinity of the North and Central Cells.
Figure 2 shows the locations of the currently existing wells at the site, as well as the locations of
aquifer tests performed within the sandstone and alluvium, and permeability tests conducted at
soil boring locations. Information on the borehole permeability tests is included in this summary
and the existing information from the aquifer tests is further discussed in the documents
included in Appendix B.

Table 1 provides a description of the existing relevant geotechnical data by study date and
material type. This data summary includes available geotechnical data pertinent to loading of
the tailings with mine spoils, and generally does not include data collected in the South Cell.
Information in Table 1 is compiled from reports listed in the References section of this
memorandum. Table 1 is not a comprehensive summary of all available geotechnical data from
the North and Central Cells.

Tailings
Geotechnical data on the tailings in the North and Central Cells are available from several
sources. Additional tailings data also exist for the tailings in the South Cell. During the
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preliminary geotechnical investigation for the impoundment in 1974 (SHB, 1974), a bulk sample
of the cycloned tailings sands was tested for gradation, permeability, and shear strength. The
1978 geotechnical investigation (SHB, 1978a) included drilling borings through the
impoundment and through the tailings within the impoundment. Tailings samples were tested for
Atterberg Limits, gradations, shear strength, and relative density. In 1979, UNC conducted a
stability and integrity assessment of the dam (SHB, 1979). This assessment included a series of
seven borings on the interior dikes (Northern Cross Dike and Southern Cross Dike) which
separate the three cells. These borings were drilled through the existing tailings and provide
thickness information and standard penetration test (SPT) data on the tailings. This investigation
also includes data collected in the south cell.

A series of borings (658, 659, 660, and 662) were drilled through the tailings impoundment in
1985. Borings 658, 659, and 660 were located, west to east, across the Central Cell with 660
located within Borrow Pit No. 1. Boring 662 was drilled in the South Cell. These boring logs are
included as attachments to a UNC memo (UNC, 1986) and provide tailings thickness
information, as well as depths and thickness of fine-grained material within the profile. Testing
on the samples collected from these boreholes include specific gravity, water content, dry
density, and consolidation. This data was partially summarized in the impoundment
Reclamation Plan (Canonie, 1991).

In 1992, a series of shallow borings were drilled in the tailings of the Central Cell, to aid in
evaluation of the radon modeling (UNC, 1993). Geotechnical samples collected from shallow
depths (less than 8 feet deep) were tested for specific gravity, water content, dry density, and
gradation. No boring logs for this program were available for review. Interim stabilization of the
Central Cell was completed in 1991, and tailings samples were collected in November 1992.
Ground surface elevations are not provided; however, the borings appear to have been drilled
from the interim cover surface. This tailings data was included in Appendix B of the Central Cell
Final Reclamation As-Built Report (Canonie, 1995).

Based on the data for the North and Central Cells, the average specific gravity of the tailings
samples is 2.71 and in general the samples are non-plastic. Fine-grained tailings samples have
about twice the percentages (average by weight) passing the No. 100 (46 percent) and No. 200
(31 percent) sieves, and 6 percent finer than 0.001 mm, as compared with the coarse-grained
samples. With the exception of one sample, both the coarse and fine fractions of the tailings
samples were finer than the No. 10 sieve.

The water contents of the samples tested range from 4 to 60 percent with dry densities ranging
from 73 to 118 pounds per cubic foot (pcf). Average water content of the coarser samples tested
is 15 percent with an average dry density of 101 pcf. The average water content of the finer
samples tested is 21 percent with an average dry density of 96 pcf. The reported coefficient of
consolidation (C.) results range from 0.018 to 1.00 for the tailings samples and the friction
angles (from direct shear testing) range from 30° to 39°, with some results showing cohesion.

Embankment (North and Central Cells)

A series of borings (78a-15, 17, 18, 19, 20, 21) were drilled through the tailings embankment
(SHB, 1978a), presumably to provide information on the materials and construction of the
embankment. Borings 15, 17 and 18 were drilled adjacent to the Central Cell. Borings 19, 20,
and 21 were drilled through the embankment on the north side of the North Cell. Data from
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these borings include SPT, torvane shear strength, Atterberg limits, gradations, water contents,
dry density, triaxial and direct shear, and laboratory permeability.

The 33 samples from the embankment adjacent to the North and Central Cells are generally
classified as low plasticity clay (CL). Atterberg limits for the embankment soils indicate the liquid
limits range from 23 to 42 percent and the plasticity indices range from 8 to 22 percent. The
average of the plastic Atterberg limits results is a liquid limit of 31 percent and a plasticity index
of 13 percent. The percentage passing the No. 200 sieve (fines) ranges from 50 to 77 percent
(by weight) and the percentage passing the No. 4 sieve (sand) ranges from 98 to 100 percent.
The average of the embankment soils tested indicate 66 percent fines by weight and 100
percent sand size particles, or smaller, by weight. The water content for the embankment
samples ranges from 5 to 24 percent with dry densities ranging from 107 to 126 pcf. The
average water content is 13 percent and the average dry density is 114 pcf. Direct shear test
results on the embankment materials include phi angles of 7°, 49°, and 38° with cohesions of
1.45 kips per square foot (ksf), 1.69 ksf and 0.31 ksf, respectively.

Alluvium

Many of the site drilling programs previously performed in the area of the North and Central
Cells include information from both drilling and laboratory testing on the alluvium underlying the
tailings, the embankment and the existing cover at the site. Extensive data was collected on the
alluvium including field and laboratory permeabilities, Atterberg Limits, gradations, water
contents, consolidation tests, Proctor compaction tests, and shear strength. The SHB
investigations (SHB, 1974, 1976, 1978a, 1978b, 1979) include laboratory tests on more than
200 alluvium samples taken from the vicinity of the North and Central Cells. While portions of
the alluvium were excavated for construction at the site, several of the borings appear to extend
below the current depths of tailings in the area of interest and provide geotechnical data on
materials still in-place below the impoundment. Borings with geotechnical data below the
estimated tailings depths include SHB-74-04, SHB-76-08, 11, SHB-78a-76, 77, and SHB-78b-
07.

The alluvium samples from the North and Central Cells are generally classified as low plasticity
clay (CL), but also include plastic and non-plastic silts, as well as silty and clayey sands.
Atterberg limits for the plastic alluvial soils indicate the liquid limits of the alluvium range from 20
to 67 percent. The plasticity indices range from 4 to 45 percent. The average of the plastic
Atterberg limits results is a liquid limit of 36 percent and a plasticity index of 18 percent, which
corresponds to a low plasticity clay. The percentage passing the No. 200 sieve (fines) ranges
from O to 94 percent (by weight) and the percentage passing the No. 4 sieve (sand) ranges from
1 to 100 percent. The average of the alluvium results indicate 41 percent fines by weight and 80
percent sand size particles, or smaller, by weight. The water content for the alluvium samples
ranges from 2 to 31 percent with dry densities ranging from 94 to 106 pcf.

Zone 3 Sandstone

More than 50 geotechnical borings were identified that extend into the Zone 3 Sandstone in the
vicinity of the proposed repository (SHB, 1974, 1976, 1978a, 1978b, 1979 and CSI, 1980). The
bulk of the sandstone data include SPT data, water contents, and the contact elevations.
Geotechnical laboratory data includes gradations, water content and Atterberg limits. Field
permeability tests were also performed in the sandstone. Laboratory data on samples from the
Zone 3 Sandstone is limited; however, water content results range from 5 to 19 percent, and
two Atterberg limits tests indicate the sandstone is non-plastic. Two gradation results indicate 27
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percent and 25 percent (by weight) passing the no. 200 sieve and 68 percent and 54 percent
passing the No. 4 sieve.

Proposed Borrow Areas

MWH identified nineteen borings previously drilled in/or near the proposed East and West
Borrow Areas. These include ten borings (SHB78b-18,19,20,28,30,31,32,33,34 and DH-1,3) in
the East Borrow (SHB, 1978b and CSI, 1980) and eight borings (SHB78a-52,53,54,55,56 and
DH-6,7,8) in or near the West Borrow (SHB, 1978a and CSI, 1980). After reviewing surface
elevations to account for previous borrow operations in these areas, the existing data on the
remaining subsurface profile includes depth to rock, SPT, gradations, Atterberg limits, and water
contents. Depth of alluvium above the sandstone or siltstone appears to vary between about 0
and 25 feet in the proposed West Borrow and between about 0 and 14 feet in the proposed East
Borrow Area. The alluvium in the borrow areas is generally classified as silty clay, sandy clay,
silty sand, clayey sand, or clayey silt.

Laboratory data on samples from the lower alluvium includes, water content results ranging
from 4 to 9 percent, dry densities ranging from 82 to 103 pcf, and two Atterberg limits tests
indicate CL or CL-ML classification (liquid limits of 29 and 25 percent, plasticity indices of 14
and 6 percent). Gradation results indicate between 37 percent and 61 percent (by weight)
passing the no. 200 sieve. Strength and consolidation testing was conducted on alluvium
samples from DH-1 and DH-3 (CSI, 1980), located in the proposed East Borrow. Visual
classification of the alluvium and SPT data are included on the referenced boring logs.

Conclusions

Based on the available data, and the geologic mapping of impoundment Area (Appendix B), the
sampling plan has been developed to collect additional stratigraphy data on the thickness of the
tailings in areas, where data is limited, specifically Borrow Pit No. 1 and the center of the Central
Cell. The laboratory data previously collected provides index properties for the tailings, the
embankment, and the underlying alluvium. The objectives of the proposed investigation will be
to confirm these index properties and collect additional data on the consolidation and strength
properties of the tailings, the strength properties of the alluvium and the embankment, and
hydraulic properties (conductivity and soil water characteristic curves (SWCC)) on the tailings,
the alluvium, and the Zone 3 sandstone.

Attachments:

Figure 1 — Location of Historic Borings, Wells, and Geologic Cross Sections

Figure 2 — Location of Existing Wells, and Hydraulic Field Test Data

Table 1 — Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical
Data for the North and Central Cells
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
Reference Boring no. (ft) | Depth (ft)| Formation Material Type USsCS | (bpf) (tsf) (ft/year) | SG | (%) | (%) mm p.200 | 100 No.10 | No.4 | (%) (pcf) Consol | Proctor min-max Triax. (phi, c (ksf) | (ft/year)(1) |Location
Hemphill 1969 6 6950 7.5-9 alluvium Silt SC 37 15 47 13 Central
6 6950 @ 40.5-41 @ sandstone - - UC =296 ksf Central

SHB 1974 SHB74-03 6954 5 alluvium Sandy Clay CH 18 62 | 45 70 87 99 100 6 Central
SHB74-03 6954 10 alluvium Sandy Clay CL 46 44 | 27 77 93 99 100 10 Central
SHB74-03 6954 15 alluvium Sandy Silt CL-ML| 20 21 4 70 93 8 Central
SHB74-03 6954 20 alluvium Sandy Silt CL-ML| 16 4 Central
SHB74-03 6954 25 alluvium Sandy Silt CL-ML| 23 3 Central
SHB74-04 6949 5 alluvium Sandy Silt ML 8 - NP 55 82 99 99 5 Central
SHB74-04 6949 10 alluvium Clay CL 56 4 46 29 98 99 12 104 X Central
SHB74-04 6949 15 alluvium Clay CL 45 23 | 4 53 82 97 100 14 104 X 42.5 Central
SHB74-04 6949 20 alluvium Clayey Sand SC 11 29 11 39 79 99 100 5 Central
SHB74-04 6949 25 alluvium Clayey Sand SC 15 5 Central
SHB74-04 6949 30 alluvium Clayey Sand SC 15 4 Central
SHB74-05 6946 5 alluvium Silty Sand SM 15 - - - 6 91 X 30.5 Central
SHB74-05 6946 10 alluvium Silty Sand SM 24 - - - 10 105 X Central
SHB74-05 6946 15 alluvium Sandy Silt ML 34 23 4 53 8 Central
SHB74-05 6946 20 sandstone - - 40 5 Central
SHB74-05 6946 25 sandstone - - 24 10 Central
SHB74-05 6946 30 sandstone - - 28 13 Central
SHB74-06 6946 14 sandstone - - - Central
SHB74-39 6946 8.25 sandstone End of Boring SC 50/1 North

- - tailings Cycloned Sands - 4 9 38.5 2375 -

SHB 1976 SHB76-05 0 alluvium Sandy Silt ML 2 8 Central
SHB76-05 5 alluvium Sandy Silt ML 3 20 Central
SHB76-05 10 alluvium Sandy Clay CL 9 36 15 98 99 29 Central
SHB76-05 9-18.5 alluvium Clay CH 13 0.0 22 Central
SHB76-05 19-25 alluvium Silty Sand SM 9 1.7 - NP 44 87 13 Central
SHB76-05 25 alluvium Silty Sand SM 9 16 Central
SHB76-05 30 alluvium Silty Sand SM 12 8 Central
SHB76-06 0 alluvium Silty Sand SM 6 8 Central
SHB76-06 5 alluvium Sandy Clay CL 12 32 13 81 96 100 9 Central
SHB76-06 10 alluvium Sandy Clay CL 45 8 Central
SHB76-06 9-16.5 alluvium Sandy Silt ML 33 5.5 39 9 87 98 11 Central
SHB76-06 20 alluvium Sandy Sllt CL-ML| 11 6 Central
SHB76-06 25 alluvium Sandy Sllt CL-ML 6 8 Central
SHB76-06 19-24.5 alluvium Sandy Sllt CL-ML 7 5.1 6 Central
SHB76-06 35 alluvium Sandy Sllt CL-ML| 10 8 Central
SHB76-06 40 alluvium Sandy Sllt CL-ML 8 14 Central
SHB76-06 45 alluvium Sandy Silt CL-ML| 11 25 Central
SHB76-06 50 alluvium Sandy Silt CL-ML| 10 22 Central
SHB76-06 55 alluvium Sandy Silt CL-ML| 16 21 Central
SHB76-06 60 alluvium Sandy Silt CL-ML 8 26 Central
SHB76-06 70 alluvium Sandy Silt CL-ML 9 25 Central
SHB76-07 0 alluvium Sandy Silt ML 2 18 North
SHB76-07 5 alluvium Sandy Clay CL 4 31 12 79 95 100 25 North
SHB76-07 10-20 alluvium Sandy Silt CL-ML 5 1.1 21 4 52 77 14 1242@11 0.179 North
SHB76-07 15 alluvium Sandy Silt ML 7 - NP 57 88 100 15 North
SHB76-07 18.5-27.5  alluvium Sandy Silt ML 3 1.0 26 North
SHB76-07 25 alluvium Sandy Silt ML 6 20 North
SHB76-07 30 sandstone - - 50/1 North
SHB76-07 35 sandstone - - 50 North
SHB76-08 0 alluvium Silty Sand SM 3 9 North
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
Reference Boring no. (ft) Depth (ft) Formation Material Type USCS | (bpf) (tsf) (ft/year) | SG | (%) (%) mm p.200 100 No.10| No.4 | (%) (pcf) Consol  Proctor min-max Triax. (phi, c (ksf) | (ft/year)(1) [Location
SHB76-08 5 alluvium Silty Sand SM 2 22 North
SHB76-08 10 alluvium Silty Sand SM 2 23 North
SHB76-08 15 alluvium Clay CL 11 26 North
SHB76-08 20 alluvium Clay CL 13 46 | 25 97 99 22 North
SHB76-08 25 sandstone - - 23 17 North
SHB76-08 30 shale - - 50/5 17 North
SHB76-08 35 sandstone - - 50/0 North
SHB76-09 0 alluvium Silty Sand SM 2 12 North
SHB76-09 5 alluvium Silty Clay CL 7 29 North
SHB76-09 10 alluvium Sandy Silt ML 5 22 North
SHB76-09 15-25 alluvium Clay CL 13 38 | 21 78 94 100 25 North
SHB76-09 20 alluvium Clay CL 21 46 | 25 94 98 100 21 North
SHB76-09 25 alluvium Clay CL 22 22 North
SHB76-09 30 alluvium Sandy Clay CL 10 31 North
SHB76-09 35 alluvium Clay CH 14 26 North
SHB76-09 40 alluvium Sandy Silt ML 1 North
SHB76-09 45 alluvium Clay CH 11 30 North
SHB76-09 50 alluvium Clay CH 5 31 North
SHB76-09 55 alluvium Silty Sand SM 36 23 North
SHB76-09 60 alluvium Silty Sand SM 13 24 North
SHB76-09 65 alluvium Silty Sand SM 10 21 North
SHB76-09 70 alluvium Sandy Clay SC 13 20 North
SHB76-09 75 alluvium Sandy Clay SC 45 18 North
SHB76-10 1.5-7.5 | sandstone 3 - - 50/3 15.3 9 North
SHB76-10 5 sandstone 3 - - 50/5 8 North
SHB76-11 6957 0 alluvium Sandy Silt ML 6 9 Central
SHB76-11 6957 5 alluvium Sandy Silt ML 10 6 Central
SHB76-11 6957 10 alluvium Sandy Clay CL 26 27 10 67 90 100 10 Central
SHB76-11 6957 9-18 alluvium Sandy Clay CL 25 1.1 26 | 10 78 94 100 16 Central
SHB76-11 6957 | 18.5-27.5  alluvium Sandy Silt ML 12 1.0 5 Central
SHB76-11 6957 25 alluvium Sandy Clay CL 14 22 Central
SHB76-11 6957 30 alluvium Sandy Silt ML 11 10 Central
SHB76-11 6957 35 alluvium Sandy Silt ML 9 NP 55 94 100 10 Central
SHB76-11 6957 40 alluvium Sandy Silt ML 9 11 Central
SHB76-11 6957 45 alluvium Sandy Silt CL-ML| 12 18 Central
SHB76-11 6957 50 alluvium Sandy Silt CL-ML| 15 9 Central
SHB76-11 6957 55 alluvium Sandy Silt CL-ML| 21 10 Central
SHB76-11 6957 60 alluvium Sandy Silt CL-ML| 10 24 Central
SHB76-11 6957 65 alluvium Sandy Silt CL-ML 7 21 Central
SHB76-11 6957 70 alluvium Sandy Silt CL-ML 2 22 Central
SHB76-11 6957 75 sandstone - - 38 13 Central
SHB76-12 0 alluvium Silty Sand SM 16 12 Central
SHB76-12 5 alluvium Sandy Clay 21 6 Central
SHB76-12 9-16 alluvium Sandy Clay 27 12.0 10 Central
SHB76-12 15 alluvium Sandy Clay 6 6 Central
SHB76-12 18.5-25 alluvium Sandy Clay 16 14.5 - NP 61 91 100 8 Central
SHB76-12 25 alluvium Sandy Clay 13 6 Central
SHB76-12 30 alluvium Sandy Sllt ML 21 5 Central
SHB76-12 35 alluvium Sandy Clay CL 54 12 Central
SHB76-12 40 alluvium Sandy Sllt CL-ML| 34 8 Central
SHB76-12 45 alluvium Sandy Silt CL-ML| 23 4 Central
SHB76-12 50 alluvium Sandy Silt CL-ML| 18 5 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
Reference Boring no. (ft) | Depth (ft)| Formation Material Type USsCS | (bpf) (tsf) (ft/year) | SG | (%) | (%) mm p.200 | 100 No.10 | No.4 | (%) (pcf) Consol | Proctor min-max Triax. (phi, c (ksf) | (ft/year)(1) |Location
SHB76-12 55 alluvium Sandy Silt CL-ML | 40 7 Central
SHB76-12 60 sandstone - - 50/1 9 Central
SHB76-13 0 alluvium Sandy Clay CL 13 9 Central
SHB76-13 9-17.5 alluvium Sandy Clay CL 31 8.0 35 17 82 97 8 Central
SHB76-13 10 alluvium Sandy Silt ML 40 4 Central
SHB76-13 15 alluvium Sandy Clay CL 59 9 Central
SHB76-13 18.5-25 alluvium Sandy Silt CL-ML| 24 13 10 Central
SHB76-13 25 alluvium Sandy Silt CL-ML | 22 4 Central
SHB76-13 30 alluvium Sandy Silt CL-ML | 22 8 Central
SHB76-13 35 alluvium Sandy Silt CL-ML| 28 6 Central
SHB76-13 40 alluvium Sandy Silt CL-ML| 26 8 Central
SHB76-13 45 alluvium Sandy Silt CL-ML| 29 8 Central
SHB76-13 50 alluvium Sandy Silt CL-ML| 24 5 Central
SHB76-13 55 alluvium Sandy Silt CL-ML| 30 7 Central
SHB76-13 60 sandstone - - 50/4 16 Central
SHB 1978a SHB-78a-15 | 6964 0-2 dam Sandy Clay - 9 11 Central
SHB-78a-15 | 6964 4.5-6 dam Sandy Clay - 21 16 Central
SHB-78a-15 | 6964 9.5-10.5 dam Sandy Clay CL 35 0.89 32 10 75 93 100 14 114 1 pt (15 deg.), c=1600 psf Central
SHB-78a-15 | 6964 14.5-16 dam Sandy Clay CL 58 0.99 13 Central
SHB-78a-15 | 6964 @ 18.5-21 dam Sandy Clay CL 75 13 Central
SHB-78a-15 | 6964 = 24.5-25 dam Sandy Clay CL 44 0.95 42 | 22 75 90 99 100 16 116 Central
SHB-78a-15 | 6964 @ 28.5-31 dam Sandy Clay CL 25 0.60 16 Central
SHB-78a-15 | 6964 @ 34.5-36 dam Sandy Clay CL 12 21 Central
SHB-78a-15 | 6964 | 39.5-40.5 dam Sandy Clay CL 22 0.99 18 110 7,1.45 Central
SHB-78a-15 | 6964 | 44.5-45.5 dam Sandy Clay CL 26 0.67 23 Central
SHB-78a-17 | 6962 0-1 dam Sandy Clay CL 14 0.42 10 110 North
SHB-78a-17 | 6962 4.5-6 dam Sandy Clay CL 27 15 North
SHB-78a-17 | 6962 @ 9.5-11 dam Sandy Clay CL 38 0.79 12 North
SHB-78a-17 | 6962 @ 14.5-16 dam Sandy Clay CL 41 11 North
SHB-78a-17 | 6962 | 19.5-20.5 dam Sandy Clay CL 85 0.92 30 | 12 63 88 99 100 11 124 1pt North
SHB-78a-17 | 6962 | 24.5-26 dam Sandy Clay CL 20 0.6 12 North
SHB-78a-17 | 6962 @ 29.5-31 dam Sandy Clay CL 12 24 North
SHB-78a-17 | 6962 | 34.5-36 dam Sandy Clay CL 18 0.52 20 107 North
SHB-78a-17 | 6962 @ 39.5-41 alluvium Silty Sand SM 19 0.2 19 North
SHB-78a-17 | 6962 @ 44.5-46 alluvium Clay CL 15 24 North
SHB-78a-18 | 6959 0-1.5 dam Clay CL-sC 10 12 North
SHB-78a-18 | 6959 4.5-6 dam Clay CL-SC 52 12 North
SHB-78a-18 | 6959 @ 9.5-11 dam Clay CL-sC 30 12 115 North
SHB-78a-18 | 6959 @ 14.5-16 alluvium Sandy Clay CL 4 30 North
SHB-78a-18 | 6959 | 19.5-20.5  alluvium Silty Sand SM 3 27 North
SHB-78a-19 | 6965 0-2 dam Sandy Clay CL 12 North
SHB-78a-19 | 6965 2-3.5 dam Sandy Clay CL 125 0.99 29 | 13 61 86 100 10 126 49, 1.69 North
SHB-78a-19 | 6965 | 3.5-4.5 dam Sandy Clay CL 50 0.83 10 North
SHB-78a-19 | 6965 4.5-7 dam Sandy Clay CL 43 12 North
SHB-78a-19 | 6965 7-9.5 dam Sandy Clay CL 10 North
SHB-78a-19 | 6965  9.5-11 dam Sandy Clay CL 82 0.69 23 | 8 50 72 97 98 10 114 38,0.31 North
SHB-78a-19 | 6965 @ 11-13.5 dam Sandy Clay CL 30 8 North
SHB-78a-19 | 6965 @ 13.5-16 alluvium Silty Sand CL - 18 North
SHB-78a-19 | 6965 17.5-21 alluvium Silty Sand SM 3 21 North
SHB-78a-19 | 6965 @ 20-21.5 alluvium Silty Sand SM 10 27 94 X North
SHB-78a-19 | 6965 @ 24-25.5 alluvium Silty Sand CL 32 28 North
SHB-78a-19 | 6965 @ 25.5-28 alluvium Clay CL 22 26 North
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
Reference Boring no. (ft) | Depth (ft)| Formation Material Type USsCS | (bpf) (tsf) (ft/year) | SG | (%) | (%) mm p.200 | 100 No.10 | No.4 | (%) (pcf) Consol | Proctor min-max Triax. (phi, c (ksf) | (ft/year)(1) |Location
SHB-78a-19 | 6965 @ 28-29.5 alluvium Clay CL 28 North
SHB-78a-19 | 6965 @ 29.5-32 alluvium Clay CL 20 26 North
SHB-78a-19 | 6965 32-33.5 alluvium Silty Sand SM 13 0.16 NP 46 88 100 20 111 North
SHB-78a-19 | 6965 @ 33.5-36 alluvium Silty Sand SM 16 25 North
SHB-78a-19 | 6965 36-37.5 alluvium Silty Sand CL 51 41 | 22 74 94 100 23 100 North
SHB-78a-19 | 6965 @ 37.5-40 alluvium Clay CH 43 24 North
SHB-78a-19 | 6965  40-41.5 alluvium Clay CH 34 0.83 61 @ 38 73 80 100 25 99 1pt North
SHB-78a-19 | 6965 41.5-44 alluvium Clay CH 22 28 North
SHB-78a-19 | 6965 44-45 alluvium Clay CH 22 0.13 67 @ 41 78 87 100 27 96 North
SHB-78a-20 | 6964 0-1.5 dam Clay CL 7 15 North
SHB-78a-20 | 6964 4.5-6 dam Clay CL 49 0.79 11 North
SHB-78a-20 | 6964 9.5-10.5 dam Clay CL 40 0.67 28 | 13 63 86 99 100 10 111 North
SHB-78a-20 | 6964 @ 14.5-16 alluvium Silty Sand SM 19 10 North
SHB-78a-20 | 6964  19.5-20.5 alluvium Silty Sand SM 5 NP 16 35 23 96 5.5 North
SHB-78a-20 | 6964 24.5-25.5  alluvium Silty Sand CH 15 0.33 29 93 North
SHB-78a-20 | 6964 @ 29.5-31 alluvium Clay CH 12 North
SHB-78a-20 | 6964 34.5-35.5 alluvium Clay CH 12 0.84 26 North
SHB-78a-20 | 6964 39.5-40.5 alluvium Clay CH 13 0.93 57 31 93 96 97 98 26 97 1pt North
SHB-78a-20 | 6964 @ 44.5-46 alluvium Clay CH 17 27 North
SHB-78a-21 | 6964 0-1.5 dam Sandy Clay CL 16 14 North
SHB-78a-21 | 6964 4.5-6 dam Sandy Clay CL 55 34 | 16 77 90 13 North
SHB-78a-21 | 6964 | 9.5-10.5 dam Sandy Clay CL 51 0.55 5 107 North
SHB-78a-21 | 6964 | 14.5-15.5 alluvium Sandy Clay CL 13 0.67 12 North
SHB-78a-21 | 6964 @ 19.5-21 alluvium Sandy Clay CL 4 39 21 72 88 29 North
SHB-78a-21 | 6964 24.5-25.5| alluvium Sandy Clay CL 18 0.96 22 105 25.5,0.05 North
SHB-78a-21 | 6964 | 29.5-30.5  alluvium Clay CH 19 0.73 24 North
SHB-78a-21 | 6964 @ 34.5-36 alluvium Clay CH 17 23 North
SHB-78a-21 | 6964 39.5-40.5 alluvium Clay CH 27 0.72 50 | 32 84 94 22 102 1pt North
SHB-78a-21 | 6964 44.5-45.5 alluvium Clay CH 19 0.87 19 North
SHB-78a-22 | 6956 0-1.0 alluvium Silty Sand SM 4 6 93 North
SHB-78a-22 | 6956 | 1.0-3.0 alluvium Silty Sand SM 9 9 North
SHB-78a-22 | 6956 | 3.0-5.0 alluvium Silty Sand SM 11 11 100 North
SHB-78a-22 | 6956 | 5.0-7.0 alluvium Sandy Clay CL 3 12 North
SHB-78a-22 | 6956 | 7.0-9.0 alluvium Sandy Clay CL 10 26 | 10 55 78 100 21 103 1pt North
SHB-78a-22 | 6956 | 9.0-11.0 alluvium Sandy Clay CL 3 27 10 56 69 31 North
SHB-78a-22 | 6956 @ 11-13.0 alluvium Sandy Clay CL 10 34 105 North
SHB-78a-22 | 6956 @ 13-15.0 alluvium Sandy Clay CL 3 North
SHB-78a-24 | 6955 0-1.5 tailings Silty Sand SM 9 84 Central
SHB-78a-24 | 6955 @ 1.5-3.5 tailings Silty Sand SM 4 Central
SHB-78a-24 | 6955 @ 3.5-5.5 tailings Silty Sand SM 2/30 23 Central
SHB-78a-24 | 6955 5.5-8 tailings Silty Sand SM NP 13 25 100 19 Central
SHB-78a-24 | 6955 @ 8-10.0 tailings Silty Sand SM 3/18 36 Central
SHB-78a-24 | 6955 @ 10.0-12 alluvium Silty Sand SM 7 27 Central
SHB-78a-24 | 6955 @ 12-14.5 alluvium Sandy Clay CL 24 Central
SHB-78a-24 | 6955 | 14.5-16.5  alluvium Sandy Clay CL 14 0.43 42 | 23 83 93 24 99 1pt Central
SHB-78a-24 | 6955 | 16.5-18.5  alluvium Sandy Clay CL 2 29 Central
SHB-78a-24 | 6955 @ 18.5-21 alluvium Sandy Clay CL 22 81 Central
SHB-78a-24 | 6955 | 21-23.0 alluvium Clay CL 39 0.69 42 21 87 97 98 100 21 106 1pt Central
SHB-78a-24 | 6955 @ 23.0-25 alluvium Clay CL 15 19 Central
SHB-78a-24 | 6955 @ 25-27.5 alluvium Clay CL 23 83 Central
SHB-78a-24 | 6955 @ 27.5-30 alluvium Silty Sand SM 9 24 Central
SHB-78a-25 | 6958 6-8.5 tailings Silty Sand SM 20 0.06 NP 14 25 98 100 9 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
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SHB-78a-25 | 6958 | 17-18.0 tailings Silty Sand SM 7 NP 14 25 99 100 20 Central
SHB-78a-25 | 6958 @ 19.5-22 alluvium Sandy Clay-Clayey Sand = CL-SC 2 27 Central
SHB-78a-25 | 6958 @ 22.0-24 alluvium Sandy Clay-Clayey Sand = CL-SC 5 35 17 59 81 27 Central
SHB-78a-25 | 6958 @ 24.0-26 alluvium Sandy Clay-Clayey Sand = CL-SC 8 0.1 29 93 Central
SHB-78a-25 | 6958 @ 26-28.5 alluvium Sandy Clay-Clayey Sand = CL-SC 0.32 21 64 Central
SHB-78a-25 | 6958 | 28.5-30.5  alluvium Sandy Clay-Clayey Sand = CL-SC 4 28 12 42 79 21 Central
SHB-78a-25 | 6958 | 30.5-32.5  alluvium Sandy Clay-Clayey Sand = CL-SC 16 21 Central
SHB-78a-25 | 6958 | 32.5-33.5 | alluvium Sandy Clay-Clayey Sand = CL-SC 0.8 19 108 30,0 Central
SHB-78a-26 | 6962 6.5-9 tailings Silty Sand SM 8 NP 22 43 10 96 30,0 Central
SHB-78a-26 | 6962 | 8.0-10.5 tailings Silty Sand SM 19 Central
SHB-78a-26 | 6962 | 10.5-12.5 tailings Silty Sand SM 2 21 33,0 Central
SHB-78a-26 | 6962 | 12.5-14.5 tailings Silty Sand SM 9 12 99 Central
SHB-78a-26 | 6962 | 15.5-18 tailings Silty Sand SM 3 NP 14 23 100 17 Central
SHB-78a-26 | 6962 @ 19.5-22 tailings Silty Sand SM | 2/18" NP 20 33 18 Central
SHB-78a-26 | 6962 21-23 tailings Silty Sand SM 24 Central
SHB-78a-26 | 6962 @ 23-25.5 alluvium Sandy Clay CL 10 27 Central
SHB-78a-26 | 6962 | 25.5-27.5  alluvium Sandy Clay CL 10 27 Central
SHB-78a-26 | 6962 @ 27.5-30 alluvium Sandy Clay CL 23 83 Central
SHB-78a-26 | 6962 @ 31-32.5 alluvium Sandy Clay CL 7 39 22 78 91 100 26 Central
SHB-78a-26 | 6962 32-34 alluvium Sandy Clay CL 7 0.55 22 Central
SHB-78a-26 | 6962 @ 34-36.5 alluvium Sandy Clay CL 0.92 20 110 Central
SHB-78a-26 | 6962 | 36.5-37.5 alluvium Sandy Clay CL 14 22 Central
SHB-78a-27 | 6957 3.5-5 alluvium Silty Clay CL 10 20 Central
SHB-78a-27 | 6957 & 5-10.5 alluvium Silty Clay CL 13 17 95 Central
SHB-78a-27 | 6957 & 9.5-11 alluvium Silty Clay CL 3 37 15 86 95 29 Central
SHB-78a-27 | 6957  14.5-15.5  alluvium Silty Clay CL 16 42 21 66 78 92 94 24 94 Central
SHB-78a-27 | 6957 @ 19.5-21 alluvium Silty Clay CL 2 31 11 89 98 31 Central
SHB-78a-27 | 6957 @ 25-30.5 alluvium Silty Clay CL 7 27 94 Central
SHB-78a-27 | 6957 @ 30.5-35 alluvium Silty Clay CL 8 25 Central
SHB-78a-27 | 6957 @ 35-40.5 alluvium Silty Clay CL 20 22 100 Central
SHB-78a-27 | 6957 @ 40.5-45 alluvium Silty Clay CL 7 22 Central
SHB-78a-27 | 6957 | 44.5-45.5  alluvium Silty Clay CL 9 40 @ 20 80 93 21 Central
SHB-78a-27 | 6957 @ 50.5-51 alluvium Silty Sand SM 3 24 Central
SHB-78a-28 | 6955 4.5-6 alluvium Silty Clay CL 15 41 | 21 92 98 21 101 Central
SHB-78a-28 | 6955 @ 5.5-10 alluvium Silty Clay CL 19 17 Central
SHB-78a-28 | 6955 @ 10-15.5 alluvium Silty Clay CL 7 18 102 Central
SHB-78a-28 | 6955 @ 15.5-20 alluvium Silty Sand SM 15 15 Central
SHB-78a-28 | 6955 @ 20-25.5 alluvium Silty Sand SM 4 31 85 Central
SHB-78a-28 | 6955 @ 25.5-30 alluvium Silty Clay CL 3 30 Central
SHB-78a-28 | 6955 @ 30-35.5 alluvium Silty Clay CL 10 26 97 Central
SHB-78a-28 | 6955 @ 34.5-36 alluvium Silty Clay CL 3 36 16 90 98 23 Central
SHB-78a-28 | 6955 | 40.5-45.5 | alluvium Silty Clay CL 8 24 95 Central
SHB-78a-28 | 6955 | 45.5-49.5 | alluvium Silty Sand SM 19 25 Central
SHB-78a-28 | 6955 | 49.5-49.6 sandstone - - 50/1" Central

bulk tailings SM-SP NP 5 11 18 98 90.5/107.8 345,0.13 Central

bulk tailings 18 100 37,0.22 Central

bulk tailings 18 102 39,0.15 Central
SHB-78a-52 | 6988  5.0-10 alluvium Clayey Sand SC 27 11 43 73 95 98 7 W. Borrow
SHB-78a-52 | 6988 20 alluvium Silty Clay CL W. Borrow
SHB-78a-52 | 6988 25 alluvium Silty Clay CL W. Borrow
SHB-78a-52 | 6988 30 alluvium Silty Sand SM W. Borrow
SHB-78a-52 | 6988 35 alluvium Silty Clay CL W. Borrow
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Field Data Lab Data
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SHB-78a-52 = 6988 39.5 total depth Silty Clay CL - W. Borrow
SHB-78a-53 | 6985 0 alluvium Silty Clay CL 5 8
SHB-78a-53 | 6985 5 alluvium Silty Sand SM 3 6 W. Borrow
SHB-78a-53 | 6985 10 alluvium Silty Sand SM 7 7 W. Borrow
SHB-78a-53 | 6985 15 alluvium Silty Sand & Gravel SM 14 6 W. Borrow
SHB-78a-53 | 6985 20 alluvium Silty Sand & Gravel SM 14 4 W. Borrow
SHB-78a-53 | 6985 25 alluvium Silty Sand SM 19 6 W. Borrow
SHB-78a-53 | 6985 30 alluvium Silty Sand SM 22 9 W. Borrow
SHB-78a-53 | 6985 35 alluvium Silty Sand SM 20 7 W. Borrow
SHB-78a-53 | 6985 40 alluvium Silty Sand & Gravel SM 24 6 W. Borrow
SHB-78a-53 | 6985 41 total depth Silty Sand & Gravel SM - W. Borrow
SHB-78a-54 | 6985 | 4.5-8.5 sandstone - - - W. Borrow
SHB-78a-55 | 6995 0 alluvium Silty Sand SM 5 W. Borrow
SHB-78a-55 | 6995 5 alluvium Silty Sand SM 9 W. Borrow
SHB-78a-55 | 6995 10 alluvium Silty Sand SM 17 W. Borrow
SHB-78a-55 | 6995 15 alluvium Silty Sand SM 25 W. Borrow
SHB-78a-55 = 6995 20 alluvium Clayey Sand SC 30 W. Borrow
SHB-78a-55 | 6995 @ 24.5-26 alluvium Clayey Sand SC 41 29 14 49 72 95 98 8 W. Borrow
SHB-78a-55 | 6995 30 alluvium Silty Sand SM 39 W. Borrow
SHB-78a-55 | 6995 35 alluvium Silty Sand SM 42 W. Borrow
SHB-78a-55 | 6995 40 alluvium Silty Clay CL 38 W. Borrow
SHB-78a-55 | 6995 45 alluvium Silty Clay CL 47 W. Borrow
SHB-78a-55 | 6995 50-51 alluvium Silty Sand SM 30 W. Borrow
SHB-78a-56 | 6993 0-4.5 sandstone - - W. Borrow
SHB-78a-64 | 6973 .5-2 alluvium Silty Sand & Gravel SC-SM | 81 23 7 46 64 87 94 7 North
SHB-78a-64 | 6973 2-4.5 sandstone - SM NP 27 54 64 68 7 North
SHB-78a-64 | 6973 4.5-6 sandstone - GM  50/.5" 20 NP 25 28 46 54 5 North
SHB-78a-68 | 6989 1-55 alluvium Silty Sand SM 20 5 Central
SHB-78a-68 | 6989 4.5-6 alluvium Silty Sand SM 18 20 NP 31 48 67 74 4 Central
SHB-78a-68 | 6989 @ 9.5-11 alluvium Silty Sand SM 17 21 | NP 40 60 70 80 6 Central
SHB-78a-68 | 6989 @ 14.5-16 alluvium Clayey Silt CL 88 32 12 93 95 100 9 Central
SHB-78a-68 | 6989 | 19.5-22 | Sandstone - - 50/3" 8 Central
SHB-78a-68 | 6989 22.5-24.5 Sandstone - - 50/3" 9 Central
SHB-78a-74 | 6963 0-10 alluvium Silty Clay CL 31 31 72 86 100 9 Central
SHB-78a-76 | 6965 0-5 alluvium Silty Clay CL 33 16 71 77 100 7 Central
SHB-78a-76 | 6965 5-10 alluvium Silty Clay CL 42 | 21 79 92 10 Central
SHB-78a-76 | 6965  16-19.5 alluvium Sandy Silt ML 23 NP 52 84 100 6 Central
SHB-78a-78 | 6980 6-10 alluvium Silty Sand SM 23 | NP 48 81 98 100 7 Central
SHB-78a-78 | 6980 17-20 alluvium Clayey Sand SC 26 9 49 67 83 87 10 Central
SHB-78a-78 | 6980 22-25 alluvium Clayey Silt CL 33 | 15 75 90 99 100 15 Central
SHB78a-81 | 6975 0.5-2 alluvium Silty Clay CL 15 7 Central
SHB78a-81 | 6975 4.5-6 alluvium Silty Clay CL 30 9 Central
SHB78a-81 @ 6975 | 9.5-11 alluvium Silty Sand SM 21 4 Central
SHB78a-81 | 6975 | 14.5-16 alluvium Silty Sand SM 9 7 Central
SHB78a-81 | 6975 | 19.5-21 alluvium Silty Clay CL 28 10 Central
SHB78a-81 | 6975 | 24.5-26 alluvium Silty Sand SM 23 5 Central
SHB-78a-83 | 6985 0.5-2 alluvium Silty Sand SM 10 4 Central
SHB-78a-83 | 6985 4.5-6 alluvium Silty Sand SM 20 - NP 26 51 87 94 2 Central
SHB-78a-83 | 6985  9.5-11 alluvium Silty Sand SM 14 - NP 24 49 94 97 4 Central
SHB-78a-83 | 6985 @ 12-14.5 | sandstone - - 50/1" Central
SHB-78a-85 | 6983 0.5-2 alluvium Silty Sand SM 9 3 Central
SHB-78a-85 | 6983 4.5-6 alluvium Silty Clay CL 17 33 | 15 60 77 100 6 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
Reference Boring no. (ft) Depth (ft) Formation Material Type USCS | (bpf) (tsf) (ft/year) | SG | (%) (%) mm p.200 100 No.10| No.4 | (%) (pcf) Consol  Proctor min-max Triax. (phi, c (ksf) | (ft/year)(1) [Location

SHB-78a-85 | 6983 @ 9.5-11 alluvium Silty Sand SM 17 NP 34 62 94 97 3 Central
SHB-78a-85 | 6983 | 14.5-16 alluvium Silty Clay CL 26 35 | 16 80 93 100 8 Central
SHB-78a-85 | 6983 | 19.5-21 alluvium Silty Clay CL 16 34 | 15 74 87 98 99 8 Central
SHB-78a-85 | 6983 @ 24.5-26 alluvium Silty Sand SM 23 4 Central
SHB-78a-85 | 6983 @ 29.5-31 alluvium Silty Clay CL 21 7 Central
SHB, 1978b SHB78b-1 6996 0 alluvium Sandy Silt ML 32 Central
SHB78b-1 6996 5 alluvium Sandy Silt ML 14 26 NP 54 85 98 100 6 Central
SHB78b-1 6996 10 alluvium Sandy Silt ML 24 Central
SHB78b-1 6996 15 sandstone - - 50/0.5" Central
SHB78b-1 6996 20 sandstone - - 50/1" Central
SHB78b-1 6996 25 Shale - - 50/2" Central
SHB78b-2 6990 0 alluvium Sandy Clay CL 7 Central
SHB78b-2 6990 5 alluvium Sandy Clay CL 36 Central
SHB78b-2 6990 10 alluvium Sandy Clay CL 37 25 10 53 72 90 95 7 Central
SHB78b-2 6990 15 alluvium Silty Sand SM 17 Central
SHB78b-2 6990 20 alluvium Silty Sand SM-SC| 15 Central
SHB78b-2 6990 25 alluvium Clayey Sand SC 10 Central
SHB78b-2 6990 30 alluvium Clayey Sand SC 18 Central
SHB78b-3 6991 0 alluvium Sandy Clay CL 8 Central
SHB78b-3 6991 5 alluvium Sandy Clay CL 32 Central
SHB78b-3 6991 10 alluvium Sandy Clay CL 24 Central
SHB78b-3 6991 15 alluvium Silty Sand SM 15 - NP 48 91 100 5 Central
SHB78b-3 6991 20 alluvium Silty Sand SM 18 Central
SHB78b-3 6991 25 alluvium Sandy Clay CL 20 Central
SHB78b-3 6991 30 alluvium Silty Sand SM 27 Central
SHB78b-4 6994 0 alluvium Sandy Clay CL 10 Central
SHB78b-4 6994 5 alluvium Sandy Clay CL 40 34 16 79 95 100 8 Central
SHB78b-4 6994 10 alluvium Silty Sand SM 11 Central
SHB78b-4 6994 15 alluvium Silty Sand SM 12 Central
SHB78b-4 6994 25 alluvium Silty Sand SM-SC | 21 Central
SHB78b-4 6994 30 alluvium Clayey Sand SC 33 Central
SHB78b-5 6998 0 alluvium Clayey Sand SC 7 Central
SHB78b-5 6998 5 alluvium Sandy Clay CL 39 32 15 76 91 100 7 Central
SHB78b-5 6998 10 alluvium Sandy Clay CL 21 Central
SHB78b-5 6998 15 alluvium Sandy Clay CL 16 30 13 62 80 100 8 Central
SHB78b-5 6998 20 alluvium Sandy Clay CL 19 Central
SHB78b-5 6998 25 alluvium Sandy Clay CL 29 Central
SHB78b-5 6998 30 alluvium Silty Sand SM-SC | 24 Central
SHB78b-6 7002 0 alluvium Sandy Clay CL-ML| 10 Central
SHB78b-6 7002 5 alluvium Sandy Clay CL-ML| 12 24 5 61 84 98 100 5 Central
SHB78b-6 7002 10 alluvium Silty Sand SM 38 Central
SHB78b-6 7002 15 alluvium Clayey Sand SC 15 Central
SHB78b-6 7002 20 alluvium Clayey Sand SC 55 Central
SHB78b-6 7002 25 alluvium Silty Sand SM-SC | 31 Central
SHB78b-6 7002 30 alluvium Silty Sand SM-SC | 19 Central
SHB78b-7 6987 0 alluvium Sandy Clay CL 23 Central
SHB78b-7 6987 5 alluvium Sandy Clay CL 44 Central
SHB78b-7 6987 10 alluvium Silty Sand SM 18 23 | NP 44 85 99 5 Central
SHB78b-7 6987 15 alluvium Silty Sand SM 26 Central
SHB78b-7 6987 20 alluvium Sandy Clay CL 56 Central
SHB78b-7 6987 25 alluvium Silty Sand SM 23 Central
SHB78b-7 6987 30 alluvium Clayey Sand SM 53 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
Reference Boring no. (ft) Depth (ft) Formation Material Type USCS | (bpf) (tsf) (ft/year) | SG | (%) (%) mm p.200 100 No.10| No.4 | (%) (pcf) Consol  Proctor min-max Triax. (phi, c (ksf) | (ft/year)(1) [Location
SHB78b-7 6987 35 alluvium Silty Sand SM-SC| 35 Central
SHB78b-7 6987 40 alluvium Silty Sand SM-SC | 72 Central
SHB78b-7 6987 45 alluvium Silty Sand SM-SC | 26 Central
SHB78b-7 6987 50 alluvium Silty Sand SM-SC | 40 Central
SHB78b-7 6987 55 alluvium Silty Sand SM-SC | 21 Central
SHB78b-7 6987 60 alluvium Silty Sand SM-SC| 37 Central
SHB78b-8 6985 0 alluvium Sandy Clay CL 10 Central
SHB78b-8 6985 5 alluvium Silty Sand SM 14 Central
SHB78b-8 6985 10 alluvium Silty Sand SM 16 Central
SHB78b-8 6985 15 alluvium Silty Sand SM 14 Central
SHB78b-8 6985 20 alluvium Silty Clay CL 18 Central
SHB78b-8 6985 25 alluvium Silty Clay CL 21 33 14 94 99 13 Central
SHB78b-8 6985 30 alluvium Silty Sand SM 42 Central
SHB78b-9 7007 0 alluvium Silty Sand SM-SC | 27 Central
SHB78b-9 7007 5 alluvium Clay CH 48 Central
SHB78b-9 7007 10 alluvium Silty Sand CL 50 42 | 18 93 94 98 100 11 Central
SHB78b-9 7007 15 shale Silty Sand CL 27 Central
SHB78b-10 | 7000 0 alluvium Silty Sand SM 9 Central
SHB78b-10 | 7000 5 alluvium Silty Sand SM 2 Central
SHB78b-10 = 7000 10 alluvium Silty Sand SM 18 - NP 22 43 69 87 4 Central
SHB78b-10 | 7000 15 alluvium Silty Sand SM 12 Central
SHB78b-10 | 7000 20 sandstone - - 100/1" Central
SHB78b-18 | 7018 0 alluvium Silty Sand SM 8 E. Borrow
SHB78b-18 | 7018 4.5 alluvium Sandy Clay CL 14 26 11 52 79 95 99 4 E. Borrow
SHB78b-18 | 7018 12 alluvium Clay CH 41 E. Borrow
SHB78b-18 | 7018 14.5 shale - - 100/6 32 11 92 98 100 38 E. Borrow
SHB78b-18 | 7018 20 shale - - 100/8" E. Borrow
SHB78b-18 | 7018 25 shale - - 100/5" E. Borrow
SHB78b-19 | 7032 0 alluvium Silty Sand SM 7 E. Borrow
SHB78b-19 | 7032 4.5 alluvium Silty Sand SM 24 22 NP 41 64 88 94 5 E. Borrow
SHB78b-19 | 7032 9 sandstone - - 100/0" E. Borrow
SHB78b-20 | 7053 3 sandstone Silty Sand SM-SC 9 E. Borrow
SHB78b-28 | 7052 0 alluvium Silty Sand SM 27 E. Borrow
SHB78b-28 | 7052 7 sandstone - - 100/8" E. Borrow
SHB78b-30 | 7045 0 alluvium Sandy Clay CL 15 E. Borrow
SHB78b-30 | 7045 45 alluvium Sandy Clay CL 39 27 11 55 73 86 92 8 E. Borrow
SHB78b-30 | 7045 7 sandstone - - 100/0" E. Borrow
SHB78b-30 | 7045 15 sandstone - - 100/0" E. Borrow
SHB78b-31 | 7016 0 alluvium Silty Sand SM-SC 6 E. Borrow
SHB78b-31 | 7016 5 alluvium Silty Sand SM 16 E. Borrow
SHB78b-31 | 7016 9.5 alluvium Sandy Clay CL 42 26 11 52 83 99 100 5 E. Borrow
SHB78b-31 | 7016 15 alluvium Sandy Clay CL 26 E. Borrow
SHB78b-31 | 7016 20 alluvium Silty Sand SM 35 E. Borrow
SHB78b-31 | 7016 25 alluvium Silty Sand SM 35 E. Borrow
SHB78b-31 | 7016 30 alluvium Silty Clay CL 43 E. Borrow
SHB78b-32 | 7023 0 alluvium Silty Sand SM-SC 7 E. Borrow
SHB78b-32 | 7023 45 alluvium Silty Sand SM 13 - NP 29 70 100 E. Borrow
SHB78b-32 | 7023 10 alluvium Sandy Clay CL-ML| 23 E. Borrow
SHB78b-32 | 7023 15 alluvium Sandy Clay CL-ML| 26 E. Borrow
SHB78b-32 | 7023 20 alluvium Sandy Clay CL-ML| 26 E. Borrow
SHB78b-32 | 7023 24.5 alluvium Sandy Clay CL-ML| 50 25 6 61 92 100 6 E. Borrow
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
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SHB78b-32 7023 30 alluvium Sandy Clay CL-ML | 50 E. Borrow
SHB78b-33 7025 0 alluvium Silty Sand SM-SC 7 E. Borrow
SHB78b-33 | 7025 45 alluvium Sandy Clay CL 19 27 9 51 77 100 7 E. Borrow
SHB78b-33 7025 10 alluvium Silty Sand SM 19 E. Borrow
SHB78b-33 | 7025 145 alluvium Silty Sand SM 32 21 NP 47 86 100 5 E. Borrow
SHB78b-33 | 7025 20 alluvium Clayey Silt ML 16 E. Borrow
SHB78b-33 7025 25 alluvium Clayey Silt ML 50 E. Borrow
SHB78b-34 | 7037 0 alluvium Silty Sand SM 10 E. Borrow
SHB78b-34 | 7037 5 alluvium Clayey Silt ML 15 E. Borrow
SHB78b-34 | 7037 10 alluvium Silty Sand SM-SC| 39 E. Borrow
SHB78b-34 | 7037 14.5 alluvium Silty Sand SM-SC| 12 18 | NP 40 69 98 98 5 E. Borrow
SHB78b-34 | 7037 20 alluvium Silty Sand SM-SC | 40 E. Borrow
SHB78b-34 | 7037 25 alluvium Silty Sand SM 23 E. Borrow
SHB78b-34 | 7037 30 alluvium Clayey Silt ML-CL| 20 E. Borrow
SHB, 1979 SHB-79-9 6967 0 alluvium Sandy Clay CL 11 19 North
SHB-79-9 6967 5 alluvium Clayey Sand SC 59 12 North
SHB-79-9 6967 10 alluvium Clayey Sand SC 85 North
SHB-79-9 6967 15 alluvium Silty Sand SM 27 11 North
SHB-79-9 6967 20 alluvium Silty Sand SM 11 5 North
SHB-79-9 6967 25 alluvium Clay CH 11 21 North
SHB-79-9 6967 30 alluvium Clay CH 31 North
SHB-79-9 6967 35 alluvium Clay CH 13 26 North
SHB-79-9 6967 40 alluvium Clay CH 6 31 North
SHB-79-9 6967 45 alluvium Clayey Sand SC 12 21 North
SHB-79-9 6967 50 sandstone - - 17 19 North
SHB-79-9 6967 55 sandstone - - 50/0" North
SHB-79-10 6967 0 alluvium Sandy Clay CL 33 12 North
SHB-79-10 6967 5 alluvium Silty Sand SC-SM | 42 14 North
SHB-79-10 6967 10 alluvium Silty Sand SC 54 North
SHB-79-10 6967 15 alluvium Clayey Sand SC 29 14 North
SHB-79-10 6967 20 alluvium Clayey Sand SC 26 North
SHB-79-10 | 6967 25 sandstone - - 50/0" North
SHB-79-11 6967 30 sandstone - - North
SHB-79-12 6968 0 alluvium Clayey Sand SC 46 Central
SHB-79-12 6968 5 tailings Sand SP 11 Central
SHB-79-12 6968 10 tailings Sand SP 5 Central
SHB-79-12 6968 15 tailings Sand SP 2 Central
SHB-79-12 6968 20 tailings Sand SP 1 Central
SHB-79-12 6968 25 tailings Sand SP 12 Central
SHB-79-12 6968 30 tailings Sand SP 9 Central
SHB-79-12 6968 35 tailings Sand SP 13 Central
SHB-79-12 6968 40 alluvium Clay CH 16 Central
SHB-79-12 6968 45 alluvium Sand SP 5 Central
SHB-79-12 6968 50 alluvium Silty Sand SM-SC 8 Central
SHB-79-12 6968 55 alluvium Sandy Clay CL 6 Central
SHB-79-13 6968 0 alluvium Clayey Sand SC 35 Central
SHB-79-13 6968 5 alluvium Clayey Sand SC 7 Central
SHB-79-13 6968 10 Tailings Sand SP-SC 4 Central
SHB-79-13 6968 15 Tailings Sand SP-SC 1 Central
SHB-79-13 6968 20 Tailings Sand SP-SC 1 Central
SHB-79-13 6968 25 Tailings Sand SP-SC 1 Central
SHB-79-13 6968 30 Tailings Sand SP-SC 10 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
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SHB-79-13 6968 35 Tailings Sand SP-SC | 19 Central
SHB-79-13 6968 40 alluvium Clay CH 8 Central
SHB-79-13 6968 45 alluvium Silty Sand SM 9 Central
SHB-79-14 6968 0 alluvium Clay CH 15 17 North
SHB-79-14 | 6968 5 tailings Sand SP-SC 4 15 North
SHB-79-14 | 6968 10 tailings Sand SP-SC 2 22 North
SHB-79-14 | 6968 15 tailings Sand SP-SC 8 41 North
SHB-79-14 | 6968 20 tailings Sand SP-SC | 10 34 North
SHB-79-14 6968 25 alluvium Sandy Clay CL 5 36 North
SHB-79-14 6968 30 alluvium Clayey Sand SC 5 24 North
SHB-79-14 6968 35 alluvium Clayey Sand SC 7 26 North
SHB-79-14 6968 40 alluvium Clay CH 8 9 North
SHB-79-14 6968 45 alluvium Clay CH 23 32 North
SHB-79-15 6966 0 alluvium Clayey Sand SC 26 12 North
SHB-79-15 | 6966 5 tailings Sand SP-SC 6 12 North
SHB-79-15 | 6966 10 tailings Sand SP-SC 1 North
SHB-79-15 | 6966 15 tailings Sand SP-SC 2 45 North
SHB-79-15 | 6966 20 alluvium Sand SP-SC 6 36 North
SHB-79-15 6966 25 alluvium Sand SP-SC 6 28 North
SHB-79-15 | 6966 30 alluvium Sand SP-SC 2 21 North
SHB-79-15 6966 35 alluvium Sand SP-SC 4 22 North
SHB-79-15 | 6966 40 alluvium Sand SP-SC 8 23 North
SHB-79-15 6966 45 alluvium Clay CH 11 29 North
SHB-79-16 6968 0 alluvium Clayey Sand SC  50/.5" 8 North
SHB-79-16 6968 5 sandstone - - 50/2" 6 North
SHB-79-17 6967 0 alluvium Silty Sand SM-SC | 24 Central
SHB-79-17 6967 5 alluvium Silty Sand SM-SC | 17 Central
SHB-79-17 6967 10 tailings Sand SP-SC | 50/5" Central
SHB-79-18 6967 0 alluvium Silty Sand SM-SC | 57 Central
SHB-79-18 6967 5 alluvium Silty Sand SM-SC 8 Central
SHB-79-18 | 6967 10 tailings Sand SP-SC 4 Central
SHB-79-18 6967 15 tailings Sand SP-SC 19 Central
SHB-79-18 | 6967 20 tailings Sand SP-SC | 11 Central
SHB-79-18 6967 25 tailings Sand SP-SC | 27 Central
SHB-79-18 | 6967 30 tailings Sand SP-SC 9 Central
SHB-79-18 6967 35 tailings Sand SP-SC 10 Central
SHB-79-18 | 6967 40 tailings Sand SP-SC | 19 Central
SHB-79-18 6967 45 tailings Sand CH 75 Central
CSl, 1980 DH-1 7016 4 alluvium . SM-SL | 14 E. Borrow
DH-1 7016 6 alluvium | SandvClaveySiltto oy, o g E. Borrow
- Clayey Silty Sand
DH-1 7016 8 alluvium SM-SL | 13 E. Borrow
DH-1 7016 12 alluvium Sandy Clayey Silt ML 13 6.1 91 X E. Borrow
DH-1 7016 15 alluvium Sandy Clayey Silt ML 18 5.2 82 E. Borrow
DH-1 7016 19 alluvium Sandy Clayey Silt ML 2.65 5.5 88 c E. Borrow
DH-1 7016 20 alluvium Sandy Clayey Silt ML 18 5.5 85 CuU E. Borrow
DH-1 7016 21 alluvium Sandy Clayey Silt ML 5.2 84 E. Borrow
DH-1 7016 24 alluvium Sandy Clayey Silt ML 17 E. Borrow
DH-1 7016 29 alluvium Sandy Clayey Silt ML 19 E. Borrow
DH-1 7016 34 alluvium Sandy Clayey Silt ML E. Borrow
DH-1 7016 39 alluvium Sandy Clayey Silt ML 22 E. Borrow
DH-1 7016 70 alluvium Sandy Clayey Silt ML 27 E. Borrow
DH-2 7082 2 alluvium Sandy Silt ML 18.4 101 S. Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
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DH-2 7082 5 alluvium Sandy Silt ML 6 5.3 78 S. Central
DH-2 7082 6 alluvium Sandy Silt ML 4.5 93 uu S. Central
DH-2 7082 8 alluvium Sandy Silt ML 8 4.6 88 S. Central
DH-2 7082 11 alluvium Sandy Silt ML 17 4.9 105 S. Central
DH-2 7082 15 alluvium Sandy Silt ML 17 7.8 88 S. Central
DH-2 7082 22 sandstone Silty Sand - 50/1" S. Central
DH-2 7082 25 sandstone - - 50/1" S. Central
DH-2 7082 30 sandstone - - 50/1" S. Central
DH-3 7043 2 alluvium SM-ML 37 76 100 @ 11.7 105 C E. Borrow
DH-3 7043 5 alluvium Sandy Clayey Silt to SM-ML| 12 2.66 6.5 97 S E. Borrow
DH-3 7043 6 alluvium Clayey Silty Sand SM-ML| 12 E. Borrow
DH-3 7043 8 alluvium SM-ML| 13 E. Borrow
DH-3 7043 12 alluvium Sandy Clayey Silt ML 9 24 87 96 99 9.4 90 E. Borrow
DH-3 7043 13 alluvium Sandy Clayey Silt ML 7.1 83 C E. Borrow
DH-3 7043 16 alluvium Sandy Clayey Silt ML 10 5.8 94 E. Borrow
DH-3 7043 20 alluvium Sandy Clayey Silt ML 11 37 66 90 5.5 103 CuU 416 E. Borrow
DH-3 7043 25 alluvium Sandy Clayey Silt ML 14 6.1 87 E. Borrow
DH-3 7043 26 alluvium Sandy Clayey Silt ML 5.4 88 uu E. Borrow
DH-3 7043 29 alluvium Sandy Clayey Silt ML 14 55 91 100 E. Borrow
DH-3 7043 31 alluvium Sandy Clayey Silt ML 12 6.5 90 E. Borrow
DH-3 7043 35 alluvium Sandy Clayey Silt ML 16 E. Borrow
DH-3 7043 46 total depth | Sandy Silt to Silty Sand | SM-ML| 46 E. Borrow
DH-4 7019 4 alluvium Silty Sand to Sandy Silt |SM-ML, 50 S. Central
DH-4 7019 6 siltstone - - 50 S. Central
DH-4 7019 8 siltstone - - 50 S. Central
DH-4 7019 10 siltstone - - 100 S. Central
DH-4 7019 15 siltstone - - 50 S. Central
DH-4 7019 20 siltstone - - 50 S. Central
DH-4 7019 25 siltstone - - 50 S. Central
DH-4 7019 29 sandstone - - 100 S. Central
DH-4 7019 40 total depth - - 100 S. Central
DH-6 7012 4 alluvium Sandy Clayey Silt ML 17 W. Borrow
DH-6 7012 6 alluvium Sandy Clayey Silt ML 50 W. Borrow
DH-6 7012 8 alluvium Sandy Clayey Silt ML 50 W. Borrow
DH-6 7012 10 alluvium Sandy Clayey Silt ML 50 W. Borrow
DH-6 7012 15 siltstone - - 50 W. Borrow
DH-6 7012 20 siltstone - - 50 W. Borrow
DH-6 7012 25 siltstone - - 100 W. Borrow
DH-6 7012 30 siltstone - - 100 W. Borrow
DH-6 7012 40 total depth - - 100 W. Borrow
. Clayey Silt to Sandy
DH-7 7022 4 alluvium Clayey Silt ML 50 W. Borrow
DH-7 7022 6 siltstone - - 50 W. Borrow
DH-7 7022 9 siltstone - - 50 W. Borrow
DH-7 7022 11 siltstone - - 50 W. Borrow
DH-7 7022 15 siltstone - - 50 W. Borrow
DH-7 7022 20 sandstone - - 50 W. Borrow
DH-7 7022 25 siltstone - - 50 W. Borrow
DH-7 7022 30 siltstone - - 50 W. Borrow
DH-7 7022 40 siltstone - - 50 W. Borrow
DH-7 7022 50 total depth - - 50 W. Borrow
DH-8 6998 4 alluvium Clayey Silt ML-CL| 50 W. Borrow
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
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DH-8 6998 6 alluvium Clayey Silt ML-CL| 50 W. Borrow
DH-8 6998 8 siltstone - 50 W. Borrow
DH-8 6998 11 siltstone - 50 W. Borrow
DH-8 6998 15 siltstone - 50 W. Borrow
DH-8 6998 20 shale - X W. Borrow
DH-8 6998 25 siltstone - 100 W. Borrow
DH-8 6998 30 siltstone - 50 W. Borrow
DH-8 6998 40 siltstone - 50 W. Borrow
DH-8 6998 50 total depth - 50 W. Borrow
Canonie, 1986 658 6976 = 7.5-10 tailings Fine 2.81 17.4 88 Central
&1991 658 12.5-15 tailings 21.5 105 0.018 Central
658 17.5-20 tailings Fine/Coarse mixed 2.83 235 104 Central
658 27.5-30 tailings Coarse 2.81 23.4 98 Central
658 30-32.5 tailings Coarse - 43.6 97 0.055 Central
658 37.5-40 tailings Coarse 2.89 31.2 92 Central
659 6990  7.5-10 tailings Coarse 2.84 6.1 95 Central
659 17.5-20 tailings Coarse 2.83 10.5 94 Central
659 27.5-30 tailings Coarse 2.74 13.1 97 Central
659 30-32.5 tailings Coarse - 32 106 0.022 Central
659 35-37.5 tailings Fine/Coarse mixed 2.72 29.6 78 Central
660 6975 8 tailings Fine 2.81 44.2 74 Central
660 12.5-15 tailings Fine 2.84 60 94 Central
660 25-27.5 tailings Fine 2.75 32.2 89 sample disturbed Central
660 35-37.5 tailings Fine 2.84 41.4 79 Central
660 38 tailings Fine 44.5 73 Cc=1.0 Central
662 6957 | 17.5-20 tailings Sandy, coarse 34.1 97 Cc=0.043 South
662 25 tailings Coarse 2.78 25.1 96 South
662 30 tailings Coarse 2.79 29.6 94 South
662 32,5 tailings Coarse - 34.1 97 South
662 37.5-40 tailings Fine 2.72 36.4 84 0.068 South
662 40-42.5 tailings Fine/Coarse mixed - 43.8 89 0.082 South
Canonie, 1993 5M 5-5.8 tailings Coarse 2.63 5 20 28 100 8.5 90 Central
5M 6.8-7.5 tailings Coarse 2.65 2 11 22 100 6.4 103 Central
9M 3.3-4 tailings Coarse 2.68 3 9 15 100 6.9 105 Central
9IM 5-5.5 tailings Coarse 2.68 4 15 17 100 7.1 - Central
9M 6.2-7 tailings Coarse 2.65 2 10 17 100 7.1 112 Central
9G 3.34 tailings Coarse 2.68 4 18 29 100 9.8 113 Central
9G 4-5 tailings Coarse 2.64 2 10 20 100 7.5 - Central
9G 5.8-6.5 tailings Coarse with slime 2.65 6 22 32 100 27.3 78 Central
11M 2.5-5 tailings Coarse 2.68 3 16 22 100 4.9 101 Central
11M 4-5 tailings Coarse 2.64 2 9 15 100 5 - Central
11M 6.4-7.5 tailings Coarse 2.69 3 11 17 100 4.7 102 Central
13K 3.34 tailings Sand 2.67 2 8 16 100 5.2 109 Central
13K 4-5 tailings Sand 2.65 2 10 17 100 7.2 - Central
13K 5.8-6.5 tailings Sand Trace Slime 2.64 3 10 14 100 7.8 102 Central
17A 1.8-2.4 tailings Coarse with clay 2.69 6 26 38 100 11.1 117 Central
17A 3.2-4 tailings Coarse with clay 2.63 3 21 29 100 13.4 113 Central
17A 4-5 tailings Coarse with slime 2.69 5 25 37 100 14.1 - Central
17A 5.8-6.5 tailings Coarse with slime 2.66 6 25 36 100 13.7 115 Central
11K 3.3-4 tailings Coarse 2.68 3 12 18 100 10.7 101 Central
11K 4-4.7 tailings Fine with clay 2.66 2 12 15 100 7.0 96 Central
11K 6.3-7 tailings Fine with clay 2.67 5 22 29 100 9.3 95 Central
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Table 1 - Church Rock Mill Site Impoundment - Summary of Relevant Existing Geotechnical Data for the North and Central Cells

Field Data Lab Data
Surf. Dry
Report Elev. | Sample SPT | Torvane Perm LL | Pl | (%)p.001 (%) | (%)p. (%)p. (%)p. w.c. Density Std. | rel. density (pcf) Dir. Shear Perm
Reference Boring no. (ft) | Depth (ft)| Formation Material Type USsCS | (bpf) (tsf) (ft/year) | SG | (%) (%) mm p.200 | 100 No.10 | No.4 | (%) (pcf) Consol | Proctor min-max Triax. (phi, c (ksf) | (ft/year)(1) |Location
13G 1-1.5 tailings Fine with slime 2.69 26 76 92 100 12.0 117 Central
13G 3.3-4 tailings Fine with slime 2.66 4 17 25 100 12.8 100 Central
13G 4-49 tailings Fine 2.67 3 12 41 100 8.0 101 Central
13G 5.8-6.5 tailings Fine 2.65 6 17 52 100 5.9 95 Central
15C 2.9-3.6 tailings Fine with slime 2.67 3 24 34 100 14.4 110 Central
15C 4.1-4.8 tailings Fine with slime 2.68 4 23 38 100 14.0 112 Central
15C 6.3-7.0 tailings Fine with slime 2.67 4 23 38 100 19.0 98 Central
171 3.0-4.1 tailings Fine with slime 2.67 3 45 59 100 11.5 112 Central
171 4.1-4.8 tailings Fine with slime 2.67 4 31 47 100 17.1 110 Central
171 6.1-6.8 tailings Fine with slime 2.69 3 39 52 100 13.3 94 Central
Notes: (1) remolded to 95% of ASTM D698,
c=cohesion, UC=unconfined compression, CU=consolidated undrained
UU=unconsolidated undrained, C=collapse, S=swell, NP=non-plastic
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APPENDIX A2

POTENTIAL BORROW AREAS AND BORROW CHARACTERIZATION PLAN,
CHURCH ROCK MILL SITE

MWH



({ll}) MWH TECHNICAL MEMORANDUM

BUILDING A BETTER WORLD

TO: Mr. Lance Hauer, GE DATE: February 17, 2012

FROM: Eileen Dornfest, Clint Strachan, MWH, Inc.
Stephen Dwyer, Dwyer Engineering, LLC REFERENCE: 10712151

SUBJECT: Potential Borrow Areas and Borrow Characterization Plan, Northeast Church Rock
Millsite

Cover Construction Materials

As requested by GE, available cover materials from select potential borrow areas on the NECR
site were evaluated for geotechnical characteristics and estimated volume. Five potential areas
containing borrow source material have been identified within the United Nuclear Corporation
property at the Northeast Church Rock Millsite. These potential borrow sources are Borrow
Areas 1, 2, D-N, D-S, and Dilco Hill. Limited investigations have been conducted within Borrow
Areas 1 and 2. The remaining borrow areas have not yet been sampled or characterized. The
potential borrow areas are shown on Figure BA-1. A stockpile of topsoil material available for
cover construction is also shown on Figure BA-1.

Estimated quantities of soil material required for cover construction range from approximately
160,000 cubic yards (cy) to over 350,000 cy, depending on the capacity and configuration of the
mine waste repository. In addition, the Engineering Evaluation/Cost Analysis (EPA, 2009)
indicates that approximately 200,000 cy of borrow material may be required to restore the mine
site.

Borrow Areas 1 and 2

Borrow Areas 1 and 2 were sampled in 2008 with an excavator. Thirteen test pits were
excavated within Borrow Area 1, with depths ranging from 8.0 feet to greater than 12.0 feet.
The depths of the test pits excavated in Borrow Area 1 were generally limited by the reach of
the excavator. Twelve test pits were excavated within Borrow Area 2, with depths ranging from
3.9 to 12.0 feet. The test pit identification numbers, GPS coordinates, and depths are provided
in Tables 1 and 2 for Borrow Areas 1 and 2, respectively. The approximate locations of the test
pits in Borrow Areas 1 and 2 are shown in Figure BA-2.




Mr. Lance Hauer, GE
Potential Borrow Areas, NECR
Page 2

Table 1. Borrow Area 1 Test Pit Depths and Locations

TestPt | GPs Location (latitudeflongitude) Depth
NTP-01 | N 35°38.7347 W 108° 29.668' 9.5 ft Rook’
NTP-02 | N 35°38.733/ W 108° 29.692' >12.0 ft
NTP-03 | N 35°38.7347/ W 108° 29.720° >12.0 ft
NTP-04 | N 35°38.7097/ W 108° 29.662' >12.0 ft
NTP-05 | N 35°38.7027/ W 108° 29.692' >12.0 ft
NTP-06 | N 35°38.7007 W 108° 29.726° 8.0 ft Rock’
NTP-07 | N 35°38.673/ W 108° 29.662' >12.0 ft
NTP-08 | N 35°38.674/ W 108° 29.692' >12.0 ft
NTP-09 | N 35°38.6787 W 108° 29.725' 8.5ft Shale'
NTP-10 | N 35°38.643/ W 108° 29.664° >12.0 ft
NTP-11 | N 35°38.6447 W 108° 29.693' >12.0 ft
NTP-12 | N 35°38.647/ W 108° 29.732' >12.0 ft
NTP-13 N 35° 38.2'/ W 108° 29.7" >12.0 ft

Notes: 1. The test pits were terminated shallower than 12 ft due to refusal as a result of rock or shale.

Table 2. Borrow Area 2 Test Pit Depths and Locations

TeTIt)P't GPS Location (latitude/longitude) Depth
STP-01 N 35° 38.439°/ W 108° 30.262° 3.9 1t
STP-02 N 35° 38.460°/ W 108° 30.264" 4.0ft
STP-03 N 35° 38.456°/ W 108° 30.267" 9.9 ft
STP-04 N 35° 38.444°/ W 108° 30.279° 9.5 ft
STP-05 N 35° 38.434°/ W 108° 30.286° 3.11t
STP-06 N 35° 38.478°/ W 108° 30.300° 8.6 ft
STP-07 N 35°38.471°/ W 108° 30.311° 8.5 ft
STP-08 N 35° 38.458°/ W 108° 30.329° 11.8 ft
STP-09 N 35° 38.456°/ W 108° 30.333" 4.9t
STP-10 N 35° 38.505°/ W 108° 30.336° 10.3 ft
STP-11 N 35° 38.498°/ W 108° 30.345° 12.0 ft
STP-12 N 35° 38.487°/ W 108° 30.360° 11.1ft

Estimates of available borrow material volume from Borrow Areas 1 and 2 are provided below.
Estimates are based on the depth of borrow material encountered in test pits, as well as
assumptions about geometry of the borrow pit excavations.
e Borrow Area 1 — 204,000 cy (assumes an average excavation depth of 12 ft, and 5:1
(horizontal:vertical) slopes along the excavation perimeter).
e Borrow Area 2 — 143,000 cy (assumes an average excavation depth of 8 ft, with 5:1
slopes along the excavation perimeter).

AMEC collected samples from both Borrow Areas 1 and 2 and tested them for limited
geotechnical properties in 2008. The results of the laboratory testing and the material types are
provided in Table 3 below (Dwyer, 2012).
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Table 3. Laboratory Test Results for Borrow Areas 1 and 2

Sample Ksat (cm/sec) % % % USDA
Sand | Silt | Clay Classification
Borrow Area 1 1.41E-04 358 | 319 | 336 Clay Loam
Borrow Area 2 4.19E-04 46.2 | 241 | 29.6 Sandy Clay Loam

Dilco Hill Borrow Area

The area designated as Dilco Hill is shown on Figure BA-1. No exploration or characterization
of this potential borrow source has been conducted, but the material is assumed to be
composed predominately of shale with siltstone and sandstone. Estimates of the volume of
material available from the Dilco Hill Borrow Area are based on an assumed depth and lateral
extent of excavation, as shown on Figure BA-3. The estimated volume of material available
from Dilco Hill is approximately 337,000 CY.

Borrow Areas D-N and D-S

The areas designated as potential Borrow Areas D-N and D-S are located in drainages north of
the Church Rock tailings facility, as shown in Figure BA-1. No exploration or characterization of
these potential borrow sources has been conducted, and no estimates of available borrow
material have been developed. If these borrow sources are determined to be necessary for
cover construction, these borrow areas will be sampled and characterized as a portion of the
pre-design data collection activities.

Topsoil Stockpile

A topsoil stockpile containing approximately 34,000 CY of material exists on UNC property north
of Highway 566 and west of the UNC offices. The location of the topsoil stockpile is shown on
Figure BA-1. AMEC tested one sample from the topsoil stockpile for limited geotechnical
properties in 2008. The results of the laboratory testing are provided in Table 4 below (Dwyer,
2012).

Table 4. Laboratory Test Results for Topsoil Stockpile Material

o 0, 0,
Sample Ksat (cm/sec) Sa/;)\d Sfit Cl/z:y USDA Classification
Topsoil Stockpile 1.27E-04 345 | 31.9 | 33.6 Clay Loam

Further characterization of these borrow materials will be necessary to determine suitability of
the proposed material for soil cover construction, as well as to develop geotechnical parameters
for final design. The proposed borrow soil investigation is discussed below.

Erosion Protection Materials

Erosion protection materials (basalt rock) are also currently stockpiled on site (personal
communication with UNC personnel). These rock sizes and stockpile volumes are provided in
Table 5 below. These erosion protection materials are surplus materials from previous
construction at the site and have already been tested and characterized. Therefore, they should
not require any additional geotechnical sampling or testing.
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Table 5. Volume of Materials Stockpiled on Site

D5, Diameter Volume Stockpiled on Site

(in) (cubic yards)

0.02 (crusher fines) 822

0.35 (base coarse) 325
1.5 4,469
3.0 600
6.0 143
10.0 314

Future Borrow Soil investigation

The borrow sources described above will require sampling and laboratory testing to measure
applicable geotechnical and hydraulic properties. The sample frequency and laboratory testing
program will be specified as part of the pre-design data collection task. The laboratory test
results will be used to help determine the applicability of the different soils for use in a final
cover system. An adequate number of trenches and/or borings will need to be excavated and
sampled to adequately characterize the full extent of the borrow sources. If the borrow soil
investigation results indicate the material volumes or properties are inadequate for cover
construction, investigation of additional borrow sources may be warranted.

A preliminary summary of the laboratory testing to be performed on samples from the borrow
areas is provided in Table 6. The tests will be performed as specified during the pre-design
data collection task.
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Table 6. Soil Tests and

Methods for Additional Borrow Material Characterization

Test Test Method
Saturated hydraulic (Rigid Wall - ASTM D2434M) or flexible wall depending on soil texture flexible wall
conductivity
Dry bulk density ASTM D7263
Moisture Content ASTM D7263
Calculated total porosity ASTM D7263

Moisture Characteristics (5-7pts. min): other test methods such as centrifuge is to be approved prior to their use

Hanging Column Method ASTM D6836
Pressure Plate Method ASTM D6836
Water Potential (Dewpoint ASTM D6836

Potentiometer)

Relative Humidity (Box)

Karathanasis & Hajek. 1982. Quantitative Evaluation of Water Adsorption on Soil Clays. SSA Journal 46:1321-
1325; Campbell, G. and G. Gee. 1986. Water Potential: Miscellaneous Methods. Chp. 25, pp. 631-632, in A. Klute
(ed.), Methods of Soil Analysis, American Society of Agronomy, Madison, WI

Moisture Retention
Characteristics & Calculated
Unsaturated Hydraulic
Conductivity:

ASTM D6836; van Genuchten, M.T. 1980. A closed-form equation for predicting the hydraulic conductivity of
unsaturated soils. SSSAJ 44:892-898; van Genuchten, M.T., F.J. Leij, and S.R. Yates. 1991. The RETC code for
quantifying the hydraulic functions of unsaturated soils. Robert S. Kerr Environmental Research Laboratory, Office
of Research and Development, U.S. Environmental Protection Agency, Ada, Oklahoma. EPA/600/2091/065.
December 1991

Specific Gravity Fine ASTM D854

Specific Gravity Coarse ASTM C127
Particle size analysis (Wet)

Standard Sieves with Wash ASTM D422

& Hydrometer

USDA Classification

ASTM D422, USDA Soil Textural Triangle

Atterberg Limits:

ASTM D4318

Standard Proctor
Compaction

ASTM D698
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APPENDIX A3
SUMMARY OF GEOTECHNICAL DATA

DWYER ENGINEERING, LLC



MIEMIG

To: Lance Hauer

From: Steve Dwyer

Date: 01/03/2012

Re: Summary of NECR Geotechnical Data available to date
Message:

The following tables summarize the available geotechnical data collected to date from the NECR
site. The data includes samples tested by AMEC in 2008 as well as samples collected from the
Interim Removal Area in 2011.

AMEC Samples

The AMEC samples were taken from Borrow Pit 1, Borrow Pit 2, and a Topsoil Stockpile. The
date of the AMEC results is December 2, 2008.

Table 1. AMEC Results

Sample Ksat (cm/sec) | % Sand | % Silt | % Clay | USDA Classification
Borrow Pit 1 1.41E-04 35.8 31.9 33.6 | Clay Loam

Borrow Pit 2 4.19E-04 46.2 24.1 29.6 | Sandy Clay Loam
Topsoil Stockpile 1.27E-04 34.5 31.9 33.6 | Clay Loam




Figure 1. AMEC Sample Locations

Interim Removal Area Samples

The soil samples taken from the Interim Removal Area were tested at a local geotechnical
laboratory and are summarized as follows:



Figure 2. Interim Action Soil Sample Locations



Table 2. Summary of Interim Action Sample Preparations

Summary of Sample Preparation/Volume Changes

Volume Change Post Volume Change Post Drying
Proctor Data Target Remold Parameters' Actual Remold Data Saturation’ Curve’
Sample Number Opt. Max. Dry % of Dry % of Dry % % of Dry % % of
Moist. Dry Moist. Bulk Max. Moist. Bulk Max. Bulk Volume Max. Bulk Volume Max.
Cont. | Density | Cont. | Density | Density | Cont. | Density | Density | Density | Change | Density | Density | Change | Density
(%, (%, (%,
gg) | (gem’) | g/g) | (glem’) (%) gg) | (glem’) (%) (g/em?’) (%) (%) (g/em’) (%) (%)
TT-205-GT1 13.9 1.78 13.9 1.60 90% 13.9 1.60 89.9% 1.60 - 89.9% 1.60 - 89.9%
TT-209-GT1 11.6 1.88 11.6 1.69 90% 11.4 1.69 90.3% 1.69 - 90.3% 1.72 -1.5% 91.7%
TT-212-GT1 -—- - 13.9 1.60 90% 14.4 1.59 89.6% 1.64 -2.6% 92.1% 1.67 -4.6% 94.0%
TT-213-GT1 13.5 1.85 13.5 1.66 90% 13.5 1.66 90.0% 1.66 - 90.0% 1.66 --- 90.0%
TT-215-GT1 -—- - 13.9 1.60 90% 14.6 1.59 89.5% 1.59 - 89.5% 1.59 - 89.5%
TT-216-GT2 --- - 13.9 1.60 90% 14.1 1.59 89.6% 1.59 - 89.6% 1.59 - 89.6%
TT-217-GT1 11.4 1.84 11.4 1.65 90% 11.4 1.66 90.2% 1.66 - 90.2% 1.69 -2.1% 92.1%




Table 3. Summary of Interim Action Grain Size Distribution

Sample Number % Gravel % Sand % Silt % Clay % Fines gzggification
(>4.75mm) (><0407755rr':1rr":':) (><000%725nl1nn:;, (<0.002mm) el

TT-205-GT1 5.4 67.5 16.3 10.8 271 Sandy Loam
TT-209-GT1 3.1 81.8 7.4 7.6 15.0 Loamy Sand
TT-212-GT1 1.2 80.3 8.4 10.1 18.5 Loamy Sand
TT-213-GT1 1.0 65.2 20.9 13.0 33.9 Sandy Loam
TT-215-GT1 25.5 41.8 21.1 11.7 32.8 Sandy Loam
TT-216-GT2 1.7 56.4 259 16.1 42.0 Sandy Loam
TT-217-GT1 0.0 87.9 6.9 5.1 12.1 Sand




Table 4. Summary of Interim Action Hydraulic Properties

Summary of Hydraulic Properties

o N 0, 0, Koat
Sample Number (cm™) | (dimensionless) | (% vol) (% vol) (cm/sec)
TT-205-GT1 0.0525 1.2338 0.00 37.74 2.2E-04
TT-209-GT1 0.0378 1.3596 1.25 35.64 1.8E-03
TT-212-GT1 0.0363 1.4247 2.01 40.83 31E-03
TT-213-GT1 0.0184 1.2306 0.00 35.58 1.1E-04
TT-215-GT1 0.0056 1.2674 0.00 36.52 9.7E-06
TT-216-GT2 0.0192 1.2335 0.00 35.95 5-4E-05
TT-217-GT1 0.0381 1.4302 1.33 33.77 2.6E-03
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ANALYTICAL TEST RESULTS
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Analytical Excwlisnce Since 1952 J :

mﬂw-@wwm" www.energylab.com
LABORATORIES

" Holona, MT8T7-472-0711 = Bilings, 4T B0D-735-4489 » Casper, WY 888-235-0515
 Gilltto, WY BB6-686-7175 » Rapid Cily, SD 888-672-1225 » Colloge Station, 1% 888-580-2218

January 31, 2014

ANALYTICAL SUMMARY REPORT

Montgomery Watson Harza
1475 Pine Grove Rd Ste 109
Steamboat Springs, CO 80477

Workorder No.:

Project Name:

C13120735
Church Rock Pre-Design Study

Energy Laboratories, Inc. Casper WY received the following 9 samples for Montgomery Watson Harza on 12/20/2013 for

analysis.

Sample ID

Client Sample ID

Collect Date Receive Date

Matrix

Test

C13120735-001

TI-CS02-01 [0-7]inches

11/12/13 0:00 12/20/13

Soil

Cation Exchange Capacity
Metals, NH4OAc Extractable
Metals, Saturated Paste
Conductivity

Exchangeable Sodium Percentage
Lime as CaCO3

Total Kjeldahl Nitrogen
Organic Carbon/Matter Walkely-
Black

Soluble Metals from Paste
pH, Saturated Paste
Phosphorus-Olsen

CEC NH4AC Soil Extraction
Gamma Sample Preparation
Lime Percentage

NH4AC Soil Extraction
Saturated Paste

Total Organic Matter Prep
Gross Gamma

Sodium Adsorption Ratio
Saturation Percentage

C13120735-002

TI-CS07-01 [0-6]inches

11/13/13 10:55 12/20/13

Soil

Same As Above

C13120735-003

TI-CS11-01 [0-6)inches

11/13/13 14:35 12/20/13

Soll

Same As Above

C13120735-004

WB-B2-04 [0-10]inches

11/14/13 16:00 12/20/13

Soil

Same As Above

C13120735-005

EB-B4-03 [0-10]inches

12/10/13 11:40 12/20/13

Soll

Same As Above

C13120735-006

SB-B4-01 [0-15]inches

12/12/13 16:45 12/20/13

Soil

Same As Above

C13120735-007

NB-B1-04 [0-15}inches

1212/13 14:25 12/20/13

Soll

Same As Above

C13120735-008

DH-B3-02 [0-10]inches

12/11/13 14:40 12/20/13

Soil

Same As Above

C13120735-009

Topsoil Stockpile

11/21/13 15:35 12/20/13

Soil

Same As Above

The results as reported relate only to the item(s) submitted for testing. The analyses presented in this report were
performed at Energy Laboratories, Inc., 2393 Salt Creek Hwy., Casper, WY 82601, unless otherwise noted.
Radiochemistry analyses were performed at Energy Laboratories, Inc., 2325 Kerzell Lane, Casper, WY 82601,
unless otherwise noted. Any exceptions or problems-with the analyses are noted in the Laboratory Analytical
Report, the QA/QC Summary Report, or the Case Narrative.

If you have any questions regarding these test results, please call.

Report Approved By:

Obphaniy £ Waldp

Reporting Supervisor

Digitally signed by
Stephanie Waldrop
Date: 2014.01.31 12:03:16 -07:00
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_Helena; MT B77-472-0711- = Billings, MF 800-735-4488 = Casper, Wy 808-235-0515

WY B6B:686-7175 » Rapid City, SD 888:672-1225 » Colloge Station, TX 808-63D-2218

LABORATORIES
CLIENT: Montgomery Watson Harza

Project: Church Rock Pre-Design Study Report Date: 01/31/14

Sample Delivery Group: C13120735 CASE NARRATIVE

LEVEL Ilt COMMENTS

Included with the analysis reports are instrument data reports for all analysis associated with the instrument calibration, QC
sample analysis, and sample analysis for Gamma results. All analytical data is within method QA/QC specifications except as
noted on analyses and/or QC summary reports, or in this narrative. The analytical report identifies which QC batch [D and
sequence QC is associated with each analysis result for a sample. The results of this Analytical Report relate only to the items
submitted for analysis. Only the raw data associated with parameters listed on this report should be validated.

BRANCH LABORATORY SUBCONTRACT ANALYSIS

Tests associated with analyst identified as ELI-B were subcontracted to Energy Laboratories, 1120 S. 27th St., Billings, MT,
EPA Number MT00005.
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www.energylab.com
Anslylical Excollsnce Since 1952

Holena, MT 877-472-0711 « Billings, T 800-735-4489 = Casper, WY 888-235-D315
“Gllette, WY 865-886-7175 # Rapid City, SO 888-672-1225 » College Station, TX 883-680-2218

Client:

QA/QC Summary Report

Prepared by Casper, WY Branch

Montgomery Watson Harza

Project: Church Rock Pre-Design Study

Report Date: 01/31/14
Work Order: C13120735

Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  ASA24-5 Batch: B_14010301-PS3

Sample ID: LCS Laboratory Conlrol Sample Run: SUB-B217349 01/03/14 15:42
Phosphorus, Olsen 12 mgkg 1.0 93 50 150

Sample ID: B13121331-001ADUP Sample Duplicate Run: SUB-B217349 01/03/14 15:49
Phosphorus, Olsen 6.9 mgkg-dry 1.0 8.3 30

Sample ID: B13121331-001AMS Sample Matrix Spike Run: SUB-B217349 01/03/14 15:51
Phosphorus, Olsen 18 mg/kg-dry 1.0 96 50 150

Sample ID: C13120735-008A Sample Duplicate Run: SUB-B217349 01/03/1416:09
Phosphorus, Olsen 5.2 mg/kg 1.0 12 30

Sample ID: C13120735-008A Sample Matrix Spike Run: SUB-B217349 01/03/14 16:11
Phosphorus, Olsen 18  mg/kg 1.0 117 50 150

Qualifiers:
RL - Analyte reporting limit.

MDC - Minimum detectable concentration

ND - Not detected at the reporting limit.

Page 12 of 87




. WY " win.energylab.com
EQE&EJ @ Anaiytical Excalistce Sica 1952

" Welena, MT 877-472-0711 » Billings, T B0D-735-4489 = Casper, WY 888-235-0515

Gillstte, WY BB5-866-7175 ® Rapld City, SO 888-672-1225 » College Station, T 888-690-2218

QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza
Project: Church Rock Pre-Design Study

Report Date: 01/31/14
Work Order: C13120735

Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  ASA29-3 Batch: 40199
Sample ID: MB-40199 Method Blank Run: OC_131230A 12/30/13 10:06
Organic Matter ND % 0.2

Sample ID: LCS1-40199 Laboratory Control Sample Run: OC_131230A 12/30/13 10:08
Organic Matter 1.45482 % 1.01 80 120

Sample ID: C13120735-009ADUP Sample Duplicate Run: OC_131230A 12/30/13 10:32
Organic Matter 0.395121 % 0.107997 20

Qualifiers:

RL - Analyte reporting limit.
MDC - Minimum detectable concentration

ND - Not detected at the reporting limit.
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LABORATORIES | & Ansiytical Excollsnce Sinco 1852 |- =0 iiletfe, WY:BB6-B86-T175 = Rapid City, SO 888-672-1225 « College Station, TX 888-630-2218
QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza Report Date: 01/31/14
Project: Church Rock Pre-Design Study Work Order: C13120735
Analyte Count . Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  ASA31-3 Batch: B_R217865
Sample ID: C13120735-001A Sample Duplicate Run: SUB-B217865 01/15/14 11:20
Total Kjeldah! Nitrogen 448  mg/kg 10 0.0 30

Sample ID: LCS-1401151120 Laboratory Control Sample Run: SUB-B217865 01/16/14 11:20
Total Kjeldahl Nitrogen 616  mg/kg 10 94 50 150

Sample ID: C13120735-001A Sample Matrix Spike Run: SUB-B217865 01/15/14 11:22
Total Kjeldahl Nitrogen 3360 mg/kg 10 73 50 150

Qualifiers:

RL - Analyte reporting limit. ND - Not detected at the reporting limit.

MDC - Minimum detectable concentration
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ERCY! = T
Eﬁﬁgl @ Analylical Excellance Sinca 1952

' Helena, MI 877-472-0711 » Billings, T B00-735-4488 = Casper, WY 888-235-0515
 Gilistte, WY B6-686-7175 « Rapid City, 5D 888-672-1225 » College Station, TX 888-630-2218

QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza

Project: Church Rock Pre-Design Study

Report Date: 01/31/14
Work Order: C13120735

Analyte Count Result Units

RL %REC LowLimit High Limit

RPD RPDLimit Qual

Method:  ASAM10-3

Analytical Run: COND1-C_140107A

Sample ID: CCV1_140107A Continuing Calibration Verification Standard 01/07/14 10:54
Conductivity, sat. paste 5.00 mmhos/cm 0.010 100 90 110
Method:  ASAM10-3 Batch: 40253
Sample ID: LCS1-40253 Laboratory Control Sample Run: COND1-C_140107A 01/07/14 10:55

Conductivity, sat. paste

Sample ID: C13120735-009ADUP
Conductivity, sat. paste

3.31 mmhos/cm

Sample Duplicate
2.24 mmhos/cm

0.010 97 80 120

Run: COND1-C_140107A
0.010

2.6

01/07/14 1059
20

Qualifiers:
RL - Analyte reporting limit.
MDC - Minimum detectable concentration

ND - Not detected at the reporting limit.
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EAERCY ! 2 T 3.
Egﬁﬁ! Anglytical Excollgiice Since 1852 I )

Helena, MT-877-412-0711 = Billings, M7 800-735-4489 « Casper, WY 888-235-0515

. Gillete; WY BBE-886-7175 = Rapid City, SO B88-672-1225  College Station, TX B88-590-2218

QA/QC Summary Report
Prepared by Casper, WY Branch

Client: Montgomery Watson Harza Report Date: 01/31/14
Project: Church Rock Pre-Design Study Work Order: C13120735
Analyte Count Result Units RL %REC LowLimit High Limit RPD RPDLimit Qual
Method:  ASAM10-3.2 Batch: 40253
Sample ID: C13120735-009ADUP Sample Duplicate Run: ORION 3 STAR PH_140107A 01/07/14 09:10
pH, sat. paste 7.91 s.u. 0.10 0.3 20

Sample ID: LCS1-40253 Laboratory Control Sample
pH, sat. paste 7.07 s.u.

Run; ORION 3 STAR PH_140107A
0.10 100 90 110

01/07/14 09:10

Qualifiers:
RL - Analyte reporting limit.
MDC - Minimum detectable concentration

ND - Not detected at the reporting limit.
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ENERGY |3

" Helena, MT 877-472-0711 » Billings, MT B00-735-4488 » Casper, WY 888-235-0515

www.energylab.com VR I
Ansiytical Excellaiica Sinca 1932 | " (illatte, WY-BBB-B86-T175 = Rapid City, SO 888-672-1225 » College Station, TX 888-690-2218

QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza Report Date: 01/31/14
Project: Church Rock Pre-Design Study Work Order: C13120735
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  E901.1 ‘ Batch: 40160

Sample ID: LCS-R182728 Laboratory Control Sample Run: GAM-HPGE_140115A 01/15/14 08:20
Bismuth 214 7.8 pCilg-dry 90 70 130

- The LCS sample uses Bi214 for Ra226.

Sample ID: MB-R182728 2 Method Blank Run: GAM-HPGE_140115A 01/15/14 08:20
Radium 226 ND pCi/g-dry U
Radium 226 precision (%) ND  pCifg-dry

Sample ID: C13120735-009ADUP 3 Sample Duplicate Run: GAM-HPGE_140115A 01/15/14 08:20
Radium 226 0.7 pCifg-dry 35 20 R
Radium 226 precision () 0.4 pCi/g-dry
Radium 226 MDC 0.5 pCi/g-dry

- Duplicate RPD is outside of the acceptance range for this analysis; however, the RER of 0.9 is less than the limit of 2.0. This batch is approved.

Qualifiers:

RL - Analyte reporting limit.

MDC - Minimum detectable concentration

U - Not detected at minimum detectable concentration

ND - Not detected at the reporting limit.

R - RPD exceeds advisory limit.
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www.energytab.com
Andlylical Excallance Since 1952

~ Helana, MT 677-472-0711  Billings, MY 800-735-4489 = Casper, WY 888-235-0515
*Gillette, WY 85-688-T175 » Rapid City, SD 888-672-1225 » College Station, TX 8B8-590-2218

QA/QC Summary Report

Prepared by Casper, WY Branch

Client:: Montgomery Watson Harza Report Date: 01/31/14
Project: Church Rock Pre-Design Study Work Order: C13120735
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  SW6010B Analytical Run: ICP4-C_131227A
Sample ID: ICV 2 |nitial Calibration Verification Standard 12/27/13 12:43
Potassium 49.6 mg/L 0.50 99 90 110
Sodium 50.083 mg/L 1 90 110
Sample ID: ICSA 2 Interference Check Sample A 12/27/13 12:57
Potassium 0.00360 mg/L 0.50
Sodium -0.29403 mg/L 0
Sample ID: ICSAB 2 Interference Check Sample AB 12/271313:01
Potassium -0.00757 mg/L 0.50
Sodium -0.39872 mg/L 0
Method: SW6010B Batch: 40182
Sample ID: MB-40182 2 Method Blank Run: ICP4-C_131227A 12/27/13 16:54
Potassium ND  mg/kg-dry 40
Sodium ND mg/kg-dry 100
Sample ID: LCS1-40182 2 Laboratory Gontrol Sample Run: ICP4-C_131227A 12/27/13 1658
Potassium 341 mg/kg-dry 42 131 63 136
Sodium 182.542 mg/kg-dry 1.09 25 100 S
Sample ID: C13120735-009ADIL 2 Serial Dilution Run: ICP4-C_131227A 12/27/1317:56
Potassium 168 mg/kg-dry 10 0 0
Sodium 202.063 mgkg-dry 0 0 0
Sample ID: C13120735-009ADUP 2 Sample Duplicate Run: ICP4-C_131227A 12/27/13 1800
Potassium 197 mg/kg-dry 10 0.8 20
Sodium 251.97 mg/kg-dry 0.0977984 20
Qualifiers:

RL - Analyte reporting limit.

MDC - Minimum detectable concentration

ND - Not detected at the reporting limit.
S - Spike fecovery outside of advisory limits.
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[ENERGY |55

www.gnergylab.com
Analytical Excelience Sinca 1952

. Holana, MT 877-472-0711 o Bllings, MT 80D-735-4489 = Casper, WY 888-235-0515
. Gillette, WY-B66-BB8-7175 = Rapid City, SD 888-672-1225 = College Station, TX 888-690-2218

QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza Report Date: 01/31/14

Project: Church Rock Pre-Design Study Work Order: G13120735
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method: SW6010B Analytical Run: ICP4-C_131231A
Sample ID: ICV Initial Calibration Verification Standard 12/31/13 14:39
Sodium 50.7 mg/L 0.50 101 90 110

Sample ID: ICSA Interference Check Sample A 12/31/13 14:54
Sodium 0.0306 mg/L 0.50

Sample ID: ICSAB Interference Check Sample AB 12/31/13 14:58
Sodium 0.0603 mg/L 0.50

Method:  SW6010B Batch: 40195

Sample ID: MB-40195 Method Blank Run: ICP4-C_131231A 12/31/1317:15
Sodium ND mg/L 100

Sample ID: LCS1-40195 Laboratory Control Sample Run: ICP4-C_131231A 12/314317:19
Sodium 7240 mg/L. 150 140 75 138 S
Sample 1D: C13120735-009ADIL Serial Dilution Run: ICP4-C_131231A 12/31/13 18:53
Sodium 6900 mg/L 740 0 0 20 N
Sample ID: C13120735-009ADUP Sample Duplicate Run: ICP4-C_131231A 12/31/13 1857
Sodium 7190 mg/L 150 7.0 20
Qualifiers:

RL - Analyte reporting limit.

MDC - Minimum detectable concentration

S - Spike recovery outside of advisory limits.

ND - Not detected at the reporting limit.

N - The analyte concentration was not sufficiently high to calculate a
RPD for the serial dilution test.
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ENERGY | (5 [ f

LABORATORIES

Analylical Excallénce Since 1952

* - Helena, MT 877-472-0711 = Billings, MT 800-735-4489 = Casper, WY 888-235-0515
i “Gillette, WY'BB6-686-7175 = Rapid City, SD B8B-672-1225 = College Station, TX 868-690-2218

QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza Report Date: 01/31/14
Project: Church Rock Pre-Design Study Work Order: C13120735
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method: SW6010B Analytical Run: ICP4-C_140114A
Sample ID: ICV 4 |nitial Calibration Verification Standard 01/14/14 12:22
Calcium 49.6 mg/L 0.50 99 90 110

Magnesium 48.3 mg/L 0.50 99 90 110

Potassium 48.2 mg/L 0.50 96 90 110

Sodium 49.1 mg/L 0.50 98 90 110
Sample ID: ICSA 4 Interference Check Sample A 01/14/14 12:36
Calcium 465 mg/L 0.50 93 80 120

Magnesium 498 mg/L 0.50 100 80 120

Potassium 0.0214 mg/L 0.50

Sodium -0.00758 mg/L 0.50
Sample ID: ICSAB 4 Interference Check Sample AB 01/14/14 12:40
Calcium 462 mg/L 0.50 92 80 120

Magnesium 496 mg/L 0.50 99 80 120

Potassium 0.0212 mg/L 0.50

Sodium -0.180 mg/L 0.50

Method:  SW6010B

Batch: 40253

Sample ID: MB-40253 4 Method Blank Run: ICP4-C_140114A h 01/14/1417:41
Calcium ND mg/L 10
Magnesium ND mg/L 4
Potassium ND mg/L 8
Sodium ND mg/L
Sample ID: LCS1-40253 4 Laboratory Control Sample Run: ICP4-C_140114A 01/14/14 17:45
Calcium 610 mg/L 55 100 70 130
Magnesium 158 mg/L 8.2 106 70 130
Potassium ND mg/L 42 70 130 S
Sodium 166 mg/L 150 104 70 130
Sample ID: C13120735-009ADUP 4 Sample Duplicale Run: ICP4-C_140114A 01/14/14 19:23
Calcium 216 mg/L 1.0 33 30
Magnesium 93.6 mg/L. 1.0 3.6 30
Potassium 7.40 mg/L 1.0 38 30
Sodium 160 mg/L 1.0 3.1 30
Qualifiers:

RL - Analyte reporting limit.

ND - Not detected at the reporting limit.

MDC - Minimum detectable concentration S - Spike recovery outside of advisory limits.
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_KE%W%MM" www.energylab.com
EBQWE;EE! Ansiyllcal Excaténcs Sinca 1952

- Holona, MT 877-412-0711 » Billings, MT BO0-735-4489 « Casper, WY 888-235-0515
llette, WY BEB-GB6-7175 « Rapid City, SO 888-672-1225 ® College Station, TX 888-680-2218

QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza Report Date: 01/31/14

Project: Church Rock Pre-Design Study Work Order: C13120735
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual
Method:  USDA23c Batch: 40270
Sample ID: MB-40270 Method Blank Run: ORION 3 STAR PH_140107B 01/07/14 11:08
Lime as CaCO3 0.1 % 0.1

Sample ID: LCS1-40270 Laboratory Control Sample Run: ORION 3 STAR PH_140107B 01/07/1411:15
Lime as CaCO3 4.03 % 0.10 104 80 120

Sample ID: C13120735-009ADUP Sample Duplicate Run: ORION 3 STAR PH_140107B 01/07/14 12:10
Lime as CaCO3 5.30 %o 0.10 1.9 20

Qualifiers:
RL - Analyte reporting limit.
MDC - Minimum detectable concentration

ND - Not detected at the reparting limit.
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ENERGY @ " wenorgyiab.com C 0 Helena, MT877-472-0711 » Billings, MT 800-735-4488 » Casper, WY 888-235-0515
L ABORATORIES Anslytical Excollonce Since 1952 | =% " iigtte, WY B6B-686-7175 * Rapid City, SO 888-672-1225 » College Station, TX 888-690-2218
QA/QC Summary Report

Prepared by Casper, WY Branch

Client: Montgomery Watson Harza Report Date: 01/31/14
Project: Church Rock Pre-Design Study Work Order: C13120735
Analyte Count Result Units RL %REC Low Limit High Limit RPD RPDLimit Qual

Method: USDA27a Batch: 40253

Sample ID: LCS1-40253 Laboratory Conirol Sample Run: SARTORIUS_1401078 01/07/14 09:35
Saturation 45.6 %o 0.10 107 80 120
Sample ID: C13120735-009ADUP Sample Duplicate Run: SARTORIUS_1401078B 01/07/14 09:39
Saturation 51.0 % 0.10 0.2 20
Qualifiers:
RL - Analyte reporting limit. ND - Not detected at the reporting limit.

MDC - Minimum detectable concentration
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—K E v =8 www.anergylab.com
EEORAEJ?F): Analytical Excallenca Sinee 1952

- Helena, MT 871-472-0711 » Billings, MT 800-735-4489 « Casper, Wy 898-235-0515
te; WY 8B6-686-7175 Rapid City, SO 888:-672-1225  Colfege Station, 7% 808-590-2218

Workorder Receipt Checklist

Montgomery Watson Harza

Login completed by: Tessa Parke
Reviewed by: BL2000\swaldrop
Reviewed Date: 1/10/2014

Shipping container/coaler in good condition?

Custody seals intact on all shipping container(s)/cooler(s}?
Custody seals intact on all sample bottles?

Chain of custody present?

Chain of custody signed when relinguished and received?
Chain of custody agrees with sample labels?

Samples in proper container/bottle?

Sample containers intact?

Sufficient sample volume for indicated test?

All samples received within holding time?

(Exclude analyses that are considered field parameters
such as pH, DO, Res Cl, Sulfite, Ferrous lron, etc.)

Temp Blan_k received in all shipping container(s)/cooler(s)?
Container/Temp Blank temperature:

Water - VOA vials have zero headspace?

Water - pH acceptabie upon receipt?

Yes [V]
Yes [V]
Yes []
Yes [v]
Yes [v]
Yes [V]
Yes []
Yes [v]
Yes [/]
Yes ]

Yes []
N/A°C

Yes [}
Yes [}

C13120735

Date Received: 12/20/2013

No []
No ]
No [7]
No []
No []
No ]
No 7]
No [}
No []
No []

No []

No [
No [7]

Received by: dcq

Carrier Ground
name:

Not Present []
Not Present []

Not Present [v]

Not Applicable []

No VOA vials submitted  [/]

Not Applicable  [/]

Standard Reporting Procedures:

Lab measurement of analytes considered field parameters that require analysis within 15 minutes of sampling such as
pH, Dissolved Oxygen and Residual Chlorine, are qualified as being analyzed outside of recommended holding time.

Solid/soil samples are reported on a wet weight basis (as received) unless specifically indicated. If moisture corrected,
data units are typically noted as —dry. For agricultural and mining soil parameters/characteristics, all samples are dried

and ground prior to sample analysis.

Contact and Corrective Action Comments:

None
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Energy Labs - Agronomic Testing
Church Rock Pre-Design Study

Date
11/12/2013 |Bag

Sample ID

TI-CS02-01 (0-7%)

1ofl

11/13/2013 |Bag
11/13/2013 |Bag
11/14/2013 |Bag
12/10/2013 |Bag
12/12/2013 |Bag
12/12/2013 |Bag
12/11/2013 |Bag
11/21/2013 |Bag

T|-CS11-01 (0 - 6")
WB - B2 - 04 (0 - 10"
EB-B4-03 (0-10)
SB-B4-01 (0 - 15')
NB - B1- 04 (0 - 15
DH - B3-02 (0 - 10')

Ti-CS07-01(0-6")
Topsoil Stockpile




C/3/20 735/_ /-9

Radiochemistry
Level 4 Reporting Checklist Gamma

Method #7990/, / | Analyte:/ Za —226

l/Enc.argy Labs Batch ID: GGG cvprr$A4 &2 &4 20
'_’/___ Omega Data Entry Batch ID: /(527 28

" Instrument ID: Q& 7207-0/&/ (QGT / )
7

nstrument background check

7

Ipstrument efficiency/calibration check

Bench-sheets (Sample run order should include MD 10 samples)

.Amtocopy of instrument run log

~/Photocopy of standard source calibration certificate noting manufacturer, stock
and/or lot number

Photocopy of method control charts for the following:
(provided by QA Dept.)

_____ Matrix Duplicates (MD)

______ Analyst Case Narrative consisting of the following:
__\4 A statement documenting the analytes and the method used
_‘/Date of analysis

t/ﬁny instrument adjustment or anomalies encountered during analysis

(_—"Printed name and signature of analyst
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Analyst Case Narrative

Method #:H)M o/, / Analyteé all é Date/time of analysis:/ —S77 Sreo

Any problems or anomalies encountered during analysis?
No b/ Yes (please explain below)

Analyst case narrative: ANBL S 26— SAMPLES ACCORB /N G— 70
EPA GVl METHIL (TSP INIGC R TEC
G AN SIS LON) SO TWAARE -

Any instrument adjustments or anomalies encountered during analysis?
No — Yes (please explain below)
Analyst case narrative: /7D A/ LS TN L 2% 2 ANCYALS ES

Analystzgﬂl/ /A /2{,/4 ,éé//)‘

Pleasg print )
SignatureW
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24937 Avenue Tibbitts

“ -
: ECkert &Z]egler Valencia, California 91355

lsotope Products Tel 661-309:1010
Fax 661-257-8303

CERTIFICATE OF CALIBRATION
MULTINUCLIDE STANDARD SOURCE

Customer: ENERGY LABORATORIES Source No.: 1692-18
P.0. No.: 89552 Reference Date: 1-Jul-13 12:00 PST
Catalog No.: EG-ML Contained Radioactivity: 0.9146 pCi 33.84 kBq
Physical Description:
A. Capsule type: Customer supplied 3" can
B. Nature of active deposit: Multinuclide distributed in 1.5g/cc epoxy matrix
C. Active diameter/volume: Approximately 124.1 mL (186.1 grams)
D. Backing: Plastic
E. Cover: Plastic
Gamma-Ray Nuclide Half-life Branching Activity Gammas Total
Energy (keV) Ratio (%) (nCi per second Uncert.
60 Am-241 432.17 1 0.66 years 36.0 0.02632 350.6 3.0%
88 Cd-109 462.6 = 0.7 days 3.63 0.2603 348.6 32%
122 Co-57 271.79 = 0.09 days 85.6 0.01012 320.5 3.1%
159 Te-123m 119.7 £ 0.1 days 84.0 0.01317 408.3 3.1 %
320 Cr-51 27.706 £ 0.007 days 9.86 0.3094 1129 3.0 %
382 Sn-113 115.09 + 0.04 days 64.9 0.04999 1200 3.0%
514 Sr-85 64.849 x 0.004 days 98.4 0.05939 2162 3.0%
662 Cs-137 30.17 £ 0.16 years 85.1 0.04230 1332 3.1%
898 Y-88 106.630 £ 0.025 days 94.0 0.09347 3251 3.0 %
1173 Co-60 5.272 + 0.001 years 99.86 0.05012 1852 31%
1333 Co-60 5.272 £ 0.001 years 99.98 0.05012 1854 31 %
1836 Y-88 106.630 + 0.025 days 399.4 0.09347 3438 3.0 %

Method of Calibration:
This source was prepared from weighed aliquots of solutions whose concentrations in uCilg were determined

by gamma spectrometry.

" Notes:
2 See reverse side for leak test(s) performed on this source.

EZIP participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (as in NRC Regulatory Guide 4.15).

Nuclear data was taken from IAEA-TECDOC-619, 1991.

Overall uncertainty is calculated at the 99% confidence level.

This source has a working life of 1 year.

Dfﬂ%’«%%«kﬁm—_ (6~ Tu|~13

U Quality Control Date EZIP Ref. No.; 1692-18

1S0 9001 CERTIFIED

Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504
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CERTIF ICATE OF CALIBRATION /P
GAMMA STANDARD SOURCE CAN

Radionuclide: Ra-226 Customer.: ENERGY LABORATORIES
Half Life: 1600 + 7 years '
Catalog No.: EG-0242 P.O. No: C40177 .
Source No.: 548-133-2 Reference Date: 1 February 1997 12:00 PST
Contained Radioactivity: (Ra-226) 1.423 nCi (52.64 Bq)

Description of Source .

a. Capsule type: Customer supplied can

b. Nature of active deposit: Metallic salts in epoxy matrix

c. Active diameter/volume: Approx. 125 ml (mass of epoxy = 163.16 g)

d. Backing: ’ Steel '

e. Cover: Steel
Radioimpurities:

None detected (other than daughters)

Method of Calibration
The source was prepared from a weighed aliquot of a solution whose con

gamima spectrometry:

centration in pCi/gram was determined by

186 | keV.

Energy peak(s) integrated under:
Branching ratio(s) used: 0.0351 gamma rays per decay.
Uncertainty of Measurement
a. Systematic uncertainty in instrument calibration: i + 3.0%
b. Random uncertainty in assay: += 3.0%
¢. Random uncertainty in weighing(s): =+ 0.6%
d. Total uncertainty at the 99% confidence level: _ = 4.3 %

NIST Traceability
This calibration'is traceable to the National Institute of Standards and Technology.

Leak Test(s)
See reverse side for Leak Test(s) applied to this source.

Notes

1. IPL participates in a
number of nuclides, based on the blind assay (and 1
NRC Regulatory Guide 4.15). ’

o NIST measurement assurance program to establish and maintain implicit traceability for a
ater NIST certification) of Standard Reference Matcrials (As in

2. This source has a Ra-226 concentration of 8.722 pCilg

n# 1137 o ﬂ/‘,‘___ b M
Opened;
e QUALITY CONTROL

Gamma.Standard Source-549.133-2
E£xpires: 2/1/1999

Rec'd: 2/1/1997
Cnsigy Lohartencr, Inc 2202 Solt Creck Sy 2- q g/a,y\ ﬁ' 7

Casoer WY 82602
i ﬂate Signed

ISOTOPE PRODUCTS LABORATORIES

1800 N. KEYSTONE STREET
BurBank, CALIFORNIA 91504 . . ' ; L
. - YPL Ref. No.: 548-133-2

818-843-7000 Fax 818-843-6168
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QA000714.Rpt

ORTEC gv -1 ( 15) wan32 G53w2.06 15-JAN-2014 08:22:58 Page
Energy Laboratory Spectrum name: QA000714.Spc

sample description
011514pckdetl

Spectrum Filename: C:\User\QA000714.spc

Acquisition information

start time: 15-3Jan-2014 08:12:50
Live time: 600

Real time: 606

Dead time: 1.02 %

Detector ID: 2

Detector system
Det 1

calibration
Filename: apri3mb_16th_detl_1671271.cClb

10/9/13 mb calibration polynomial energy re-cal
IPL #1671271

Energy cCalibration

Created: 09-0ct-2013 13:50:38

Zero offset: ~-0.317 kev

Gain: 0.243 kev/channel

Quadratic: 2.269E-09 kev/channelA2
Efficiency cCalibration

Created: 25-Apr-2013 08:44:34

Type: Polynomial

Uncertainty: 1.119 %

Coefficients: -0.379781 -4,955815 0.632347

-0.076310 0.004092 -0.000084

Library Files

Main analysis Tibrary: gaeff.Lib
Library Match width: 0.500
Analysis parameters
Analysis engine: wan32 G53wW2.06
Start channel: 200 ( - 48.31kev )
stop channel: 8144 ( 1980.10kev )
Peak rejection level: 20.000%
Peak search sensitivity: 3
Sample Size: 1.0000E+00
Activity scaling factor: 2.7000E+01/C 1.0000E+00* 1.0000E+00) =
2.7000E+01
Detection limit method: LLD - ORTEC method (US-NRCQC)
Random error: 1.0000000E+00
systematic error: 1.0000000E+00
Fraction Limit: 0.000%
Background width: best method (based on spectrum).
Half Tives decay limit: 12.000
Page 1
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QA000714.Rpt

a
ORTEC gv -1 ( 15) wan32 G53w2.06 15-JAN-2014 08:22:58 Page 2
Energy Laboratory Spectrum name: QA000714.Spc
Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status Comments
Decay correct to date: YES 15-Feb-2004 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: NO
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES STope 1.0000E+00

Net factor

Energy calibration
Normalized diff: 0.0991

1.0000E+00

Fdkkk SUMMARY O F NUCLIDES IN SAMPLE k%

Time of Count Time Corrected Uncertainty 2 Sigma

Nuclide Activity Activity Counting Total MDA
pCi/g pCi/g pCi/g pCi/g
Cco-60 1.5060E+04 5.5468E+04  2.3966E+03 2.8104E+03 1.516E+03
cs-137 3.8293E+04 4.8090E+04 1.0655E+03 1.6985E+03 1.977E+03
AM-241 2.8802E+04 2.9263E+04 7.3673E+02 1.3089E+03 1.689E+03
< - MDA value printed.
A - Activity printed, but activity < MDA,
B - Activity < MDA and failed test.
C - Area < Critical level.
F - Failed fraction or key line test.
H - Halflife Timit exceeded
————————————————————————————— SUMMARY e
Total Activity ( 48.3 to 1980.1 kev) 8.2154781E+04 pCi/g
Total Decayed Activity ( 48.3 to 1980.1 kev) 1.3282133E+05 pcCi/g
kkEkkkkikk S UMMARY O F DI SCARDED P E A K S hdddkddd
1332.50 - Co-60
I - peak is part of a multiplet and this area went
negative during deconvolution.
? - Peak is too narrow,
@ - Peak is too wide at FwW25M, but ok at FWHM.
% - Peak fails sensitivity test.
$ - peak tidentified, but first peak of this nuclide
failed one or more qualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range,
= - Peak outside analysis energy range.
1]
ORTEC gv -1 ( 15) wan32 G53w2.06 15-3JAN-2014 08:22:58 Page 3
Energy Laboratory Spectrum name: QA000714.Spc

Page 2
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& - calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.

P - Peakbackground subtraction

Analyzed by:

QA000714.Rpt

Dave Blaida

Reviewed by:

supervisor

Laboratory: Energy Laboratory

Page 3
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Gammavision V6.01 QA Background Report

QA_HHQPHFD1033701_00670.Rpt

Detector:

Measurement Number:
bata Acquired On:

Real Ti

Live Ti

Status:

me:
me:

Minimum

2 Det 1

670

1/15/2014 08:24:34
1800.00 sec.
1799.14 sec.

0K

1/15/2014 08:54:33

Background (CPS):

Page 1
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ORTEC
Energy Laboratory

sample description
011614pckdetl

gv -1 ( 15) wan32

QA000715.Rpt

G53w2.06 16-JAN-2014 09:10:40 Page

Spectrum name: QA000715.Spc

spectrum Filename: C:\User\QA000715.5Spc

Acquisition information
start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Det 1

calibration
Filename:

16-3an-2014 09:00:33
600
606

1.022%

april3mb_16th_detl_1671271.C1b

10/9/13 mb calibration polynomial energy re-cal

IPL #1671271

Energy cCalibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency calibration
Created:
Type:
uncertainty:
Coefficients:

Library Files
Main analysis library:
Library Match width:

Analysis parameters
Analysis engine:
Start channel:
stop channel:
Peak rejection level:

Peak search sensitivity:

sample Size:

Activity scaling factor:

Detection 1imit method:

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:

09-0ct-2013 13:50:38
-0.317 kev

0.243 kev/channel
2.269E-09 keV/channelA2

25-Apr-2013 08:44:34
Polynomial

1.119 %

-0.379781 -4.955815 0.632347
~-0.076310 0.004092 -0.000084
gaeff.Lib

0.500

wan32 G53w2.06

200 ( 48.31kev )
8144 ( 1980.10kev )
20.000%

3

1.0000E+00

.7000E+01/(C 1.0000E+00*
.7000E+01

LLD - ORTEC method (US-NRC)

1.0000000E+00

1.0000000E+00

0.000%

best method (based on spectrum).

12.000
Page 1

[pSAS)

1

1.0000E+00) =

Page 38 of 87



QA000715.Rpt

0
ORTEC gv -1i ( 15) wan32 G53wW2.06 16-3JAN-2014 09:10:40 Page 2
Energy Laboratory spectrum name: QA000715.Spc
Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status comments
Decay correct to date: YES 15-Feb-2004 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
peaked background correction: NO
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES Slope 1.0000E+00

Net factor 1.0000E+00

Energy calibration
Normalized diff: 0.0781

Fkk SUMMARY O F NUCLIDES _I N S AM P L E dedede ke
Time of Count Time Corrected Uncertainty 2 Sigma

NucTide Activity Activity counting Total MDA
pCi/g pCi/g pCi/g pcCi/g

Co-60 1.5190E+04 5.5968E+04 1.7207E+03 2.2703E+03 1.524E+03

cs-137 3.8354E+04 4.8169E+04  1.0660E+03 1.7005E+03 1.978E+03

AM-241 2.9247e+04 2.9716E+04 6.8716E+02 1.2958E+03 1.576E+03

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical Tlevel.

F - Failed fraction or key 1line test.

H - Halflife 1imit exceeded
————————————————————————————— SUMMARY e e e e e —
Total Activity ( 48.3 to 1980.1 kev) 8.2790836E+04 pCi/g
Total Decayed Activity ( 48.3 to 1980.1 kev) 1.3385288E+05 pCi/g

wAAAEEAFY S YMMARY OF DISCARDED P EAKS ¥rsfessns

! - peak is part of a mu1ti?1e§ and this area went
negative during deconvolution.

? - pPeak 1is too narrow.

@ - pPeak is too wide at FW25M, but ok at FWHM.

% - Peak fails sensitivity test.

$ - peak identified, but first peak of this nuclide

failed one or more gualification tests.

+ - Peak activity higher than counting uncertainty range.

- - peak activity lower than counting uncertainty range.

= pPeak outside analysis energy range.
[

ORTEC gv -1 ( 15) wan32 G53w2.06 16-JAN-2014 09:10:40 Page 3

Energy Laboratory Spectrum name: QA00Q0715.Spc

Page 2
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& - calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.

P - Peakbackground subtraction

Analyzed by:

QA000715.Rpt

bave Blaida

Reviewed by:

Supervisor

Laboratory: Energy Laboratory

Page 3
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Gammavision v6.01 QA Background Report

QA_HHQPHFD1033701_00671.Rpt

Detector:

Measurement Number:
pata Acquired On:

Real Time:

Live Ti
status:

me.

M1 nimum

2 Det 1
671

1/16/2014 09:12:22
1800.00 Sec.
1799.14 sec.

oK

1/16/2014 09:42:21

Maximum

Background (CpPS):

Page 1

Page 41 of 87



011614ip171csdetl.Rpt

ORTEC g v -1 ( 143) wan32 G53w2.06 17-JAN-2014 09:18:10 Page 1
Energy Laboratory Spectrum name: 011614ip171csdetl.Anl

sample descri?tjon
011614ipl7icsdetl

spectrum Filename: C:\User\011l614ipl71csdetl.Anl

Acquisition information

start time: 16-Jan-2014 15:49:27
Live time: 3600

Real time: 3602

Dead time: 0.06 %

Detector ID: 2

Detector system
Det 1

calibration
Filename: julycc_5th_det1_169218.cC1b
12/10/13 calibration energy/efficiency
IPL #1692-18 recal energy calibration perched

Energy cCalibration

Created: 10-Dec~2013 10:50:03

Zero offset: -0.447 kev

Gain: 0.243 kev/channel

Quadratic: 1.476E-09 kev/channelA2
Efficiency calibration

Created: 26-3Jul1-2013 07:55:14

Type: Polynomial

Uncertainty: 1.391 %

coefficients: -0.329484 -5.959887 0.633715

-0.076489 0.004220 -0.000092

Library Files

Main analysis library: Norman.lib
Library Match width: 0.500
Analysis parameters
Analysis engine: wan32 G53w2.06
start channel: 200 ( 48.19kev )
stop channel: 8144 ( 1980.24kev )
Peak rejection Tlevel: 20.000%
Peak search sensitivity: 3
Sample Size: 1.6316E+02
Activity scaling factor: 2.7000E+01/( 1.0000E+00* 1.6316E+02) =
1.6548E-01
Detection limit method: Nureg 4.16
Random error: 1.0000000E+00
systematic error: 1.0000000E+00
Fraction Limit: 0.000%
Background width: best method (based on spectrum).
Half lives decay Timit: 12.000
Page 1
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011614ip171csdetl.Rpt

0
ORTEC gv -1 ( 143) wan32 G53w2.06 17-JAN-2014 09:18:10 Page 2
Energy Laboratory Spectrum name: 011614ipl71csdetl.Anl
Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status comments
Decay correct to date: YES 01-Feb-1997 16:00:00
Decay during acquisition: NO
Decay during collection: NO
True coincidence correction: NO
pPeaked background correction: YES 011108bkg1000mindetl. Pbc
15-Jan-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES Slope 1.0000E+00
Net factor 1.0000E+00
Energy Calibration
Normalized diff: 0.0981
FAEE L SUMMARY O F NUCLIDES IN SAMPLE kK EE
Time of Count Time Corrected Uncertainty 1 Sigma
Nuclide Activity Activity Counting Total MDA
pCi/g pCi/g pCi/g pcCi/g
Ra-228 B< 1.4440E+00 1.1150E+01
Ra-226 < 6.1892E+00 6.2348E+00
Bi-214 7.7677E+007 7.8250E+00 4.8240E-01 4.9479E-01 7.156E-01
Pb-214 8.0222E+00 8.0814E+00  3.7933E-01 3.9600E-01 5.576E-01
Ir-192 B< 8.33E-02 >12 Halflives
Sb-124 B< 1.27e-01 >12 Halflives
Sc-46 1.0871E+00 >12 Halflives 1.6414e-01 1.6485E-01 3.728e-01
Pb-210 No in-range peaks
Th-228 < 8.7290E+00 4.1053E+03
Th-230 < 3.0449E+01 3.0454E+01
Cs-137 < 2.2641E-01 3.3456E-01
Co-60 B< 1.7837E-01 1.6584E+00
Am-241 < 4.1258E-01 4.2395e-01
K-40 < 2.4792E+00 2.4792E+00
u-235 < 3.7080E-01 3.7080E-01
Th-234 B< 2.44E+01 >12 Halflives
Cs-134 < 2.2992e-01 6.8701E+01
Pb-212 < 3.9927E-01 3.9927E-01
Ra-224 < 6.97E+00 >12 Halflives
I-131 B< 1.30E-01 >12 Halflives
Mn-54 < 1.64E-01 >12 Halflives
T1-208 < 2.13E-01 >12 Halflives
Bi-212 < 9.44E-01 >12 Halflives
Ra-223 < 8.72E-01 >12 Halflives
Pa-234 < 5.56E-01 >12 Halflives
Eu-154 < 6.3805E-01 2.4260E+00
0 .
ORTEC gv -1 ( 143) wan32 G53w2.06 17-3JAN-2014 09:18:10 Page 3
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Energy

Eu-152
Na-22
Zn-65
Ba-133
Ru-103
Be-7
I-125
T1-201
Pa-234
Np-237
Ce-144
Eu-155

B<
B<
B<

<

Laboratory

0116141ipl71csdetl.Rpt
Spectrum name: 011614ip17T1csdetl.Anl

7.2676E-01 1.7551E+00
1.7855E-01 1.6403E+01
6.40E-01 >12 Halflives
2.5399e-01 7.7793E-01
8.33e-02 >12 Halflives
1.15E+00 >12 Halflives

No in-range peaks

1.23E+00 >12 Halflives
3.25E-01 >12 Halflives
1.2986E+00 1.2986E+00
9.57€-01 >12 Halflives
5.4772E-01 5.8565E+00

< - MDA value printed.

A - Activity printed, but activity < MDA,
Activity < MDA and failed test.

Area < Critical Tevel.

Failed fraction or key Tine test.
Halflife Timit exceeded
----------------------------- SUMMA e e

Thkhkk

911.
1173
1408.

ARD

o el 1+

RY
Activity ( 48.2 to 1980.2 kev) 1.5789982E+01 pCi/

g
Decayed Activity ( 48.2 to 1980.2 kev) 1.5906395E+01 pcCi/g

00 % Eu-152 1460.80 & K-40

peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

rPeak is too wide at Fw25M, but ok at FwHM,
Peak fails sensitivity test.

Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.

*%%* S YUMMARY O F DISCARDED PEAKS
07 % Ra-228 969.10 % Ra-228 1001.00 % Th-234
.00 % Co-60 1274.50 & Na-22 1274.54 Eu-154

Peak activity Tower than counting uncertainty range.
Peak outside analysis energy range.
calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.
rPeakbackground subtraction

Kk ko kkkl

1115.52 % zZn-65
1333.00 % Co-60

Analyzed by:

Reviewed by:

Laboratory:

pave Blaida

supervisor

Energy Laboratory
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011614blankdetl.Rpt

ORTEC gv -1 ( 143) wan32 G53w2.06 16-~JAN-2014 15:48:12 Page 1
Energy Laboratory Spectrum name: 011614blankdetl.Anl
sample description

011614blankdetl
Spectrum Filename: C:\User\01ll6l1l4blankdetl.Anl
Acquisition information
Start time: 16-Jan-2014 14:31:23
Live time: 3598
Real time: 3600
Dead time: ] 0.05 %
Detector ID: 2
Detector system
bet 1
calibration
Filename: julycc_5th_det1 169218.C1b
12/10/13 calibration energy/efficiency
IPL #1692-18 recal energy calibration perched
Energy Calibration
Created: 10-pec-2013 10:50:03
Zero offset: -0.447 kev
Gain: 0.243 kev/channel
Quadratic: 1.476E-09 kev/channelA2
Efficiency calibration
Created: 26-Jul1-2013 07:55:14
Type: Polynomial
Uncertainty: 1.391 %
Coefficients: -0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092
Library Files .
Main analysis Tibrary: Norman.1ib
Library Match width: 0.500
Analysis parameters
Analysis engine: wan32 G53w2.06
start channel: 200 ( 48.19kev )
stop channel: 8144 ( 1980.24kev )
Peak rejection level: 20.000%
Peak search sensitivity: 5
sample Size:_ 1.0000E+00
Activity scaling factor: 2.7000E+01/( 1.0000E+00% 1.0000E+00) =
2.7000E+01
Detection 1imit method: Nureg 4.16
Random error: 1.0000000E+00
systematic _error: 1.0000000E+00
Fraction Limit: 0.000%
Background width: best method (based on spectrum).
Half lives decay Timit: - 12.000
Page 1
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011614bTankdetl.Rpt

fi
ORTEC gv -1 (143) wan32 G53wW2.06 16-JAN-2014 _15:48:12 Page 2
Energy Laboratory spectrum name: 011614bTankdetl.Anl
Activity range factor: 2.000
Min. step backg. energy 0.000
corrections Status comments
Decay correct to date: YES 30-Apr-1999 12:00:00
pecay during acquisition: YES
pecay during collection: NO
True coincidence correction: NO
peaked background correction: YES 011108bkg1000mindetl.Pbc
15-3an-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES STlope 1.0000E+00

Net factor 1.0000E+00

Energy cCalibration
Normalized diff: 1.0000

Rk Ek SUMMARY o F NUCLTIDES IN S AMPLE e e
Time of Count Time Corrected Uncertainty 2 Sigma

Nuclide Activ1t¥ Activity Counting Total MDA
/ pci/ pcCi/l pCi/1 pci/l

Ra-228 B« 1.9071E+02 1.1242e+03
Ra-226 < 6.4834E+02 6.5249E+02
Bi-214 B< 8.8903E+01 8.9472E+01
Pb-214 < 7.4387E+401 7.4862E+01

Ir-192 B< 7.35E+00 >12 Halflives
sb-124 B« 3,19e+01 >12 Halflives
Sc-46 < 3.01E+01 >12 Halflives
Pb-210 No in-range peaks

Th-228 < 1.2075€e+03 2.5197E+05
Th-230 < 2.2300E+03 2.2303E+03
Cs-137 < 2.2302E+01 3.1299E+01
co-60 B« 2.6796E+01 1.8559E+02
Am-241 < 4.6072E+01 4.7172e+01
K-40 < 4.0462E+02 4.,0462E+02
U-235 < 3.8968E+01 3.8968E+01
Th-234 B< 2.62E+03 >12 Halflives
Ccs-134 < 2.8073E+01 3.9514E+03
Pb-212 < 4.4432E+01 4,.4432E401
Ra-224 < 4.82E+02 >12 Halflives
I-131 B< 2.01E+01 >12 Halflives
Mn-54 < 2.87e+01 >12 Halflives
T1-208 < 3.88E+01 >12 Halflives
Bi-212 < 2.13E+02 >12 Halflives
Ra-223 < 1.38E+02 >12 Halflives
Pa-234 < 5.28E+01 >12 Halflives
Eu-154 < 5.8463E+01 1.8634E+02
0

ORTEC gv -1 ( 143) wan32 G53w2.06 16-3JAN-2014 15:48:12 Page 3
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011614blankdetl.Rpt

Energy Laboratory Spectrum name: 011614blankdetl.Anl
Eu-152 < 1.1862E+02 2.5497E+02
Na-22 < 2.6211E+01 1.3255E+03
Zn-65 < 6.29E+01 >12 Halflives
Ba-133 < 2.3187E+01 6.1259E+01
Ru-103 B< 2.32E+01 >12 Halflives
Be-7 B< 1.03E+02 >12 Halflives
I-125 No in-range peaks

T1-201 B< 1.16E+02 >12 Halflives
Pa-234 B< 4.14E+01 >12 Halflives
Np-237 B< 8.3617E+01 8.3618E+01
Ce-144 B< 1.06E+02 >12 Halflives

Eu-155 < 5.7604E+01 4.,5043E+02
< - MDA value printed.

A - Activity printed, but activity < MDA.
B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife limit exceeded

e e e SUMMARY  ——oo—mmm e
Total Activity ( 48.2 to 1980.2 kev) 0.0000000E+00 pcCi/] .
Total Decayed Activity ( 48.2 to 1980.2 kev) 0.0000000E+00 pcCi/1

REEEEFREE S UMMARY 0 F DISCARDED PEAKS #skkikind

911.07 ? Ra-228 969.10 % Ra-228 1001.00 ? Th-234 1115.52 % Zn-65
1120.51 % sc-46 1173.00 & Co-60 1274.50 % Na-22 1274.54 ? Eu-154
1333.00 & Co-60 1408.00 ? Eu~-152 1460.80 % x-40

I - peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

Peak is too wide at Fw25M, but ok at FWHM.

Peak fTails sensitivity test.

Peak identified, but first peak of this nuclide
failed one or more qualification tests.

peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.
- pPeakbackground subtraction

PRD N
oo

T ®ll i+

Analyzed by:

Dave Blaida

Reviewed by:

supervisor

Laboratory: Energy Laboratory
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C13120735.1.Rpt

ORTEC gv -1 ( 143) wan32 G53w2.06 15-3JAN-2014 11:01:56 Page i
Energy Laboratory Spectrum name: C13120735.1.Anl

sample description
€13120735.1

spectrum Filename: C:\User\c13120735.1.Anl

Acquisition information

Start time: 15-Jan-2014 09:25:39
Live time: 3598

Real time: 3600

Dead time: 0.05 %

Detector ID: 2

Detector system
Det 1

calibration
Filename: julycc_5th_detl_169218.C1b
12/10/13 calibration energy/efficiency
IPL #1692-18 recal energy calibration perched

Energy cCalibration

Created: 10-Dec-2013 10:50:03

Zero offset: -0.447 kev

Gain: 0.243 kev/channel

Quadratic: 1.476€E-09 keV/channelA2
Efficiency cCalibration

Created: 26-Jul-2013 07:55:14

Type: Polynomial

Uncertainty: 1.391 %

Coefficients: ~0.329484 -5.959887 0.633715

-0.076489 0.004220 -0.000092

Library Files

Main analysis Tibrary: Norman.1ib
Library Match width: 0.500
Analysis parameters
Analysis engine: wan32 G53w2.06
start channel: 80 E 19.01lkev )
Stop channel: 8144 1980.24kev )
Peak rejection level: 20.000%
Peak search sensitivity: 3
Sample Size: 1.7968E+02
Activity scaling factor: 2.7000E+01/( 1.0000E+00* 1.7968E+02) =
1.5027E-01
Detection 1imit method: Nureg 4.16
Random error: 1.0000000E+00
Systematic error: 1.0000000E+00
Fraction Limit: 0.000%
Background width: best method (based on spectrum).
Half Tives decay 1limit: 12.000
Page 1
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ORTEC

gv -1 ( 143) wan32

Energy Laboratory

corrections

Activity range factor:

Min. step backg. energy

Decay correct to date:

C13120735.1.Rpt

Spect

2.
0.

rum name:

000
000

Status
YES

Comments
24-Dec-2013 12:00:00

G53W2.06 15-JAN-2014 11:01:56 Page 2
€13120735.1.Anl

Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: YES 011108bkg1000mindetl.Pbc
15-Jan-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES Slope 1.0000E+00
Net factor 1.0000E+00
Energy cCalibration
Normalized diff: 0.1945
ek dok ok SUMMARY NUCLTIDES IN S AMPLE *keded ke
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity Counting Total MDA
pCi/g pcCi/g pCi/g pCi/g
Ra-228 B< 1.8482E+00 1.8616E+00
Ra-226 < 4.6075E+00 4.6076E+00 —
Bi-214 # 1.4502E+00~ 1.4502E+00 5.7086E-01 5.7232E-01 5.900E-01"
Pb-214 < 4.3494E-01 4,3495E-01
Ir-192 B< 1.3999e-01 1.7184E-01
sb-124 B< 1.1214E-01 1.4428E-01
Sc-46 4.4662E-01 5.3525E-01 1.9018E-01 1.9077e-01 1.039e-01
Pb-210 < 3.2127E+00 3.2187E+00
Th-228 < 9.1301E+00 9.3309E+00
Th-230 < 2.2478E+01 2.2478E+01
Cs-137 < 1.2413e-01 1.2430€e-01
Co-60 B< 1.6203E-01 1.6331E-01
Am-241 < 2.1997E-01 2.1999e-01
K-40 1.3698E+01 1.3698E+01  3.0981E+00 3.1220E+00 2.252E+00
U-235 < 2.7634E-01 2.7634E-01
Th-234 B< 1.4566E+01 2.7341E+01
Cs-134 < 1.4424E-01 1.4717e-01 :
Pb-212 1.2170E+00 1.2170E+00  2.4375E-01 2.4624E-01 2.769E-01
Ra-224 < 3.7563€E+00 2.4849E+02
I-131 B< 1.5263E-01 1.0077€+00
Mn-54 < 1.4900E-01 1.5641e-01
T1-208 < 2.50E-01 >12 Halflives
Bi-212 < 1.47E400 >12 Halflives
Ra-223 < 7.8605E-01 2.9651E+00
Pa-234 < 3.76E-01 >12 Halflives
Eu-154 < 3.2539E-01 3.2693E-01
a
ORTEC gv -1 ( 143) wan32 G53w2.06 15-JAN-2014 11:01:56 Page 3
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C13120735.1.Rpt

Energy Laboratory Spectrum name: C€13120735.1.Anl
Eu-152 < 8.0301e-01 8.0552E-01
Na-22 < 1.9556E-01 1.9871e-01
n-65 < 3.5671E-01 3.7957e-01
Ba-133 < 1.0334e-01 1.0375e-01
Ru-103 B< 1.8432E-01 2.7105E-01
Be-7 B< 7.3764E-01 9.8007e-01
I-125 B< 1.6428E+00 2.1143E+00
T1-201 B< 9.3292E-01 1.3639E+02
Pa-234 B< 3.51E-01 >12 Halflives
Np-237 B< 1.0382E+00 1.0382E+00
Ce-144 B< 7.4386E-01 7.8464E-01
Eu-155 < 2.0129e-01 2.0298e-01

# - A1l peaks for activity calculation had bad shape.

- Activity omitted from total

Activity omitted from total and all peaks had bad shape.

MDA value printed.

Activity printed, but activity < MDA.

Activity < MDA and failed test.

Area < Critical level.

Failed fraction or key line test.

Half1life T1imit exceeded

————————————————————————————— SUMMARY  —-———mm oo
Total Activity ( 19.0 to 1980.2 kev) 1.6811813E+01 pCi/g

Total Decayed Activity ( 19.0 to 1980.2 kev) 1.6900480e+01 pcCi/g

ITTOD@> AR *

LI S S T N R |

kEkkkEkEREEY S UMMARY O F DISCARDED PEAKS ®k¥diwkis

911.07 % Ra-228 969.10 % Ra-228 1001.00 % Th-234 1115.52 % Zn-65
1173.00 ? Co-60 1274.50 Na-22 1274.54 % Eu-154 1333.00 % Co-60
1408.00 ? Eu-152

I - peak is part of a multiplet and this area went
negative during deconvolution.

? - Peak is too narrow.
@ - pPeak is too wide at FW25M, but ok at FwWHM,
% - Peak fails sensitivity test.
$ - peak identified, but first peak of this nuclide
failed one or more qualification tests.
+ - Peak activity higher than counting uncertainty range.
- - peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification,.
P - Peakbackground subtraction
a
ORTEC gv -1 ( 143) wan32 G53w2.06 15-JAN-2014 11:01:56 Page 4
Energy Laboratory Spectrum name: €13120735.1.Anl

Analyzed by:
Dave Blaida

Reviewed by:
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. C€13120735.1.Rpt
supervisor

Laboratory: Energy Laboratory
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ORTEC
Energy Laboratory

sample description
C€13120735.2

C13120735.2.Rpt

gv - i (143) wan32 G53w2.06 15-JAN-2014 12:08:56 Page
Spectrum name: C13120735.2.Anl

Spectrum Filename: C:\User\c13120735.2.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
pet 1

calibration
Filename:

15-3Jan-2014 11:02:59

3598
3600

0.05 %
2

julycc_S5th_detl1_169218.CTb

12/10/13 calibration energy/efficiency

IPL #1692-18

Energy cCalibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency calibration
Created:
Type:
Uncertainty:
Coefficients:

Library Files ) .
Main analysis library:
Library Match width:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:

Peak search sensitivity:

sample Size:

Activity scaling factor:

Detection Timit method:

Random error:
Systematic error:
Fraction Limit:
Background width:

Half Tives decay Tlimit:

recal energy calibration perched

10-bec-2013 10:50:03
-0.447 kev

0.243 kev/channel
1.476E-09 keV/channelA2

26-Jul-2013 07:55:14
Polynomial

1.391 %
-0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092
Norman.1ib
0.500
wan32 G53w2.06
80 ( 19.01kev )
8144 ( 1980.24kev )
Zg.OOO%
1.8265E+02
2.7000E+01/( 1.0000E+00*
1.4782E-01
Nureg 4.16

1.0000000E+00

1.0000000E+00

0.000%

best method (based on spectrum).

12.000
Page 1

1

1.8265E+02) =
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ORTEC

C13120735.2.Rpt

gv -1 ( 143) wan32 G53wW2.06 15-JAN-2014 12:08:56 Page 2

Energy Laboratory

Corrections

Activity range factor:
Min. step backg. energy

Spectrum name: C13120735.2.Anl

2.
0.

000
000

Status

Comments

Decay correct to date: YES 24-Dec-2013 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: YES 011108bkg1000mindetl. Pbc
15-Jan-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES Slope 1.0000E+00
Net factor 1.0000E+00
Energy calibration
Normalized diff: 0.1679
ko ke SUMMARY O F NUCLIDES IN SAMPLE REA R
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity Counting Total MDA
pCi/g pci/g pCi/g
Ra-228 B< 1.6083E+00 1.6200E+00
Ra-226 < 4.3884E+00 4.3885€E+00
Bi-214 1.7316E+00— 1.7316E+00 4.3648E-01" 4.3919E-01 4.621E-01
Pb-214 1.5309E+00 1.5310E+00 3.7515e-01 3.7761E-01 5.171E-01
Ir-192 B< 1.1764E-01 1.4450E-01
sb-124 B< 1.5064E-01 1.9397E-01
Sc-46 < 2.1036E-01 2.5224E-01
Pb-210 < 3.2392e+00 3.2453E+00
Th-228 < 8.8435E+00 9.0386E+00
Th-230 < 2.7891E+01 2.7891E+01
Cs-137 < 1.4136E-01 1.4155E-01
Co-60 B« 1.4671E-01 1.4788E-01
Am-241 < 3.1939e-01 3.1942e-01
K-40 1.6544E+01 1.6544E+01  3.3574E+00 3.3895E+00 2.215E+00
u-235 < 2.5688E-01 2.5688E-01
Th-234 B< 1.4330E+01 2.6949e+01
Cs-134 < 1.5593E-01 1.5911e-01
Pb-212 1.2510E+00 1.2510E+00 2.4742E-01 2.5002E-01 2.832e-01
Ra~224 < 4.1197€E+00 2.7608E+02
I-131 B< 2.0739E-01 1.3773€E+00
Mn-54 < 2.1459E-01 2.2529E-01
T1-208 #H 4.2052E-01 >12 Halflives 1.6758E-01 1.6799e-01 1.890E-01
Bi-212 < 1.24E+00 >12 Halflives
Ra-223 < 9.1294E-01 3.4579E+00
Pa-234 < 4,03E-01 >12 Halflives
Eu-154 < 3.2010E-01 3.2162E-01
2]
ORTEC g v ~ i ( 143) wan32 G53w2.06 15-JAN-2014 12:08:56 Page 3
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C13120735.2.Rpt

Energy Laboratory Spectrum name: C13120735.2.Anl
Eu-152 < 6.4945E-01 6.5148e-01
Na-22 < 1.2437e-01 1.2638e-01
Zn-65 < 5.1347e-01 5.4647E-01
Ba-133 <« 1.3412e-01 1.3465e-01
Ru-103 B< 7.4410E-02 1.0955E-01
Be-7 B< 8.2648E-01 1.0991E+00
I-125 B< 1.7443€e+00 2,.2466E+00
T1-201 B< 7.9603E-01 1.1818E+02
Pa-234 B< 3.88E-01 >12 Halflives
Np-237 B< 9.9616E-01 9.9616E-01
Ce-144 B< 6.2688E-01 6.6136E-01
Eu-155 < 3.9468E-01 3.9801e-01

# - A1l peaks for activity calculation had bad shape.

- Activity omitted from total

Activity omitted from total and all peaks had bad shape.

MDA value printed.

Activity printed, but activity < MDA.

Activity < MDA and failed test.

Area < Critical Tevel.

Failed fraction or key line test.

Halflife 1imit exceeded ]

————————————————————————————— SUMMARY e e e
Total Activity ( 19.0 to 1980.2 kev) 2.1058031E+01 pCi/g

Total Decayed Activity ( 19.0 to 1980.2 kev) 2.1058117E+01 pCi/g

Whkkk¥¥d%k S U MMARY OF DISCARDED P EAKS #kwikaiiy

ITTMOTP>AR
| SN R (N N N S |

911.07 % Ra-228 969.10 % Ra-228 1001.00 % Th-234 1115.52 % Zn-65
1120.51 % sc-46 1173.00 ? Co-60 1274.50 ? Na-22 1274.54 ? Eu-154
1333.00 % Co-60 1408.00 ? Eu-152

Peak is part of a multiplet and this area went
negative during deconvolution.

? - Peak is too narrow.
@ - Peak is too wide at FW25M, but ok at FwHM.
% - pPeak fails sensitivity test.
$ - pPeak identified, but first peak of this nuclide
failed one or more qualification tests.
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - peak outside analysis energy range.
& - calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.
P - Peakbackground subtraction
]
ORTEC gv -1 (143) wan32 G53w2.06 15-JAN-2014 12:08:56 Page 4
Energy Laboratory Spectrum name: C13120735.2.Anl

Analyzed by:
Dave Blaida

Reviewed by:
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C13120735.2.Rpt
Supervisor

Laboratory: Energy Laboratory
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C13120735.3.Rpt

g v - i (2191) wan32 G53w2.06 15-JAN-2014 13:22:47 Page 1
Spectrum name: C13120735.3.Anl

ORTEC
Energy Laboratory

Sample description
€13120735.3

Spectrum Filename: C:\User\cC13120735.3.Anl

Acquisition information
start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Det 1

calibration
Filename:

15-3Jan-2014 12:09:51

3598
3600

0.05 %
2

julycc_5th_detl_169218.cCl1b

12/10/13 calibration energy/efficiency

IPL #1692-18

Energy cCalibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency cCalibration
Created:
Type:
Uncertainty:
Coefficients:

Library Files . i
Main analysis library:
Library Match width:

Analysis parameters
Analysis engine:
Sstart channel:
stop channel:
Peak rejection level:

Peak search sensitivity:

sample Size:

Activity scaling factor:

Detection Timit method:

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay Timit:

recal energy calibration perched

10-Dec-2013 10:50:03
-0.447 kev

0.243 kev/channel
1.476E-09 kev/channelA2

26-3ul-2013 07:55:14
Polynomial

1.0000000E+00

1.0000000E+00

0.000%

best method (based on spectrum).

12.000
Page 1

1.391 %
-0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092
Norman.11ib

0.500

wan32 G53w2.06
80 ( 19.01kev )

8144 ( 1980.24kev )

Zg.OOO%

1.8485E+02

2.7000E+01/C 1.0000E+00* 1.8485E+02) =
1.4606E-01

Nureg 4.16
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€13120735.3.Rpt

ORTEC

g v - i (2191) wan32 G53wW2.06 15-3JAN-2014 13:22:47 Page 2
Energy Laboratory

Spectrum name: C€13120735.3.Anl

Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status Comments
Decay correct to date: YES 24-Dec-2013 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO

Peaked background correction: YES 011108bkg1000mindetl. Pbc
15-Jan-2008 17:02:27

Absorption (Internal): NO

Geometry correction: NO

Random summing: YES slope 1.0000E+00
Net factor 1.0000E+00

Energy cCalibration

Normalized diff: 0.1628

Rk SUMMARY O F NUCLTIDES IN SAMPLE ek dede ke
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity Counting Total MDA
pCi/g pCi/g pCi/g pCi/g pCi/g

Ra-228 B8 1.0175E+00 1.0249E+00 4.2980E-01 4.3076E-01 1.596E+00
Ra-226 A 1.0753E+00 1.0753E+00 ,, 2.5841E+00 2.5843E+00 4.374E+00
Bi-214 F 1.0138e+00~ 1.013BE+00“ 5.2236E-01- 5.2314E-01 6.251E-01"
Pb-214 1.3547E+00 1.3548E+00  3.5972E-01 3.6174E-01 3.989E-01
Ir-192 #B 2.9675E-02 3.6467E-02  8.3077E-02 8.3084E-02 1.070e-01
sb-124 F 2.3244E-01 2.9947e-01 2.1391E-01 2.1408E-01 1.866E-01
Sc-46 A 1.2014E-01 1.4412e-01  1.2256E-01 1.2263E-01 2.564E-01
Pb-210 # 4.8133E+00 4.8224E+00  2.4816E+00 2.4841E+00 2.964E+00
Th-228 #A  -1.7011E+00 -1.7387E+00 -3.5183E+01 -3.5183E+01 7.146E+00
Th-230 #A 3.8395E+00 3.8395E+00 1.3300E+01 1.3301e+01" 2.303E+01
Cs-137 #A  -1.7392E-02 -1.7417e-02  1.7535E+02 1.7535E+02 1.207€E-01
co-60 #B  -3.0352E-02 -3.0593E-02  1.9464E+02 1.9464E+02 1.450E-01
Am-241 #A  -6.6988E-03 -6.6995E-03 -2.3306E-01 -2.3306E-01 2.394E-01
K-40 1.4911E+01 1.4911E+01  3.1761E+00 3.2037E+00 2.189E+00
U-235 A 6.6520E-02 6.6520E-02  1.4739E-01 1.4740E-01 2.685E-01
Th-234 F 4.8029E+01 9.0446E+01 3.6178E+01 3.6361E+01 1.416E+01
Cs-134 #A 6.0777E-02 6.2020E-02  8.7992E-02 8.8009E-02 1.584E-01
Pb-212 1.1764E+00 1.1764E+00  2.2946E-01 2.3194e-01 2.505e-01
Ra-224 A 1.1179eE+00 7.5586E+01  1.3076E+02 1.3078E+02 3.283E+00
I-131 B 1.0074E-01 6.7169E-01 6.1699E-01 6.1728E-01 1.146E-01
Mn-54 #A 1.3251E-01 1.3914e-01  1.3770E-01 1.3775e-01 1.927€e-01
T1-208 H 4.4050E-01 >12 Halflives  1.6345-01 1.6392E-01 1.828E-01
Bi-212 # 2.3745E+00 >12 Halflives  1.2697E+00 1.2715e+00 1.322E+00
Ra-223 A 8.1633e~-01 3.1007E+00 3.1306E+00 3.1319e+00 9.920E-01
Pa-234 A 3.9910E-02 >12 Halflives 2.0733e-01 2.0733E-01 3.700e-01
Eu-154 A 0.0000E+00 0.0000E+00  1.3165E+03 1.3165E+03 7.163E-01
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C13120735.3.Rpt

Energy Laboratory Spectrum name: C13120735.3.Anl
Eu-152 #A 5.0665E-02 5.0823e-02  7.1392E-02 7.1406E~-02 8.198E-01
Na-22 #A 1.1877E-01 1.2069E-01  9.3826E-02 9.3887E-02 1.229E-01
Zn-65 A 1.9570E-02 2.0830E-02 1.8112E-01 1.8112E-01 3.609E-01
Ba-133 A 1.1495E-01 1.1541E-01 1.3362E-01 1.3366E-01 1.835E-01
Ru-103 #B 3.1622E-02 4.6596E-02  8.5072E-02 8.5093E-02 9.510e-02
Be-7 #B 0.0000E+00 0.0000E+00 1.0601E+03 1.0601E+03 5.944E-01
I-125 F 1.8410E+00 2.3726E+00  1.7508E+00 1.7530E+00 1.723E+00
T1-201 #B 3.8069E-01 5.7117E+01  8.9264E+01 8.9294e+01 8.709E-01
Pa-234 #B 8.3680E-02 >12 Halflives 1.6104E-01 1.6107E-01 2.741E-01
Np-237 #B 0.0000E+00 0.0000E+00  1.2810E+03 1.2810E+03 8.773E-01
Ce-144 F 1.3371E+00 1.4108E+00  1.0913E+00 1.0920E+00 8.481e-01
Eu-155 A 0.0000E+00 0.0000E+00  3.3163E+02 3.3163E+02 2.031E-01

# - A1l peaks for activity calculation had bad shape.

* - Activity omitted from total

& - Activity omitted from total and all peaks had bad shape.

< - MDA value printed. .

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife 1imit exceeded
————————————————————————————— SUMMARY e —
Total Activity ( 19.0 to 1980.2 kev) 1.7442120E+01 pcCi/g .
Total Decayed Activity ( 19.0 to 1980.2 kev) 1.7442156E+01 pcCi/g
wkdkkkkkk 5 U MMARY O F DISCARDETD PEAKS *kwkhkids

1173.00 - Co-60

T 1+ e

Peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

Peak is too wide at FwW25M, but ok at FWHM,

Peak fails sensitivity test.

rPeak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
pPeak activity lower than counting uncertainty range.
Peak outside analysis energy range.

calculated peak centroid is not close enough to the
1ibrary energy centroid for positive identification.
Peakbackground subtraction

a

Analyzed by:

Reviewed by:

ORTEC
Energy Laboratory

Dave Blaida

supervisor

Spectrum name:

pPage 3
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ORTEC
Energy Laboratory

Ssample description
C13120735.4

gv -1 (2191) wan32

C13120735.4.Rpt

G53wW2.06 15-3JAN-2014 14:32:39 Page
Spectrum name: C€13120735.4.Anl

Spectrum Filename: C:\User\C1l3120735.4.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Det 1

Calibration
Filename:

15-Jan-2014 13:25:02
3598
3600

0.052%

ulycc_5th_detl1_169218.Clb

12/10/13 calibration energy/ef%iciency

IPL #1692-18

Energy cCalibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency calibration
Created:
Type:
Uncertainty:
Coefficients:

Library Files
Main analysis library:
Library Match width:

Analysis parameters
Analysis engine:
Start channel:
stop channel:
Peak rejection level:

Peak search sensitivity:

Sample Size:

Activity scaling factor:

Detection limit method:

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay Timit:

recal energy calibration perched

10-Dec-2013 10:50:03
-0.447 kev

0.243 kev/channel
1.476€E-09 kev/channelA2

26-Ju1-2013 07:55:14
Polynomial
1.391 %
-0.329484
-0.076489

~-5.959887
0.004220

0.633715
-0.000092

Norman.1ib
0.500

wan32 G53w2.06

80 ( 19.01kev )
8144 ( 1980.24kev )

23.000%

1.9365E+02
.7000E+01/(C 1.0000E+0Q%*
.3943E-01
Nureg 4.16

1.0000000E+00

1.0000000E+00

0.000%

best method (based onh spectrum).

12.000
Page 1

[RYN)

1

1.9365E+02) =
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Energy Laboratory

i (2191) wan32

C13120735.4.Rpt

Spectrum name:

G53w2.06 15-JAN-2014 14:32:39 Page
€13120735.4.Anl

2

Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status comments
Decay correct to date: YES 24-Dec-2013 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
Peaked background correction: YES 011108bkg1000mindetl. Pbc
15-Jan-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES Slope 1.0000E+00
Net factor 1.0000E+00
Energy cCalibration
Normalized diff: 0.1902
ok ko SUMMARY O F NUCLTIDES IN SAMPLE Ak kK
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity Counting Total MDA
pci/g pCi/g pCi/g pCi/g pcCi/g
Ra-228 F 1.5019E+00 1.5129E+00 5.0740E-01 5.0918e-01 1.391E+00
Ra-226 #A 0.0000E+Q0 0.0000E+00  1.0201e+04 1.0201E+04 4.407e+00
Bi-214 #F 1.0410E+00< 1.0411E+00  4.3292E-01 " 4.3391E-01 5.154E-01~
Pb-214 9.1519E-01 9.1522e-01 3.9976E-01 4.0059E-01 5.229E-01
Ir-192 #F 1.9056E-01 2.3429E-01 1.6366E-01 1.6379E-01 1.454e-01
sb-124 #B 7.7922E-02 1.0045e-01  1.5541E-01 1.5544e-01 1.653E-01
Sc-46 A 2.0485e-01 2.4584-01 1.7851e-01 1.7865E-01 2.114E-01
Pb-210 #A 4.7155E-01 4,7244E-01  1.9244E+00 1.9244E+00 2.974E+00
Th-228 A 1.2386E+00 1.2660E+00 4.2403e+00 4.2404E+00 7.418E+00
Th-230 A 1.9954E+01 1.9954E+01 2.0134E+01 2.0139E+01 2.780E+01
Cs-137 #A -1.2298E-04 -1,2315E-04 -5.4012E-02 ~-5.4012E-02 1.300e-01
Co-60 #B 3.1419E-02 3.1670E-02  6.0874E-02 6.0880E-02 1.384E-01
Am-241 #A  -6.3944E-03 -6.3950E-03 -1.4728E-01 -1.4728E-01 1.747e-01
K-40 1.4081E+01 1.4081E+01  3.0164E+00 3.0423E+00 2.090E+00
Uu-235 2.7985€e-01 2.7985E-01  1.5949e-01 1.5969e-01 2.183E-01
Th-234 B 2.0172E+01 3.8045E+01  3.6928E+01 3.6960E+01 2.408E+01
Cs-134 #A 2.7246E-02 2.7805E-02  8.3260E-02 8.3264E-02 1.589e-01
Pb-212 9.9776€E-01 9.9776E-01  2.2606E-01 2.2787E-01 2.780E-01
Ra-224 A 1.9878E+00 1.3575E+02  1.4981E+02 1.4985E+02 3.606E+00
I-131 #B 3.7509E-02 2.5122E-01 6.7715E-01 6.7718E-01 1.093E-01
Mn-54  #A 1.3640E-02 1.4323E-02 6.7375E-02 6.7376E-02 1.513E-01
T1-208 H 4.9055e~-01 >12 Halflives 2.0251e-01 2.0298e-01 2.248E-01
Bi-212 #A 4.1287E-01 >12 Halflives 7.5621E-01 7.5629E-01 1.304E+00
Ra-223 A 4.1450E-01 1.5794€E+00 2.2687E+00 2.2692E+00 8.250E-01
Pa-234 A 1.2502E-01 >12 Halflives  2.2146E-01 2.2149E-01 3.771E-01
Eu-154 #A 0.0000E+00 0.0000E+00  0.0000E+00 0.0000E+00 3.019E-01
g
ORTEC g v -1 (2191) wan32 G53w2.06 15-JAN-2014 14:32:39 page 3
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C13120735.4.Rpt

Energy Laboratory spectrum name: C€13120735.4.Anl
Eu-152 #A 1.2769€eE-01 1.2809E-01 2.6402E-01 2.6404E-01 6.126E-01
Na-22 #A  -1.8829E-02 -1.9135e-02  1.4895E+02 1.4895e+02 1.173e-01
Zn-65 #A  -1.0082€e-02 -1.0733E-02 -5.3676E-01 -5.3676E-01 5.235E-01
Ba-133 #A 2.7590€E-02 2.7700E-02 9.9994E-02 9.9997E-02 1.675E-01
Ru-103 #8 1.5093E-02 2.2260E-02 6.2960E-02 6.2966E-02 8.136E-02
Be-7 #B 1.1999E+00 1.5977e+00 1.6667E+00 1.6679E+00 1.383E+00
I-125 #B 9.5856E-01 1.2361E+00  1.8354E+00 1.8360E+00 1.958E+00
T1-201 #B 5.0705E-02 7.6987E+00  5.3059E+01 5.3060E+01 6.101E-01
Pa-234 #B 2.0857E-01 >12 Halflives 2.9556E-01 2.9566E-01 3.762E-01
Np-237 #B 0.0000E+00 0.0000E+00  1.2814E+03 1.2814E+03 8.754E-01
Ce-144 F 2.2833E+00 2.4094E+00  1.5329E+00 1.5344E+00 6.075e-01
Eu-155 A 9.7986E-02 9.8817E-02  1.1998E-01 1.2000E-01 2.634E-01
# - A1l peaks for activity calculation had bad shape.
* - Activity omitted from total
& - Activity omitted from total and all peaks had bad shape.
< - MDA value printed.
A - Activity printed, but activity < MDA.
B - Activity < MDA and failed test.
C - Area < Critical Tevel.
F - Failed fraction or key line test.
H - Halflife 1limit exceeded
Gt SUMMARY  —mmmmm— oo mm o
Total Activity ( _ 19.0 to 1980.2 kev) 1.5078738E+01 pci/g
Total Decayed Activity ( 19.0 to 1980.2 kev) 1.5078738E+01 pCi/g
khkkkkkkk 5 UMMARY O F DISCARDETPD P EA K S hikididds
1173.00 + Co-60
1 - peak is part of a multiplet and this area went
negative during deconvolution.
? - peak is too narrow.
@ - peak is too wide at Fw25M, but ok at FwHM.
% - Peak fails sensitivity test. ‘
$ - peak identified, but first peak of this nuclide
failed one or more qualification tests. -
+ - Peak activity higher than counting uncertainty range.
- - Peak activity lower than counting uncertainty range.
= - peak outside analysis energy range.
& - calculated peak centroid is not _close enough to the
Tibrary energy centroid for positive identification.
P - pPeakbackground subtraction

1

Analyzed by:

Reviewed by:

ORTEC
Energy Laboratory

Dave Blaida

supervisor

g v - i (2191) wan32 G53w2.06 15-3JAN-2014 14:32:39 Page
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Energy Laboratory

Sample description
C13120735.5

C13120735.5.Rpt

gv -1 (2191) wan32 G53w2.06 15-JAN-2014 15:43:24 Page

Spectrum name: C13120735.5.Anl

Spectrum Filename: C:\User\C13120735.5.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Det 1

Calibration
Filename:

15-Jan-2014 14:33:15
3598
3600
0.05 %
2

julycc_5th_detl_169218.C1b

12/10/13 calibration energy/efficiency

IPL #1692-18

Energy calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency cCalibration
Created:
Type:
Uncertainty:
Coefficients:

Library Files
Main analysis Tibrary:
Library Match width:

Analysis parameters
Analysis engine:
start channel:
Stop channel:
Peak rejection level:

Peak search sensitivity:

sample Size:

Activity scaling factor:

Detection Timit method:

Random error:
Systematic error:
Fraction Limit:
Background width:

Half lives decay limit:

recal energy calibration perched

10-Dec-2013 10:50:03
-0.447 kev

0.243 kev/channel
1.476E-09 kev/channelA2

26-3Jul-2013 07:55:14
rPolynomial

1.391 %

-0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092
Norman. 1ib

0.500

wan32 G53w2.06

80 ( 19.01kev )

8144 ( 1980.24kev )

20.000%

3

1.9061E+02

2.7000E+01/(C 1.0000E+00*
1.4165E-01

Nureg 4.16

1.0000000E+00

1.0000000E+00

0.000%

best method (based on spectrum).

12.000
Page 1

1

1.9061E+02) =
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]
ORTEC g v -1 (2191) wan32 G53W2.06 15-3JAN-2014 15:43:24 Page 2
Energy Laboratory Spectrum name: C13120735.5.Anl
Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status Comments
Decay correct to date: YES 24-pec-2013 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
pPeaked background correction: YES 011108bkg1000mindetl.Pbc
15-Jan-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES slope 1.0000E+00
- Net factor 1.0000E+00
Energy Calibration
Normalized diff: 0.1184
ThkRE SUMMARY O F NUCLTIDES IN SAMPLE EE LA
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity Counting Total MDA
pCi/g pCi/g pCi/g pCi/g pCi/g
Ra-228 F 1.2438E+00 1.2529e+00 4.3050E-01 4.3194eE-01 1.106E+00
Ra-226 A 1.2185E+00 1.2185E+00  2.4344E+00 2.4347E+00 4.099E+00
Bi-214 1.0577e+00— 1.0577E+00  4.0241E-01~ 4.0351e-01 4.888e-01—
Pb-214 1.0505E+00 1.0505e+00  3.8949E-01 3.9061E-01 4.581E-01
Ir-192 F 1.7006E-01 2.0917e-01  1.5831E-01 1.5842E-01 1.444e-01
sb-124 #8 1.4491E-01 1.8692E-01 2.0472E-01 2.0479e-01 1.853E-01
Sc-46 3.1358E-01 3.7647e-01 2.2197e-01 2.2222E-01 2.541E-01
Pb-210 # 4.2871E+00 4.2952E+00  2.1865E+00 2.1888E+00 2.789E+00
Th-228 A 3.4030E+00 3.4786E+00  5.2287E+00 5.2293E+00 8.753E+00
Th-230 #A 2.5858E+00 2.58588+00  9.6696E+00 9.6698E+00 1.774E+01
Cs-137 #A  -1.0170E-02 -1.0184E-02 -1.3507e-01 -1.3507e-01 1.320E-01
Co-60 #B -2.9435E-02 -2.9670E-02 1.8877E+02 1.8877E+02 1.406E-01
Am-241 #A 4.5271E-02 4.5275E-02 1.5724E-01 1.5725E-01 2.753E-01
K-40 # 1.4925E+01 1.4925e+01  3.1265E+00 3.1546E+00 2.123E+00
u-235 A 1.1379e-01 1.1379e-01  1.3715e-01 1.3718E-01 2.455e-01
Th-234 B 4.3751E+00 8.2625E+00  3.9049E+00 3.9191E+00 1.733E+01
Cs-134 # 2.1524E-01 2.1966E-01  1.6050E-01 1.6062E-01 1.923e-01
Pb-212 1.3257e+00 1.3257e+00  2.5651E-01 2.5932E-01 3.008E-01
Ra-224 A 1.7243€E+00 1.1883E+02  1.5960E+02 1.5963E+02 3.855E+00
I-131 #B 4.6719E-02 3.1419e-01 6.8476E-01 6.8481E-01 1.589E-01
Mn-54 #A 1.3858E-02 1.4554E-02 9.8855E-02 9.8856E-02 1.793E-01
T1-208 H 5.2716E-01 >12 Halflives 1.8575e-01 1.8634E-01 2.043E-01
Bi-212 # 2.1217e+00 >12 Halflives 1.3782E+00 1.3794e+00 1.583E+00
Ra-223 #A 7.2763E-01 2.7805E+00  2.3522E+00 2.3535E+00 8.146E-01
Pa-234 A 1.1863E-01 >12 Halflives 2.2587e-01 2.2590E-01 3.861E-01
Eu-154 #A 2.4971e-01 2.5091E-01 2.8972E-01 2.8981E-01 3.871e-01
0
ORTEC g v -1 (2191) wan32 G53w2.06 15-JAN-2014 15:43:24 pPage 3
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C13120735.5.Rpt

Energy Laboratory Spectrum name: C€13120735.5.Anl

Eu-152 #A  -1.0183E-01 -1.0215E-01 7.8384E+02 7.8384E+02 6.223E-01
Na-22 #A  -1.9129e-02 -1.9440E-02 7.9817E+02 7.9817E+02 3.123e-01
Zn-65 A 7.5285E-02 8.0157e-02  2.0659E-01 2.0660E-01 3.712E-01
Ba-133 A 7.6923E-03 7.7231E-03  2.6268E-02 2.6269E-02 1.104E-01
Ru-103 #B 9.2002E-02 1.3580E-01 1.5681E-01 1.5691E-01 1.280E-01
Be-7 #B 3.7191e-01 4.9552E-01 7.5992E-01 7.6018E-01 9.322E-01
I-125 # 4.3055E+00 5.5549E+00 2.2112E+00 2.2207e+00 1.845E+00
T1-201 #B 1.5025e-01 2.3060E+01  5.8025E+01 5.8033E+01 6.349E-01
Pa-234 #B 8.1153E-02 >12 Halflives 1.9057E-01 1.9059e-01 3.032E-01
Np-237 #B 0.0000E+00 0.0000E+00  1.2783E+03 1.2783E+03 8.742E-01
Ce-144 F 1.9611E+00 2.0697E+00  1.6391E+00 1.6402E+00 7.315e-01
Eu-155 #A 6.7897E-02 6.8474E-02  1.8216E-01 1.8216E-01 3.015e-01

# - A1l peaks for activity calculation had bad shape.

* - Activity omitted from total

& - Activity omitted from total and all peaks had bad shape.

< - MDA value printed.

A - Activity printed, but activity < MDA,

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife, 1imit exceeded

————————————————————————————— SUMMARY e e e e
Tota] Activity ( 19.0 to 1980.2 kev) 2.2664307E+01 pcCi/g .
Total Decayed Activity ( 19.0 to 1980.2 kev) 2.3913780E+01 pcCi/g
kxuxdkdxx S UMMARY O F DI SCARDETD P EAKS *ikiaidkak

1173.00 & Co-60

AR

v Rl o+

Peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow,

Peak is too wide at Fw25M, but ok at FWHM.

Peak fails sensitivity test.

Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

Calculated peak centroid is not close enough to the
library energy centroid for positive identification.
peakbackground subtraction

0

Analyzed by:

Reviewed by:

ORTEC
Energy Laboratory

Dave Blaida

Supervisor

Spectrum name: C13120735.5.Anl
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C13120735.6.Rpt

ORTEC g v -1 (2191) wan32

G53w2.06 16-JAN-2014 08:59:33 Page 1
Energy Laboratory

Spectrum name: C13120735.6.Anl

sample description
C13120735.6

Spectrum Filename: C:\User\C13120735.6.Anl

Acquisition information
start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Det 1

calibration
Filename:

15-Jan-2014 15:44:05
3598
3600
0.05 %
2

julycc_5th_detl_169218.cClb

12/10/13 calibration energy/efficiency

IPL #1692-18

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency calibration
Created:
Type:
Uncertainty:
coefficients:

Library Files . .
Main analysis Tibrary:
Library Match width:

Analysis parameters
Analysis engine:
start channel:
stop channel:
Peak rejection level:

Peak search sensitivity:

sample Size:

Activity scaling factor:

Detection 1imit method:

Ranhdom error:
Systematic error:
Fraction Limit:
Background width:

Half Tives decay Timit:

recal energy calibration perched

10-Dec-2013 10:50:03
-0.447 kev

0.243 kev/channel
1.476E-09 keVv/channelA2

26-31ul1-2013 07:55:14
Polynomial

1.391 %

-0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092
Norman.1ib

0.500

wan32 G53w2.06
80 ( 19.01kev )

8144 ( 1980.24kev )
2g.000%
1.8178E+02

2.7000E+01/C 1.0000E+00%*
1.4853€e-01
Nureg 4.16

1.0000000E+00
1.0000000£+00
0.000%

1.8178E+02) =

best method (based on spectrum).

12.000
Page 1
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€13120735.6.Rpt

ORTEC g v -1 (2191) wan32 G53w2.06 16-JAN-2014 08:59:33 Page 2
Energy Laboratory spectrum name: €13120735.6.Anl
Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status comments
Decay correct to date: YES 24-Dec-2013 12:00:00
pecay during acquisition: YES
pecay during collection: NO
True coincidence correction: NO
peaked background correction: YES 011108bkg1000mindetl. Pbc
15-1an-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES Slope 1.0000E+00

Net factor 1.0000E+00

Energy cCalibration
Normalized diff: 0.1477

ek dk SUMMARY 0 F NUCLIDES IN SAMPLE *dok ok
Time of Count Time Corrected Uncertainty 2 Sigma

NucTlide Activity Activity Counting Total MDA
pci/g pcCi/g pCi/g pcCi/g pCi/g

Ra-228 F 1.3845E+00 1.3947E+00  5.4563E-01 5.4703e-01 1.201E+00
Ra-226 A 9.1778E-01 9.1781E-01  2.3961E+00 2.3963E+00 4.076E+00
Bi-214 F 9,6484E-01 9.6486E-01 4.3882E-017 4.3966E-01 5.420E-01"
Pb-214 %7 0190E+00 1.0191e+00  3.7961E-01 3.8069E-01 4.415E-01
Ir-192 #8B 9.1446E-02 1.1253e-01  1,1423E-01 1.1427e-01 1.213e-01
sb-124 #B 2.5325E-02 3.2685E-02  9.4980E-02 9.4984E-02 1.341E-01
Sc-46 2.9521E-01 3.5457E-01  1.7965E-01 1.7993E-01 1.645E-01
Pb-210 A 1.8806E+00 1.8841e+00 2.4627E+00 2.4631E+00 3.444E+00
Th-228 A 1.3884E+00 1.4193e+00  4.8251E+00 4.8252E+00 8.381E+00
Th-230 A 7.8088E+00 7.8088E+00  1.6565E+01 1.6566E+01 2.525E+01
Cs-137 #A 9.9936E-02 1.0008e-01  8.5331E-02 8.5378E-02 1.205E-01
Co-60 #8B 6.5640E-02 6.6166E-02  7.9427E-02 7.9449e-02 1.474e-01
Am-241 #A 9.3997e-02 9.4006E-02  2.3684E-01 2.3685E-01 3.440E-01
K-40 1.4514E+01 1.4514+01  3.1639E+00 3.1901E+00 2.226E+00
u-235 A 6.8922E-02 6.8922E-02  1.2496E-01 1.2498E-01 2.340E-01
Th-234 F 2.3444E+01 4.4337e+01  2.5598E+01 2.5660E+01 1.440E+01
Cs-134 #A -2.0141E-02 -2.0556E~-02 -2,2339E-01 -2.2339e-01 1.567E-01
Pb-212 1.2543E+00 1.2543E+00  2.4898E-01 2.5157E-01 2.859E-01
Ra-224 A 1.3913E+00 9.6791E+01  1.5569E+02 1.5572E+02 3.769E+00
I-131 #8B 9.6040E-02 6.4863E-01  7.4025e-01 7.4047e-01 1.520E-01
Mn-54 #A  -3.6472E-02 -3.8308E-02 -1.9915e-01 -1,9915e-01 1.578E-01
T1-208 H 4,3524E-01 >12 Halflives  2.4419e-01 2.4450E-01 2.704E-01
Bi-212 # 2.5285E4+00 >12 Halflives 1.7707E+00 1.7721E+00 1.8B4E+00
Ra-223 #A  -9.0902E-02 -3.4840E-01 2.9423E+03 2.9423E+03 4.839E-01
Pa-234 A 1.6786E-01 >12 Halflives 2.0745e-01 2.0750E~-01 3.444E-01
Eu-154 #A 3.9041e-02 3.9228E-02  8.3950E-02 8.3958E-02 3.531E-01
0
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C€13120735.6.Rpt

Energy Laboratory spectrum name: C13120735.6.Anl
Eu-152 #A 4.5979E-01 4.6124E-01  4.2964E-01 4.2983E-01 6.526E-01
Na-22 #A -9.6261E-03 -9.7831E-03 -1.0255e-01  -1.0255E-01 1.603E-01
Zn-65 A 2.9329e-01 3.1231E-01  2.9700E-01 2.9713e-01 4.408E-01
Ba-133 A 6.3264E-02 6.3518E-02 1.2113e-01 1.2114E-01 1.928€E-01
Ru-103 #B 6.0294E-02- 8.9077E-02  9.2254€-02 9.2324E-02 9.187€e-02
Be-7 #B 3.0332e-01 4.0438E-01 8.6461E-01 B.6476E-01 1.101E+00
I-125 #F 2.6515E+00 3.4228E+00  2.2655E+00 2.2691E+00 2.031E+00
T1-201 #8 1.6205€E-01 2.5152E+01 5.3024E+01 5.3034E+01 5.921E-01
Pa-234 #B 8.9823E-02 >12 Halflives 1.6674e-01 1.6677E-01 2.729e-01
Np-237 #B 0.0000E+Q0Q 0.0000E+00 1.4070E+03 1.4070E+03 9.597E-01
Ce-144 F 1.0543E+00 1.1128e+00  1.3440E+00 1.3444E+00 6.630E-01
Eu-155 A 2.0200E-01 2.0372E-01 1.6659E-01 1.6665E-01 3.752E-01
# - A11 peaks for activity calculation had bad shape.
* -~ Activity omitted from total
& - Activity omitted from total and all peaks had bad shape.
< - MDA value printed.
A - Activity printed, but activity < MDA.
B - Activity < MDA and failed test.
C - Area < Critical level.
F - Failed fraction or key line test.
H - Halflife 1imit exceeded
————————————————————————————— SUMMARY e bttt bt bt b st
Total Activity ( _ 19.0 to 1980.2 kev) 1.7152647E+01 pci/g
Total Decayed Activity ( 19.0 to 1980.2 kev) 1.7162807E+01 pcCi/g
TkkxukEE 5§ U MMARY 0O F DISCARDED PEAKS *ridiakds
1173.00 - Co-60
I - peak is part of a multiplet and this area went
negative during deconvolution.
? - pPeak is too narrow.
@ - Peak is too wide at Fw25M, but ok at FWHM.
% - peak fails sensitivity test.
$ - peak identified, but Tirst peak of this nuclide
failed one or more qualification tests.
+ - Peak activity higher than counting uncertainty range.
- - peak activity lower than counting uncertainty range.
= - Peak outside analysis energy range.
& - calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.
P - peakbackground subtraction

a

Analyzed by:

Reviewed by:

ORTEC
Energy Laboratory

pDave Blaida

Supervisor

g v - i (2191) wan32 G53wW2.06 16-3JAN-2014 08:59:33 Page
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ORTEC
- Energy Laboratory

sample description
C13120735.7

C13120735.7.Rpt

g v -1 (2191) wan32 G53w2.06 16-JAN-2014 11:08:00 Page
Spectrum name: C€13120735.7.Anl

spectrum Filename: C:\User\c13120735.7.Anl

Acquisition information
start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Det 1

Calibration
Filename:

16-31an-2014 10:05:30
3598
3600
0.05 %
2

julycc_5th_detl1_169218.Clb

12/10/13 calibration energy/efficiency

IPL #1692-18

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

efficiency Calibration
Created:
Type:
Uncertainty:
Coefficients:

Library Files . .
Main analysis library:
Library Match width:

Analysis parameters
Analysis engine:
Start channel:
Stop channel:
Peak rejection level:

Peak search sensitivity:

Sample Size:

Activity scaling factor:

Detection Timit method:

Random error:
systematic error:
Fraction Limit:
Background width:

Half lives decay limit:

recal energy calibration perched

10-Dec-2013 10:50:03
-0.447 kev

0.243 kev/channel
1.476E-09 keV/channelA2

26-3Jul1-2013 07:55:14

pPolynomial

1.391 %

-0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092

Norman.l1ib
0.500

wan32 G53w2.06
80 ( 19.01kev g

8144 ( 1980.24kev
20.000%

.9381E+02
.7000E+01/(C 1.0000E+00%*
.3931e-01
Nureg 4.16

1.0000000E+00

1.0000000E+00

0.000%

best method (based on spectrum).

12.000
Page 1

RN W

1.9381E+02) =
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ORTEC

gv -1 (2191) wan32

Energy Laboratory

C13120735.7.Rpt

Spectrum name:

G53w2.06 16-JAN-2014 11:08:00 Page
C13120735.7.Anl

2

Activity range factor: 2.000
Min. step backg. energy 0.000
Corrections Status comments
Decay correct to date: YES 24-Dec-2013 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
peaked background correction: YES 011108bkg1000mindetl. Pbc
15-3an-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES STope 1.0000E+00
Net factor 1.0000E+00
Energy Calibration
Normalized diff: 0.1685
whEEk SUMMARY 0O F NUCLIDES IN SAMPLE e dede ks
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity counting Total MDA
pCi/g pCi/g pCi/g pci/g pCi/g
Ra-228 F 1.5367E+00 1.5484E+00 7.4407e-01 7.4534E-01 9.840E-01
Ra-226 A 1.1691E+00 1.1691E+00  2.4081E+00 2.4084E+00 4.059E+00
Bi-214 #F 8.0351E-01— 8.0353E-01  4.2435E-01" 4.2495e-01 5.216E-01-
Pb-214 8.6459E-01 8.6462E-01  3.3321E-01 3.3410E-01 3.805e-01
Ir-192 #F 1.5953e-01 1.9772e-01 1.7514E-01 1.7523E-01 1.558eE-01
sb-124 #B 0.0000E+00 0.0000E+00  1.5737E+02 1.5737E+02 8.536E-02
Sc-46 # 2.6137E-01 3.1591E-01  1.4128e-01 1.4156E-01 9.631E-02
Pb-210 A 1.6672E+00 1.6705E+00  1.7820E+00 1.7824E+00 2.609E+00
Th-228 A 4.2631e+00 4.3613E+00 4.7121e+00 4.7132e+00 7.776E+00
Th-230 #A 8.7483E+00 8.7483E+00 1.7762E+01 1.7763E+01 2.539E+01
Cs-137 # 2.9626E-01 2.9669E-01  1.6062E-01 1.6084E-01 1.650E-01
Co-60 #B 1.0682E-01 1.0771e-01  9.1265E-02 9.1315e-02 1.383e-01
Am-241 #A 1.6643E-02 1.6645E-02 1.4078E-01 1.4078e-01 2.438E-01
K-40 1.3765E+01 1.3765E+01  2.9831E+00 3.0081E+00 2.088E+00
u-235 A 7.7811E-02 7.7811E-02  1.4027e-01 1.4029e-01 2.540E-01
Th-234 B 3.2890E+00 6.3585E+00  3.4226E+00 3.4322E+00 1.350E+01
Cs-134 #A  -1.1205e-02 -1.1444e-02 -2.4168E-01 -2.4168E-01 2.009E-01
Pb-212 1.0570€E+00 1.0570E+00  2.3059E-01 2.3258E-01 2.797E-01
Ra-224 A 3.8228E-01 3.0789E+01 1.6626E+02 1.6626E+02 3.603E+00
I-131 #F 2.,1195e-01 1.5290e+00  1.0325E+00 1.0334E+00 1.236E~01
Mn-54 #A 3.7548E-02 3.9505E-02 1.3727e-01 1.3728E-01 1.956E-01
T1-208 #H 4.7973E-01 >12 Halflives 1.5273E-01 1.5332E-01 1.581E-01
Bi-212 #A -1.2175E-01 >12 Halflives 2.3335e+03 2.3335E+03 1.523E+00
Ra-223 #A 5.8718E~02 2.3573E-01  1.6540E+00 1.6540E+00 7.125E-01
Pa-234 A 3.1316E-02 >12 Halflives 2.3992E-01 2.3992e-01 4.242E-01
Eu-154 #A 0.0000E+00 0.0000E+00  1.0254E+03 1.0254E+03 5.781E-01
o
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Energy

Eu-152
Na-22
Zn-65
Ba-133
Ru-103
Be-7
I-125
T1-201
Pa-234
Np-237
Ce-144
Eu-155

| S T T N (O S S A |

LR = &2

911.

AR D N

o Rl 1+

Analyz

Reviewed by:

0

ORTEC
Energy

C13120735.7.Rpt

Laboratory Spectrum name: Cl3120735.7.Anl

#A  -1.0015e-01 -1.0048E-01 7.7099E+02 7.7099e+02 6.121E-01
#A 6.9250E-02 - 7.0418E-02 7.3117€-02 7.3143e-02 1.172E-01
#A  -3.2818E-02 -3.5022E-02  1.0152E+03 1.0152E+03 5.051e-01
A 1.0831E-01 1.0876E-01 1.1416E-01 1.1420e-01 1.666E-01
#B 2.7647E-02 4.1400E-02 9.0640E-02 9.0655E-02 1.016E-01
#B 2.0321E-01 2.7362e-01 7.1351E-01 7.1360E-01 8.987E-01
#8 7.5615E-01 9.8477€e-01 1.4483E+00 1.4488E+00 1.622E+00
#B 0.0000E+00 0.0000E+00  1.5060E+05 1.5060E+05 4.776E-01
#B 2.1579e-01 >12 Halflives  1.9599e-01 1.9615e-01 2.743e-01
B 3.9321e-01 3.9321E-01 4.7385E-01 4.7408E-01 7.789E-01
B 2.0059E-01 2.1211E-01 7.1226E-01 7.1228E-01 7.642E-01
A 1.7122E-01 1.7273e-01  2.2600E-01 2.2604E-01 3.242E-01

A1l peaks for activity calculation had bad shape.

Activity omitted from total

Activity omitted from total and all peaks had bad shape.

MDA value printed.

Activity printed, but activity < MDA.

Activity < MDA and failed test.

Area < Critical Tlevel.

Failed fraction or key 1ine test.

Halflife Timit exceeded

SUMMARY _
1980.2 kev) 1.5686782E+01 pCi/g
19.0 to 1980.2 kev) 1.5686806E+01

PEAKS

Activity ( 19.0 to

Decayed Activity ( pCi/g

*%%* S UMMARY O F DI SCARDED dedde ek kokor
07 - Ra-228 1173.00 - Co-60

peak is part of a multiplet and this area went
negative during deconvolution.

rPeak is too narrow.

Peak is too wide at Fw25M, but ok at FWHM.

Peak fails sensitivity test.

peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity Tower than counting uncertainty range.
rPeak outside analysis energy range.

calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.
peakbackground subtraction

ed by:
pave Blaida

Ssupervisor
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C13120735.7.Rpt
Laboratory: Energy Laboratory
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C13120735.8.Rpt

ORTEC g v -1 (2191) wan32 G53w2.06 16-JAN-2014 12:12:38 Page 1
Energy Laboratory Spectrum name: C13120735.8.Anl
sample description

c13120735.8
spectrum Filename: C:\User\C13120735.8.Anl
Acquisition information
Start time: 16-Jan-2014 11:09:00
Live time: 3598
Real time: 3600
Dead time: 0.06 %
Detector ID: 2
Detector system
Det 1
calibration .
Filename: julycc_5th_detl 169218.Clb
12/10/13 calibration energy/efficiency
IPL #1692-18 recal energy calibration perched
Energy cCalibration
Created: 10-Dec-2013 10:50:03
Zero offset: -0.447 kev
Gain: 0.243 kev/channel
Quadratic: 1.476E-09 kev/channelA2
Efficiency calibration
Created: 26-Jul-2013 07:55:14
Type: Polynomial
Uncertainty: 1.391 %
coefficients: -0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092
Library Files
Main analysis Tlibrary: Norman.1ib
Library Match width: 0.500
Analysis parameters
Analysis engine: wan32  G53w2.06
start channel: 80 ( 19.01kev )
stop channel: 8144 ( 1980.24kev )
Peak rejection level: 20.000%
Peak search sensitivity: 3
sample Size: 1.9987E+02
Activity scaling factor: 2.7000E401/(C 1.0000E+00* 1.9987E+02) =
1.3509e-01
Detection Timit method: Nureg 4.16
Random error: 1.0000000E+00
Systematic error: 1.0000000E+00
Fraction Limit: 0.000%
Background width: best method (based on spectrum).
Half 1ives decay limit: 12.000
Page 1
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ORTEC

gv -1

Energy Laboratory

Corrections
Decay correct to date:

Activity range factor:
Min. step backg. energy

(2191) wan32

C13120735.8.Rpt

Spectrum name:

2.
0.

Decay during acquisition:
Decay during collection:

True coincidence correction:
peaked background correction:

Absorption (Internal):

Geometry correction:
Random summing:

Energy Calibration

Normalized diff:

000
000

Status

YES
YES
NO
NO
YES

NO
NO
YES

24-Dec-2013 12:00:00

Comments

G53W2.06 16-3JAN-2014 12:12:38 Page
€13120735.8.An1

2

011108bkg1000mindetl.Pbc

15-3Jan-2008 17:02:27

slope
Net factor

1.0000E+00

1.0000E+00

Tkt

ode e e SUMMARY o F NUCLTIDES IN SAMPLE
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity Counting Total MDA
pCi/g pCi/g pCi/g pCi/g pCi/g

Ra-228 F 1.6424E+00 1.6549E+00 5.7696E-01 5.7883E-01 1.444E+00
Ra-226 A 1.6020E+00 1.6021E+00 2.5966E+00 2.5970E+00 4.330E+00
Bi-214 F 1.33656+00~ 1.3366E+00 5.4570E-01“ 5.4700E-01 5.925E-01"
Pb-214 1.3671E+00 1.3671E+00  3.9162E-01 3.9351E-01 4.396E-01
Ir-192 #B 1.4971E-02 1.8562E-02 6.6641E-02 6.6643E-02 9.737E-02
sb-124 #B 0.0000E+00 0.0000E+00  1.9710E+02 1.9710E+02 1.008E-01
Sc-46 4.3804E-01 5.2964E-01 2.0656E-01 2.0709e-01 1.720E-01
Pb-210 3.9480E+00 3.9557E+00  2.5876E+00 2.5892E+00 3.278E+00
Th-228 A 5.0740E+00 5.1911E+00  5.4020€E+00 5.4033E+00 8.822E+00
Th-230 #A 0.0000E+00 0.0000E+00 2.7103E+04 2.7103E+04 1.593E+01
Cs-137 #A 2.0638E-02 2.0668E-02  4.8394E-02 4.8398E-02 1.013E-01
Co-60 #B -2,3195E-02 -2.3387E-02 -1.2425E-01 -1.2425e-01 1.493E-01
Am-241 #A 3.6122E-02 3.6126E-02  2.0987e-01 2.0988E-01 3.183E-01
K-40 # 1.4947E+01 1.4947E+01  3.3449E+00 3.3712E+00 2.547E+00
u-235 A 1.2906E-01 1.2906E-01 1.4888E-01 1.4892E-01 2.611E-01
Th-234 B 4.7263E+00 9.1489E+00 4.0672E+00 4.0839E+00 1.700€E+01
Cs-134 #A -2.9497E-02 -3.0127e-02 1.6346E+02 1.6346E+02 1.149g-01
Pb-212 1.2827E+00 1.2827e+00 2.4633e-01 2.4907eE-01 2.885E-01
Ra-224 A 1.4160E+00 1.1501E+02  1.7377E+02 1.7380E+02 3.587E+00
I-131 #B 9,.5815E~02 6.9385e-01  1.2031E+00 1.2033e+00 1.619e-01
Mn-54 #A -4.3111E-02 -4.5362E-02 -4.0473e-01 -4.0474e-01 1.524e-01
T1-208 H 6.5586E-01 >12 Halflives 1.7874E-01 1.7969E-01 1.764E-01
Bi-212 # 2.3343E+00 >12 Halflives  1.3625E+00 1.3640E+00 1.509E+00
Ra-223 #A 7.0029E-02 2.8190E-01 1.7510€E+00 1.7510E+00 7.645E-01
Pa-234 A 1.0280E-01 >12 Halflives  2.2333E-01 2.2335e-01 3.837e-01
Eu-154 #A 0.0000E+00 0.0000E+00  1.6152E+03 1.6152E+03 6.925E-01
a
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C13120735.8.Rpt

Energy Laboratory Spectrum name: C13120735.8.Anl

Eu-152 #A 2.7095E-01 2.7184e-01  3.3029E-01 3.3038E-01 5.935e-01
Na-22 # 1.2408E-01 1.26186-01  9.1536E-02 9.1604E-02 1.137e-01
Zn-65 A 8.7015E-02 9.2871E-02  1.9309e-01 1.9310E-01 3.393E-01
Ba-133 #A 8.0644E-02 8.0979E-02 9.6282E-02 9.6309E-02 1.479E-01
Ru-103 #F 2.5347E-01 3.7985E-01 2.1070E-01 2.1126E-01 1.442-01
Be-7 #B 3.5469E-01 4,7786E-01  8.5036E-01 8.5058E-01 9.866E-01
1-125 #8 1.2221E+00 1.5924E+00 1.4691E+00 1.4703E+00 1.499e+00
T1-201 #B 4.6672E-01 8.7090E+01 1.2769E+02 1.2774e+02 8.760E-01
Pa-234 #B 3.0958E-01 >12 Halflives 2.5998E-01 2.6023E-01 3.205e-01
Np-237 B 1.7991e-01 1.7991E-01 5.2468E-01 5.2473E-01 8.900e-01
Ce-144 B 6.9190e-01 7.3174e-01  8.4669E-01 8.4694E-01 8.176E-01
Eu-155 #A 8.6337E-02 8.7099E-02 2.1502E-01 2.1503E-01 3.396e-01

# - A1l peaks for activity calculation had bad shape.

* - Activity omitted from total

& - Activity omitted from total and all peaks had bad shape.

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife Timit exceeded

————————————————————————————— SUMMARY i el e
Total Activity ( 19.0 to 1980.2 kev) 1.8035023E+01 pCi/g
Total Decayed Activity ( 19.0 to 1980.2 kev) 1.8126657e+01 pcCi/g
HEkEEEEIEX S YMMARY O F DI SCARDED PEAK S #F¥kdkiks
1173.00 & Co-60

RN

T 0 i+

LI S |

rPeak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

Peak is too wide at FW25M, but ok at FWHM.

Peak fails sensitivity test.

peak identified, but first peak of this nuclide
failed one or more qualification tests.

peak activity higher than counting uncertainty range.
peak activity lower than counting uncertainty range.
rPeak outside analysis energy range.

calculated peak centroid is not close enough to the
1ibrary energy centroid for positive identification.
pPeakbackground subtraction

Analyzed by:

Reviewed by:

b

ORTEC
Energy Laboratory

Dave Blaida

Supervisor
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€13120735.9.Rpt

G53wW2.06 16-JAN-2014 13:26:58 Page 1

ORTEC g v -1 (2191) wan32
Spectrum name: C13120735.9.Anl

Energy Laboratory

sample description
€13120735.9

spectrum Filename: C:\User\C13120735.9.Anl

Acquisition information
Start time:
Live time:
Real time:
Dead time:
Detector ID:

Detector system
Det 1

calibration
Filename:

16-Jan-2014 12:13:27
3598
3600

0.052%

julycc_5th_detl_169218.CTb

12/10/13 calibration energy/efficiency

IPL #1692-18

Energy Calibration
Created:
Zero offset:
Gain:
Quadratic:

Efficiency Calibration
Created:
Type:
uncertainty:
Coefficients:

Library Files
Main analysis library:
Library Match width:

Analysis parameters
Analysis engine:
start channel:
stop channel:
Peak rejection level:

rPeak search sensitivity:

sample Size:

Activity scaling factor:

Detection Timit method:

Random error:
systematic error:
Fraction Limit:
Background width:

Half lives decay Timit:

recal energy calibration perched

10-Dec-2013 10:50:03
-0.447 kev

0.243 kev/channel
1.476E-09 kev/channelA2

26-3u1-2013 07:55:14
Polynomial

1.391 %

-0.329484 -5.959887 0.633715
-0.076489 0.004220 -0.000092
Norman.1ib

0.500

wan32 G53w2.06

80 ( 19.01kev )
8144 ( 1980.24kev )
2%.000%
1.8968E+02
2.7000E+01/(¢ 1.0000E+00*
1.4235e-01
Nureg 4.16

1.0000000€E+00
1.0000000E+00
0.000%

1.8968E+02) =

best method (based on spectrum).

12.000
Page 1
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ORTEC

g v

-

Energy Laboratory

Corrections
Decay correct to date:

fedekdk

Activity range factor:
Min. step backg. energy

(2191) wan32

C13120735.9.Rpt

Spectrum name;

2.000

pecay during acquisition:
Decay during collection:
True coincidence correction:
Peaked background correction:

Absorption (Internal):

Geometry correction:
Random summing:

Energy cCalibration

SUMMARY

Normalized diff:

0O F

NUCLIDES

0.000

Status

YE
YE
NO
NO
YE

NO
NO
YE

Time of Count Time Corrected

S
S

S

S

Comments
24-Dec-2013 12:00:00

G53w2.06 16-JAN-2014 13:26:58 Page
C13120735.9.Anl1

2

011108bkg1000mindetl.Pbc

15-Jan-2008 17:02:27

Slope 1.0000E+00
Net factor 1.0000E+00
IN SAMPLE XK

Uncertainty 2 Sigma

Nuclide Activity Activity Counting Total MDA
pci/g pCi/g pCi/g pCi/g pcCi/g

Ra-228 F 1.8758E+00 1.8901E+00 5.4029E-01 5.4290E-01 1.243E+00
Ra-226 A 9.2842E-01 9.2845E-01  2.3690E+00 2.3692E+00 4.024E+00
Bi-214 F 9,5056E-01~ 9.5059e-01 5.3939e-01" 5.4006E-01 5.985e-01"
rPb-214 7.0721E-01 7.0723E-01 3.3155E-01 3.3215e-01 5.025E-01
1Ir-192 F 1.6476E-01 2.0437E-01  1.6036E-01 1.6046E-01 1.384E-01
sh-124 #B 9.4386E-02 1.2302e-01 1.2277e-01 1.2281e-01 1.308e-01
Sc-46 2.8391E-01 3.4341E-01 1.6066E-01 1.6095e-01 1.182E-01
Pb-210 # 4.3205E+00 4.3290E+00 2.6015E+00 2.6034E+00 3.183E+00
Th-228 A 3.3877E400 3.4660E+00 5.3375E+00 5.3381E+00 8.929E+00
Th-230 #A 4.1576E+00 4.1576E+00 1.2641E+01 1.2642E+01 2.104E+01
Cs-137 #A 8.9044E-02 8.9173E-02 1.2257e-01 1.2259E-01 1.699e-01
Co-60 #B 1.3998E-01 1.4114E-01  1.0310E-01 1.0317e-01 1.413e-01
Am-241 #A  -2.1391E-02 -2.1393E-02 2.9205E+02 2.92056+02 1.745e-01
K-40 # 1.2820E+01 1.2820E+01  2.9183E+00 2.94056E+00 2.133E+00
u-235 A 3.0649E-02 3.0649e-02 1.3177e-01 1.3177e-01 2.472e-01
Th-234 B 6.4712E+00 1.2543e+01  5.7304E+00 5.7527E+00 1.450E+01
Cs-134 #A  -1.9302E-02 -1.9715e-02 -2.1425e-01 -2.1425E-01 1.502e-01
Pb-212 1.1659E+00 1.1659E+00 2.3103E-01 2.3345E-01 2.604E-01
Ra-224 A 8.4565E-01 6.9277e+01  1.7206E+02 1.7207E+02 3.604E+00
I-131 #B 8.3802E-02 6.0920E-01 6.4471E-01 6.4494E-01 1.026E-01
Mn-54 #A  -3.4953E-02 -3.6782E-02 -2.7042E-01 -2.7042E-01 1.693E-01
T]-208 #H 7.2457E-01 >12 Halflives 2.0082e-01 2.0185E-01 1.877e-01
Bi-212 # 3.8608E4+00 >12 Halflives 2.2981E+00 2.3006E+00 2.243E+00
Ra-223 A 5.6110E-01 2.2648E+00 2.5037E+00 2.5045E+00 8.423E-01
Pa-234 #A  -1.6987E-02 >12 Halflives 6.5885E+02 6.5885E+02 3.625E-01
Eu-154 A 0.0000E+00 0.0000E+00 6.7632€E+02 6.7632E+02 4.509e-01
3]
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C13120735.9.Rpt

Energy Laboratory Spectrum name: C€13120735.9.Anl

Eu-152 #A  -1.0233E-01 -1.0267e~01 7.8778E+02 7.8778E+02 6.254E-01
Na-22 #A 2.5767E-02 2.6204E-02 5.2830E-02 5.2836E-02 1.198E-01
Zn-65 #A  -2.8380E-02 -3.0294E-02 -9.0306E-01 -9.0306E-01 2.473E-01
Ba-133 A 1.6776E-01 1.6846E-01 1.2729E-01 1.2738e-01 2.093E-01
Ru-103 #8B 4.6226E-02 6.9329E-02  1.3208e-01 1.3211e-01 1.344e-01
Be-7  #F 1.1524E+00 1.5534E+00 1.1234E+00 1.1252E+00 9.637E-01
I-125 #B 1.7513e+00 2.2831e+00 2.2897€e+00 2.2912E+00 2.246E+00
T1-201 #8B 3.4511e-02 6.5058E+00 4.6517E+01 4.6518E+01 4.821e-01
Pa-234 #B 1.3894E-01 >12 Halflives  1,9425e-01 1.9432e-01 3.004E-01
Np-237 #B 0.0000E+00 0.0000E+00  1,2965E+03 1.2965E+03 8.861E-01
Ce-144 B 3.8382E-01 4.0597e-01  5.3835E-01 5.3847E-01 5.797e-01
Eu-155 A 2.3968E-01 2.4180E-01  3.2504E-01 3.2509E-01 4.293E-01

# - A1l peaks for activity calculation had bad shape.

* - Activity omitted from total

& - Activity omitted from total and all peaks had bad shape.

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.
C - Area < Critical level.
F - Failed fraction or key 1line test.

H - Halflife limit exceeded

————————————————————————————— SUMMARY R e
Total Activity ( 19.0 to 1980.2 kev) 1.5862253E+01 pCi/g
Total Decayed Activity ( 19.0 to 1980.2 kev) 1.5876553E+01 pcCi/g
whkkhkEEE g UMMARY 0O F DI SCARDED PEAKS H®eikdirsd

1173.00 - Co-60

L Y SKIN]

o Rl 1+

LI O B

peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

peak is too wide at Fw25M, but ok at FWHM.

rPeak fails sensitivity test.

Peak identified, but first peak of this nuclide
failed one or more qualification tests.

Peak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

calculated peak centroid is not close enough to the
library energy centroid for positive identification,
peakbackground subtraction

o

Analyzed by:

Reviewed by:

ORTEC
Energy Laboratory

Dave Blaida

supervisor
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€13120735.9dup.Rpt

ORTEC gv -1 (2191) wan32 G53W2.06 16-3AN-2014 14:29:48 Page 1
Energy Laboratory Spectrum name: C€13120735.9dup.Anl

sample description
C€13120735.9dup

Spectrum Filename: C:\User\c13120735.9dup.Anl

Acquisition information

Start time: 16-3Jan-2014 13:27:17
Live time: 3598

Real time: 3600

Dead time: . 0.05 %

Detector ID: 2

Detector system
Det 1

calibration
Filename: 'u]ycc_Sth_det1_169218.C1b

12/10/13 calibration energy/efficiency
IPL #1692-18 recal energy calibration perched

Energy Calibration

Created: 10-Dec-2013 10:50:03

Zero offset: -0.447 kev

Gain: 0.243 kev/channel

Quadratic: 1.476E-09 kev/channelA2
Efficiency Calibration

Created: 26-7Ju1-2013 07:55:14

Type: pPolynomial

uncertainty: 1.391 %

coefficients: -0.329484 -5.959887 0.633715

-0.076489 0.004220 -0.000092

Library Files

Main analysis Tibrary: Norman.1ib
tibrary Match width: 0.500
Analysis parameters
Analysis engine: wan32 G53w2.06
Sstart channel: 80 ( 19.01kev )
Sstop channel: 8144 ( 1980.24kev )
Peak rejection level: 20.000%
Peak search sensitivity: 3
sample Size: 1.8968E+02
Activity scaling factor: 2.7000E+01/( 1.0000E+00* 1.8968E+02) =
1.4235e-01
Detection 1imit method: Nureg 4.16
Random error: 1.0000000E+00
Systematic error: 1.0000000E+00
Fraction Limit: 0.000%
Background width: best method (based on spectrum).
Half lives decay Tlimit: 12.000
Page 1
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€13120735.9dup.Rpt

D
ORTEC gv -1 (2191) wan32 G53w2.06 16-JAN-2014 14:29:48 Page 2
Energy Laboratory Spectrum name: C13120735.9dup.Anl
Activity range factor: 2.000
Min. step backg. energy 0.000
Carrections status comments
Decay correct to date: YES 24-pec-2013 12:00:00
Decay during acquisition: YES
Decay during collection: NO
True coincidence correction: NO
peaked background correction: YES 011108bkg1000mindetl. Pbc
15-Jan-2008 17:02:27
Absorption (Internal): NO
Geometry correction: NO
Random summing: YES Slope 1.0000E+00
Net factor 1.0000E+00
Energy Calibration
Normalized diff: 0.1245
kkhkk SUMMARY OF NUCLTIDES IN SAMPLE wEEER
Time of Count Time Corrected Uncertainty 2 Sigma
Nuclide Activity Activity Counting Total MDA
pCi/g pCi/g pCi/g pCi/g pCi/g
Ra-228 B 1.3621E+00 1.3725e+00 7.8030E-01 7.8126E-01 1.420E+00
Ra-226 A 3.3126E-01 3.3127e-01  2.5553E+00 2.5553E+00 4.406E+00
Bi-214 F 7.3463E-01— 7.3465E-01 3.7317E-01l~ 3.7374e-01 4.984e-01"
Pb-214 7.7265E-01 7.7267e-01  3.7593E-01 3.7656E-01 4.695e-01
Ir-192 B 1.1568E-01 1.4356E-01 1.1818E-01 1.1825E-01 1.238E-01
sb-124 #B 7.5508E-02 9.8471E-02 1.5053E-01 1.5055E-01 1.663E-01
Sc-46 3.3743e-01 4.0831E~-01  1.7681E-01 1.7719e-01 1.312e-01
Pb-210 3.1848E+00 3.1911E+00 1.9802E+00 1.9816E+00 2.737E+00
Th-228 A 4.4409E+00 4.5439e+00  5.0809E+00 5.0820E+00 8.378E+00
Th-230 #A 3.3260E+00 3.3260E+00 1.0624E+01 1.0624E+01 1.929E+01
Cs-137 A 1.6475E-01 1.6499E-01 1.4719E-01 1.4726E-01 1.881E-01
Co-60 #B 5.5171e-02 5.5631E-02 5.1020E-02 5.1044E-02 1.413e-01
Am-241 A 1.4458E-01 1.4459e-01  1.8809E-01 1.8812E-01 2.759E-01
K-40 1.2976E+01 1.2976E+01 2.9348E+00 2.9574E+00 2.133E+00
U-235 A 7.1959E-02 7.1959E-02 1.3793e-01 1.3794e-01 2.519E-01
Th-234 B 3.6693E+00 7.1225E+00 3.9954E+00 4,0057E+00 1.932E+01
Cs-134 A 1.4169E-01 1.4473e-01 1.2822E-~01 1.2828E-01 1.769E-01
Pb-212 1.2796E+00 1.2796E+00 2.3733E-01 2.4015e-01 2.577e-01
Ra-224 A 2.0968E+00 1.7347E+02 1.6503E+02 1.6510E+02 3.235E+00
I-131 #B 7.3286E-02 5.3511E-01 ~ 8.9285E-01 8.9298E-01 1.172e-01
Mn-54 #A  -4.8918E-02 -5.1484E-02 -5.7440E-01 -5.7440e-01 1.721e-01
T1-208 #H 5.7540E-01 >12 Halflives 1,9719E-01 1.9785E-01 1.949e-01
Bi-~212 3.1875E+00 >12 Halflives 1.6805E+00 1.6828E+00 1.717E+00
Ra-223 #A 8.4612E-01 3.4259E+00  3.2010E+00 3.2024E+00 9.305E-01
Pa-234 A 9.8533E-02 >12 Halflives 2.4327e-01 2.4329e-01 4.195E-01
Eu-154 #A 7.6675E-02 7.7057e-02  1.7555E-01 1.7556E-01 3.238eE-01
a
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C€13120735.9dup.Rpt

Energy Laboratory Spectrum name: C13120735.9dup.Anl
Eu-152 #A 2.8550E-01 2.8644E-01 3.4803E-01 3.4812E-01 6.254€e-01
Na-22 #A 1.9223E-02 -1.9549e-02 3.3428E+02 3.3428e+02 1.852E-01
Zn-65 A 1.4325e-01 1.5293e-01 2.0066E-01 2.0071e-01 3.253e-01
Ba-133 #A 2.9396E-03 -2.9519E-03 -1.5173e-01  -1.5173E-01 1.884e-01
Ru-103 #B 5.0078E~-02 7.5173e-02  1.1623E-01 1.1627e-01 1.192e-01
Be-7 B 6.0212E-01 8.1224e-01 9.2724e-01 9.2782E-01 9.548&-01
I-125 #B 2.5753E-02 3.3594E-02 3.4750E-01 3.4750E-01 1.144E+00
T1-201 #B 4.4002e-01 8.3922E+01 1.3645E+02 1.3649e+02 9.887E-01
Pa-234 #B 2.7183E-01 >12 Halflives 2.6675E-01 2.6694E-01 3.405e-01
Np-237 #B 0.0000E+00 0.0000E+Q0 1.3653E+03 1.3653E+03 9.307e-01
ce-144 F 1.7841e+00 1.8873E+00 1.5232e+00 1.5241E+00 7.421e-01
Eu-155 A 3.9363E-01 3.9712e-01 3.2726E-01 3.2739E-01 3.994e-01

# - A1l peaks for activity calculation had bad shape.

* - Activity omitted from total

& - Activity omitted from total and all peaks had bad shape.

< - MDA value printed.

A - Activity printed, but activity < MDA.

B - Activity < MDA and failed test.

C - Area < Critical level.

F - Failed fraction or key line test.

H - Halflife Timit exceeded
————————————————————————————— SUMMARY ——-—ommmmmm oo
Total Activity ( 19.0 to 1980.2 kev) 1.4255527E+01 pcCi/g
Total Decayed Activity ( 19.0 to 1980.2 kev) 1.4255527E+01 pcCi/g
Hhkkkdikk® S UMMARY o F DISCARDETD P E AK S Fhkidkdxd

911.07 - Ra-228

MARD

T el o+

Lrar

Peak is part of a multiplet and this area went
negative during deconvolution.

Peak is too narrow.

Peak is too wide at FW25M, but ok at FWwHM.

Peak fails sensitivity test.

peak identified, but first peak of this nuclide
failed one or more qualification tests.

pPeak activity higher than counting uncertainty range.
Peak activity lower than counting uncertainty range.
Peak outside analysis energy range.

calculated peak centroid is not close enough to the
Tibrary energy centroid for positive identification.
Peakbackground subtraction

0

Analyzed by:

Reviewed by:

ORTEC
Energy Laboratory

Dave Blaida

Supervisor

gv -
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