DE NISOND y Prepared for
MINES

Denison Mines (USA) Corp.
6425 S. Highway 191
P.O. Box 809

Blanding, UT 84511

ROUND 1 - INTERROGATORY
RESPONSE FOR THE
CELL 4B DESIGN REPORT

WHITE MESA MILL
BLANDING, UTAH

Prepared by

Geosyntec®

consultants

engineers | scientists | innovators

10875 Rancho Bernardo Rd., Suite 200
San Diego, CA 92127

Project Number SC0349

January 2009




Denison Mines (USA) Corp.
1050 17th Street, Suite 950
Denver, CO 80265

DENISOND Ush

MI N E S Tel : 303 628-7798

Fax : 303 389-4125

www.denisonmines.com

January 9, 2009

VIA E-MAIL AND OVERNIGHT DELIVERY

Mr. Dane L. Finerfrock

Executive Secretary

Division of Radiation Control
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Re: Cell 4B Lining System Design Report, Response to Division of Radiation Control (“DRC”)
Request for Additional Information — Round 1 Interrogatory, Cell 4B Design.

Dear Mr. Finerfrock:

We are responding to your May 29, 2008 letter, requesting additional information regarding the
Cell 4B Design Report. We have delayed submittal of our comments to the earlier request until
the final approval of Cell 4A was received. The Cell 4B design now incorporates the final
approved changes to the Cell 4A design.

For ease of review, the DRC’s questions are repeated below in italics with Denison Mines (USA)
Corp.’s (“DMC’s”) responses following each question.

1.

Dike Integrity — Please provide a revised slope stability evaluation that identifies the critical
Cell 4B slopes. The evaluation needs to consider Cell 4B interior slopes of the joint berms
between Cells 3 and 4B and 4A and 4B, the potential conditions associated with these
berms, and the impacts of Cell 3 and 4A on the berm stability. The parameters and
conditions used in the evaluation need to be identified and their values justified. If they vary
from the previous relevant evaluations (i.e., those provided in support of Cell 4A), the reasons
for the difference need to be presented and justified. The evaluation also needs to address
potential impacts from seismic concerns, ground motions resulting from blasting operations to
remove bedrock, potential operational loading, and other conditions that may impact the
stability of the berms (between Cell 3 and Cell 4B and between Cell 4A and 4B) during the
proposed cut back work to obtain the desired 2H:1V slopes.

Geosyntec performed a geotechnical investigation at the Cell 4B site consisting of advancing
7 solid-stem auger borings and performing laboratory testing on the collected soil samples
from the borings. In addition, Geosyntec reviewed previous geotechnical investigation for the
site performed by others, including a memorandum from MFG, Inc. (MFG) dated 13 June
2006 and a follow-up letter dated 7 July 2006. MFGs follow-up letter described their
geotechnical investigation at the site, which included an exploratory boring through the
existing berm between Cell 4A and 4B and a triaxial compression test on the recovered soil
samples. Based on our geotechnical investigation and our review of the existing data, we
have selected material properties for the fill material in the berm consistent with the
properties used by MFG in their previous slope stability analyses for the embankment
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between Cell 4A and 4B (Unit Weight = 137 pcf, phi = 26, cohesion = 900 psf). As the
embankment fill material will be derived from the on-site soil, similar to the embankment
between Cell 4A and 4B, the same berm material properties were used for the embankment
fills. As the boring performed by MFG through the embankment between Cell 4A and 4B did
not indicate a sand layer beneath the sandy clay layer, one soil type was used for the berm
fill material.

The existing soil to be left in place for the cut slopes has been assumed to be similar to the
eolian/loess materials encountered in the seven geotechnical borings performed as part of
the Geosyntec geotechnical investigation for the project. As such, soil properties based on
laboratory testing were selected for the eolian/loess materials (Unit Weight = 135 pcf, phi =
24, cohesion = 1,000 psf).

Material properties selected for the sandstone, the soil tailings, and the geosynthetic liner for
Geosyntec’s previous geotechnical investigation have been used again for our reevaluation
of the slope stability of the embankment slopes.

Slope stability analyses were performed for the critical slopes for each of the four
embankments surrounding Cell 4B. The critical slopes analyzed are indicated on Figure 1 in
Attachment A as Sections A-A’, B-B’. C-C’, and D-D’. In addition, slope stability analyses
were performed on a typical cross section of the interim waste/tailings slopes. Slope stability
analyses were performed for the final earthen berms and the interim waste/tailings slopes
using the computer program SLOPE/W from GEOSLOPE International (Slope/W, 2008).
Analyses were performed for both static and pseudo-static conditions as well as addressing
construction loading. Numerous potential failure surfaces were performed to evaluate
various slip surface geometries and to identify the critical slip surface for each cross section
and condition evaluated. Output files from SLOPE/W for these analyses are provided as
Exhibit A. The results of the slope stability analyses are summarized in Table 1 of the
attached Slope Stability Analysis Calculation Package (Exhibit A).

Construction loading was considered in the slope stability analyses by applying a point load
to the top of the slope. The point load selected corresponds to an AASHTO HS-20 loading.
The point load was applied 2 feet from the top of the slope. Surcharge loading from a soail
stockpile with side slope of 2H:1V was also evaluated for Cross Section C-C’ where the
contractor stockpile has been designated. A stockpile height of 20 feet was assumed based
on the area of the stockpile and the quantity of material to be stockpiled. The stockpile was
kept 20 feet from the top of slope to allow for the haul roads required to access the stockpile
area.

Geosyntec also performed an analysis that evaluated the seismically-induced permanent
deformation of the embankment slopes for Cell 4B. The analysis used the Makdisi and Seed
method to estimate permanent seismic deformations based on vyield accelerations
determined from pseudo-static limit equilibrium analyses, design earthquake motions
determined from documented sources, and design charts (Makdisi and Seed, 1978). This
calculation and output files are provided as Exhibit B. Results from the analysis indicated
that the expected seismically-induced permanent deformation is expected to be minimal (less
than 1 centimeter), and significantly less than the design criterion of 6 inches.

Blasting operations on site to facilitate excavation of the sandstone will be performed within
the footprint of Cell 4B. Charges for explosives will be controlled to maintain a peak particle
velocity (PPV) of 5 inches per second (IPS) at the base of the embankment slopes between
the existing cells (Cell 3 and 4A) and Cell 4B. Seismic waves from construction blasting are
typically at a frequency of about 10 to 40 Hertz (Hz) for a PPV of 5 IPS as compared with a
frequency of approximately 0.1 to 2 Hz from earthquake loading. Because of the relatively
high frequency of the seismic waves from construction blasting, the effect of construction
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blasting on the global stability of earthen slopes is not typically analyzed. Limitations on the
blasting with respect to PPV and displacement of the soil or rock are generally considered
sufficient measures to ensure the global stability of earthen slopes.

A double liner system is being installed in Cell 4A and should prevent the build-up of
groundwater in the embankment between Cell 4A and 4B from leakage. However, as
suggested, the condition of the liner system in Cell 3 is unknown. In order to account for
possible leaks or breaches in the liner systems, a piezometric level was assumed in the
embankment berms between Cell 4A and 4B and between Cell 3 and 4B that extends from
the top of the embankment berm on the side of Cell 3 or Cell 4A to the toe of the slope on the
Cell 4B side. This piezometric level is considered conservative because of the limited chance
of complete failure of the liner system, which would be required to produce a piezometric
level of this elevation. Results are presented in the Slope Stability Analysis Calculation
Package (Exhibit A).

Please justify the use of factors of safety equal to 1.5 and 1.3.

Final slope stability and operational conditions were performed to a minimum factor of safety
of 1.5 and 1.3, respectively. Minimum factor of safety values of 1.5 and 1.3 are standard of
practice values and are recommended for slope stability in the Naval Facility Engineering
Command (NAVFAC) Design Manual (DM) 7.1. A copy of the pages (318 and 329)
describing the minimum factors of safety are provided in Exhibit A.

Please provide more detail on the construction drawings and in the design report on the
proposed construction of the access road. This detail should include the layout of the road,
its materials and means of construction, surface water flow, erosion controls and infiltration
controls to preclude adversely impacting the integrity of the Cell 4B liner system and berms.
Additional detail should also demonstrate that the road is adequate to handle the proposed
traffic loading.

The access road proposed around the perimeter of the tailings cells are only intended for light
pickup truck traffic from DMC operations staff and are therefore not designed as main
thoroughfares around the site. As part of the stability analyses, however, Geosyntec
modeled loading conditions caused by a HS-20 truck driving on the access road
approximately two feet from the crest of the berm. The calculation and output files are
provided in Exhibit A.

The access roads are narrow areas on the top of the perimeter dikes and will be impacted
only by direct precipitation (no run on). Therefore, the surface water impact will be minimal
and the small amount of water will sheet flow off of the access road, as has occurred
previously at the site on the existing access roads.

2. Slimes Drain System and Sideslope Risers for Slime Drain Pipe and Leak Detection Pipe

Refer to the Design Report. Please indicate in the Design Report (Section 3.4.1) that the
slimes drain system has been designed to be compliant with the following performance standards
which were also specified in Part 1.D.6 of the Groundwater Discharge Permit) for Cell 4A, which,
at a minimum include:
...c.  Slimes Drain Monthly and Annual Average Recovery Head Criteria — after the
Permittee initiates pumping conditions in the slimes drain layer in Cell 4A, the Permittee will
provide continuous declining fluid heads in the slimes drain layer, in a manner equivalent to
the requirements found in Part 1.D.3(b) [of the Groundwater Discharge Permit].”
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Geosyntec has amended Section 3.4.1 of the design report to include this statement. The revised
section of the design report is attached to this letter as Exhibit I.

Please demonstrate that the strength of the specified perforated PVC pipes will be sufficient to
ensure that the pipes will perform satisfactorily given the Cell 4B design.

Geosyntec has revised the pipe strength calculation that considers the 0.25 inch diameter
perforations staggered 12 inches along the length of the PVC pipe. The calculation package is
attached to this letter as Revised Pipe Strength Calculations (Exhibit C). Environmental
Protection Agency (EPA), Manual SW-8, “Lining of Waste Impoundment and Disposal Facilities,”
describes a design method that increases the design’s total vertical stress to account for the
perforations. The calculation demonstrates the effect of perforations is minimal on the pipe
strength and the pipe exceeds design requirements for this project.

Please modify the design of the PVC pipe used in the slimes drain access pipe on the sideslopes
to include measures to protect against damage of the PVC pipe due to prolonged exposure to the
atmosphere, including sunlight (e.g., UV radiation) or, alternatively, provide piping material that is
resistant to damage from such long-term exposure conditions.

PVC pipe is typically used in environmental applications due to its excellent resistance to
aggressive environments. Its resistance to natural ultraviolet (UV) radiation has been
documented by the Uni-Bell, who performed a two year study to determine changes in the pipe’s
mechanical properties after exposing pipe to some of the worst aging conditions found in North
America (Uni-Bell, 1997). One of the results from the study concluded that,

“...any opaque shield, no manner how thin, will effectively prevent UV
degradation. As a result, above-ground pipe systems may be painted, wrapped
or coated to stop UV degradation.” (Uni-Bell, 1997)

Please see Note 4 of Construction Drawing 5 that states, “Exposed PVC pipe shall be painted to
minimize damage due to UV.”

Refer to the Design Report and Design Calculation: Action Leakage Rate. Please provide
additional information to justify the selection of a maximum flow length (longest drainage path) of
730 feet (p. 3 of the calculation and Attachment B to the calculation).

The maximum flow length was selected based on the longest path a drop of water could flow
between a point on the liner and a drain location (simple geometry related to flow paths
perpendicular to topographic contour lines). We have determined that a flow length of 780 feet is
the longest path. A revised copy of this calculation package is provided as Exhibit E.

Refer to Construction Drawing 5, Section D/3. The use of a textured HDPE splash pad needs
to be considered. The textured HDPE provides for a friction surface and traction if there is need
to access this area, it would also provide for a more stable base for the discharge pipe.

Section D/3 is now located on Construction Drawing 6. This detail has been revised to reflect the
use of textured HDPE in the splash pad design. This drawing is provided in Exhibit H.
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Construction Drawing 6, the call out for Section F/6 is shown on Plan Detail 9/3,4 as F/5.
Please correct. Also on this drawing, please correct the depiction of the sand bags shown to be
consistent with those on Construction Drawing 5, provide the detail to scale. In order to ensure
the proper design and constructability of these pipes and sump systems, please provide these
sections and details to scale.

Section F/4,7 (formerly F/6) and Plan Detail 9/3,4 are now located on Construction Drawing 7.
The call outs for Section F/4,7 shown on Plan Detail 9/3,4 have been corrected. The symbol
depicting the sandbags has been changed so that they are consistent throughout the drawing set.
This drawing is provided in Exhibit H.

Refer to Construction Drawing 6, Section 1/6 and Drawing 7, Section 11/4. Please provide
revised construction drawings showing how all the components (i.e., GCL, HDPE membranes,
geotextile, geonet, and aggregate) of the slimes drain and leak detection side slope are finished
at the top of the side slope/berm and how do the slimes drain pipe and leak detection pipe
penetrate these components? Additional detail is required in Drawings 6 and 7 to illustrate how
these components are finished at the top of the side slope/berm in relationship with the slimes
drain pipe and leak detection pipe penetrations. Demonstrate that the slimes drain pipe and leak
detection pipe at the top of the side slope/berm will not allow water to seep around the liner
components, including flow around the points where the pipes penetrate the liner components,
such that water does not flow down the side slope into the sump below.

Details 10 and 11 have been added to Construction Drawing 5 to illustrate how the slimes drain
pipe and leak detection pipe penetrate the geosynthetic components of the liner system.
Underneath the pipe, the geosynthetic components of the system terminate in an anchor trench in
the same manner as the geosynthetic termination around the perimeter of the cell preventing
water from migrating into the individual liner components. At the penetration of the header pipes
through the geosynthetic components of the liner, the flexible HDPE geomembrane will be booted
to the pipe approximately one to two feet beyond the edge of the berm crest and secured with a
clamp. The liner at the crest is welded on all sides to the underlying geomembrane to prevent the
migration of liquids into the liner components.

Refer to Construction Drawing 7, Detail 11/4. Please clarify why the cross-section shows the
pipes exiting the ground surface at a slope which varies, given that the inside slope of the berm is
reported to be 2:1? Demonstrate that the tie down straps and anchor bolts provide sufficient
strength to prevent movement of the pipes. Demonstrate that the concrete header/foundation
used to support the pipes provides sufficient strength without the use of rebar, as identified in
Construction Drawing 7. Please provide additional detail how the concrete header/foundation will
be constructed in relationship with the liner components (i.e., GCL, HDPE membranes, geotextile,
geonet, and drainage aggregate) at the top of the side slope/berm.

Details 10 and 11 on Construction Drawing 5 illustrate a 3:1 slope in the corner where the leak
detection system and slimes drain system pipes penetrate the liner. Please refer to details 10
and 11 on Construction Drawing 5 that depict the placement of the concrete header wall in
reference to the liner system. The pipes are supported by a concrete header wall that bears on
the soil above the anchor trench outside the limits of the liner system. Rebar is not necessary in
the design because the concrete header wall has a maximum height of approximately three and a
half feet and the weight of the 18” diameter header pipe is sufficient to keep the pipe in place.
The tie down straps are a design redundancy because the U-shaped groove in the concrete is
sufficient to restrict lateral movement and the weight of the pipe will not allow it to move in the
vertical direction.
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Refer to Construction Drawing 6, Section /6. It provides details for sand bags and rope with 5’
spacing placed on top of the slimes drain and leak detection system side slope. Is this currently
being used successfully for Cell 4A? If so, demonstrate how the ropes will be secured around the
sand bags such that rope does not become loose from the sand bag; demonstrate how the ropes
are secured at the top of the berm; and demonstrate that the rope and will be resistant to UV
light, weathering, low pH caused by the tailings, and other environmental operating conditions at
Cell 4B.

The woven geotextile on the sideslope under the pipe will be sewn to the underlying cushion
geotextile using a bonded polypropylene thread. Bonded polypropylene thread is typically used in
outdoor and automotive uses and is commonly used to sew automobile trim, carpets, industrial
fabrics, medical, and hygienic products. Bonded polypropylene has a resin coating that makes it
run smoothly through a sewing machine and improves its abrasion resistance. This material is
resistant to strong acids, alkalis, and common solvents. Bonded polypropylene thread is
commercially available from multiple retailers (Cole Parmer, 2008).

For all Construction Drawings ensure that the following key components are identified, and drawn
to scale:

e Liner system component layer surface elevations.

e Slimes drain piping and sump invert elevations and horizontal coordinates at
terminations, changes in direction or grade, and connection points (at fittings).

e Leak Detection System drain piping and sump invert elevations and horizontal
coordinates at terminations, changes in direction or grade, and connection points (at
fittings).

e Elevations and horizontal coordinates at all liner system changes in grade such at key
transition locations including but not limited to from the cell bottom to the side slopes and
top of berms and in the sump area.

Surface elevations have been added to Construction Drawing 4, which is provided in Exhibit H.

Please provide additional information/data demonstrating that components of the sideslope
system for the slimes drain system and leak detection system riser pipes (including the tie down
straps for the pipes onto the concrete header, the concrete header, and other components (e.g.,
ropes and sand bags) can operate in the low pH operating conditions and other operating
environmental conditions.

Details 10 and 11 on Construction Drawing 5 shows the concrete headwall and tie down straps
are located outside of the liner system and are not exposed to the low pH environment.

Please provide the justification for not including cleanouts for both the slimes drain and the leak
detection piping (refer to Sheet 4). Include the methods proposed to maintain these pipes so they
function as designed.

The slimes drain and LDS piping can be cleaned from the sump riser piping. Typical clean out
equipment can extend up to 1,000 feet into a pipe. Because solution in the LDS and slimes drain
piping will most likely be low pH with high dissolved solids content, flushing the pipe with fresh
water would most likely neutralize the solution and cause dissolved solids to precipitate out and
plug the piping system.
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3. Spillway Capacity Design/Calculation and Surface Water Runoff

Please include the flows from the mill operation to these calculations and apply the results to
design (as needed).

The Emergency Spillway is designed to pass the flows from the PMP storm event from one Cell
to the next. The Cell must be operated within the approved freeboard limits during normal mill
operations. The freeboard capacity of each of the cells is designed to handle the PMP storm
volumes and the flows from mill operations are not allowed to consume any of the freeboard
volume, therefore the mill flows are not included in the calculation for the PMP flows through the
Emergency Spillway.

The discharge inlet/outlet elevations need to be identified on the Construction Drawings to identify
how the flow occurs serially from Cell 2, 3, 4A, to 4B.

The elevations for the emergency spillway between Cell 4A and 4B are indicated on Construction
Drawing 4, which is provided in Exhibit H. The requested emergency spillway elevations were
provided to the UDEQ in the O&M Plan and the DMT Plan for Cell 4A. These plans were
approved in a letter from the UDEQ to DMC dated 17 September 2008.

Please include a demonstration that if the operational requirements for freeboard in each cell are
maintained (i.e., freeboard elevations maintained) the complete cell system has the capacity to
contain stormwater from the PMP combined with the water and tailings from anticipated mill
processing. The response to this request should include reference to the original determination of
discharge from Cells 1, 2, 3, and 4A. It should also include a demonstration on where the
overflow discharge from Cell 4B would go (if it occurred when all the other cells are full), and how
the overflow water would be handled such that an uncontrolled release of tailings does not occur,
or erosion and failure of the cells berms does not occur?

DMC submitted revised freeboard calculations for Cell 3 and Cell 4A to DRC on December 11,
2008. The freeboard limit for Cell 4A was established at 5593.7 feet above mean sea level
(“fmsl”). This provides for the PMP events from Cell 2, Cell 3 and Cell 4A areas. Once Cell 4B is
operational the freeboard limit will initially be set at 3 feet below the top of liner, which is more
than adequate to handle the 10 inches of precipitation from the PMP event, plus wave runup. At
the point the remaining pool area in Cell 4A is insufficient to handle the PMP runoff from Cell 2,
Cell 3 and Cell 4A, then the freeboard limit in Cell 4B will be revised, with approval from the
Executive Secretary, to store the PMP from Cell 2, Cell 3 and Cell 4A, as well as Cell 4B. The
freeboard calculation is very conservative and Cell 4B is therefore designed as a zero discharge
facility.

As stated above, it is not necessary to include the volumes from mill processing in the freeboard
calculation.

At the point of discharge from Cell 4A into Cell 4B from the emergency spillway, please
demonstrate how the design has incorporated features to prevent damage from occurring to the
liner system and slimes drain piping by debris which may be entrained with the discharge water.

No debris is expected to be entrained within the discharge water and tailings consist of silts,
sands, and clays. Prior to Denison performing a tailings discharge, the cell will be filled with
process solution to a level with a minimum level of 2 feet. Tailings will be deposited in the liquid-
filled cell and the sand, silt, and clay particles that comprise the tailings will gently fall out of
solution in a manner that will not damage the liner system or its underlying components. In
addition, a textured geomembrane splash pad has been added to the liner system below the
splash pad to provide an additional level of protection to the liner system.
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Section 2.5 of the Design Report states that “surface water at the facility is diverted around the
Cells including Cell 4B.” Please provide a drawing(s) that show how surface water runoff is
diverted around Cell 4B, including runoff from adjacent cells which are either closed or in the
process of being closed (i.e., placement of fill material as a cover), such that outside slopes of
Cell 4B do not erode and lead to potential failure. Include the design components which allow the
surface water to divert around Cell 4B. Also show the entire site surface water drainage flows,
and explain how Cell 4B is incorporated into this overall facility drainage. This needs to include
how contact stormwater that is or may be contaminated is discriminated from uncontaminated or
non-contact stormwater. The relocation of the existing access road due to the construction of Cell
4B also needs to be considered.

The attached drawing, “Figure 1, Mill Site Drainage Basins” shows the various drainage basins
for the entire mill site and the diversion structures where needed. The drainage basin boundaries
delineate the topographic high point for each of the basins, or series of basins. Precipitation
falling within the drainage basin boundary is retained within that area, and precipitation falling
outside the boundary is diverted away from the area. Drainage basins “C”, “D” and “E” represent
Cells 2, 3 and 4A, with all of the runoff from those basins contained in Cell 4A, (see response to
Comment 3, above). Drainage basin “F” is the Cell 4B area. The basin boundaries are the Cell 3
dike on the north, the Cell 4A dike on the east, and the Cell 4B dikes on the south and west.
These boundaries represent the topographic high point on all sides of the basin. Precipitation
falling within the drainage basin boundary is retained within that area, and is considered to be
contaminated water, and precipitation falling outside the boundary is diverted away from the area,
and is considered to be uncontaminated water.

Refer to Construction Drawing 7, Section 10/3. Please clarify why there are two Sections labeled
HK/7H?

Section 12/3 (formerly Section 10/3) is located on Construction Drawing 8 and has been revised
to show one of the two Sections as J/8 and the other as Section K/8. This drawing is presented
in Exhibit H.

Please clarify why Construction Drawing 7, Section 10/3 and Section K/7 identify the inside slope
of Cell 4B as 3:1, when other portions of the Design Report states that the inside slope of Cell 4B
is 2:1. Also clarify and justify why the Construction Drawing 7, Section 10/3 and Section K/7
identify the inside slope of Cell 4A as varies.

Section 10/3 (formerly Section 10/3) and K/8 (formerly K/7) are now located on Construction
Drawing 8. This drawing has been revised with the correct slopes and is presented in Exhibit H.

Resolve the conflict between Design Calculations for the Emergency Spillway (spillway width is
100 feet) and Construction Drawing 7, Section J/(width as 94 feet).

Detail J/8 on Construction Drawing 8 has been revised with the dimensions described in the
Design Calculations. This drawing is presented in Exhibit H.

4. Monitoring Well WMMW-16 Please identify the location of WMMW-16 on the Construction
Drawings. Please also provide a well construction diagram for WMMW-16. This diagram
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needs to be appended to Specification Section 02070, Well Abandonment), which is currently
missing from that Section. Please also submit a well plugging and abandonment (well
decommissioning) plan for Well WMMW-16.

DMC has surveyed Monitoring Well WMMW-16 and revised Construction Drawing 3 to reflect
its location within the footprint of Cell 4B (Exhibit H). The well construction diagram has also
been appended to Specification Section 02070 and is provided in Exhibit F. Well plugging
and abandonment (well decommissioning) is at the expense and responsibility of the
Contractor to comply with regulatory requirements as outlined in Section 02070, Part 1.04,
Subpart B and Section 02070, Part 3.01, Subpart A.

5. Splash Pads — Please describe what the operational criteria are which will determine the
selection of the splash pads locations, and why would these criteria become apparent during
construction, as opposed to during the design phase?

The locations of the splash pads have been added to Drawing 3 and are presented in Exhibit H.

6. Construction Drawing 5, Section D/3 suggests that a pipe located at the upper portion of the
splash pad will be the mechanism by which tailings will be placed into Cell 4B. Provide an
overview how the tailings will be introduced and fed through the pipe (i.e., operations related
to input of tailings into Cell 4B) such that the liner system is not damaged by
movement/handling of the pipe.

Solution Discharge

Cell 4B will initially be used for storage and evaporation of process solutions from the Mill
operations. These process solutions will be from the uranium/vanadium solvent extraction circuit,
or transferred from Cell 1 evaporation pond or the free water surface from Cell 4A. The solution
will be pumped to Cell 4B through 6 inch or 8 inch diameter HDPE pipelines. The initial solution
discharge will be in the southeast corner of the Cell. The discharge pipe will be routed down the
Splash Pad provided in the corner of the Cell to protect the pipeline running from the solution
reclaim barge. The solution will be discharged in the bottom of the Cell, away from any sand
bags or other installation on the top of the primary geomembrane. Building the solution pool from
the low end of the Cell will allow the solution pool to gradually rise around the slimes drain strips,
eliminating potential damage to the strip drains or the sand bag cover due to solution flowing past
the drainage strips. The solution will eventually be discharged along the dike between Cell 3 and
Cell 4B, utilizing Splash Pads. The subsequent discharge of process solutions will be near the
floor of the pond, through a discharge header designed to discharge through multiple points,
thereby reducing the potential to damage the Splash Pads or the Slimes Drain system. At no
time will the solution be discharged into less than 2 feet of solution. As the cell begin to fill with
solution the discharge point will be pull back up the Splash Pad and allowed to continue
discharging at or near the solution level.

Initial Solids Discharge

Once Cell 4B is needed for storage for tailings solids the slurry discharge from No. 8 CCD
thickener will be pumped to the cell through 6 inch or 8 inch diameter HDPE pipelines. The
pipelines will be routed along the dike between Cell 3 and Cell 4B, with discharge valves and
drop pipes extending down the Splash Pads to the solution level. One or all of the discharge
points can be used depending on operational considerations. Solids will settle into a cone, or
mound, of material under the solution level, with the courser fraction settling out closer to the
discharge point. The valves are 6” or 8” stainless steel knife-gate valves. The initial discharge of
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slurry will be at or near the toe of the Cell slope and then gradually moved up the slope,
continuing to discharge at or near the water surface. Because of the depth of Cell 4B, each of the
discharge points will be utilized for an extended period of time before the cone of material is
above the maximum level of the solution. The discharge location will then be moved further to
the interior of the Cell allowing for additional volume of solids to be placed under the solution
level. The solution level in the Cell will vary depending on the operating schedule of the Mill and
the seasonal evaporation rates. The tailings slurry will not be allowed to discharge directly on to
the Splash Pads, in order to further protect the primary geomembrane. The tailings slurry will
discharge directly in to the solution contained in the Cell, onto an additional protective sheet, or
on to previously deposited tailings sand.

Reclaim Water System

A pump barge and solution recovery system will be installed in the southeast corner of the cell to
pump solution from the cell for water balance purposes or for re-use in the Mill process. The
pump barge will be constructed and maintained to ensure that the primary geomembrane liner is
not damaged during the initial filling of the Cell or subsequent operation and maintenance
activities. The condition of the pump barge and access walkway will be noted during the weekly
Cell inspections.

Demonstrate how the tailings will flow, settle, and enter Cell 4B at critical time periods over the
operational life of Cell 4B and will not damage components (i.e., movement of sandbags,
displacement of gravel and geotextiles) of slimes drain, strip drains, leak detection system, and
liner system present in the bottom of Cell 4B.

See response to Comment 6, above.

Demonstrate that the dimension of the protective HDPE geomembrane (20’ wide and 5’ extension
from the toe of the berm) will resist the influent pressure and scour flow rate of the tailings (in all
directions, width of the side slope and extension from the toe of the berm).

The purpose of the protective HDPE geomembrane is to provide an extra protection layer for the
pipe resting above the underlying geosynthetic components. The pressure used to pump the
tailings into the pond is not large enough to scour or damage the liner.

Update the Project Technical Specifications to include the requirements for the construction of the
protective HDPE geomembrane at splash pad locations and update the Construction Quality
Assurance Plan to include procedures which will be followed to ensure that the protective HDPE
geomembrane at splash pads is properly installed.

The HDPE geomembrane at splash pad locations will be installed in accordance with Technical
Specification Section 02770, Part 3 — Geomembrane Installation. Detail D/3 on Construction
Drawing 6 notes the splash pad will be extrusion welded on 4 sides.

Subgrade Preparation and Earthwork — Demonstrate how the construction process for the
earthwork movement of soil between Cell 4B and Cell 3 will not cause cross-contamination of
impacted soil to clean areas. Please note as presented in Interrogatory 09, it must be
demonstrated that the levels of radiation (contamination) in Cell 4B subgrade are acceptable
before a construction permit can be issued and the liner system installed.
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Soil and rock excavated during earthwork for the construction of Cell 4B will be placed onto Cell 3
in a manner that precludes vehicles from operating directly on the existing Cell 3 surface. This
will be accomplished by placing soil material at the edge of Cell 3 and pushing it over the existing
surface of Cell 3. Dozers will be used on top of this material to continually push material out in
front of the dozer, thereby allowing the dozer to always be on top of Cell 4B soil material and not
contact the Cell 3 materials.

Technical Specification Section 02200, Paragraph 3.05 and Construction Drawing No. 2 detail the
requirements for stockpiling excavated soil. No limit is placed on the height of the stockpiled soil
in the Technical Specifications. How does the height (i.e., weight) of the stockpiled soil affect
slope stability of the cut (i.e., West Berm slope)? Demonstrate that soil stockpile slopes will be
stable under foreseeable future conditions. How does stockpiling of soils (loading) just west of the
West Berm and subsequent removal of that soil affect the performance of the West Berm?

The maximum height of the stockpiled soil to be approximately 20 feet. This condition is modeled
in stability analyses for the west slope of the cell, as referenced in the interrogatory response to
Dike Stability. Stability analyses indicate the cut slope through the western perimeter has a factor
of safety that exceeds the minimum required factor of safety equal to 1.5. These analyses are
provided in Exhibit A. Drawings have been updated to include notes related to stockpile
construction maximum height, maximum side slope, and distance from the top of the Cell 4B
slope.

Please provide technical specifications on how each of the cut slope surfaces will be completed
(i.e., compacted,) to ensure strength and stability of the slopes for Cell 4B’s operation.

Cut slope surfaces will be constructed in accordance with Section 02200 (Earthwork) and Section
02220 (Subgrade Preparation) of the Technical Specifications. Slopes will cut from existing
compacted or native materials and will be shaped in accordance with safe slope conditions
determined in the slope stability calculations.

Demonstrate how the outside slope of the south berm of Cell 4B and the upgradient portion of the
west berm of Cell 4B will be completed to prevent excessive erosion and potential slope failure.

There is no outside exposed slope on the west berm of Cell 4B because it is a cut slope below
existing grades. The outside slope of the south berm of Cell 4B will be completed in accordance
with Technical Specifications Section 02200 (Earthwork). The construction of the south berm of
Cell 4A, which has minimal erosion on the outside, was performed using similar methods to those
outlined in Project Documents for Cell 4B.

Provide specifications for drilling and ripping to support any blasting the Contractor might perform.
Demonstrate what level of blasting will be required to remove rock to the grades/elevations for
Cell4B as indicated in the Drawings and how the blasting will affect the stability of the surrounding
berms in place, effect the functionality of the surrounding berms which will be cut to serve as the
side slopes for Cell 4B, and effect any other components of Cell 4B and adjacent Cells.
Demonstrate the effect blasting will have on the effective permeability and speed of water travel
through underlying material. The Design should demonstrate that removal of the rock by blasting
does not compromise the design and functionality of Cell 4B and other Cells. The current design
and Technical Specification Section 02200 places a requirement on the Contractor that blasting
shall not cause damage. Please define “damage” both in terms of nearby dike stability, but also
foundation permeability under Cell 4B.
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Please provide detail what level of blasting is necessary to construct Cell 4B without causing
damage and specific points of compliance the Contractor should be expected to meet such that
damage is not caused.

The effects of blasting are described in the response to the first interrogatory question Dike
Integrity.

Please define “Project Manager” as used in the Technical Specifications. Section 02200 of the
Technical Specifications uses the term “Project Manager”. The role of Project Manager is not
defined in the Technical Specifications.

Technical Specifications have been revised to remove instances of “Project Manager” and
replace these occurrences with the appropriate personnel. A revision of the technical
specification is provided as Exhibit F.

Please revise Subsections 2.01 (A through C) and 3.02 (A through F) of Section 02220
(Subgrade Preparation) and Section 7.3.3 of the Construction Quality Assurance Plan to
incorporate applicable requirements contained in ASTM D 6102-06.

Section 02220 of the Technical Specifications has been revised to include the applicable
requirements contained in ASTM D 6102-06 and is provided as Exhibit F.

The provision in Paragraph 2.01B of the Technical Specification Section 02220 (Subgrade
Preparation) stating that desiccation cracks less than or equal to ¥-inch in width in the subgrade
prior to liner construction are acceptable is not supported and is apparently inconsistent with the
requirements of ASTM D 6102-06. Please demonstrate that desiccation cracks of ¥ inch width or
less are acceptable or remove this permissible crack width value from the specifications. The
specifications should detail how any desiccation cracks observed in the subgrade will be
remedied. A requirement that the subgrade surface be checked for cracks and such cracks be
remedied should be included in specifications and/or in the Construction Quality Assurance Plan
as applicable.

The crack width has been removed from Section 02220. The revised Section 02220 is provided
as Exhibit F.

The provision in Technical Specification Section 02220 (Subgrade Preparation) Paragraph 2.01C
stating that subgrade soil shall consist of on-site soils that are free of particles greater than 3
inches in longest dimension is apparently inconsistent with typical GCL and/or FML
manufacturer’s recommendations for subgrade soil used for GCL and FML installation
applications (e.g., see GSE 2008, Section 4.5). Please demonstrate that such a large maximum
particle dimension is acceptable or revise this requirement to be consistent with typical GCL /
FML manufacturer’'s recommendations. Please also indicate that such soil shall be well graded
material (fo be consistent with additional typical GCL / FML manufacturer’s recommendations for
subgrade soil) or provide justification for not including this requirement in the specifications.

It is stated in Technical Specification Section 2.01 Paragraph A that, “Subgrade surface be free of
protrusions larger than 0.5 inches. Any such observed particles shall be removed prior to
placement of geosynthetics.” The three inch particle refers to soil particles, whereas the 0.5 inch
protrusion height refers to rock protruding more than 0.5 inches through the surface of the
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subgrade. The revised section is consistent with manufacturer’'s recommendations for subgrade
soil used for GCL and FML installation applications.

Please define “fill” as used in Subsection 2.01 of the Section 02200 (Earthwork) and “subgrade
soil” as used in Subsection 2.01 (C) of Section 02220 (Subgrade Preparation) of the Technical
Specifications and clearly distinguish between these two types of fill material. Subsection 2.01 of
the Section 02200 (Earthwork) states that fill will consist of material free from rock larger than 6-
inches. Subsection 2.01 (C) of Section 02220 (Subgrade Preparation) states that subgrade soil
shall be free of particles greater than 3-inches in longest dimension.  If “fill” is referring to the
material that is suitable for use in constructing the berms, and “subgrade soil” is select fill material
suitable for use in constructing/developing the subgrade surface, then define them as such.

The requirements for the soil used in earthwork components such as berm construction,
subgrade preparation, and anchor trench construction, are specifically described in the Technical
Specifications under each appropriate heading. Material and placement requirements of fill soils
and subgrade soils are described in revised Section 02200 and Section 02220, respectively.

Subsection 3.04 (D) of Section 02200 (Earthwork) of the specifications calls for the fill to be
compacted in lifts no greater than 12-inches, to 90% of maximum density and to +/- 4% of
optimum moisture content (per ASTM 1557). Subsections 3.03 (E) and 3.04 (C) of Section 02220
(Subgrade Preparation) call for fill to be compacted in lifts no greater than 8-inches, to 90% of
maximum density and to +/- 3% of optimum moisture content (per ASTM 1557). Due the critical
nature of the fill placement for the slopes and the subgrade fill placement for the subgrade, the
DRC judges that all the fill placed needs to be compacted in lifts no greater than 8-inches, to 90%
of maximum density and to +/- 3% of optimum moisture content (per ASTM 1557). Please revise
the specifications accordingly. Note that the compaction requirements cited in Section 3.3.4 of
the design report are inconsistent with the Technical Specifications that call for 8-inch lifts and +/-
3% of optimum moisture. Please resolve this contradictory information.

Compaction requirements have been revised to reflect soil should be placed in either a “12-inch
loose lift” or “a loose lift that results in a compacted lift thickness no greater than 8-inches,” with a
relative compaction of 90% and a moisture content /- 3% of optimum moisture content as
determined by ASTM D 1557.

8. Cell 4B Aqgaregates Backfill and Compatibility of Materials - The Design Report states
that the pH range for the tailings is between 1 and 2. The Design Report also states that the
aggregate backfill materials and sand (in sand bags) shall have a carbonate content loss of no
more than 10 percent by weight based on UDOT standard specifications. Please provide the
basis for determining the requirement of the aggregate and sand. Demonstrate how much the
specified aggregate and sand will deteriorate under a pH of 1 to 2 over the design life of Cell 4B,
including the change in permeability of the aggregate and sand with time and how the change in
permeability will affect the drainage of liquids in the slimes drain (both the header and strip
drains) with time; and how the head on the primary liner and secondary liner is affected over time
due to the change in aggregate and sand permeability.

Aggregate and sand requirements were selected based on their use in Cell 4A for an identical
slimes drain system design. The UDEQ previously approved the use of these materials in the
design approval letter for Cell 4A issued on 25 June 2007.
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Carbonate loss from the aggregate material is expected to have negligible effect on the slimes
drain system because the lost carbonate will dissolve into solution instead of clogging pore space
in the aggregate or sand. Even though clogging of the slimes drain aggregate is not anticipated,
the calculation to compute the amount of time needed to drain liquids from Cell 4B after it is filled
with water and tailings (Slimes Drain Calculation) includes multiple built-in safety factors
attributed to chemical clogging, installation defects, and creep.

On Construction Drawing 6, Section 1/6, the side slope riser system for liquid removal from slimes
drain and leak detection includes aggregate bedding. Demonstrate how the slope stability (i.e.,
resistance to sliding) of the aggregate is affected by the low pH environment. This is of particular
concern if the risers and bedding are placed on a 2H:1V slope.

Construction Drawings have been revised to reflect the southeast corner of the cell containing the
sideslope riser pipes shall be graded at a 3:1 slope (Exhibit H). In the case that the aggregate
bedding reduces in volume due to carbonate loss, settlement of the pipe within the aggregate
layer would occur very slowly over a long period of time, and will not affect the stability of the side
slope riser system. The weight of the tailings deposited over the pipe will also weight the pipe to
the sideslope, preventing sliding or other movement.

9. GCL, Primary Liner, Secondary Liner, and Leak Detection System

Refer to the Design Report: Please indicate and justify in the Design Report (Section 3.4.3)
that the leak detection system has been designed to be compliant with the following performance
standards (the same as or equivalent to those that were also specified Part 1.D.6. of the
Groundwater Discharge Permit) for Cell 4A, which at a minimum, included):
a. ‘“Leak Detection System (LDS) Maximum Allowable Daily Head — the fluid head in
the LDS shall not exceed 1 foot above the lowest point in the lower membrane liner.
b. LDS Maximum Allowable Daily Leak Rate — shall not exceed some specified number
of gallons/day.” [value used here should equal to the maximum flow rate to the Cell
4B sump as determined in the final (approved) Action Leakage Rate calculation for
Cell 4A, e.g. £ 24,160 gal/day]

Part a. The Action Leakage Rate (ALR) calculation shows that the maximum head on the
secondary liner does not exceed 0.15 mm, which is much less than the required 12 inch (1 foot)
maximum. This information is already stated in the second paragraph of Section 3.4.3 of the
design report.

Part b. As noted by URS in the interrogatory question, the ALR computed for Cell 4B is different
from the ALR computed for Cell 4A. An identical design approach and safety factors were used
in the calculation for Cell 4A and Cell 4B. However, because the cells have different dimensions,
the ALR is not the same for both cells.

Refer to the Design Calculation: Comparison of Flow through a Compacted Clay Liner
(CCL) and Geosynthetic Clay Liner (GCL). In the definition of input variables for equation (4),
tcL is 200 mils. Subsequent value for t ¢, is corrected to 300 mils, but in actual calculations 200
mils is used. Please clarify what is the correct value for t . and how does the head and flow rate
for the GCL change; and how does the change in head and flow rate compare with a compacted
clay liner?

The correct value of the leak detection system (geonet) thickness, t. ¢, is 300 mils and the
supporting calculation has been edited to reflect this inconsistency in the analysis. A revised
version of this calculation is provided to UDEQ as the attached Revised Comparison of Flow
Through Compacted Clay Liner and Geosynthetic Clay Liner Calculation Package (Exhibit D).
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The increase of geonet thickness from 200 to 300 mil did not change the previously calculated
amount of liquid head on the secondary geomembrane. The revised calculations show that the
amount of flow through the secondary liner system with a CCL is 4.74 times greater than the flow
through the secondary liner system with GCL for a liquid head of 0.20 inches.

Refer to the Design Report, Construction Quality Assurance Plan, and the Design
Calculation: Action Leakage Rate. Please demonstrate that a low factor of safety of 1.1 for
flow in the geonet is acceptable, since long-term degradation of the installed geonet’s flow
capacity (e.g., through gradual partial degradation of the geonet core as a result of long-term
exposure to the acidic solutions contained in the cell) could significantly lower this factor of safety,
thus resulting in a higher head on the secondary liner. Also, the possibility exists that the geonet
might become damaged during/following installation or the installation methods otherwise result a
reduced geonet capacity. Possible means whereby the geonet might become damaged during or
following installation or the installation methods otherwise result a reduced geonet capacity are
described below. Please revise Section 13 (Geonet) of the Construction Quality Assurance
Plan to include measures to minimize/preclude damage to the geonet so as to minimize the
potential for reduced geonet function occurring as a result of geonet and primary liner installation
activities.

The overall factor of safety equal to 1.1 for flow in the geonet is acceptable because it has
multiple built-in factors of safety to the calculation. These safety factors account for the geonet’s
reduced flow capacity due to intrusion, biological clogging, chemical clogging, and creep,
resulting in an overall factor of safety of 3.1. The measures and precautions outlined in Section
13, “Geonet” of the CQA Plan are specified to ensure minimal installation damage and defects.
Furthermore, the geonet is comprised of a high density polyethylene polymer, which is resistant
to acidic environments.

Refer to the Design Report and the Cell 4B Technical Specifications: Please revise the
Design Report and the technical specifications as needed to include a description of the
measures that need to be taken during installation to ensure the GCL is properly hydrated prior to
covering it with geomembrane material.

To evaluate the performance of the GCL, an analysis of the anticipated flow through the GCL with time
will be discussed. The hydraulic conductivity data presented herein was submitted to the UDEQ in a
letter report, dated 31 August 2007, presenting the results of a Geosyntec study of hydrated GCL used
in the Cell 4A liner system. Based on results of the field and laboratory study, the UDEQ approved the
hydration of the GCL to 50% moisture content.

Since the construction and final acceptance of Cell 4A by the UDEQ, Denison has performed additional
GCL hydraulic conductivity testing with a high pH solution. Results from the permeability testing are
presented in Exhibit J. The high pH solution was created in the laboratory, as was done for the testing
performed previously for Cell 4A. The laboratory has used this solution to perform permeability tests on
the GCL at a 17% moisture content. Results from this laboratory study demonstrate GCL with a 17%
moisture content have a lower permeability than GCL samples hydrated to 50%.

A permeant time of travel analysis using the permeability data obtained from laboratory permeability
testing is presented below.

For this analysis, the following equation will be used:

Q =kiA (Equation 1)
Where:
Q = flow through the GCL (cm3/sec)
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k = permeability of the GCL, from test data (cm/sec)
i = hydraulic gradient
A=area (cmz), use 1

Based on the Action Leakage Rate calculation package provided in the Cell 4B Design Report,
the quantity of liquids passing through the primary geomembrane into the leak detection system
will result in a very small head (0.17 mm) on the secondary geomembrane. Conservatively
assuming that the secondary geomembrane is non-existent and the liquid cannot drain laterally,
the small head would act to drive the liquid vertically down into the GCL. Therefore, the head on
the GCL will be 0.017 cm.

Given a thickness of the GCL as 0.3 inches, or 0.76 cm, the hydraulic gradient can be estimated
as follows:

i=0.017cm/0.76 cm = 0.022

Placing the hydraulic gradient, area, and the permeability into Equation 1, results in a flow rate.
Permeability of the GCL was measured after permeation of 0.25, 0.50, 0.75, 1, 1.5, and 2.0 pore
volumes of tailings solution. After permeation of 0.25 pore volumes through the GCL at a
moisture content of 17%, the resulting permeability of approximately 1.0 x 10® cm/sec can be
inserted into the equation, resulting in the following:

Q = (1.0 x 10® cm/sec) x (0.022) x (1 cm?) = 2.2 x 10™*° cm?¥sec = 6.94 x 10° cm®/year

Based on a typical GCL thickness of 0.76 cm and a porosity of 0.70, ¥ pore volume per square
centimeter can be estimated as follows:

Pore volume = 0.25 x 0.76 cm x 1 cm® x 0.70 = 0.13 cm®

The time for % of a pore volume of pH 1 liquid to permeate through the GCL hydrated to a
moisture content of 17% can be estimated as follows:

T=V,/Q
T=0.13cm’/6.94 x 10°cm®year = 19 years

This calculation is repeated in incremental steps for the permeation of 0.5, 0.75, 1.0, 1.5, and 2.0
pore volumes and is illustrated in the spreadsheet presented in Exhibit J. The calculation of the
time required to pass fractions of a pore volume is repeated for each increment and the number
of years required for each permeation event are summed. Based on the boundary conditions and
test data presented above, the permeant would require approximately 270 years to permeate 2
pore volumes of pH 1 liquid through the GCL at a moisture content of 17%.

Based on results of the above analysis using a GCL at a 17% moisture content, we have
concluded that the amount of time required for 2 pore volume of liquid to pass through the GCL is
greater than the design life required to meet Best Available Technology (BAT) requirements. The
laboratory test results demonstrated that a GCL with a moisture content of 17% will have a lower
permeability than a GCL with a moisture content of 50%. Therefore, GCL with a moisture content
17% or greater is sufficient for use in this project. Based on Geosyntec’s experience with GCL
material and manufacturer data (CETCO, 2008), the as-received moisture content of a GCL is
typically greater than 17% and will be acceptable for deployment without additional hydration.
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10. Radiation Survey to Demonstrate Acceptable Subgrade Conditions Prior to Liner System
Construction

Please provide an evaluation that demonstrates that the existing soil subgrade has radiation and
contamination levels that are acceptable. One possible scenario to minimize contamination and
meet Best Available Technology (BAT) requirements is to base the design of the liner system for
Cell 4B on a clean and stable subgrade, i.e., one with background soil levels. Therefore,
demonstration of the absence of wind-blown contamination from other nearby sources of uranium
tailings at the proposed Cell 4B site is important before construction begins. Another scenario is
to demonstrate that the levels of any soil contamination left under the new liner design will have
no adverse impact on local groundwater quality or the environment. In either case, the applicant
needs to demonstrate and justify that any soil concentration level proposed as a cleanup
standard has both technical and regulatory justification. Consequently, it is imperative that this
evaluation be submitted to the DRC and is approved prior to issuance of the Construction Permit.
Also, if the implementation of the plan results in modifications to the proposed subgrade and liner
system, the respective modifications will need to be submitted to the DRC for review and
concurrence prior to liner construction.

The area proposed for the construction of Cell 4B has not been previously used as a radioactive
material storage location. No impacts to the soil below the existing ground surface of the area
are anticipated. The Cell 4B area is generally up wind of the existing tailings cells and has
exhibited no impact from windblown tailings. A recent survey of the Cell 4B area indicates no
areas of radiological contamination. It is highly unlikely that any windblown material, if present,
could migrate through 20+ feet of undisturbed soil and rock, and cause contamination of the base
of the liner system. No cleanup or justification of residual contamination of the liner subgrade is
warranted.

If you have any additional questions please feel free to contact me at (303) 389-4160.

Yours very truly,

DENISON MINES (USA) CORP.

/@f Sy

Harold R. Roberts
Executive Vice President — U. S. Operations

cc: Ron F. Hochstein, DMC
Gregory T. Corcoran, Geosyntec

Attached:
Exhibit A — Slope Stability Analysis Calculation Package
Exhibit B — Seismic Deformation Analysis Calculation Package
Exhibit C — Revised Pipe Strength Analysis Calculation Package
Exhibit D — Revised Comparison of Flow Through Compacted Clay Liner and Geosynthetic
Clay Liner Calculation Package
Exhibit E — Revised Action Leakage Rate Calculation Package
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Exhibit F — Revised Technical Specifications

Exhibit G — Revised Construction Quality Assurance (CQA) Plan
Exhibit H — Revised Construction Drawings

Exhibit | — Revised Cell 4B Design Report

Exhibit J — GCL Permeability Test Results and Calculations
Figure 1 — Mill Site Drainage Basins

References:

CETCO, 2008. Technical data available from website at www.cetco.com
GeoStudio 2004. SLOPE/W, version 6.22. Computer Modeling Software.

Uni-Bell PVC Pipe Association, (1997), “UNI-TR-5-97 — The Effects of Ultraviolet Aging on PVC

Pipe.”

DENISOND
MINES

18



EXHIBIT A

SLOPE STABILITY
ANALYSIS CALCULATION
PACKAGE



Geosyntec®

consultants
COMPUTATION COVER SHEET
Project/
Client: DMC Project: ~ White Mesa Mill — Cell 4B Proposal No.:  SC0349
Task No. 02

Title of Computations ST OPE STABILITY ANALYSIS

Computations by: Signature r‘/{/ /Ll_ /]%A_, O:f-/ 0l !OY

Printed Name M/eg an Lithgp'@\ Date'
Title Staff Engineer,/

Assumptions and  Signature = 7 / rd /05
Emcd”rcs Checked “PpriniedName~ Steven Fitzwilliam, P.E. Date”
Y- . =
(peer reviewer) Title Associate
Computations Signature i i / 2 /@g
Checked by: : i1 ’
el Printed téven Fitzwilliam, P.E. Date
Title Associate
) . .
bCOrEP}l:ta:('ogsb Signature T Y , /l%\_—) m! ol I 0f
ackchecked by: Printed Nams ) Date | !
(originator) rintedName ~ Meghan Lithgow/ ™~ e
Title taff Engineer u
Approved F’)’: Signature : 7/ 28) 4 8
(ErirgEdssigmals) Printed Name / (Sregory Corcoran, P.E. Date

Title (_/Principal Engineer

Approval notes:

Revisions (number and initial all revisions)

No. Sheet Date By Checked by Approval

SC0349.Stability4B.200800702.d.doc



Geosyntec®

consultants
Page 2 of 7
Written by: M. Lithgow Date:  07/62/08 Reviewed by: S, Fitzwilliam Date:  07/08/08
Client: DMC Project: White Mesa Mill- Project/  SCO0349 Task 02
Cell 4B Proposal No.: No.:

SLOPE STABILITY ANALYSES
WHITE MESA MILL, CELL 4B
BLANDING, UTAH

OBJECTIVE

This calculation includes static and seismic slope stability analyses for the final earthen
berms and interim waste/tailings slopes associated with operation of Cell 4B at the White
Mesa Mill facility located in Blanding, Utah.

The purpose of the stability analyses is to evaluate final slope stability and operational
conditions required to maintain a minimum factor of safety of approximately 1.5 for final
berm slope conditions, 1.3 for interim and temporary slope conditions, and 1.1 for
seismically-loaded slope conditions based on the proposed design of the cell and its liner
system,

METHODOLOGY

Two-dimensional static slope stability analyses were performed using the computer
program SLOPE/W 2004 (Version 6.17) developed by Geo-Slope International Ltd.
(2004). The results of the slope stability analyses are based on Spencer’s Method of
Slices for moment and force equilibrium by assuming a constant interslice shear force
function. The analyzed slopes were kinematically modeled using either circular or
linear/circular sliding surfaces.

For each condition analyzed, the program will search for the sliding surface that produces
the lowest factor of safety. Factors of safety are defined as the ratio of the shear
forces/moments resisting movement along a sliding surface to the forces/moments
driving the instability.

Cross sections were selected on each of the four (4) perimeter berms to represent the
critical slope conditions on each slope. The location of each cross section within Cell 4B
is shown on Figure 1. The first cross section, Section A-A’, is a west-east cross section
that spans Cells 4A and 4B, with berm slopes inclined at approximately 2:1
(Horizontal:Vertical) and a base grade sloping southeast at approximately 1 percent.
Section B-B’ is a north-south cross section through the highest portion of the southern
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embankment of Cell 4B with berm slopes inclinded approximately 2:1 on the inside of
Cell 4B and 3:1 outside of the cell. Section B-B’ depicts the conditions with the cell full
of tailings, and the analysis was performed for the embankment slope outside of Cell 4B.
Section C-C’ is also a north-south section through the northern embankment that spans
Cells 3 and 4B. The slope within Cell 4B will be steepened from an inclination of
approximately 3:1 to an inclination of approximately 2:1. The embankment slope within
Cell 3 is inclined at an inclination of approximately 3:1. Section D-D’ is an east-west
cross section through the western embankment slope. Section D-D’ will be a cut slope
into the native soil and bedrock at an inclination of approximately 2:1. Section D-D’ will
have a surcharge load from the stockpile at the top of the slope. The surcharge load will
be set back from the top of the slope at least 20 feet to allow for access along the top of
the western slope. The stockpile has been modeled as a 20-foot high embankment with a
slope inclination of 2:1.

Sections A-A’, B-B’, C-C’, and D-D’ were modeled for four conditions. These four
conditions included static analyses for the final as-built condition for embankments for
Cell 4B, pseudo-static evaluation of the seismic loading conditions, evaluation of the
yield acceleration, and interim construction loading.

Pseudo-static evaluations for slope stability were performed for a seismic acceleration of
0.1g in accordance with the Cell 4 Design Report (UMETCO, 1988) as referenced by
MFG, Inc. in a letter to International Uranium Corporation (presently Denison Mines)
dated 27 November 2006.

A phreatic surface was assumed for Sections A-A’, B-B’, and C-C’ within the
embankment berm, the liner system, and in the tailings. Through the embankment for
Sections A-A’ and C-C’ the phreatic surface extends from the top of the contact with the
tailings within Cells 3 and 4A to the toe of the slope inside of Cell 4B. For Section B-B’
the phreatic surface extends from the top of the contact with the tailings within Cell 4B
(assumed filled) to the toe of the outside slope of the southern embankment of Cell 4B.
This condition was considered as the conservative case, which would occur if the double
liner system within the cells failed, which is not anticipated.

Interim loading was considered for the four cross sections from construction and

maintenance vehicle traffic on the access roads and haul roads on top of the embankment
berms. A conservative AASHTO H 20 loading was assumed for the interim construction
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and maintenance vehicle loading. The 16 kip load (32 kips on the back axle with half the
load applied at each side of the axle) was applied 2 feet and 12 feet from the top of the
slope.

One final cross section was modeled that showed Cell 4A filled with tailings and Cell 4B
partially filled during interim filling conditions. This cross-section was modeled to show
interim-conditions to determine the steepest slope at which the tailings could be placed.

Cell 4B will be construct.ed with the following liner system on both the bottom area and
side slopes:

¢ Slimes Drain System (Cell bottom only);

» 60 mil smooth HDPE geomembrane (Primary Liner);

e (eonet Drainage Layer (Leak Detection System);

¢ 60 mil smooth HDPE geomembrane;

¢ Geosynthetic Clay Liner (GCL); and } (Composite Secondary Liner)
s Prepared Subgrade.

During operations, tailings/waste deposits are expected to be pumped into the cell below
the water surface where the tailings will settle out creating a gradual build-up of solids
along the base of the cell. The tailings will be pumped into the cell from north to south,
beginning at the splash pad locations located along the northern slope of the cell. Based
on a review of existing operations in the existing cells at the facility, we have assumed
the pond will be filled to approximately one-half of full height with liquids
(approximately 20 feet) and that tailings may extend up to approximately 5 feet above
water levels in the cell. In the modeling for the interim tailings evaluation, the phreatic
surface (water surface) is assumed to apply to only the waste and liner materials, since
the composite liner system minimizes infiltration of liquids into the underlying
subgrade/foundation.

MATERIAL PARAMETERS
Based on site specific direct shear testing of the liner system components for Cell 4A, the

interface shear strength between the geonet and smooth geomembrane is approximately
11 degrees (Attachment A).
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Based on existing operations at the site, tailings/waste deposits are anticipated to be
primarily fine sands with silt and some clay (Attachment B). We have conservatively
estimated a total unit weight of 125 pounds per cubic foot (pef) for this material based on
Table 6 from the Naval Design Manual for Soil Mechanics DM7-01, (Attachment C).
The value selected is based on the minimum wet weight (under loose placement to
simulate the tailings settling underwater) for a similar type of material. Based on
Figure 3.7 (Attachment D) for a 0% relative density silty sand, a friction angle of 26
degrees could be expected. We have conservatively estimated a friction angle of 25
degrees, with no cohesion, for these materials.

Geosyntec reviewed previous geotechnical investigation for the site performed by others,
including a memorandum from MFG, Inc. (MFG) dated 7 June 2006 and a follow-up
letter dated 13 July 2006 (Attachments E and F). MFGs follow-up letter described their
geotechnical investigation at the site, which included an exploratory boring through the
existing berm between Cell 4A and 4B and a triaxial compression test on the recovered
soil samples, Based on our geotechnical investigation and our review of the existing
data, we have selected material properties for the fill material in the berm consistent with
the properties used by MFG in their previous slope stability analyses for the embankment
between Cell 4A and 4B (Unit Weight = 137 pcf, phi = 26, cohesion = 900 psf). As the
embankment fill material will be derived from the on-site soil, similar to the embankment
between Cell 4A and 4B, the same berm material properties were used for the
embankment fills.

Construction loading was modeled using AASHTO H 20 loading for each cross section
to model construction traffic (Attachment G).

The existing soil to be left in place for the cut slopes has been assumed to be similar to
the eolian/loess materials encountered in the seven geotechnical borings performed as
part of the Geosyntec geotechnical investigation for the project. As such, soil properties
based on laboratory testing were selected for the eolian/loess materials (Unit Weight =
135 pet, phi = 24, cohesion = 1,000 psf) (Attachment H).

Due to the low interface strength of the liner system, failures are not anticipated to extend
beneath the liner system into the foundation (Dakota Sandstone). As such, the foundation
system has been modeled as bedrock within the slope stability program
(i.e., impenetrable) to allow slip surfaces within the liner system.
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The soil material to make up the 20-foot high stockpile will be derived from the same
material as that used to make up the fill for the embankment berms, As the required
compaction for the stockpile will be less than that of the embankment berms, soil
properties for the stockpile have been reduced from those for the embankment berms.
The selected material properties for the stockpile are Unit Weight = 130 pef, phi = 26,
cohesion = 200 psf.

SLOPE STABILITY RESULTS/RECOMMENDATIONS

As discussed above, four cross-sections were analyzed which represent critical conditions
for Cell 4B.

Numerous potential failure surfaces were performed to evaluate various slip surface
geometries and to identify the critical slip surface for each cross-section and conditions.
The results of the slope stability analyses for Cross Sections A-A’, B-B*, C-C’, and D-D’,
and the interim tailings slope are presented in the Table 1.

The slope stability analyses results are presented as Figures 2 through 18.

For the cross sections evaluated to assess the yield acceleration of the slope, the critical
failure surface tends to recede from the slope face with respect to the static analyses for
the cross section. For these conditions the computer program was allowed to search for
the critical failure surface with the lowest factor of safety provided that the base of the
failure surface remained within the berm. If allowed to search for the critical failure
surface with the absolute lowest factor of safety for the cross sections analyzed, the
critical failure surface would extend down onto the liner of the adjacent cell. As this is
not a kinematically feasible condition for the cross sections analyzed in these analyses,
the base of the critical failure surface was fixed to remain within the berm to evaluate the
yield acceleration of the slopes.

These results indicate the minimum factor of safety of 1.3 is met during and after filling

operations. We recommend that operations at the site limit the tailings/waste deposits
slope to inclinations of 7H:1V or flatter.
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POINT TABLE
POINT # NORTHING EASTING ELEVATION
100 319447.2859 | 2577164.8929 5558
101 319507.2322 | 2576844.3805 5560
102 319567.1785 | 2576523.8681 5562
103 319627.1248 | 2576203.3557 5564
104 319797.6436 | 2576097.6307 5566
105 320023.8073 | 2576099.9958 5568
106 320249.0377 | 2576100.5478 5570
107 A I2Q472.54 2E8IBOTAIATH, 5572
108 /| 320855.2585 |" 2576098.0345 5574
109 \ | 320711.5023 | 2576192.6462 5574
110 2766547732 _| : 5572
11 320588.0182 | 2576759.0177 5570
112 320520.2894 | 2577064.4125 5568
13 320453.5570 | 2577371.7429 5566
14 320384.0551 | 2577673.6935 5564
15 320127.7348 | 2577612.7493 5562
1186 319848.5293 | 2577507.3503 5560
117 319569.1802 | 2577401.6727 5558
118 319361.7901 | 2577396.4633 5598
119 319337.6725 | 2577316.9812 5598
120 319302.0250 | 2577421.5901 5598
121 319220.3604 | 2577371.2400 5568
122 319271.8283 | 2577146.1490 5570
123 310324.7464 | 2576944,2404 5574
124 319371.2425 | 2576774.2086 5578
125 319390.5815 | 2576647.8346 5576
126 319419.15561 | 2576536.3841 5578
127 319450.7637 | 2576440.2498 5582
128 319482.9638 | 2576341.1792 5586
129 319505.2211 | 2576261.0810 5588
130 319541.3069 | 2576142.7230 5592
131 319572.6925 | 2576128.7102 5598
132 310602.9949 | 2576055.3321 5596
133 319709.7865 | 2576028.4338 5598
134 319811.6839 | 2576031.0071 5600
135 319957.9848 | 2576030.0557 5602
136 320449.2087 | 2577774.1998 5608
137 320409.2490 | 2577796.0277 5608
138 320214.1456 | 2577737.3159 5506
139 320020.3153 | 2577662.5848 5604
140 319828.0217 | 2577589.1862 5602
141 3195621406 | 2577487.9916 5600
142 319419.5433 | 2577436.4654 5598
143 319542.8711 | 25774B1.2798 5600
144 319538.3476 | 2577494.0228 5600
145 319503.5037 | 2577496.5228 5596.3
146 319515.3611 | 2577463.1200 5596
147 319490.7627 | 2577454.7052 5596
148 319479.1526 | 2577487.4112 5596.3
149 319453.9250 | 2577462.8219 5600
150 319457.5650 | 2577452.5678 5600
M 100" WIDE TEXTURED
BRANE SPLASH P
100 50 Q 100 200

SCALE IN FEET
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(1) Safety factor no less than 1.5 for permanent or sustained $€
loading conditions.

(2) For foundations of structures, a safety factor no less than 2.0
is desirable to limit critical movements at foundation edge. See DM-7.2,
Chapter 4 for detailed requirements for safety factors in bearing capacity
analysis.

(3) For temporary loading conditions or where stability reaches a
minimum during construction, safety factors may be reduced to 1.3 or 1.25 if
controls are maintained on load application. %ET

(4) For transient loads, such as earthquake, safety factors as low
as 1.2 or 1.15 may be tolerated.

6. EARTHQUAKE LOADING. Earthquake effects can be introduced into the
analysis by assigning a disturbing force on the sliding mass equal to kW
where W is the weight of the sliding mass and k is the seismic coefficient.
For the analyses of stability shown in Figure 9a, k+s,W is assumed to act
parallel to the slope and through the center of mass of the sliding mass.
Thus, for a factor of safety of 1.0:

Wb + k+s,Wh = FR
The factor of safety under an earthquake loading then becomes
FR
F+Se,= ))))))))
Wb + k+s,Wh

To determine the critical value of the seismic efficient (k+cs,) which
will reduce a given factor of safety for a stable static condition (F+So,)

to a factor of safety of 1.0 with an earthquake loading (F+Se, = 1.0), use
b
k+cs, = ) (F+S0, - 1) = (F+So, -1) sin [theta]
h

If the seismic force is in the horizontal direction and denoting such
force as k+ch, W, then k+ch, = (F+So,-1) tan([theta].

For granular, free-draining material with plane sliding surface (Figure
9b): F+So, = tan[phi]/tan[theta], and k+cs, = (F+So, -1l)sin[theta].

Based on several numerical experiments reported in Reference 7, Critical
Acceleration Versus Static Factor of Safety in Stability Analysis of Earth
Dams and Embankments, by Sarma and Bhave, k+ch, may be conservatively
represented as k+ch, [approximately] (F+So, -1)0.25.

The downslope movement U may be conservatively predicted based on
Reference 8, Effect of Earthquakes on Dams and Embankments, by Newmark as:

V.2- A
U = 2))))))))) [(multiplied by] )))))
29 k+cs, k+cs,

NAVEAC DM 7.0 (age)

T1=329
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consulfing

soientists and

angineers TECHNICAL MEMORANDUM

To: JoAnn Tischler, TetraTech EMI, Denver MFG PROJECT: 181413X
FROM: Tom Chapel
DATE: June 7, 2006

SUBJECT: White Mesa Stability Analysis

This memorandum presents details and results of slope stability analyses performed for an earthen
embankment at the White Mesa Project near Blanding, Utah. The embankment was designed in
approximately 1988 by Umetco Minerals Corporation, with details described in a report titled “Cell 4
Design, Tailings Management System, White Mesa Project, Blanding, Utak”. The text of that report,
excluding appendices was provided for our review, as were Sheet C4-1 and Sheet C4-2, plans prepared by
Western Engineers, Inc, and dated January 17, 1989. Sheet C4-1 shows the location of Cell 4 and other
facilities; and Sheet C4-2 shows cross sections at specified locations. The locations and configuration of
the section used in our analyses are described later in this memorandum. In addition to the design report
and plan sheets, we received a packet titled Dike Construction, Soil Properties, and one titled Dike
Construction, Compaction Test. These documents are copies of laboratory and field tests characterizing
the site soils from tests performed during design and construction of the embankment.

We understand the International Uranium (JUSA) Corporation is considering using Cell 4 to impound
water and tailings. As part of the permitting process, [USA has been requested to evaluate the stability of
the 2h:1v embankment slope that was constructed on the Cell 4-A side of an embankment constructed
between Cells 4-A and 4-B. Tetra Tech has evaluated the stability of the 2h:1v embankment slope. Our
methodology, results, conclusions, and opinions are presented in the following paragraphs.

The design report indicates Cefl 4-A and Cell 4-B are adjacent cells of a tailing impoundment, each
approximately 1150 acre feet with final surface areas of 40 acres each. The tailings will be impounded on
the upstream side of a homogenous earth dike. The embankment that is the subject of our investigation is
a homogenous earthen embankment constructed between Cell 4-A and Cell 4-B. The general site layout
and location are shown on Figure 1.

Several geotechnical investigations were conducted at the site between 1978 and 1981 and results are
described in the design report. The embankment was constructed of on-site soils classified as CL and/or
ML according to the Unified Soif Classification method (USCS). In the vicinity of Cell 4, bedrock is
reported to be sandstone of the Dakota Formation that was encountered at depths of 3.5 to 13 feet. The
bedrock is described as including discontinuous lenses of claystone and siltstone. Groundwater was
found at depths of 70 and 110 feet below the ground surface in the vicinity of Cell 4.

According to the design report, the embankment base was prepared by removing topsoil, then compacting
and proof-rolling the base to identify soft areas, which were removed and replaced with suitable soils.

MPFQG, fnc.
3801 Automation Way, Suite 100
Fort Collins, Colorado 80525
Telephone (970) 223-9600 / FAX (970) 223-7171

7




The embankment was constructed using 12 inch loose layers compacted and tested. Test results provided
to us support the methods described in the design report.

The design report included a slope stability analysis performed on the Cell 4-B side of the separating
embankment using a STABR computer model, the Ordinary Method of slices, and Bishops modified
Method of analysis. That analysis indicated a minimum factor of safety of 1.5 for a 25 foot high
embankment and a 3h:lv slope, assuming a saturated, steady state condition in which water was
impounded to a level 2 feet below the crest of the embankment. The section was also analyzed using a
0.1g lateral load and a minimum factor of safety of 1.1 was calculated.

Tetra Tech modeled the slope using Cell 4 cross section D-D* shown on Sheet C4-2. We assumed a
maximum crest elevation of 5608 feet, a crest width of 18 feet, a side slope of 2h:1v on the Cell 4-A side
of the embankment, and a side slope of 3h:1v on the Cell 4-B side of the embankment. This resulted in a
maximum embankment height of 46 feet, including 28 feet of man-placed, fine, silty sand fill over seven
feet of natural silty sand, over sandstone bedrock. Where the excavation penetrated the bedrock we
assumed a one foot thick layer was processed to a sand soil condition and recompacted in place. TUSA
indicated a minimum 3 foot freeboard will be maintained. The soil parameters used in our analysis were
taken from Figure 3.4-1 of the design report, and are shown in Table 1 below:

Table 1. Soil Properties

Unit Description Phi (degrees) | Cohesion, c (psf) | 1Ot '&‘;‘;‘f}w"‘g’“
1 water 0 0 62.4
2 Compacted fine, silty sand 30 0 123
3 Natural silty sand 28 0 120
4 bedrock - - -

We evaluated the embankment stability with Slope/W software by Geoslope International, using Spencers
method, Bishops modified method, and the Ordinary method of slices. We evaluated a steady state
condition under static conditions and using 2 0.1g seismic loading. IUSA requested we model the slope
in a submerged condition assuming a no-strength fluid (water) as one alternative; and in a submerged
condition with an impermeable synthetic liner/barrier as a second alternative. We understand that rapid
draw down conditions are not applicable for this application. Figures 2 and 3 show the slope conditions
and minimum factors of safety for the static and seismic conditions and the steady state, saturated
condition. Figures 4 and 5 show the slope conditions and minimum factors of safety for static and
seismic conditions assuming an impenetrable barrier between the water and the soil. Minimum safety
factors are summarized in Table 2, below:




Table 2. Minimum Factors of Safety

Figure Condition Calculated Né;n;gyum Factor of
2 Unlined alternative, static, steady state 1.42
3 Unlined Alternative, 0.1g seismic 0.93
4 Lined Alternative, static 1.88
5 Lined Alternative, 0.1g seismic 1.37

The Slope/W software includes a feature called “safety mapping” which plots variable numbers of slip
surfaces in addition to the critical failure surface. These radii can be seen in Figures 2 and 3 and show
primary failure planes are generally more deep seated, but the slope has a much higher factor of safety
against the larger failure planes. A similar plot is included in Figures 4 and 5, however the slip surfaces
(including the critical radius) are very small and occur near the crest of the embankment.

The results of our analysis indicate the minimum factors of safety for the unlined alternative are lower
than recommended standards. A factor of safety of 1.0 indicates an unstable condition. However, these
scenarios assumed an unlined saturated, condition and are therefore not representative of the planned
construction. We understand the planned construction is with double synthetic liners with a drain
medium and solution recovery system between the liners. The unlined alternative is not a valid analysis if
the Cell is completed according to the reported plans. The lined alternative had minimum safety factors
greater than commonly accepted standards for both the static and seismic conditions. The impoundment
should not be used in an unlined condition unless additional analyses are performed that indicate
acceptable performance, but if the construction is completed as described then the dike between Cell 4-A
and 4-B with the side slope of 2h:1v meets or exceeds recommended standards for stability and safety
factors.

We assumed that as-constructed soil conditions are as indicated in the design report and according to data
from tests performed during the actual construction, and significant changes have not occurred since the
time of construction. These analyses and results should be considered valid only for the conditions
described herein.

We understand the soil/liner stability issues will be addressed by others. If you have any questions
regarding our analysjs or thifjmemorandum, please contact the undersigned.

i

{

Thomas A, Chapel, CPG, PE

MFG, Inc.
3801 Automation Way, Suite 100
Fort Collins, Colorado 80525

Telephone (970) 223-9600 7 FAX (970 223-7171
P8I _white mesasmento-lechrical 08-07-06 draft3.doc
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. l MFG, Inc.

iy A TETRA TECH COMPANY

E F= ﬁ Fort Colhins Office
- - 3801 Automation Way, Suite 100

Fort Collins, CO 80525

970.223.9600
consulting )70.223.960(

Fax: 970.223.7171
scientists and

engineers

July 13,2006

Tetra Tech EM, Inc.
950 17th Street, 22nd Floor MFG Project No. 181413x
Denver, Colorado 80202

Attn: Ms. JoAnn Tischler
Draft
Subject: Soil Property Verification and

Slope Stability Analyses

Earthen Embankment between Cells 4A and 4B,
IUC White Mesa Project

Blanding, Utah

Tetra Tech MFG prepared a technical memorandum dated June 7, 2006, and a letter dated June 9, 2006
describing slope stability analyses, assumptions, and recommendations for verification of soil properties
for an earthen embankment at the International Uranium (USA) Corporation, White Mesa Project near
Blanding, Utah.

On June 15, 2006, Tetra Tech drilled an exploratory boring in the embankment between Cell 4A and
Cell 4B at the approximate location shown on Figure 1 (attached). Descriptions of soils encountered in
the boring are shown on the Borehole log (also attached). The boring was drilled to a depth of 30 feet
and sampled at 5 foot intervals using a 2 inch diameter California sampler driven into the soil by a 140
pound weight dropped 30 inches (a Standard Penetration Test, SPT). Samples were examined by a
geotechnical engineer in our soils laboratory. Samples were selected and tested for moisture and density
and Atterberg Limits to determine their classification and similarity to properties identified in previous
geotechnical reports for the project. A triaxial test was performed to compare the angle of internal
friction and cohesion of the in-place soil with the values determined by the original designers in 1981,

The moisture and density of the samples tested are shown in Table 1 below:

ATTdcHmenT E (1/7)



White Mesa Stability Analyses-Draft
7/2/2008
Page 2

Table 1. Soil Properties

Depth Description Wet Density (pef) | Dry Density (pef) MO'Stu(l;;); antet
10 Silty sand 136.3 125.0 9.2
20 Silty sand 140.5 126.3 11.3
25 Silty sand 134.7 122.6 9.9
- Average 137.2 124.6 10.1

Atterberg limits tests indicate a liquid limit of 25, and a Plasticity Index of 13, with 50 percent silt and
clay sized particles (passing the number 200 sieve). Triaxial testing indicated an effective angle of
internal friction of 26.5 degrees and a drained cohesion of 957.5 psf.

These test results indicate although the samples were visually classified as silty sand, laboratory tests
indicate the embankment soils tested are a very sandy clay rather than sand and silty sand as reported by
others and assumed in our initial analysis.

We performed additional slope stability analyses using the following soil properties: an average moist
unit weight of 137 pcf, an angle of internal friction of 26 degrees, and an effective cohesion of 900 psf.
We calculated the minimum factors of safety shown in Table 2.

Table 2. Revised Minimum Factors of Safety

- Calculated Minimum Factor of
Condition
Safety
Unlined alternative, static, steady state 2.45
Unlined Alternative, 0.1g seismic 1.67
Lined Alternative, static 4.61
Lined Alternative, 0.1g seismic 3.21

Therefore the factors of safety calculated and presented in our June 2 Technical Memorandum are
conservative. In fact, analyses using the measured soil properties indicate that the embankment exceeds
typical minimum acceptable safety factors even in the event leakage were to occur from the liner and
produce a saturated condition as shown in Figure 3 of our previous memorandum.

If you have any questions regarding our analysis, our previous correspondence, or this letter, please
contact the undersigned.

Respectfully submitted,

Tetratech MFG, Inc.

PAPRINSDWP\Current Projects\SC0349 TUC White Mesa MilNUDEQ Responses 4B\Round 1\MFG Soil
Report\soil property verification.07-07-06.tac.doc
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White Mesa Stability Analyses-Draft
7/2/12008

Page 2

Thomas A. Chapel, CPG, PE
Senior Geotechnical Engincer

2 copies sent

PAPRISDWP\Current Projects\SC0349 1UC White Mesa MilNUDEQ Responses 4B\Round \MFG Soil
Reportisoil property verification.(7-07-06.tac.doc
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BOREHOLE LOG BOREHOLE
MFG, Inc. .
consulting scientists and engineers PAGE: _1 OF 3
DATE: __6/15/06 MFG-1
PROJECT INFORMATION BOREHOLE LOCATION

PROJECT: _WHITE MESA

PROJECT NO.: __181413X

CLIENT: _TETRA TECH EMI
OWNER: _/INTERNATIONAL URANIUM (IUSA) CORPORATION

LOCATION: BLANDING, UTAH

SEE FIGURE 1

FIELD INFORMATION

DATE & TIME ARRIVED: _6/15/06_9:00AM

BOREHOLE LOGGED BY: _NMT

VISITORS: _NONE
WEATHER: _ PARTLY CLOUDY, SLIGHT BREEZE, APPROX. 80°

DRILLING INFORMATION
DRILLING COMPANY: __DA SMITH DRILLING

START TIME: _11:10AM

BORING DEPTH: __APPROX. 31° BORING DIA.: _6"

DRILLING METHOD: _CME 75 SOLID STEM AUGER

SAMPLING METHOD: __2-IN CA SAMPLES

TIME DRILLING COMPLETE: _12:50PM

BOREHOLE COMPLETION / ABANDONMENT INFORMATION

START TIME: __12:50PM COMPLETE TIME: __1:10PM

INSTRUMENTATION: _NONE BACKFILL: _ BENTONITE

GROUNDWATER CONDITIONS
GROUNDWATER WAS NOT ENCOUNTERED DURING DRILLING

FOLLOWING FIELD WORK

TIME OF CLEAN-UP COMPLETE: _1:10PM TIME LEFT SITE: _1:50PM

NOTES:

F(5/7)



BOREHOLE LOG BOREHOLE
MFG, Inc. NO.:
consulting scientists and engineers PROJECT: _ WHITE MESA PAGE: _2 OF 3
PROJECT NO.: _181413X DATE: __6/15/06 M
0 G DRIVE SAMPLES
DEP E ADD'L JLITHOLOGY
1) |RECOV. [sampLel sLows SAMPLES| GRAPHIC REHLDRSERIPTION
TYPE |(PER®") RECOV.

6 COAL COVER AT SURFACE (APPROX. 0.25")

e _ SILTY CLAY (0 TO APPROX. 5.5")
SLIGHTLY MOIST, LIGHT OLIVE BROWN (2.5Y 5/3), VERY STIFF SILTY CLAY FILL,
= 4= TRACE SAND, TRACE PEBBLES, WHITE PRECIPITATE, ZONES OF COLOR
- A CHANGE TO RED (2.5YR 4/6).
— 2 ] APPROX. 0.5' - MOIST.
I —
4 —]
— 5
— — CA M ] ] sl o e e e e e e e e —— —— e e S ]
[— i ;2 ir SILTY SAND (APPROX. 5.5' TO APPROX. 30')
SLIGHTLY MOIST, RED (2.5YR 5/6), VERY DENSE SILTY SAND, FINE TO MEDIUM
[~ ] GRAIN, TRACE TO SOME CLAY, WHITE PRECIPITATE.
— 7 APPROX. 6.5' - SANDSTONE FRAGMENTS, DRY, PINK (5YR 8/3), VERY DENSE,
= = MEDIUM CEMENTATION, FINE GRAIN.
L g —]
L 9 —]
— 10
— — CA 156
B 32 13"
=11 A 43
L 12 —]
L 13 —]
— 15 APPROX. 158' - ZONES OF SANDY CLAY VARIOUS COLORS, MOIST.
s — CA 13
B 18 18"

— 16 —] A 36
L 17 —]
18 —]

F e/




BOREHOLE LOG BOREHOLE
MFG, Inc. NO.: ;
consuiting scientists and engineers PROJECT: _WHITE MESA PAGE: _3 OF 3 |
- |
PROJECT NO.: _181413X DATE: __6/15/06 @ |
DRIVE SAMPLES !
DEPTH | CORE ADD'L |LITHOLOGY
(7T |RECOV.[savpLel sLows SAMPLES| GRAPHIC SOIL DESCRIPTION \
TYPe |(PER 67| RECOV- }
P SILTY SAND (APPROX. 5.5' TO APPROX. 30') |
ok 15 SEE DESCRIPTION ON PREVIOUS PAGE.
B 29 18"
— 21 — A 50/6"
— Ty
— 24 — APPROX. 24' - SLIGHTLY MOIST.
—25
- — CA 12
B 13 13"
— 26 —] A 20
L 28 —]
L 29 —|
— — /"'— L T T T v S e ._ ————————————
| SANDSTONE (APPROX. 30' TO E.O.B.)
CA 38 SLIGHTLY MOIST, PINK (2.5YR 8/3), VERY DENSE SANDSTONE, FINE TO MEDIUM
= = B | 5o | 19 CEMENTATION, FINE GRAIN.
— 31 i E.0.B. =31.0¢
L 33 —]
L 34 —]
L 35
L 36 —]
[— 37~
L 39 —]
[, -

F(1/7)



(Equivalent
Loadmﬁ To BRrIDGE DESIGN SPECIFICATIONS * FEBRUARY 2004
AASHTD )

altrans

8,000 LBS. 32,000 LBS*
H 15-44 6,000 LBS. 24,000 LBS.

[ 14'-0" 1
: = - = 12
2! w=TOTAL WEIGHT OF ;=

P TRUCK AND LOAD |&
-"J'"‘o.1 W - 0.4 W

|
0.1 W} - 04 W[
!

CLEARANCE AND
LOAD LANE WIDTH

100"

WES
21‘-01‘ 6'_0" 2"'0"

FIGURE 3.7.6A  Standard H Trucks

*  In the design of timber floors and orthotropic steel decks (excluding transverse beams) for H 20 loading, one axle
load 024,000 pounds or two axle loads of 16,000 pounds each spaced 4 feet apart may be used, whichever produces
the greater stress, instead of the 32,000-pound axle shown.

**  For slab design, the center line of wheels shall be assumed to be 1 foot from face of curb. (See Article 3.24.2)

SecTioN3  LoaDps 3-5

Arracument & (1)
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. . Project Name: White Mesa Mill - Cell 4 A
Excel Geotechnical Testing, Inc. ,
w ; W Project No: 246
Excellence in Testing
941 Forrest Street, Roswell, Georgia 30075 Site Sample ID: B-2-1-3
Tel: (770) 650 1666 Fax: (770) 650 5786 Lab Sample No: E100

CONSOLIDATED-DRAINED (CD) TRIAXIAL TEST

150 S S R, GRS
140 - Remolded Specimen ‘_
130 o |
120
110
100
90
‘Z. 80
o 70
60 e ]
tage
50 el 4 { stage2 i
o
40
e
30 el
A A
20 /
10 ‘/‘
0 .—A'—/:/
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
p (psi)
Initial Conditions Sample
: . Strain Rate Quali
g .Test N Height Diameter %msmm D‘:,y .Umt B Parameter w; a'y .
pecimen No. ontent eight Bad to Good
(in.) (in.) (%) ( pef) (-) (psi) (psi) ( %/ min ) (1to 10)
I 3.03 1.92 120.8 NA NA 50 0.297 9
1 3.03 1.92 120.8 NA NA 15.0 0.297 9

Notes:
w; = Initial pore pressure,(psi)

Specimen No.1 Specimen No. 2

o "= Consolidation pressure, (psi)

Remolded specimen was formed by tamping loose/broken down soil, at a moisture content of app. 20%, in one-centimeter-thick layers utilizing very high tamping energy.

The remolded test specimen was then drie

d, while still in the mold, in the oven over night and then tested.

Specimen No. 3

g (2




Excel Geotechnical Testing, inc.

"Exceflence in Testing”

Project Name:

Project No:

941 Forrest Street, Roswell, Georgia 30075
Tel: (770} 650 1666 Fax: (770} 650 5786

Site Sample 1D:

Lab Sample Ne:

White Mesa Mill - Cell 4 A
246

B-2-1-3

E106

CONSOLIDATED-DRAINED (CD) TRIAXIAL TEST

300 i g I E
270 S S - Remolded Specimen |
240 <]
210 B o e

I R o N

9G

Deviator Stress ( psi)

Note: Only one specimen was used. The test specimen was
first consolidated to 5.0 psi and sheared. The specimen was
then consolidated to 15,0 psi and sheared once more. -

I i ! I } I ] I |

U i 2 3 4 5 6 7 8 9 10 il 12 13 14 13 16
Axial Strain, €( %)

[=a)
<

30

|

|

Note: The test specimen was tested after being oven dried.
3 Fuli drainage was allowed during shearing. 7

-5

A Pore Pressure ( psi)
>
"

—
)

0 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 i6
Axial Strain, £ (%)

Maximum Strength Strength at End of Test
Te.st a'y-o's [ a's u €y Test c'-oh G’ i u &a
Specimen Specimen
No. Ne.
(psi) | (psi} | (psi) | Cpsi) (%} {psi} | (psi} | Cpsi} § (psi) (%)
1 2381 243.1 50 NA 26 1 141.5 146.5 50 NA 4.6
1 260.5 27535 15.0 NA 33 2 188.1 203.1 15.0 NA [5.2

Notes:

o ', = Consolidation pressure, (psi)

u; = Initial pore pressure (psi)

o'y = Effective axial stress, (psi) < 'y = Effective radial stress (confining pressure), (psi)
u = Pere pressure,(psi) &,= Axial strain, (%)
Remolded specimen was formed by tampiug loose/broken down soil. af a moisture content of app. 26%, in one-centimeter-thick layers utifizing very high tampiag encrgy.
The remotded test speciinen was dried, while still in the motd, in the oven aver night and then tested.

o'y - o'y = Deviator stress, (psi)

H (3)7)




. . Project Name: White Mesa Mill - Cell 4 A
Excel Geotechnical Testing, inc. | _
it 2 N—— Project No: 246
Excellence in Testing
941 Forrest Street, Roswell, Georgia 30075 Site Sample ID: B-2-1-4
Tel: (770) 650 1666 Fax: (770) 650 5786 Lab Sample No: E101
CONSOLIDATED-DRAINED (CD) TRIAXIAL TEST
60
50
40
%‘.
- 30
= /
i / /I/
Eage 1 I// \
' / / _
0 / /
0 10 20 30 40 50 60
p (psi)
Initial Conditions Sample
: = Strain Rate Quality
Test . . Moisture Dry Unit »
Specimen No. B EHAGSIEE Content Weight B Parameter Y e Bad to Good
(in.) (in.) (%) ( pef) (=) (psi) (psi) { % /min ) (Ito 10)
1 2.98 1.90 9.5 102.3 NA NA 5.0 0.302 3
1 2.98 1.90 9.5 1023 NA NA 15.0 0.302 3
Specimen No.l Specimen No. 2 Specimen No. 3
Notes:
u; = Initial pore pressure,(psi)
o = Consolidation pressure, (psi)

T4,




Project Name:  White Mesa Mill - Cell 4 A

Excel Geotechnical Testing, inc.

“"Excellence in Testing" Project No: 246

941 Forrest Street, Roswell, Georgia 30075 Site Sample ID:  B-2-1-4

Tel: (770) 650 1666 Fax: (770) 650 5786

Lab Sample No: E101

CONSOLIDATED-DRAINED (CD) TRIAXIAL TEST

o
<

(=
[e=]

I I

g
<

[=))
<o

[Stage 1: o, = 5.0 (psi)

Deviator Stress ( psi)
= W
(== o
a1

30 I E—
20 Note: Only one specimen was used. The test specimen was |
first consolidated to 5.0 psi and sheared. The specimen was
10 then consolidated to 15.0 psi and sheared once more. 1
0 [ [ [ I | | I |

10

5 6 7 8 9 10 11 12 13 14 15 16
Axial Strain, € ( %)

| [ [ 1 [ [ [ 1 |

Note: The test specimen was tested at the as received

moisture content. Full drainage was allowed during shearing. |
No attempt was made to measure pore pressure (if any).

A Pore Pressure ( psi)
<

-5
-10
0 1 2 3 4 3 6 7 8 9 10 11 12 13 14 15 16
Axial Strain, € ( %)
Maximum Strength Strength at End of Test
Sp::if'rtlen c'-a' g o'y u € sz;;:;en c'-ah o' ol u £,
No. No.

(psi) | (psi) | (psi) | (psi) (%) (psi) | (psi) | (psi) (psi) (%)

1 583 63.3 5.0 NA 4.7 I 54.5 595 5.0 NA 10.1

1 86.6 101.6 15.0 NA 5.4 2 79.7 94.7 15.0 NA 15.4

Notes:
o' = Consolidation pressure, (psi)
o', = Effective axial stress, (psi)
u = Pore pressure,(psi)

u; = Initial pore pressure,(psi)
o '+ = Effective radial stress (confining pressure), (psi) o', - 6 'y= Deviator stress, (psi)

£, = Axial strain, (%)
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. ; Project Name: White Mesa Mill - Cell 4 A
Excel Geotechnical Testing, inc. ,
“ . . Project No: 246
Excellence in Testing
941 Forrest Street, Roswell, Georgia 30075 Site Sample ED: B-5-2-3
Tel: (770) 650 1666 Fax: (770) 650 5786 Lab Sample No: £102
ASTM D CONSOLIDATED-DRAINED (CD) TRIAXIAL TESTF

50
40 -

q (psi)

50
p (psi)
initia? Conditions Sample
. . Steain Rate Craality
g .TCSt . Height Diameter h(:j[o:slure D\;}:’U ;ur B Parameter u, [
pecimen No. ontent cight Bad to Good

(in.) {in } (%} (pef) (-) {psi} { psi ) % f man ) (t1019)

1 3.45 .99 i34 117.2 NA NA 5.0 0.261 4

1 332 1.90 15.4 121.8 Na NA 15.0 0.271 4

Specimen No. | Specimen No. 2 Specimen No. 3

Notes:
;= Initiaf pore pressure.(psi)
o ‘= Consolidation pressure. (psi)

B/




Project Name:  White Mesa Mill - Celt 4 A

Excel Geotechnical Testing, Inc.

“Excelfence in Testing” Project No: 246
941 Forrest Street, Roswell, Georgia 30075 Site Sample 1D:  B-3-2-3
Tel: (770) 650 1666 Fax: (770) 650 5786 Lab Sample No: E102
ASTM D —-- CONSOLIDATED-DRAINED (CD) TRIAXIAL TEST
70
60 fWHmH—J—H—Hﬂ

N

{Stage 1: o, = 5.0 (psi) |

,,,,,, |Stage Z: 6. = 15.0 (psi)

F-S
<

.’/.,.40——4#—0-»—‘0-—0“-.__. !

(¥R}

b=
:
i
¢

Deviator Stress { psi )

N

Note: Only one specimen was used, The test specimen was
10 first consclidated to 5.0 psi and sheared. The specimen was
then consolidated to 15.0 psi and sheared once more.

0 [ T T

0 1 2 3 4 3 6 7 8 9 10 11 12 13 14 15 16
Axial Strain, £( % }

10 N N T S A N

Note: The test specimen was tested at the as received
5 moisture content. Full drainage was aliowed during shearing, |-
No attempt was made to measure pore pressure (if any).

A Pore Pressure ( psi )
<
-3
i

3
et
<

0 | 2 3 4 5 6 7 8 9 10 11 12
Axial Strain, £ ( %)

Maximuen Strength Strength at End of Test
Te_St a'-a’h o'y G4 u € Te_St G'y-6% LN o u £y
Specimen Specimen
No. No.
(psiy | {psi) | {psi} | (psi) (%) {psi) | {psi) | {psi) | (psi} (%}
1 339 389 5.0 NA 7.5 1 296 34.6 50 NA i4.5
1 58.8 73.8 150 NA 7.2 2 58.6 73.6 150 NA 151

Notes:

o', = Consolidation pressure, (psi}
o ') = Effective axial stress, {psi)
u = Pore pressure,(psi)

u; = Initial pore pressure,(psi)
o "2 = Effective radial stress (confining pressure), (psi)
£, = Axial strain, (%}

o'y - o'y = Deviator stress, (psi}

H(1/1)
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CELL 4B EMBANKMENT SLOPES - PERMANENT SEISMIC
DEFORMATION

WHITE MESA MILL FACILITY — CELL 4B
BLANDING, UTAH

OBJECTIVE

The objective of this ‘analysis is to evaluate the seismically-induced permanent
deformation of the cut slopes for Cell 4B at the White Mesa Mill Facility located in
Blanding, Utah. The final slopes of the containment cell consist of 2H:1V
(horizontal:vertical) cut slopes.

METHOD OF ANALYSIS

Seismic deformation is a function of average acceleration of the sliding mass and the
yield acceleration. Geosyntec used the Makdisi and Seed (Attachment A) method to
estimate permanent seismic deformations, based on yield accelerations determined from
pseudo-static limit equilibrium analyses, design earthquake motions determined from
documented sources, and the attached design charts (Makdisi and Seed, 1978).

Two cross sections depicting embankment slopes created by the construction of Cell 4B
were previously analyzed for static stability as part of the design report (Geosyntec,
2007). Two additional cross sections also depicting embankment slopes created by the
construction of Cell 4B were analyzed for static stability as part of the response to Utah
Department of Environmental Quality (UDEQ) Interrogatory Round 1. The four cross
sections are provided as Attachment B.

Cross sections were selected on each of the four (4) perimeter berms to represent the
critical slope conditions on each slope. The first cross section, Section A-A’, is a west-
east cross section that spans Cells 4A and 4B, with berm slopes inclined at
approximately 2H:1V and a base grade sloping southeast at approximately 1 percent.
The most critical condition (modeled herein) for Section A-A’ is the operational
condition; Cell 4A is filled with tailings and Cell 4B is empty. The second cross
section, Section B-B’, is a north-south cross section that spans the southern perimeter of
Cell 4B, with berm slopes inclined at approximately 2:1. Section B-B’ was modeled
under the conditions that Cell 4B is filled with tailings (operational condition, prior

SC0349 SeismicAnalysis 20080702.calc.f.doc
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to closure). The third cross section, Section C-C’, is a north-south cross section that
spans Cells 3 and 4B, with berm slopes inclined at approximately 2H:1V. The most
critical condition (modeled herein) for Section C-C’ is the pre-operational condition;
Cell 3 is filled with tailings and Cell 4B is empty. The fourth cross section, Section D-
D’ is a west-east cross section that spans the western berm of Cell 4B, with berm slopes
inclined at approximately 2H:1V and a base grade sloping southeast at approximately 1
percent. Section D-D’ was modeled under the conditions that Cell 4B is empty (pre-
operational condition) and a 20 foot stockpile of soil excavated from Cell 4B is located
20 feet from the edge of the cell.

DESIGN CRITERION

In accordance with the current state of practice, acceptable seismically-induced
permanent deformations are less than 6to 12 inches for waste mass configurations
(Seed and Bonaparte, 1992). To evaluate seismically-induced permanent deformations
at Cell 4B, Geosyntec established a maximum seismically-induced deformation of 6
inches as the design criterion.

The maximum average acceleration (kmax) of the sliding mass was previously evaluated
in the Cell 4 Design Report (UMETCO, 1988) as referenced by MFG, Inc. in a letter to
International Uranium Corporation (presently Denison Mines) dated 27 November 2006
(Attachment C). The design report indicates that the maximum acceleration at the site
is 0.10 g, representing a 2 percent probability of exceedance within 50 years
(approximate return period of 2,500 years). The report states that this design
acceleration is suitable for operational conditions at the site. The report also indicates
that the maximum credible earthquake (MCE) to produce the 0.10 g ground motion is
an MCE of 6.4.

DEFORMATION ANALYSES

Estimating the seismically-induced deformations includes the following steps. The
results are summarized in Table 1.

1. Perform pseudostatic slope stability analyses to evaluate the yield acceleration

(ky) resulting in a factor of safety of 1.0 for the critical cross sections.
The results of the pseudostatic slope stability evaluation for each cross section

SC0349 SeismicAnalysis 20080702.calc.f.doc
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are provided in Table 1. These values were determined using the computer
software SLOPE/W (GeoSlope, 2004).

2. Estimate kpax (the maximum average acceleration for a potential sliding mass
extending to a specified depth y) using the upper bound for observed motions at
earth dams reported by Harder (Harder, 1991), through the following two steps:

a. Estimate value of acceleration at the top of the embankment, iiy. based
on the Harder (1991) curve (included in Attachment D), the acceleration
at the crest of the berm, {imay, is estimated to be 0.35 g;

Attachment A (Figure 7 in Makdisi and Seed, 1978).

Calculate kiyax as 0.35 times {iax based on the Makdisi and Seed curve in

3. Calculate the ratio of ky/kma for each cross section and compute resulting
deformations based on the Makdisi and Seed Simplified Method (see Figure 10
in Attachment A). Because the ratio of ky/kmax exceeds 1.0, seismically-induced
deformations are estimated to be minimal (less than 1 centimeter or 0.4 inches).

Table 1: Seismic Deformation Analyses Results

Cross MHA ky limax kmax Ky/Kmax & (cm)
Section (2)

A-A° 0.1 0.48g |0.35g |0.12¢g 1.8 <1
B-B’ 0.1 047g 1035g |0.12¢g 3.3 <1
c-C 0.1 0.52g |035g |0.12¢g 4.3 <1
D-D’ 0.1 0.65g |035g |0.12¢g 53 <1

RESULTS AND CONCLUSIONS

Results of the permanent deformation analysis indicate that the expected seismically-
induced permanent deformation is expected to be minimal, and significantly less than
the design criterion of 6 inches.
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™ MFG, Inc.
M
—— A TETRA TECH COMPANY

a d Fort Collins Office
3801 Automation Way, Suite 100
oS Fort Collins, CO 80525

consulting 970.223.9600
Fax: 970.223.7171

scientists and

engineers
November 27, 2006 MFG Project No. 181413x.102

Mr. Harold R. Roberts

International Uranium (USA) Corporation
1050 Seventeenth Street, Suite 950
Denver, CO 80265

Subject: White Mesa Uranium Facility
Cell 4 Seismic Study
Blanding, Utah

Dear Mr. Roberts:

This document has been prepared to examine the seismicity of the White Mesa site and to recommend a
design peak ground acceleration (PGA) to be incorporated in the Cell 4A design. This letter addresses
concerns brought forth in comments by Utah Department of Environmental Quality (UDEQ) as documented
in Interrogatory IUC R313-24-4-05/05: Dike Integrity.

Comments in Interrogatory IUC R313-24-4-05/05

Comments from UDEQ state that the seismic loading used (0.10 g) for stability analysis of the Cell 4A slopes
is based on an outdated seismic analysis presented in the 1988 Cell 4 Design Report (UMETCQO), and that
updated seismic hazard analysis should be performed. As stated in the Interrogatory 05, it is not thought that
there is any new information on active faults that would impact the hazard at White Mesa. However, UDEQ
requested ground motion attenuation relationships be updated to reflect current evaluation methods.

Original Design Basis for Cell 4

This original design report for Cell 4 (UMETCO, 1988), characterized the geologic conditions at the site.
Section 1.3.4 identified potential earthquake hazards to the project. The specified hazards include minor
random earthquakes not associated with a known seismic structure, and an unnamed fault located 57 km north
of the project site (north of Monticello), with a fault length well defined for 3 km, and possibly as long as 11
km. The fault is considered a suspected Quaternary fault, but does not have strong evidence for Quaternary
movement. Estimates of the maximum credible earthquake (MCE) associated with this fault were estimated
to have a magnitude of 6.4 based on relationships developed by Slemmons in 1977. Ground motions at the
project site were estimated using attenuation curves established in 1982 by Seed and Idriss. Peak horizontal
accelerations at the site from the fault were estimated to be 0.07 g.

Atachment C, g




Mr. Harold R. Roberts
November 27, 2006
Page 2

Updated attenuation relationships

A search of the Quaternary Fault and Fold Database (USGS 2006) lists Shay graben faults as a Class B
(suspected) Quaternary fault. No other faults within 50 km of the site are included in the database. Shay
graben faults were included in the Lawrence Livermore National Laboratory (LLNL) report. Other faults
considered as possible seismic sources include the unnamed fault north of Monticello that was the design
basis of the design accelerations in the 1988 report.

Many attenuation relationships have been developed within the last ten years and are currently being used to
estimate ground motions. Three relationships are used in this report to estimate the peak ground motion at the
White Mesa site. Abrahamson and Silva (1997) is a well accepted relationship used for shallow crustal
earthquakes in Western North America. In addition, Spudich et al. (1999) is used because it has been
specifically developed for extensional tectonic regimes, such as those encountered in the area of the site.
Campbell and Bozorgnia (2003), is also examined as a current, applicable model, which accounts for normal
faulting. In all cases, mean values plus one standard deviation are reported. A comparison of the three
methods can be found in Table 1.

Design Peak Ground Acceleration for Cell 4

The above discussion is based on the PGA associated with MCE predicted for a known tectonic feature, and
as such, cannot be correlated to a specific return period. 10 CFR 100 Appendix A and 10 CFR 40 Appendix
A of Nuclear Regulatory Commission (NRC) regulations are interpreted to apply to long-term, reclaimed
impoundments. A distinction should be made between seismic conditions that apply to operational conditions
versus long-term conditions. Disposal areas are required to demonstrate closure performance that provides
control of radiological hazards to be effective for one thousand years, to the extent reasonably achievable,
and, in any case, for at least 200 years. However, this standard should not apply to the operational time-
period of the disposal cell. In 2002, the USGS updated the National Seismic Hazard Maps (NSHM), which
show peak ground and spectral accelerations at 2 percent and 10 percent probability of exceedance in 50
years. From these maps, the PGA for the White Mesa site is shown to be 0.090 g with a 2 percent probability
of exceedance in 50 years. The probability of exceedance can be represented by the following equation:

PE == b
Where PE = probability of exceedance, n = time period, in years, and T = return period, in years.

It can be shown that the return period associated with a PGA 0f 0.090 g is equivalent to 2,475 years, and if the
life of the project is conservatively taken to be 100 years, the probability of exceedance of 0.090 g is
approximately 4 percent. Therefore, the PGA taken from the USGS maps is an appropriate design
acceleration to use for operational conditions of the disposal cell.

Conclusions
The seismic loading of 0.1 g used in analysis of the Cell 4A dikes exceeds the PGA associated with a 2

percent probability of exceedance within 50 years, and is appropriate for the operational life of the disposal
cell. At the time when design of closure is implemented, design PGA based on the MCE associated with
known or suspected Quaternary features and the background seismicity of the area should be incorporated
into the design long-term seismic loading.
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If we can be of further assistance, please do not hesitate to contact the undersigned.
Sincerely,

TETRA TECH COMPANY
MFG, INC.

%ﬂﬂ«m&tﬁ\;

Roslyn Stern
Senior Staff Geotechnica

Thomas A. Chaj
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Written by: M. Lithgow Date: _06/25/08 Reviewed by: _G. Corcoran Date:
Client: DMC Project: 'WMM - Cell 4B Project/ SC0349 Task 03
Proposal No.: No.:

REVISED PIPE STRENGTH CALCULATIONS
WHITE MESA MILL
BLANDING, UTAH

OBJECTIVE

The project involves placement of a double liner system for the base of Cell 4B at the
White Mesa Mill in Blanding, Utah. The proposed liner system is shown in
Attachment A. A 4-in diameter schedule 40 perforated Poly Vinyl Chloride (PVC) pipe
will be buried under a maximum of 40 ft of tailing deposits. This calculation will
evaluate if the pipe will remain structurally intact with the maximum load placed above
the buried pipe.

SUMMARY OF ANALYSIS

The maximum possible load on the buried pipe is evaluated to be 41.7 pounds per
square inch (psi). Assuming a maximum allowable ring deflection of 7.5 percent, a
schedule 40 perforated PVC pipe diameter of 4-in will remain structurally intact.

SITE CONDITIONS

The construction components pertinent to this analysis are, from top to bottom:

e Maximum of 40 ft of silt-like deposits with assumed maximum wet unit
weight of 125 pounds per cubic foot (pcf);

e 4-in diameter schedule 40 PVC pipe, embedded in coarse aggregate for
slimes drain;

e 60-mil HDPE geomembrane;

e Geonet and 4-in diameter schedule 40 PVC pipe, embedded in coarse
aggregate for leak detection system (LDS);

e 60-mil HDPE geomembrane; and

¢  Geosynthetic clay liner (GCL).

A cross-section of the site conditions is presented as Attachment A.
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ANALYSIS

In the analysis herein, the allowable ring deflection and the factor of safety values
against pipe wall crushing and buckling will be evaluated.

Ring Deflection

Ring deflection is the change in the vertical diameter of the pipe as the pipe/bedding
aggregate system deforms under the external vertical pressure. Ring deflection can be
evaluated using Spangler’s Modified lowa Formula, as follows:

D, K '
%= 30 (Attachment. B, 6/8)

_ 2B 0.061E
3(DR -1)

where:

Pipe deflection or change in diameter, in.

A

D Pipe diameter, in,

P Prism soil load, psi

K Bedding constant

W' Live load, psi

DR  Standard dimension ratio (SDR)
E Modulus of elasticity of pipe, psi
E’ Modulus of soil reaction, psi

Dy, Deflection lag factor

Evaluate Variables

A/D  The allowable ring deflection for PVC pipe is 7.5  (Attachment C, 2/2)
percent based on a factor of safety of 4
P Prism soil load = 125 pef x 40 ft = 5,000 psf = 34.7 psi
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Effect of Perforations

The effects of the perforations in the pipe should be checked to ensure they will not
significantly reduce the pipe strength. The frequency of perforations in the pipe will be
2 perforations per every 12 lineal inches of the pipe (Attachment H, 1/1). The
perforations are anticipated to be 0.25 inches in diameter. According to EPA, Manual
SW-8, “Lining of Waste Impoundment and Disposal Facilities,” the cumulative length
of perforations (I,) in the pipe should be determined per foot of pipe
(Attachment D, 1/1). This value is determined by:

0.25in
perforation

l, = (—lenith—) -(perforations) = (

Tl )-(2 perforations) = 0.50 in
perforation

The total vertical stress to be utilized for pipe design calculations should be adjusted
according to the following equation:

12in 12in
Pr=| =2 | (B)=| =22 |.(34.7psi) = 362 psi = 5,214 ps
: (mn—zp] (7-) (12m—0.75mj( =62 o

K Bedding constant = 0.1 (typical value, Attachment B, 5/8)

w Live load = 0 (no live loads are expected for the site)

DR  Standard dimension ratio = l?” (Attachment B, 3/8)
where:

Dy Outside diameter of pipe = 4.500 in. (Attachment E, 2/2)

t Minimum pipe wall thickness = 0.237 in. (Attachment E, 2/2)
s0,DR= 222 _19.9

0.237

E Modulus of elasticity of pipe = 400,000 psi
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(for Class 12454-B rigid PVC pipe; Attachment F, 2/2)

E Modulus of soil reaction = 3,000 psi

(for crushed rock, Attachment B, 5/8)

DL =1.0

Solve for the deflection provides:
A D, KP + KW'

D [ 2E
3(DR -1)°

_ 1.0(0.1)36.2)+0.1(0) —1.6%

MQQ +0.061(3,000)
3(19.0-1)

:|+0.061E'

(Attachment B, 5/8)

Since the calculated ring deflection (1.6%) is lower than the maximum allowable ring
deflection (7.5%), the schedule 40 PVC pipe with 4-in will be suitable for the

anticipated loading conditions.

Wall Crushing

Wall crushing can occur when the stress in the pipe wall, due to external vertical
pressure, exceeds the compressive strength of the pipe material. Wall crushing can be

calculated using the following equation:

where:
T Wall thrust, Ibs/in.
Py Vertical pressure, psi

D, Outside diameter of pipe = 4.500 in
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and;
T
O, = — (Attachment B, 8/8)
A
where:
O¢ Compressive stress = 9,600 psi (Attachment G, 1/1)

Cross sectional area of the pipe wall per unit length

e %(4.5002 ~ (4.500-2(0.237)) )=3.174in/12 in = 0.265 in%/in

Combining Equations and solving for Py provides:

Substituting the variables into the above equation provides:

b _ 2(9,600)(0.265)
Y 4.500

=1,129 psi

Comparing the above estimated value to the maximum loading allowed under ring
deflection criteria (36.2 psi) provides:

FSwc =1,129/36.2
=31.2

This value is greater than the acceptable factor of safety of 2.
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Wall Buckling

Wall buckling, a longitudinal wrinkling in the pipe wall, can occur when the external
vertical pressure exceeds the critical buckling pressure of the pipe/bedding aggregate
system. Wall buckling can be calculated using the following equation:

2E

= Attachment B, 7/8
“ (DR-1) ( )
where:
P Buckling pressure, psi
E Modulus of elasticity = 400,000 psi (Attachment F, 2/2)
DR  Standard dimension ratio = D, = 400 =19.0
t 0.237

Therefore,

_ 2(400,000)

=137 psi
(19.0-1)’ P!

cr

Comparing the above estimated value to the maximum loading allowed under ring
deflection criteria (39.1 psi) provides:

FSWC =137/36.2
=3.8

This value is greater than the acceptable factor of safety of 2.
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SUMMARY AND CONCLUSIONS

Using the Modified Iowa Formula as outlined in the Uni-Bell Plastic Pipe Association
Handbook on PVC Pipe, the maximum load on the buried pipe assumed to be 36.2 psi
will only cause a ring deflection of 1.6 percent, which is below the acceptable ring
deflection of 7.5 percent. Acceptable factor of safety values against wall crushing and
wall buckling were also evaluated using methods outlined in Uni-Bell Plastic Pipe
Association Handbook on PVC Pipe. Therefore, schedule 40 PVC pipe with 4-in
diameter and 0.25 inch perforations staggered every 12 inches on each side is suitable
for this application.
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q{m’ Designation: D 3034 - 97

Standard Specification for

Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and

Fittings™

This standard is issued under the fixed designation D 3034; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense, Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Department of Defense,

], Scope

1.1 This specification covers requirements and test
methods for materials, dimensions, workmanship, flattening
resistance, impact resistance, pipe stiffness, extrusion quality,
joining systems and a form of marking for type PSM
poly(w'nyl chloride) (PVC) sewer pipe and fittings.

1.2 Pipe and fittings produced to this specification should
be installed in accordance with Practice D 2321.

1.3 The text of this specification references notes, foot-
notes, and appendixes which provide explanatory material.
These notes and footnotes (excluding those in tables and
figures) shall not be considered as requirements of the
specification.

1.4 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
[or information only,

1.5 The following precautionary caveat pertains only to
the test methods portion, Section 8, of this specification:
This standard does not purport to address all of the safety
concerns, If any, associated with ity use. It is the responsi-
biliy of the user aof this standard 10 establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior (0 use. '

2. Referenced Documents

21 ASTA Standards:

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

D 1600 Terminology for Abbreviated Terms Relating to
Plastics?3

D1784 Specification for Rigid Poly(Vinyl Chloride)
(PYC) Compounds and Chlorinated Poly(Vinyl Chlo-
nde) (CPVC) Compounds?

D2122 Test Method for Determining Dimensions of
Thermoplastic Pipe and Fittings?

D2152 Test Method for Degree of Fusion of Extruded
Poly(Vinyl Chloride) (PVC) Pipe and Molded Fittings
by Acetone Immersion®

—————

Ph:um §peciﬁcation is under the jurisdiction of ASTNM Committee F-17 on

Scwcc Piping Systems and is the direct responsibility of Subcommittee F17.62 on

I,

Noc‘m‘tnl edition approved Dec. 10, 1996 and May 10, 1997. Published

m‘gf;b'; 1997, Originally published as D 3034 - 72, Last previous edition
- 96.

“Annual Book of ASTM Standurds, Vol 08.01.
Annual Book of ASTM Standurds, Vol 08.04,

333

D 2321 Practice for Underground Installation of Thermo-
plastic Pipe for Sewers and Other Gravity-Flow
Applications®

D2412 Test Method for Determination of External
Loading Characteristics of Plastic Pipe by Parallel-Plate
Loading?

D 2444 Test Method for Impact Resistance of Thermo-
plastic Pipe and Fittings by Means of a Tup (Falling
Weight)?

D 2564 Specification for Solvent Cements for Poly(Vinyl
Chloride) (PVC) Plastic Piping Systems?

D 2749 Symbols for Dimensions of Plastic Pipe Fittings®

D 2853 Practice for Making Solvent-Cemented Joints with
Poly(Vinyl Chloride) (PV'C) Pipe and Fittings?

D 3212 Specification for Joints for Drain and Sewer Plastic
Pipes Using Flexible Elastomeric Seals?

F 412 Terminology Relating to Plastic Piping Systems”

2.2 Federal Standard:*

Fed. Sid. No. 123 Marking for Shipment (Civil Agencies)

2.3 Military Standard:*

MIL-STD-129 Marking for Shipment and Storage

3. Terminology

3.1 Dedinitions— Definitions are in accordance with Tui-
minologs F 412, and abbreviations are in accordance wiin
Terminoiogy D 1600, unless otherwise specified. The abbre-
viation of poly(vinyl chloride) plastics is PVC.

3.1.1 The term PSM is not an abbreviation but rathsy an
arbitrary designation for a product having certain dimen-
sions.

4. Significance and Use

4,1 The requirements of this specification are intended to
provide pipe and fittings suitable for non-pressure drainage
of sewage and surface water.

Note |—Industrial waste disposal lines should be installed only with
the specific approval of the cognizant code authority since chemicals not
commonly found in drains and sewers and temnperatures in excess of
60°C (140°F) may be encountered.

5. Materials

5.1 Basic Materials—The pipe shall be made of PVC
plastic having a cell classification of 12454-B or 12454-C or
12364-C or 13364-B (with minimum tensile modulus of

4 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave,, Philadelphia, PA 19111-5094, Attn: NPODS,
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TABLE X1.1 Base Inside Diameters and 72 % Dellection Mandrel Dimension

in. T ey

SDR-41 SDR-35 SDR-26 _ SpR235

Nominal  Average Base 72% De-  Average Base T2 % De-  Average Base 72 % De- Average Base m
Size,in. |nside  Inside  flection . Inside  Inside fiection lnside  Inside flection Inside Inside flecy

Diameter DiameterA Mandrel’  Diameter DiameterA  Mandrel Diameter Diameter4  Mandrel Diameter Diameter®  Mangry

6 5951 5800 537 5893 5742 5.31 5764 5612 519 5713 5562 gy
8 7.966 7740 7.8 7.891 7.665 7.09 7715 7.488 6.93 % i .
9 8952  B.691 8.04
10 9958  9.657 8.93 9.864 9.563 8.84 9644 9342 8.64 g e .
12 11854 11478 1062 11737 11.361 1051 11480 11102 10.27 255% G o
15 14505 14020 1298 14374 13.898  12.8B 14053 13575 1256 g o o

mm e

6 15116 14732 1363 149.68 14585  134.9 14641 14254 1318 14511 14127 1305
8 20234 19660 1818 20043 19469  180.1 19596 19020 1759 s v ..
9 227.38 22075  204.2
10 25293 24520 2269 25054 24290 2247 24496  207.29 2195 .
12 30109 29154  269.7 20812 28857 2669 201.59 28199 2609 i o -
15 36843 ' 35634 3296 36510 35301 3265 956.95 34480 3189 o5 355 s

4 Base Inside diameter Is a minimum pipe Inside diameter derived by subtracting a statistical tolerance package from the pipe's average inside diameter. The {olerancy
package Is defined as the square root of the sum of squared standard manufacturing tolerances.

Average inside diameter = average outside diameter -~ 2(1.06)
Tolerance package = VA2 + 2 B2 + C?
where: -

{ = minimum wall thickness (Table 1),
A = outsida diameter tolerance (Table 1),
8 = excess wall thickness tolerance = 0.06¢, and
C = out-of-roundness tolerance.
The values for C were derived statisticaily from field measurement data and are given as follows for various sizes of pipe:

Value for C
Nominal Size, in. -
in. mm
6 0.150 3.81
8 0.225 572
9 0.260 6.60
10 0.300 7.62
12 0.375 9.52
15 0.475 12.06

X2, RECOMMENDED LIMIT FOR INSTALLED DEFLECTION? ,_Y"
. I4

X2.1 Design engineers, public agencies, and others who  of the barrel is not reduced by more than 715 % of its bas
have the responsibility to establish specifications for max- inside diameter when measured not less than 30 day
imum allowable limits for deflection of installed PVC sewer  following completion of installation.
pipe have requested direction relative to such a limit.

X2.2 PVC sewer piping made to this specification and
installed in accordance with Practice D 2321 can be expected 3 Supporting data can be obtained from ASTM Headquariers. Request RRF
to perform satisfactorily provided that the internal diameter 17-1009.
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be small compared to the pressure due to the fi11, the vertical pressure on
the top of the pipe can be assumed to be equal to the unit weight of the
refuse i1l muitiplied by the distance from top of fill to top of pipe,

thus: :
9, = (wg){H¢).

V.2.2,3 Perforated Pipe

perforations will reduce the effective length of pipe available to carry loads
and resist deflection. The effect of perforations can be taken into account
by using an increased load per nominal unit length of the pipe. If 1, equal:
the cumulative length in inches of perforations per foot of pipe, the increas.
ed vertical stress to be used equals:

(9 )design = A2 x(9) actual
12-1p
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qml‘, Designation: D 1785 - 96b

Standard Specification for

An American National Stanclard

Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and

1201

This standard is issued under the fixed designation D 1785; the number immediately following the designation indicates the year of
orginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense, Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopied by the Department of Defense.

1. Scope

1.1 This specification covers poly(vinyl chloride) (PVC)
pipe made in Schedule 40, 80, and 120 sizes and pressure-
rated for water (see Appendix). Included are criteria for
classifying PVC plastic pipe materials and PVC plastic pipe,
a system of nomenclature for PVC plastic pipe, and require-
ments.and test methods for materials, workmanship, dimen-
sions, sustained pressure, burst pressure, flattening, and
extrusion quality. Methods of marking are also given.

1.2 The text of this specification references notes, foot-
notes, and appendixes which provide explanatory material.
These notes and footnotes (excluding those in tables and
figures) shall not be considered as requirements of the
specification,

1.3 The values stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

I.4 The following safety hazards caveat pertains only to
the test methods portion. Section 8, ol this specification:
This standard does ne: purport (o address el of the safety
concerns, I eny, associated witd i ouse, 1y the responsi-
Mility of the wser of iy standard o exieblish appropriate

sarety and healeh praciices and dewermine the applicabilicy of

regrdatnry limitations prior (o wse A specific precautionan

siatement is given in Note 7

NoTE |—=CPVC plaste pipes, Schedules 41 and 80, which were
formerly included in this specification, are now covered by Specification
Fdd1.

NovTt 2—The sustained and burst pressure test requirements, and the
pressure ratings in the Appendix, are calculated from stress values
obtained from tests made on pipe + in. (100 mm) and smaller. However,
lests conducted on pipe as large as 24-in. (600-mm) diameter have
shown these stress values to be valid for larger diameter PYC pipe.

NoTe 3—PVC pipe made to this specification is often belled for use
as linc pipe. For details of the solvent cement bell, sce Specification
D 2672 and for details of belled elastomeric joints, sce Specifications
D 3139 and D 3212,

2. Referenced Documents

2.1 ASTAL Standards:
D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Tesling®

' This specilication is under the jurisdiction of ASTM Committee F-17 on
Plastic Piping Systems and is the direct responsibility of Subcommittee F17.25 on
Viny! Based Pipe.

Current edition approved Dec. 10, 1996. Published November 1997, Originally
published as D 1785 ~ 60, Last previous edition D 1785 - 96a‘!.

2 Annual Book of ASTM Standurds, Yol 08.01. :

D 1598 Test Method f'or Tlme-to Failure of PIastlc Pipe
Under Constant Internal Pressure?

D 1599 Test Method for Short-Time Hydraulic Failure
Pressure of Plastic Pipe, Tubing, and Fittings?

D 1600 Terminology for Abbreviated Terms Relating to
Plastics?

D 1784 Specification for Rigid Poly(Vinyl Chloride)
(PVC) Compounds and Chlorinated Poly(Vinyl Chlo-
ride) (CPVC) Compounds?

D2122 Test Method for Determining Dimensions ol
Thermoplastic Pipe and Fittings?

D 2152 Test Method for Degree of Fusion of Extruded
Poly(Vinyl Chloride) (PVC) Pipe and Molded Fittings
by Acetone Immersion?

D 2672 Specification for Joints for IPS PVC Pipe Using
Solvent Cement?

D 2837 Test Method for Obuaining Hydrostatic Design
Busis for Thermoplastic Pipe Materials?

D 3139 Specification for Joints for Plastic Pressure Pipos
Using Flexible Elastomeric Scals®

[D 3212 Specification for Joints fur Drain and Sewer Plast.
Pipes Using Flexible Elastomeric Seals?

F 412 Terminology Relating to Plastic Piping Systen

IF 441 Specilication for Chlorinated Poly(Vinyl Chlor.:
{CPVC) Plastic Pipe, Schedules 40 and 807

2.2 Federad Stunduard.

Fed. Swd. No. 123 Marking for Shipment (Civil Agenci

2.3 Militery Standard:

MIL-STD-129 Marking for Shipment and Storage®

2.4 NSF Standards:

Standard No. 14 for Plastic Piping Components uni
Related Materials®

Standard No. 61 for Drinking Water System Compu-
nents—Health Effects®

3. Terminology

3.1 Definitions—Definitions are in accordance with Ter-
minology F412 and abbreviations are in accordance wilh
Terminology D 1600, unless otherwise specified. The abbre-
viation for poly(vinyl chloride) plastic is PVC.

3.2 Descriptions of Terms Specific to This Standard:

3.2.1 hydrostatic design stress—the estimated maximum

Y dnnual Buok of ASTA Standards, Vol 08,04,

4 Available from Standardization Documents Order Desk, Bldg. 4 Secuon 12,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

3 Available from the National Sanitation Foundation, P.O. Box 1468, Ann
Arbor, M1 48106.
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TABLE 1 Outside Diameters and Tolerances for PVC Plastic Pipe Schedules 40, 80, and 120, in.

fih o 1785

(mm)

Neminal Pipe Size

Qutside Diameter

Tolerances

—_—

Average

Maximum Out-of-Roundness (maximum minus minimum diameter)

Schedule 40 sizes 3%z in. and
over; Schedule 80 sizes B in.

and over

Schedule 40 sizes 3 in, and less;
Schedule 80 sizes 6 in, and less;

Schedule 120 sizes al)

s 0.405 (10.29) +0.004 (+0.10) cee 0.016 (0.41)

A 0.540 (13.72) +0.004 (::0.10) . 0.016 (0.41)

£ 0.675 (17.14) +0.004 (+0.10) o 0.016 (0.41)

2 0.840 (21.34) +0.004 (+0.10) . 0.016 (0.41)

¥4 1.050 (26.67) +0.004 (+0.10) . 0.020 (0.51)

1 1.315 (33.40)° +0.005 (+0.13) Yoz 0.020 (0.51)

1V 1.660 (42.16) +0.005 (+£0.13) . 0.024 (0.61)

1% 1.900 (48.26) *0.006 (£0.15) 0.024 (0.61)

2 2,375 (60.32) +0.006 (+0.15) 0.024 (0.61)

22 2.875 (73.02) +0.007 (+0.18) 0.030 {0.78)

3 3.500 (88.90) +0.008 (+0.20) A 0.030 (0.76)

31 4,000 (101.60) +0.008 (0,20) v 0.100 (2.54) 0.030 (0.76)

4 4.500 (114.30) +0.009 (+0.23) 0.100 (2.54) 0.030 (0.76)

5 5,563 (141.30) +0.010 (£0.25) 0.100 (2.54) 0.060 (1.52)

6 6.625 (168.28) *+0.011 (£0.28) 0.100 (2.54) 0.070 (1.78)

B 8.625 (219.08) =0.015 (£0.38) 0,150 (3.81) 0.080 (2.29)

10 10.750 (273.05) =0.015 (0.38) 0.150 (3.81) 0.100 (2.54)

12 12,750 (323.85) =0.015 (£0.38) 0.150 (3.81) 0.120 (3.05)

14 14.000 (355.60 =0.015 (+0.38) 0.200 (5.08) Shl

16 16.000 (408.40) =0.019 (+0.48) 0.320 (8.13)

18 18.000 (457.20) =0.019 (+0.48) 0.360 (9.14)

20 20.000 (508.00) =0.023 (+0.58) 0.400 (10.2)

24 24.000 (609.50) =0.031 (=0.79) 0.480 (12.2)

TABLE 2 Wall Thicknesses and Tolerances for PYC Plastic Pipe, Schedules 40, 80, and 120,42 jn. (mm)
Vall Thickness+4
Nomnsr;.zalePlpe Schaduie 49 Schedule 80 Schedule 120
Minimum Tolerance Minirmum Tolerance Minimum Tolerance

Y 0.068 (1.73) +0.020 (+0.51) 0.095 (2.41) +0.020 (+0.51)
a 0.088 (2.24) +0.020 (+0.51) 0.119 (3.02) +0.020 (+0.51)
3 0.091 (2.31) +0.020 (+0.51) 0.126 (3.20) +0.020 (+0.51) it —
iy 0.108 (2.77) +0.020 (+0.51) 0.147 (3.73) +0 020 (+0.51) 0.170 (4.32) +0.020 (+0.51)
LM 0.113 (2.87) +0.020 (+0.51) 0.154 (3.91) +0.020 (+0.51) 0.170 (4.32) +0.020 (+0.51)
1 0.133 (3.38) +0.020 (+0.51) 0.179 (4.55) +0.021 (+0.53) 0.200 (5.08) +0.024 (+0.61)
104 0.140 (3.55) +0.020 (+0.51) 0.191 (4.85) +0.023 (+0.58) 0.215 (5.46) +0.026 (+0.66)
1'% 0.145 (3.68) +0.020 (+0.51) 0.200 (5.08) +0.024 (+0.61) 0.225 (5.72) +0.027 (+0.68)
2 0.154 (3.91) +0.020 (+0.51) 0.218 (5.54) +0.026 (+0.66) 0.250 (6.35) +0.030 (+0.76)
2%z 0.203 (5.1€) +0.024 (+0.61) 0.276 (7.01) +0.033 (+0.84) 0.300 (7.62) +0.036 (+0.91)
3 0.216 (5.49) +0.026 (+0.66) 0.300 (7.62) +0,036 (+0.91) 0.350 (8.89) +0.042 (+1.07)
3z 0.226 (5.74) +0.027 (+0.68) 0.318 (8.08) +0,038 (+0.96) 0.350 (8.89) +0.042 (+1.07)
4 0.237 (6.02) +0.028 (+0.71) 0.337 (8.56) +0.040 (+1.02) 0.437 (11.10) +0.052 (+1.32)
5 2 (6.55) +0.031 (+0.79) 0.375 (9.52) +0.045 (+1.14) 0.500 (12.70) +0.060 (+1.52)
6 0.280 (7.11)/ +0.034-(+0.86) 0.432 (10.97) +0.052 (+1.32) 0.562 (14.27) +0.067 (+1.70)
8 0.322 (8.18) +0.039 (+0.99) 0.500 (12.70) +0.060 (+1.52) 0.718 (18.24) +0.086 (+2.18)
10 0.365 (9.27) +0.044 (+1,12) 0.593 (15.06) +0.071 (+1.80) 0.843 (21.41) +0.101 (+2.56)
12 0.406 (10.31) +0.049 (+1.24) 0.687 (17.45) +0.082 (+2.08) 1.000 (25.40) +0.120 (+3.05)
14 0.437 (11.10) +0.053 (+1.35) 0.750 (19.05) +0.090 (+2.29) o o
16 0.500 (12.70) +0.060 (+1.52) 0.843 (21.41) +0.101 (+2.57)
18 0.562 (14.27) +0.067 (+1.70) 0.937 (23.80) +0.112 (+2.84) s Vi
20 0.593 (15.08) +0.071 (+1.80) 1.031 (26.19) +0.124 (+3.15) 5 wi
24 0.687 (17.45) +0.082 (+2.08) 1.218 (30.94) +0.146 (+3.71)

4 The minimum is the lowes! wall thickness ol the
plus the stated tolerance. Al {
2 These dimensions confol

are special PVC plastic pipe sizes.

olerances are on the pl
rm to nominal

pipe at any cross section. The maximum pel
lus side of the minimum requirement,
IPS dimensions, with the exception that Schedule 120 wall thickness for pipe sizes

36

rmitted wall thickness, at any cross section, Is the minimum wall thickness

Y210 3%z in. (12,5 to 87.5 mm), Inclusive,

AmaimesT E, 7
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qgns) Designation: D 1784 - 92

An American National Stap

Standard Specification for ,
Rigid Poly(Vinyl Chioride) (PVC) Compounds and Chlorinated
Poly(Vinyl Chloride) (CPVC) Compounds’

This standard is issued under the fixed designation D 1784: the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopied by the Department of Defense.

1. Scope

1.1 This specification covers rigid PVC and CPVC com-
pounds intended for general purpose use in extruded or
molded form, including piping applications involving special
chemical and acid resistance or heat resistance, composed of
poly(vinyl chloride), chlorinated poly(vinyl chloride). or
vinyl chloride copolymers containing at least 80 % vinyl
chloride, and the necessary compounding ingredients. The
compounding ingredients may consist of lubricants, stabi-
lizers, non-poly(vinyl chloride) resin modifiers, pigments and
inorganic fillers.

NOTE |—Selection of specific compounds for particular end uses or
applications requires consideration of other characteristics such as
thermal propertics, optical properties, weather resistance, etc, Specilic
requirements and test methods for these properties shall be by mutual
agreement between the purchaser and the seller,

1.2 Rigid PVC compounds intended for pipe, fittings and
other piping appurtenances are covered in Specifications
D 3915 and D 4396,

I.3 Rigid PVC compounds intended for building product
applications are covered in Specification D 4216.

L.+ The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for informa-

.tion only,

1.5 The following safety hazards caveat pertains only to
the test methods portion, Section 11, of this specification:
This standard does not purport to address all of the safery
problems, if any. associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate

safety and health practices and determine the applicability of

regulatory limitations prior to use.

NotE 2—This specification is similar in content (but not technically
equivalent) to 1SO 1163-1:1985 and 1SO 1163-2:1980.2

2, Referenced Documents

2.1 ASTM Standards:
D256 Test Methods for Impact Resistance of Plastics and
Electrical Insulating Materials?

! This specification is under the jurisdiction of ASTM Committee D-30 on
Plastics and is the direct responsibility of Subcommitee D20,15 on Thermoplastic
Materials.

Current edition approved Oct 15, 1992, Published December 1992, Originally

“published as D 1784 - 60 T. Last previous edition D 1784 - 90,

? Available from American National Standards Institute, 11 W, 42nd St,, 13th
Floor, New York, NY 10036,
Y dnnual Book of ASTM Stundards, Vol 08.01.

D471 Test Method for Rubber Property—Effect
Liquids*

D 543 Test Method for Resistance of Plastics to Chemic
Reagents?

D618 Practice for Conditioning Plastics and Electric
Insulating Materials for Testing?

D 635 Test Method for Rate of Burning and/or Extent ar
Time of Burning of Self-Supporting Plastics in a Ho:
zontal Position?

D 638 Test Method for Tensile Properties of Plastics®

D 648 Test Method for Deflection Temperature of Plast
Under Flexural Load?

D790 Test Methods for Flexural Properties of Unrei:
forced and Reinforced Plastics and Electrical Insulatis
Materials®

D 883 Terminology Relating to Plastics?

D 1600 Terminology for Abbreviated Terms Relating 1
Plastics®

D 1898 Practice for Sampling of Plastics?

D 1921 Test Methods for Particle Size (Sieve Analysis) ¢
Plastic Materials®

D 3892 Practice for Packaging/Packing of Plastics'

D 3915 Specification for Poly(Vinyl Chloride) (PVC) an
Related Plastic Pipe and Fitting Compounds 1ar Pre:
sure Applications’

D216 Specification for Rigid Poly(Vinyl Chloride) (P\C
and Related Plastic Building Products Compounds”

D 4396 Specification for Rigid Poly(Vinyl Chloride) (P\'C
and Related Plastic Compounds for Non-Pressure Pif
ing Products’

D5260 Classification for Chemical Resistance of Poly
(Vinyl Chloride) (PVC) Homopolymer and Copolyme
Compounds and Chlorinated Poly(Vinyl Chloride
(CPVC) Compounds®

3. Terminology

3.1 Definitions—Definitions are in accordance with Dafi
nitions D 883 and abbreviations with Terminology D 160!
unless otherwise indicated,

4. Classification
4.1 Means for selecting and identifying rigid PVC com

* dnnual Book of ASTM Standards, Yol 09.01,
3 Annual Book of ASTM Standards, Vol 08.02,
& Amual Book of ASTAL Standards, Vol 08.03.
7 dAnnual Book of ASTM Standards, Vol 08.04
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TABLE 1 Class Requirements for

Rigid Poly(Viny! Chloride) Compounds

NoTE—The minimum property value will determine the cell number although the maximum expected value may fall within a higher cell "
t T~
l::;;_c,r; Cell Limits,
Order Property and Unit o l ) I ; | ; ; I : ‘){_ l ; 1_\
No. 7 8
1 Base resin unspecitied | poly(viny! chlorinated | vinyl copolymer Y
chloride) poly(vinyl
homo- chloride)
polymer
2 Impact strength (1zod)
min:
J/m of notch unspecified | <34.7 34,7 80.1 266.9 533.8 800.7
ft+Ibfin. of notch <0.65 0.65 1.5 5.0 10.0 15.0
3 Tensile strength, min:
MPa unspecified | <34.5 34,5 414 48.3 55.2
psi <5 000 5 000 6 000 7 000 8 000
4 Modulus of elasticity in
tension, min:
MPa unspecified | <1930 1930 2206 2482 2758 , 13034 ,
psi <280 000 280 000 320 000 360 000 400 000 -.'ﬁ‘ 440 000 Z
5 Deflection temperature
under load, min,
1.82 MPa (264 psi): .
°C unspecified | <55 55 60 70 80 90 100 {110 |
”® <13 131 140 158 176 194 212 {230
Flammability A A A A A A A A A

A All compounds covered by this specification when tested in accordance with
average time of burning of <10 s.

pounds are provided in Tables | and 2. The properties
enumerated in Table | and the tests defined are expected to
provide identification of the compounds selected. They are
not necessarily suitable for direct application in design
because of differences in shape of part, size, loading, environ-
mental conditions, etc.

4.2 Classes are designated by the cell number for each
property in the order in which they are listed in Table |
including a suffix letter specifying the requirements for
chemical resistance. as shown in Table 2.

Note 3—The chemical resistance requirements in Table 2 are
included 10 provide identification of the compounds selected. They are
not necessarily suitable for rating of application chemical resistance.

NoTe +—The manner in which selected materials are identificd by
this classification system is illustrated by a Class 12434-B rigid PVC

Mhaving the following requirements (see Tables { and 2):

Class | 24 3 d ﬂ]-

Identification.
Poly(viny! chloride) homapolymer.
Property and Minimum Value:
Impact strength (lzod) (34.7 J/m (0.65
ft-Ibffin.))
Tensile stength (48.3 MPa (7000 psi)).
Modulus of elasticity in tension (2758 MPa
(400 000 psi)).
Deflection temperature under load (70°C
(158°F)),
Chemical resistance (meets the requirements
of Suffix B in Table 2).

NOTE 5—The cell-type format provides the means for identification

and close characterization and specification of material properties, alone
or in combination, for a broad range of materials. This type format.
however, is subject to possible misapplication since unobtainable prop-
erty combinations can be selected if the user is not familiar with com-
mercially available materials. The manufacturer should be consulted.

4.3 Type and grade number designations have been
widely used to define the minimum physical properties and
chemical resistance requirements of certain commercial
classes of rigid PYC compounds, Table X1.1 in the Ap-

Method D 635 shall yield the following results: average exlent of burning of <25 m;

pendix lists these type and grade numbers and the corre-
sponding class numbers selected from Table | and 2. Tke
classes for previous types and grades of poly(vinyl chloridz
vinyl acetate) compounds are listed in Table X2.1 in thz
Appendix.

4.4 Product application chemical resistance when speci-
fied shall be classified according to the Classification Sectiox
of Classification D 5260.

5. Ordering Information
5.1 The purchase order, or inquiry for these materiais.

shall state the specification number and identify the clas
selected. for example, D 1784, Class [2434-B,

5.2 Further definition, as may be required for th: 2

TABLE 2 Suffix Designation for Chemical Resistance
Solution A B G 0
H,S0, {93 %)—14 days immersion at 65 + 2°C:
Change in weight:
Increase, max, % 1.0* 504 250 NA?
Decrease, max, % 0144 014 01 NA
Change in flexural yield strength:
Increase, max, % 50* 504 50 MA
Decrease, max, % 504 2504 500 NA

H,S0, (80 %—30 days immersion at 60 = 2°C:
Change in weight:

i Increase, max, % NA NA 50 137
Decrease, max, % NA NA 50 0!
Change in flexural yield strength: )
Increase, max, % NA  NA 150 230
Decrease, max, % NA NA 150 239

ASTM Oil No. 3—30 days immersion at 23°C:
Change In weight:

Increase, max, % 05 1.0 10 108
Decrease, max, % 05 1.0 1.2__'%

4 Specimens washed in running water and dried by an air blast of 0

mechanical means shall show no sweating within 2 h afer remgval from the a}?’-"

bath. .
8 NA = not applicable.
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Physical Properties of Harvel Rigid PVC & CPVC Pipe

Aot 1120 A Grve
0
Eigperies Mothod | (Normelimpact) (HI Impact) 4120
Mechanlcal
Specific Gravity, g/em’ D792 1.40 £ .02 1.37£.02 155,02
Tensile Strength at 73° F psi D638 7,450 6,400 8,000
Modulus Elasticlty In Tension, psi at 73° F Ds3s 420,000 A5,000 160,000
Compressive Strength, psi at 73° F D6S5 9,000
Flaxural Strength at 73° F psi D790 14,450 850 15,100
1zod Impact, ft. IbAn. notch at 73° F Da2ss 75 10.9 1.5
Hardness Duromaeter D D2240 B23 7BE3 -
Hardness Rockwsll R D785 110-120 - 119
Thermal
Cosfficient of Thermal Conductivity
(Cal)(cm) _ « 40~ c177 3.5 4.5 0.96
(cmﬂ‘) {sec.) (°C) :
Coaefficient of Linear Expansion
¥ 10* cm/em *C D696 5.2 9.9 6.2
% 10%in/in °F 2.9 5.5 3.4
Heal Distortion Temperature,
°F a1 264 psi D648 170 145 217
Spaclfic Heat, Cal/*C/gm Da27e6 0.25 0.25 -
Uppor Service Temp. Limit °F 140 140 200
Flammabliity
Average Tima of Burning (sec.) D635 <5 <5 <5
Avarage Extent of Burning (mm) <10 <15 <10
Flame Spread Index E162 <10 - <10
Flama Spread E84 10-25 - 4-18
Flash Ignition “T30°F = 900°F
Smoka Developed® 600-1000 - 9-169
Flammability (.0627) UL-94 V-0 - Vv-1), 5VB, BVA
Softening Starts, approx, °F 250 = 295
Matarial Become Viscous, °F 350 - 395
Material Carbonizes, °F 425 - ‘450
Limiting Oxygen Index (LOI) B0
Electrical
Dlalactric Strength, volts/mil D149 1,413 1,085 1,250
Dielectric Constant D1so
60 cps at 30°C 3,70 3.80 -
1000 cps at 30°C 3.62 3.31 &
Power Factor % D150
60 cps at 30°C 125 2.85 -
1000 cps at30°C 2.82 3.97 -
Volume Resistivity at 85°C,
ohms/cm/10" 12 2.4 g
Harvel Rigid Pipe is non-alectrolytic.
Other Properties
Water Absorption, % Increase~
24hrs, at 25°C D570 0.05 0.10 0.03
Light Transmisgion E308 Opaque Opaque -
Ught Swability Excellant Exceltent &
Effact of Sunlight Slight Darkening Slight Darkening -
Color (Standard) Dark Grey Light Gray Muidium Grey
Material Call Classification T
ASTM D1784 (12454-B ) 16334-D 23447-B
ASTM D3915 124524 14341-1 23444-4
ASTM D1784 and D3915 refer to similar compounds. The major differenca is that the alphabetical sixth place designation
rolars 1o -corrasion resistance under ASTM D1784, and the sxth place designation under D3915 refars to the hydrostatlc
design stress. In addition, D3915 also places upper limits for values in the sacond through the fiih place designations.

*Tests parformad on plpe sizes 3/4” - 4" with a singla pipe exposed each test. Soma of the CPVC pipes were water filled
and 1nese rosulted in the lower smoke developmant values, -
NOTE: Harvel CPVC pipo is extruded from Corzan™ CPYC compounds manufactured by BF Goodrich Spediallty Polymers

and Chamicals Division. .
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