
SITE EROSION PROTECTION MEASURES
FROM SURFACE WATER FLOW IN THE ARROYO DEL PUERTO

AMBROSIA LAKE MILL
AMBROSIA LAKE, NEW MEXICO

Prepared for:
Rio Algom Mining LLC

PO. Box 218
Grants, New Mexico 87020

January 2008
Revision I

Prepared By.

• TETRATECH, INC.

G L- BAL BCG, tiz



PRio Algom Mining LLC
January 23, 2008

ADDRESSEE ONLY
Mr. Tom McLaughlin, Project Manager
U.S. Nuclear Regulatory Commission
Mail Stop T-7-E18
Washington, DC 20555

Subject: Rio Algom Mining, LLC; Docket 40-8905
Erosion Protection Design for Surface Water
Flow in the Arroyo Del Puerto, Revision I

Dear Mr. McLaughlin,

Please find attached three copies of the submittal Site Erosion Protection
Measures From Surface Water Flow in the Arroyo Del Puerto, Revision 1 for Rio Algom
Mining LLC's Ambrosia Lake Mill Facility, Ambrosia Lake, New Mexico.

This submittal incorporates changes to the original submittal dated October 24,
2007 for erosion protection design and reflects written comments and discussions with
Nuclear Regulatory Commission (NRC) staff. The principal changes incorporated
respond to NRC concerns in the following areas:

Primary (Exterior) Diversion EmbankmentlChannel

1. Side-slope correction factor for rock sizing
2. Supercritical flow regime during Probable Maximum Flood (PMF) flows
3. Manning's On" values
4. Design of confluence of exterior and interior channels
5. Depth of scour methodology
6. Potential gully migration in vicinity of channel confluence

Interior Drainage Channel

1. Confluence of Interior Channel and existing Discharge and DiversionChannels (north of Pond 2)
2. Design of Interior Channel for overland and potential side gully flows

Tailings Pond 3 Side-Slope and Apron Rock Protection

The erosion protection design addressing these areas on Pond 3 was
submitted April 22, 2002 and approved by the NRC. Calculations for this
design were based on PMF flow in the historical alignment of the Arroyo Del
Puerto (i.e., not being re-routed). The design basis of this report diverts the
PMF flows by construction of the diversion embankment and channel
upstream of the Ambrosia Lake facility. This allows the erosion protection of
the Pond 3 Tailings Impoundment to be re-calculated for just the surface
water runoff from overland flow from Ponds 1 and 3. This re-evaluation is
included in this revision.
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1.0 INTRODUCTION

The following design report was prepared by Tetra Tech Inc. for Rio Algom Mining LLC

(Rio Algom) to evaluate erosion protection measures to protect the site from the effects

of surface water flow during storm events in the Arroyo del Puerto. Initially, an option

was considered to return the Arroyo del Arroyo channel to its historic general natural

course and prevent future lateral migration of the re-established channel towards

Tailings Pond 3. However, this historic location placed it between Tailings Pond 3 on

one side and Tailing Ponds 4, 5, & 6 on the opposite side. The resulting evaluation was

required to consider the impact from a probable maximum flood (PMF) down the Arroyo

del Puerto and the erosion protection necessary to protect the pond areas containing

tailings or residual contaminants. Three options were evaluated with the preferred

option primarily involving diversion of the Arroyo del Puerto to the east of Tailing Ponds

4, 5, & 6 utilizing an embankment and a new excavated channel that would rejoin the

original arroyo near the northeast corner of Tailings Pond 9. Additionally, the historic

location of the arroyo west of Tailing Ponds 4, 5, & 6 would be designed to provide

drainage of onsite runoff. This report provides the basis for the design and construction

of the new embankment and channel as well as the historic channel draining onsite

drainage, together with drawings and specifications for construction. In addition, an

evaluation of the geomorphic processes affecting the Arroyo del Puerto was performed

to determine the long-term stability of the design with respect to aggradation or

degradation processes.

1.1 Historical Perspective

The Arroyo del Puerto historically has been a relatively narrow channel, in a broad

alluvial flood plain. Historically, it was a dry wash and flowed only in response to

significant rainfall events and periods of prolonged snow melt. In the late fifties, several

mining companies began sinking mining shafts, with subsequent pumping from the

Westwater Formation into the Arroyo del Puerto. The flows in the Arroyo del Puerto

reached San Mateo Creek about 4 miles to the south. These flows eventually

decreased with cessation of mining in the valley. The Creek then became dry until it

Rio Algom Mining LLC. SUA-1473 Page 1
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reached the United Nuclear-Homestake IX plant in Section 25, northwest of the mill

where the Homestake IX discharges were added to the arroyo.

In late 1976, the arroyo was realigned by Kerr McGee as part of their operations to flow

north and east of Tailing Ponds 4, 5, & 6 away from Ponds 1 and 3 (Figure 1.1). This

new diversion channel rejoined the original arroyo near the northeast corner of Tailings

Pond 9. Drainage from the channel reach of the abandoned creek was captured behind

a small dam and pumped back into Tailings Pond 3.

The initial Rio Algom reclamation plans considered restoration of the Arroyo del Puerto

to its original channel as nearly as achievable to the pre-1976 grade and alignment. It

was thought that the stream restoration would re-establish the general structure,

function and self sustaining behavior of the arroyo to that which existed prior to the

diversion channel construction.

Rio Algom Mining LLC.
Ambrosia Lake, New Mexico

SUA-1473
Docket #40-8905
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1.2 Scope

Rio Algom, formally Quivira Mining Company is conducting reclamation of its Uranium

facility located in the Ambrosia Lake Valley northeast of Grants, New Mexico. This work

is being performed under Rio Algom's NRC license No SUA-1473.

As part of the reclamation program, Rio Algom has reclaimed Tailings Pond 1 and is in

the process of reclaiming Tailings Pond 3. The tailings pile reclamation was designed

and constructed to provide assurance of control of radiological hazards for 1,000 years

to the extent reasonably achievable. Specifically, the plan meets Appendix A of 10 CFR

Part 40 for decommissioning of the tailing ponds. Erosion protection designs for

Tailings Ponds 1 and 3 were an integral part of the reclamation plan. These designs

were submitted to the NRC on September 26, 2002 and May 16, 2005. The NRC

conducted a detailed technical evaluation report (TER) on the design, which was

transmitted to Rio Algom on November 27, 2002 (See Appendix A.1). The NRC staff

concluded that the designs that were submitted appropriately addressed the long-term

erosion protection of Tailings Ponds 1 and 3 for a Probable Maximum Precipitation

(PMP) event, and issued Amendment 51 to update License condition 37 of Source

Materials License, SUA-1473.

However, the TER (Appendix A.1) summary stated that the toe of Tailings Pond 3 (at

Section 3) should be revisited (i.e. re-evaluated) to determine if the erosion protection

adequately protected against lateral migration of the Arroyo del Puerto, thus potentially

undercutting the toe of Tailings Pond 3. In response to this TER, Rio Algom submitted

a report assessing the potential for lateral migration of the Arroyo del Puerto (Appendix

A.2). The NRC issued another TER on October 5, 2004 (Appendix A.3) addressing the

lateral migration report. This second TER by the NRC concluded that since the

maximum differential distance between the toe of Tailings Pond 3 and the re-

established channel bed would be approximately 10 feet, that Rio Algom should again

address the potential for undercutting of the impoundment toe due to the potential

-migration of the arroyo. The TER (Appendix A.3) suggested that methods of toe

Rio Algom Mining LLC. SUA-1473 Page 4
Ambrosia Lake, New Mexico Docket #40-8905 January 2008



Arroyo del Puerto -Erosion Protection Measures

0
protection could include stabilizing the stream at its reconstructed location or providing

additional protection against migration into the toe of Tailings Pond 3.

Subsequent to the second TER, NRC also expressed concern for remaining subsurface

contaminants beneath the previous locations of Tailings Ponds 4, 5, & 6. NRC

indicated that in addition to Tailings Pond 3, these materials needed to be protected

from dispersal by the impact of a PMF down the Arroyo del Puerto.

Rio Algom has evaluated three options for cost impacts based on these design

considerations. These options are described as follows:

Option 1: Re-align the Arroyo del Puerto to the historic alignment and design

for PMF stream flows. Protect Tailings Ponds 4, 5, & 6 and the channel for the

resulting PMF flow velocities and scour depths, as well as the toe and sideslope

of Tailings Pond 3.

O Option 2: Re-align the Arroyo del Puerto to the historic alignment to provide

interior site drainage and protect Tailings Ponds 3, 4, 5, & 6 and the channel for

the runoff from a PMP. Divert upstream PMF drainage in the Arroyo del Puerto

to the east of Tailing Ponds 4, 5, & 6 utilizing an embankment and a new

excavated channel that would rejoin the original arroyo near the northeast corner

of Tailings Pond 9.

* Option 3: Re-align the Arroyo del Puerto to the historic alignment and design

for PMF stream flows. Build a weir embankment at the downstream end of

Tailings Pond 6 to back up flood flows and reduce flow velocities over Tailings

Ponds 4, 5, & 6. Protect Tailings Ponds 3, 4, 5, & 6 and the channel for the

resulting PMF flow velocities and scour depths.

The evaluation determined that Option 2 would be more cost effective and would

provide better protection of the area of Tailings Ponds 4, 5, & 6 as well as mitigate the

concern for lateral migration into Tailings Pond 3. The following design summary and

associated drawings addresses the NRC's concerns and presents erosion protection

measures for the interior site drainage as well as the PMF design for the diversion

embankment/channel as shown on Drawing Sheet 1 of Section 8.1.

Rio Algom Mining LLC. SUA-1473 Page 5
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The interior site drainage and erosion protection is discussed in Section 2 and the

applicable calculations are contained in Appendix C. Also addressed in Appendix C are

changes to the Tailings Pond 3 erosion protection as a result of diverting the Arroyo Del

Puerto flood flows to the east of Tailings Ponds 4, 5, & 6. The Diversion

Embankment/Channel PMF analysis and erosion protection is discussed in Section 3

and the applicable calculations are contained in Appendix D. Section 4 discusses

erosion protection specifications to include requirements for rock gradations, rock filters,

rock quality, rock placement, and a summary of estimated volumes required.

Supporting documentation is contained in Appendix B and includes rock gradation

testing summaries (Appendix B..1), a rock quality testing evaluation (Appendix B.2), and

an interstitial cover flow calculation (Appendix B.3) negating the need for sand filter

layers.. Section 5 contains a geomorphic evaluation summary that is supported by

calculations and a geomorphic report contained in Appendix E. Section 6 contains a

design summary, Section 7 contains references, and Section 8 contains the design

drawings (Drawing Sheets 1 thru 24) for the Arroyo Del Puerto, and two revised

drawings for Tailings Pond 3 Task 3 Erosion Protection. In order to better illustrate

some of the erosion protection details on Drawing Sheet 4, a map size version of this

drawing has been placed into a map inset at the back of the report.

Rio Algom Mining LLC. SUA-1473 Page 6
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2.0 INTERIOR SITE DRAINAGE AND EROSION PROTECTION

2.1 Design Basis

The overland areas of Tailings Ponds 4, 5, & 6, the Interior Drainage Channel and the

top and side slopes of Tailings Pond 3, require protective rock to prevent erosion and

gullying into the cover materials and tailings. The general approach for this erosional

analysis consists of several tasks with the more stringent design requirements

controlling the final design configurations. The tasks are listed as follows:

1) PMP rainfall depth calculated for the 1-hour local storm.

2) Hydrological parameters for each catchment area, to provide basis for erosion

protection requirements in accordance with NUREG-1623, Appendix D.

3) Rock size requirements for the surface slopes of the Tailings Ponds 4, 5, & 6

to provide adequate erosion protection in accordance with NUREG-1623,

Appendix D, Section 2.

4) Channel flow parameters for the Interior Drainage Channel in accordance

with NUREG guidance.

5) Rock size requirements and scour depths for the interior drainage channel to

control the runoff and longitudinal flow in accordance with NUREG-1623,

Appendix D, Section 3.

6) Rock size requirements and scour depths to control the lateral inflow from

natural gullies into the interior drainage open channel in accordance with

NUREG-1 623, Appendix D, Section 3.

7) Rock size requirements and scour depths to control the lateral inflow from the

interior diversion channel and the interior discharge channel.

8) Rock size requirements for the channel inlets and outlets to control upstream

head-cutting due to scour in accordance with NUREG-1623, Appendix D,

Section 4.

9) Tailings Pond 3 side slope and apron rock size requirements from the original

design report for Pond 3 erosion protection.

Rio Algom Mining LLC. SUA-1473 Page 7
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The applicable analyses and design considerations for the interior site drainage are

discussed in the remaining subsections of Section 2 of this report. The supporting

calculations can be found in Appendix C (Interior Site Drainage Calculations).

2.2 PMP Calculations

The analysis conducted for this design is consistent with Nuclear Regulatory

Commission (NRC) guidance, specifically, Design of Erosion Protection for Long-Term

Stabilization (NRC 2002). This guidance, referred to as NUREG-1623 in this report,

requires, in most cases, that erosion protection be designed for a 1,000-year life to the

extent reasonably achievable in order to minimize the long-term care of a facility.

Because flood events with a 1,000-year recurrence interval are difficult to quantify, the

guidance recommends use of the PMP event for design purposes. The resulting runoff

from a PMP is referred to as a PMF.

PMPs can be derived for various parts of the United States using appropriate

hydrometeorological reports. The report that addresses New Mexico east of the

continental divide is Hydrometeorological Report No. 55A (HMR 55A), Probable

Maximum Precipitation Estimates - United States between the Continental Divide and

the 1 0 3 rd Meridian (Hansen, et al. 1988). Appropriate PMP's are used to develop runoff

hydrographs and determine the PMF for an area of concern. The final step in the design

process is to apply the resulting parameters from a PMF to the appropriate erosion

control design method. Guidance for design of riprap erosion protection is found in

Appendix D of NUREG-1 623 (NRC 2002).

The PMP rainfall depth calculated for the 1-hour local storm is 9.6 inches with no areal

reduction. This calculation is contained in Appendix C.1, PMP Calculation, Local Storm.

2.3 Hydrological Parameters

The interior site drainage will occur as a result of direct precipitation over the site. The

applicable catchment areas are shown on Drawing Sheet 2 of Section 8.1 and the

calculations are contained in Appendix C.2, Design Flowrates and Erosion Protection.

Rio Algom Mining LLC. SUA-1473 Page 8
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To compute the peak runoff, the Rational Formula was used in the calculations,

whereby this formula takes the form of Equation 2.1.

Q = CIA (Equation 2.1)

Where: Q = Design peak runoff (cfs)
C = Runoff coefficient (assumed = 1 for PMF applications)
I= Rainfall intensity (inches per hour)

A = Area (acres)

Calculations for the rainfall intensity were estimated from the local PMP value and

adjusted for the rainfall depth similar to Table 2.1, NUREG 4620 (HMR 49) but adapted

for HMR 55A. The time of concentration was estimated by Equation 2.2.

Tc =0.0078(L077 (Equation 2.2)

Where: To = Time of concentration (minutes)
L = Longest flow path of catchment (ft)
S = Slope of catchment (ft/ft)

The surface intensity was determined by Equation 2.3.

I = rainfall depth [60 / Tc (minutes)] (Equation 2.3)

This method of computing rainfall intensity is generally considered a conservative value

and represents the peak rainfall intensity of the design storm. The Rational Formula

was also used with the maximum slope length and a unit width to determine a unit width

peak discharge as follows:

qd = ClAw (Equation 2.4)

Where: qd = Design unit width peak runoff (cfs/ft)
C = Runoff coefficient (assumed = 1 for PMF applications)
I= Rainfall intensity (inches per hour)

Aw = (Ld/ft) (1 ft width)/(43560 sf/acre)
= Unit width area (acres/ft width)

Where: Ld = Longest direct flow path of catchment (ft)

Rio Algom Mining LLC.
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The results of the hydrology analyses are shown in Table 2.1 as taken from Appendix

C.2. The table summarizes several types of areas for analysis as follows:

" The resulting PMP flows from the seven catchment areas (shown on Drawing

Sheet 2 of Section 8.1) that cumulatively impact the interior drainage channel.

" The maximum overland unit width peak runoff from the catchment areas 5 & 6.

These values are used to size the rock protection needed to protect Tailings

ponds 4, 5, & 6 comprising catchment areas 5 & 6.

* The maximum overland unit width peak runoff from the catchment areas 1, 4, 5,

6, & 7. These values are used to determine the scour depth at the top edge of

the interior channel; and the size of rock protection needed for flow down the

sideslopes of the channel due to lateral overland runoff.

* The- runoff from catchment areas 2 & 3 are directed laterally into the interior

channel respectively by the discharge channel and the diversion channel. The

unit width peak flow values of each channel are used to check the size of rock

protection required at each confluence location with the interior channel.

* Additionally, the maximum overland unit width peak runoff from the back

sideslope of the exterior diversion embankment. This value is used to size the

rock protection for PMP runoff down this sideslope and the apron at the base of

the slope.

It is noted that the eastern portion catchment area 6 is a triangular drainage area that is

outside of the contaminated areas of Tailings Ponds 4, 5, & 6. As such, no surface

erosion protection is required in this area. Additionally, the interior channel does not

have rock protection on the east side of the channel that receives drainage from this

area. As a result, gully erosion will occur on that side slope of the interior channel. This

action has the potential of head cutting erosion upstream in the interior channel and

* also erosion in the confluence area with the exterior channel impacting the diversion

embankment at this location. Therefore, the following items have been implemented:

Rio Algom Mining LLC.
Ambrosia Lake, New Mexico

SUA-1473
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* A channel-wide apron of rock to scour depth has been placed at station 43+00 to

43+42 to prevent head cutting erosion.

* A channel-wide apron of rock to scour depth has been placed at station 55+50 to

56+00 to prevent scour erosion in this area.

The heavier rock protection on the exterior diversion embankment at the

confluence with the interior channel has been wrapped around the nose of the

embankment for heavier protection and tied in with additional rock protection at

the mouth of the interior channel.

Additional rock apron protection has been added to the base of slope on the back

side of the exterior diversion embankment to prevent gullying from head cutting

upstream into the embankment.

It is also noted that the peak runoff values for the catchment areas 2 & 3 (discharge

channel and diversion channel) as reported in the previous submittal "Design Report,

Pond 3 Erosion Protection and Erosion Protection for the Area North of Pond 1,

Ambrosia Lake Mill, New Mexico" (Maxim 2003) are slightly higher than the values

reported in Appendix C.2. The reason being that the previous design report based the

PMP indexes on HMR-49 rather than HMR-55. Regardless, the higher values were

used when checking the rock protection at the confluences of these channels into the

interior channel

0

Rio Algom Mining LLC. SUA-1473 Page 11
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Table 2.1
Interior Site Drainage - Surface Hydrology

Rio Alaom Minina LLC
Channel a

A = Time of qd = Design Unit Bottom Peak Discharge =
Catchment Drainage Area 1  Concentration Discharge Width CiA

Area Description (acres) (min) (cfs/ft) (ft) (cfs)
1 176.3 32.2 N/A 2756.19

1-Channel Top Edge4 0.1420 32.2 2.22
1-Channel Side Slope' 0.1420 32.2 2.22 1 _

2 15.7 12.2 460.72
Discharge Channel N/A 19.92 25.0

3 16.3 13.2 457.96
Diversion Channel N/A 17.75 28.0

4 12.4 13.3 346.41
4-Channel Top Edge' 0.0619 13.3 1.73 1
4-Channel Side Slope' 0.0619 13.3 1.73 1

5 34.4 17.0 830.00
5 Overland' (Tailings 0.0459 1

Ponds4 & 5) 17.0 1.11 1
6 86.8 19.7 1891.18

6 Overlandz (Tailings
Ponds 4, 5 & 6)) 0.0551 19.7 1.20 1 2

7 99.2 11.3 3009.83
7-Channel Top Edge' 0.0367 10.7 1.17 1_ _

7-Channel Side Slope" 0.0367 10.7 1.17 1
Inside Sideslope of 0.0010

Diversion Berm 0.2 0.05 1

Inlet Channel at Sta 7+90 176.3,375.00 2
- 0.5% Slope 7.35 375.00 2756.19

Channel at Sta 8+00 - 176.3
Chanel a St 10+5 - 176.34% Slope 22.05 125.00 2756.19

Channel at Sta 10+25 - 176.3

Cnl% Slope 22.05 125.00 2756.19

Channel at Sta 24+00 -
0.5% Slope 216.3 30.13 125.00 3766.60

Channel at Sta 25+00 -
0.5% Slope 232.55 33.80 125.00 4224.56

Channel at Sta 26+00 -
0.5% Slope 239.44 26.61 165.00 4390.56

Channel at Sta 27+50 -
0.5% Slope 255.5 38.81 125.00 4851.28

Channel at Sta 43+00 -
0.5% Slope 348.5 44.25 165.00 7301.79

Outlet Chan. Apron at Sta
43+42 - 0.5% 348.5 44.25 165.00 7301.79

Inlet Chan. Apron at Sta
55+50 - 0.84% 441.6 51.33 190.00 9752.29

Channel at Sta 56+00 -
0.84% Slope 441.6 51.33 190.00 9752.29

Drawing Sheet 2, Section 8.1
2 Unit width
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2.4 Erosion Protection for Tailings Ponds 4, 5, & 6

Surface protection rock for Tailings Ponds 4, 5, & 6 was selected based on the longest

possible flow distance from the new diversion embankment on the north down to the

southern end of Tailings Pond 6 before entering the interior drainage channel. This was

used to determine worst case conditions, and to determine a consistent rock size.

Equation 2.5 (NUREG-1 623) was used to calculate the median rock size (D50).

D50 = 5.23 (S°43)(qd°0 56) (Equation 2.5)

Where: D50 = Median rock size (inches)
S = Slope of catchment (ft/ft)
qd = Design unit discharge (cfs/ft)

The parameters for Tailings Ponds 4, 5, & 6 erosion protection are shown in Table 2.2

and summarized in Appendix C.2.

2.5 Interior Drainage Channel Flow Parameters and Erosion Protection
I

The erosion protection for the interior drainage channel was calculated based on the

runoff for each catchment area that flows into the channel, the station location along the

channel alignment, and the specific channel configuration. Initially, Manning's equation

was used to determine the cross-sectional area of the channel, and using the specific

shape of the channel at each applicable station location, the normal depth of flow in the

channel was found using Equation 2.6.

Q = [1.49 (A)(R 213)(S112)]/n (Equation 2.6)

Where: Q = Design peak discharge (cfs)
A = Cross-sectional area of channel (ft2)
R = Hydraulic radius (ft)
S = Slope of channel (ft/ft)
n = Manning's coefficient

Once the normal depth of flow was calculated, the rock sizing could then be calculated

primarily by one of the following two methods as follows:

" Safety Factors Method using Peak Shear Stress (NUREG-1 623)

" Abt and Johnson Method (NUREG-1623)

Rio Algom Mining LLC. SUA-1473 Page 13
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The following summarizes each of the methods.

1) Safety Factors Method Using Peak Shear Stress (NUREG-623)

Rock sizing with this method determines the actual shear stress on the bottom of

the channel by Equation 2.7.

t = Ww (y)(S) (Equation 2.7)

Where: t = Actual shear stress (lb/ft2)
Ww = Unit weight of water = 62.4 lb/ft3

y = Normal depth of flow (ft)
S = Slope of bottom of channel (ft/ft)

The median rock size is determined by Equation 2.8.

t =(D 50 ) a (Ws- Ww)

Where: t = Actual shear stress (lb/ft2 )
D50= Median rock size (inches)
a = Coefficient = 0.04
W= Unit weight of water = 62.4 lb/ft3

Ws= Unit weight of rock = 165 lb/ft3

(Equation 2.8)

Equation 2.8 can be simplified to Equation 2.9 to determine the median rock size.

(D50) = t/4.1 (Equation 2.9)

Where: D50 = Median rock size (inches)
t = Actual shear stress (lb/ft2)

2) Abt and Johnson Method (NUREG-1623)

This method of rock sizing utilizes Equation2.5 previously presented in Section

2.4.

D50 = 5.23 (S° 4 3 )(qd0 5 6 ) (Equation 2.5)
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The Abt and Johnson method was used as the preferred method of sizing erosion

protection. The parameters for channel erosion protection are shown in Table 2.2.

Additionally, a HEC-RAS model was run for the interior drainage channel at 100-foot

stations. Since the slope of the channel changes from 0.5% to 0.84%, the HEC-RAS

model was performed to check the effect to the flow regime and that it remained

subcritical; and to further check rock sizes and scour depths. The results of rock size

and scour depth indicate that the D50 =7.8-inch rock being used in the interior drainage

channel is sized adequately. The results of these calculations are contained in

Appendix C.2 and are slightly less than the results obtained utilizing Manning's

equation.

2.6 Lateral Inflow from Natural Gullies to Interior Drainage Channel

The side slope and top edge erosion protection rock for the interior drainage channel

must also protect against damage from lateral inflow from natural gullies. The longest

possible flow distance from each lateral drainage area was used to develop a design

unit width discharge similar to what was done in Section 2.4. This discharge was used

to determine worst case conditions, and to determine a consistent rock size. Equation

2.5 (NUREG-1623) was used to calculate the median rock size (D50).

D50 = 5.23 (S°43)(qd° 56) (Equation 2.5)

The slope derived from the catchment is used to check the rock size at the top edge of

the channel while the slope of 20% is used to check the side slopes of the interior

drainage channel/

The parameters for erosion protection due to lateral inflow from gullies are shown in

Table 2.2 and summarized in Appendix C.2.

* 2.7 Lateral Inflow from the Interior Diversion and Discharge Channels
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The channel bottom erosion protection rock for the interior drainage channel must also

protect against damage from lateral inflow from the Interior Diversion and Discharge

Channels. The channel flow from each lateral drainage channel was used with the

width of each channel to develop a design unit width discharge. This was used to

determine a consistent rock size and scour depth at the confluence locations. Equation

2.5 (NUREG-1623) was used to calculate the median rock size (D50).

D50 = 5.23 (S0 43)(qd0 56) (Equation 2.5)

The slope of each respective channel was used in the equation. The parameters for

erosion protection due to lateral inflow from each channel are shown in Table 2.2 and

summarized in Appendix C.2.

Additionally, a HEC-RAS model was run for each lateral drainage channel to further

check for hydraulic jumps caused by supercritical flow regimes entering a shallower

slope. The results indicate that the D5o =7.8-inch rock being used in the interior

drainage channel at the confluence with these two channels is sized adequately.

Respectively, these calculations are contained in Appendix C.3 and C.4 for the Interior

Diversion and Interior Discharge Channels.

0
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Table 2.2
Interior Site Drainage - Erosion Protection Parameters

Rio Alqom Mining LLC
qd . Max

Q = Design
Max Unit Overland Min D50

Design Width or Channel (in) Abt
Rock Flow Flow Channel Bottom and Oversize D50  Min Rock USACE

Placement Rate Rate Slope Width Johnson Min D50  Proposed to Thickness Equilibrium
Area' (cfs) (cfs/ft) M%)t) Method 4% (in) Use (in) to Use (in) Scour Depth (ft)

Catchment 1-
Channel Top
Edge 2.22 1.56% 1.37 1.42 7.8 16 0.19
Catchment 1-
Channel Side
Slope 5.92 20.00% 7.09 7.37 7.8 16 0.46
Catchment 2:
Discharge
Channel -
Channel Bottom 19.92 1.75% 4.90 5.10 7.8 16 1.36
Catchment 3:
Diversion
Channel -
Channel Bottom 17.75 0.90% 3.45 3.59 7.8 16 1.23
Catchment 4-
Channel Top
Edge 1.73 2.93% 1.56 1.62 7.8 16 0.16
Catchment 4-
Channel Side
Slope 2.84 20.00% 4.70 4.89 7.8 16 0.24
Catchment 5 -
Overland
(Tailings Ponds
4 & 5) 1.11 0.85% 0.71 0.74 1.0 3 0.10
Catchment 6 -
Overland
(Tailings Ponds
4, 5 & 6) 1.20 0.83% 0.74 0.77 1.0 3 0.11
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e e

Table 2.2
Interior Site Drainage - Erosion Protection Parameters

Rio Alcom Mining LLC
qd = Max

Q = Design
Max Unit Overland Min D5 0

Design Width or Channel (in) Abt
Rock Flow Flow Channel Bottom and Oversize D50  Min Rock USACE

Placement Rate Rate Slope Width Johnson Min D50  Proposed to Thickness Equilibrium
Area' (cfs) (cfs/ft) M%)t) Method 4% (in) Use (in) to Use (in) Scour Depth (ft)

Catchment 7-
Channel Top
Edge 1.17 1.81% 1.02 1.06 7.8 16 0.11
Catchment 7-
Channel Side
Slope 2.31 20.00% 4.18 4.35 7.8 16 0.20

Inside
Sideslope of

Diversion Berm 0.05 33.33% 0.61 0.63 1.0 16 0.01
Inlet Channel at
Sta 7+90 - 0.5%

Slope 2758.7 7.35 0.50% 375.00 1.64 1.70 7.8 16 0.56
Channel at Sta

8+00-4%
Slope 2758.4 22.05 4.00% 125.00 7.41 7.70 7.8 16 1.49

Channel at Sta
10+25 - 4%

Slope 2758.4 22.05 4.00% 125.00 7.41 7.70 7.8 16 1.49
Channel at Sta
10+25 - 0.5%

Slope 2755.3 22.05 0.50% 125.00 3.03 3.15 7.8 16 1.49
Channel at Sta
24+00-0.5%

Slope 3767.5 30.13 0.50% 125.00 3.61 3.75 7.8 16 1.97
Channel at Sta
25+00 - 0.5%

Slope
4226.6 33.80 0.50% 125.00 3.85 4.00 7.8 16 2.18

I
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Table 2.2
Interior Site Drainage - Erosion Protection Parameters

Rio Algom Mining LLC
qd = Max
Design

Max Unit Overland Min D50

Design Width or Channel (in) Abt
Rock Flow Flow Channel Bottom and Oversize D50  Min Rock USACE

Placement Rate Rate Slope Width Johnson Min D50  Proposed to Thickness Equilibrium
Area1  (cfs) (cfs/ft) N%)t) Method 4% (in) Use (in) to Use (in) Scour Depth (ft)

Channel at Sta
26+00 - 0.5%

Slope 4392.5 35.12 0.50% 125.00 3.93 4.09 7.8 16 2.26
Channel at Sta
27+50-0.5%

Slope 4852.2 38.81 0.50% 125.00 4.16 4.32 7.8 16 2.46
Channel at Sta
43+00 - 0.5%

Slope 7299.1 44.25 0.50% 165.00 4.47 4.65 7.8 16 2.77
Outlet Channel
Apron at Sta
43+42 - 0.5%

Slope 7302.5 44.25 0.50% 165.00 4.47 4.65 7.8 36 2.77
Inlet Channel
Apron at Sta

55+50 - 0.84%
Slope 9752.4 51.33 0.84% 190.00 6.08 6.33 12.0 36 3.16

Channel at Sta
56+00 2 0.84%

Slope 9751.8 51.33 0.84% 190.00 6.08 6.33 12.0 24 3.16
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2.8 Erosion Protection and Scour Depth for Channel Inlet/Outlet Flow

Channel inlets or outlets are designed for scour depths to prevent upstream or

downstream channel cutting and ultimate dispersal of contaminated materials within or

adjacent to the channel. Within the channel thickened aprons were placed across the

channel at Station 43+00 to 43+42 and again at Station 55+50 to 56+00. The upstream

apron was intended to prevent channel head-cutting into the area of Tailings Ponds 4,

5, & 6; and the downstream apron was intended to prevent head cutting or gullying in

the confluence area that would impact the exterior diversion embankment. The method

of rock sizing the inlet or outlet areas of the channel and the buried or thickened aprons

utilizes Equation 2.5 previously presented in Section 2.4.

D50 = 5.23 (S° 43 )(qd0 56) (Equation 2.5)

Additionally, the NUREG-1623 referenced one method of determining the scour depth

for the channel and outlet or base of slope aprons toe with the following Equation 2.10

(USDOT HEC No. 14, 2006).

ds = RCs(a/(o 113))(Q / ((g112)(R 1/2)))1(tI316)e (Equation 2.10)

Where: ds = Depth of scour (ft)
R = Hydraulic radius (ft)
Cs = Slope correction coefficient
a, 13, 9 are coefficients
c= Material standard deviation = (D84aD 16)0 5

D84 = Riprap size of which 84% is finer by weight (inches)
D16 = Riprap size of which 16% is finer by weight (inches)
Q = Design peak discharge (cfs)
g = Gravitational constant = 32.2 ft/sec 2

t = Time flow (minutes)

The basis for this method was originally small circular culvert flow and questions arose

whether its applicability was appropriate for large open channel flow. The problem that

occurs is whether the full Q or a flow per unit width is more appropriate to use. As a

result, it was decided that a more appropriate method to use is the USACE Equilibrium

Scour method. The resulting values for scour depth that are shown in Table 2.2 and
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Table 2.3 and are summarized in the various calculations of Appendix C.2 utilize the

USACE Equilibrium Scour method.

The following evaluation of scour depth methods was performed as a basis for use of

the USACE Equilibrium Scour method.

2.8.1 USDOT HEC No. 14, 2006

This scour depth method utilizes Equation 2.10 (USDOT HEC No. 14, 2006) as as

previously presented above in Section 2.8.

This method is referred to in Section 4 of Appendix D of NUREG-1 623 for the design of

aprons and diversion channel outlets. This method as presented in HEC-14 is for

predicting local scour at the outlet of culverts based on discharge, culvert shape, soil

type, duration of flow, culvert slope, culvert height above the bed, and tailwater depth.

NUREG-1623 that the scour depth in some natural channels may be estimated using

this procedure. The discussion, though, centers around rock-protected channel outlets

to prevent -head cutting due to gully incision. The diversion embankment / channel

design involves the rock protection of the right bank only rather than the entire channel

cross-section. NUREG-1623 indicates that the use of this equation assumes that little

or no replacement of scoured material occurs during the duration of the flood. In many

natural channels, extensive replacement by bed load movement occurs, and the

resulting scour depth is reduced.

The following is a discussion of the above parameters.

* R = Hydraulic radius (ft)

For wide open channels the hydraulic radius equates to the depth channel

flow.

- Cs = Slope correction coefficient (Table 5.3)

0 This parameter is taken from Table 5.3 of HEC-14. The table indicates a

coefficient value of 1.00 for a channel slope of 0% to a value of 1.03 for a
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slope of 2%. The slopes specified for the diversion channel are 1% or

less. Depending on the slope a prorated value is determined from Table

5.3. For example a 1 % slope would prorate to a coefficient value of 1.015.

" a, 03, e coefficients (Table 5.1)

These three coefficients are taken directly from Table 5.1 of HEC-14. For

the calculation of scour depth these values are:

a = 2.27

= 0.39

6 = 0.06

" = Material standard deviation = (D84/Di 6)0 5

This parameter is dependent on the gradation of the bed material but is

not extremely sensitive. Typical values for this parameter are 2.10 for

gravel and 1.87 for sand. In general, the depth of scour increases as this

parameter decreases. Since the existing bed materials are a silty sand a

typical value of 1.87 was used. However, as an additional check, the

native soil grain sizes shown in Calculation E.1 were evaluated for the

material standard deviation. The following was determined:

D84 = 0.177 mm

D16 = 0.037 mm

o = (D841D16)0°5 = 1.94

Therefore, the value of 1.87 was slightly conservative.

• q = Gravitational constant = 32.2 ft/sec

This value is a constant

0
e t = Time flow (minutes
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The time of scour is estimated based upon knowledge of peak flow

duration. Lacking this knowledge, the procedure recommends that a time

of 30 minutes be used in the equation. Prior evaluations indicate that

approximately 2/3 to 3/4 of the maximum scour depth occurs in the first 30

minutes of the flow duration.

Q = Design peak discharge (cfs)

The value to use for Q is the one, parameter that is sensitive to

interpretation in this method. As discussed in HEC-14 this empirical

equation was presented as a method for predicting local scour at the

outlet of culverts. The examples illustrated in HEC-14 involved 18-inch

diameter circular culverts as compared to a rectangular box culvert. In

these cases, the entire culvert flow rate was used in the equation which

would appear reasonable for small circular culverts. However, the case of

* a wide open channel is a great difference and would relate more closely to

a wide rectangular box culvert. In a wide open channel with uniform flow it

would seem more reasonable to consider the discharge per unit width as

the force acting upon the channel bed. This is similar to the Abt and

Johnson equation in that the flow per unit width is used to determine the

rock size to protect against the discharge shear stresses.

Example

A wide open channel with the following parameters:

Manning's 'n' = 0.03

Depth = R = 10 feet

Channel slope = 0.01

If different widths of the channel are evaluated with Manning's equation

and then applied to the scour equation without considering the uniform

* application of forces with a discharge per unit width then the following

values are the result:
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Width (ft) Q (flow rate, cfs) V (fps) ds (scour depth, ft)

1.0 ft 229.91 cfs 22.99 fps 7.3 ft

10.0 ft 2299.1 cfs 22.99 fps 17.9 ft

100.0 ft 22991 cfs 22.99 fps 43.9 ft

If the entire flow rate from each section width is applied within the equation

the result is a concentration of forces without considering that the erosive

forces need to be spread uniformly across the section width in question. It

does not seem reasonable that a wide channel with a uniform depth and

velocity across the cross-section would somehow have drastically different

scour depths depending on the entire flow rate within a section width

rather than a discharge per unit width.

2.8.2 USACE Equilibrium Scour Depth

This scour depth method utilizes the following equation:

he = (0.234qe 8/9)/ (g(Ss-1))4/9( de1/3)

Where: he = Equilibrium Scour Depth (ft)
qe = Equilibrium Discharge (cfs per unit width)
g = Gravitational constant = 32.2 ft/sec 2

Ss = Sediment Specific Gravity (2.65 for sand)
de = Median Grain-Size Diameter (mm)

This method serves as additional support to the discussion with the USDOT HEC-14

regarding the use of a discharge per unit width for open-channel flow. The value of

grain size in the method was sensitive. A value of 0.074 mm was used for very fine

sand.

This method produces values that are somewhat higher than the results using the

USDOT HEC-14 method.
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2.8.3 CSU Equation for Piers

This scour depth method utilizes the following equation:

d/Y 1 = 2.0 Ki K2 K3 K4 (b/Y1)0.65 Fr°0 43

Where: d = Maximum Depth of Scour below Local Streambed Elevation
(m)
Y= Flow Depth Directly Upstream of the Pier (m)
K1 , K2, K3, K4 = Correction Factors
b = Pier Width (m)
Fr = Froude Number: (V / (g y) 05
Where: V = Velocity of Flow Approaching the Abutment (m/s)

g = Acceleration due to Gravity (9.81 mps)
y = Flow Depth at Pier (m)

To make this method applicable it was assumed that one of the rocks would act as a

pier with a round nose and a zero angle of attack to the flow; since the channel is

primarily in a straight alignment in the worst area of supercritical flow. The parameter

that is sensitive in this method is the width of the pier that is used. In this evaluation the

width of the 12-inch rock size was doubled to use a more conservative width of 24

inches

This method produces values that are somewhat higher than the results using the

USDOT HEC-14 method.

2.8.4 USDOT HEC No. 18 Froelich Equation for Live Bed Scour at Abutments

This scour depth method utilizes the following equation:

d / y = 2.27 K1 K2 (L' / y)0.43 Fr 0.61 +1.0

Where: d = Maximum Depth of Scour below Local Streambed Elevation
(m)
y = Flow Depth at Abutment (m)
K1, K2 = Correction Factors
L' = Length of Abutment Projected Normal to Flow (m)
L'= A / y
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Where: A = Flow Area of Approach Cross-Section Obstructed

by the Abutment (m )

Fr = Froude Number: (V / (g y) 0.5

Where: V = Velocity of Flow Approaching the Abutment (m/s)
g = Acceleration due to Gravity (9.81 mps)
y = Flow Depth at Pier (m)

This final scour equation represents the USDOT HEC-18 Froelich Equation for live bed

scour. For the abutment shape (considering the rock apron or the buried rock slope), a

correction factor for shape assumed a flow through abutment The flow area of

approach cross-section obstructed by the apron or buried slope was a difficult

parameter to assume. It was assumed for the apron or the buried slope, that 6 inches

of the layer would be sticking up enough to impact flows when impacted by the scour

flow forces.

* This method also produces values that are somewhat higher than the results using the

USDOT HEC-14 method.

2.8.5 Summary of Scour Depth Methods

Of the four methods, the USACE Equilibrium Scour method seems most appropriate for

use in a large open-channel flow. The USDOT HEC No. 14 equation presented the

difficulty with what flow rate to use, and the CSU and USDOT HEC No. 18 equations do

not seem applicable to a large open channel without piers or abutments.
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Table 2.3
Interior Site Drainage - Inlet/Outlet Aprons

Rio Algom Mining LLC
Min

Min Apron Apron Max
Rock Apron Apron Width = Width Scour

Placement D50 to Thickness Thickness 15 x D50  to Use Depth
Area1  Use (in) (in) to Use (in) (ft) (ft) (ft)

Inlet Channel at
Sta 7+90 to 8+00

- 0.5% Slope 7.8 16 18 9.75 10.0 1.49
Outlet Channel
Apron at Sta

43+00 to 43+42 -

0.5% Slope 7.8 23.4 36 9.75 30.0 2.77
Channel Apron
at Sta 43+42 to

53+00- 0.5%
Slope 7.8 23.4 36 9.75 15.0 2.56

Channel Apron
at Sta 53+00 to
55+00- 0.84%

Slope 7.8 23.4 36 9.75 15.0 2.61
Inlet Channel
Apron at Sta
55+50 - 0.84%

Slope 12.0 36 39 15.0 30.0 3.16
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2.9 Erosion protection for Tailings Pond 3

The previous submittal "Design Report, Pond 3 Erosion Protection and Erosion

Protection for the Area North of Pond 1, Ambrosia Lake Mill, New Mexico" (Maxim

2003) evaluated the erosion protection for the sideslope of Tailings Pond 3 with two

different precipitation events. The first was the local PMP storm that would fall on the

slope of Tailings Pond 1 and run-off to the surface of Tailings Pond 3 combined with the

run-off accumulated from rain that falls onto Tailings Pond,3, which would run-off the

pond surface, and onto the embankment slope and apron. The second event was a

PMF that could occur in the Arroyo del Puerto drainage basin. The previous evaluation

determined that the PMF occurring in the Arroyo del Puerto would produce the larger

erosional forces. The previous report concluded that the over-bank velocities in the

Arroyo del Puerto would be 11 fps at a depth of 10 ft, and predicted a D50 of 12 inches

for erosion protection on the sideslope using the U.S. Army Corps of Engineers method

(USACE 1995). However, under the present option that diverts the flood flows in the

Arroyo del Puerto, the PMF in the arroyo does not impact upon Tailings Pond 3.

Therefore, the original calculations for run-off from the PMP local storm event should be

valid again. These calculations resulted in using a D50 of 3.2 inches for the sideslope

and a D50 of 9.2 inches for the apron at the base of the slope. The calculations (report

dated July 28, 2003) that were used for the PMP local storm event that would fall onto

the surfaces noted above and run-off down the embankment slope are included in

Appendix C.5. A subsequent amendment (dated October 13, 2006) revised details on

some of the drawings of the July 28, 2003 design report. This amendment is included in

Appendix C.6. The present option presented by this report makes changes to 2 of the

previous drawings for Tailings pond 3. These revised drawings are included in Section

8.2

2.10 Interior Drainage Channel Design

2.10.1 Alignment

The reconstruction of the Arroyo del Puerto begins just upstream of the existing haul

road at Interior Site Drainage Channel Station 7+90. The site plan (Drawing Sheet 1 of
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0
Section 8.1) shows the general configuration and alignment of the re-established

channel for interior site drainage. Drawing Sheets 13 through 16 show the general plan

and profile for the new construction, and drawing Sheets 5, and 8 thru 11 illustrate

details. As shown by the drawings, the re-established channel generally follows the

alignment of the historic channel but with more gentle curves in the alignment. The

Interior Site Drainage Channel ends at Station 58+00 as it intersects and ties into the

Exterior Diversion Channel northeast of Tailings Pond 9.

2.10.2 Channel Configuration and Grade

The channel will have a minimum bottom width that varies according to the details

shown on Drawing Sheet 5 of Section 8.1 and it will be constructed with side slopes of 5

horizontal to 1 vertical (5H:IV) with a minimum depth of 4 feet to Station 24+00 and a

minimum depth of 5 feet thereafter to the confluence with the Exterior Diversion

Channel. This channel design will accommodate a PMP design storm event with

increasing flood flows of 2,756 cfs at Station 7+90 to 9,752 cfs at Station 55+50

(Appendix C.2, Design Flowrates and Erosion Protection).

The re-established arroyo channel is designed to have a gradient typical of the Arroyo

del Puerto original slope and surrounding topography. The channel from stations 10+25

to 53+00 will have a 0.5% grade, while the remainder of the channel to Station 58+00

will have a 0.84% gradient. These slopes nearly match the existing grades of the

existing cut channel between Station 27+50 and 58+00. The fill depths required to

provide positive drainage of surrounding areas into the constructed arroyo channel will

range from 0 to 2 ft with some isolated areas requiring 4 ft of fill for positive drainage.

Fill for the channel will be compacted to a minimum of 90% Standard Proctor density

(ASTM D-698) to help reduce erosion of surrounding areas and inner channel slopes.

2.10.3 Channel Bottom Configuration

Drawing Sheet 5 of Section 8.1 shows the typical channel section details. As shown by

0 the drawing, the channel bottom will be provided with a cross slope of 1.5% to "the

outside" of the channel away from Tailings Pond 3. Low flows will be directed along the
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toe of the far side of the channel approximately 400 feet from the nearest point of

Tailings Pond 3.

2.10.4 Channel Erosion Protection

Erosion protection rock will be provided between Stations 7+90 and 58+00. The

channel will be fully lined with erosion protection rock from approximately station 7+90

to station 43+42. From approximately station 43+42 to station 55+50 the channel will

be lined on the side slope with an apron on only the Tailings Pond 3 side of the channel.

The size and thickness of the erosion protection rock along the channel stationing are

listed in Table 2.2 and also identified on Drawing Sheet 5 of Section 8.1. The rock and

filter materials will have the gradation requirements shown in Table 4.1.

0

0
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3.0 EXTERIOR SITE DRAINAGE AND EROSION PROTECTION

3.1 PMF Magnitude Evaluation

Calculation of a PMF from a PMP event requires information on the type of storm, the

geometry of the basin, the infiltration properties of the basin as well as assumptions

about the behavior of the flood peak as it travels through the basin. The number and

uncertainty of variables in the calculation can lead to greatly varying results in the

magnitude of the PMF. Previous consultants to Rio Algom on the project developed a

PMF value of 78,000 cfs which was approved by the NRC in previous design

documents. It has later been suggested by the NRC that a much larger PMF value

(100,000 cfs or higher) should be used. For purposes of the present design the PMF

value of 78,000 PMF will be used without adjustment. In a previous Maxim (Tetra Tech)

design report (Appendix C.5), "Pond 3 Erosion Protection and Erosion Protection for the

Area North of Pond 1, Ambrosia Lake Mill, New Mexico (Maxim, 2002)", a PMF value of

75,200 cfs was calculated using the HEC-1 model (U.S. Army Corps of Engineers,

1990). The flood analysis was modeled with the following:

a) A 6-hr PMP, local storm with areal reduction of 9.2 inches was used.

b) A basin area of 57.6 square miles was used.

c) The entire drainage area (57.6 sq. mi.) was input as one basin without

subdividing into subbasins.

d) A curve number of 73.4 was used as a composite for the entire drainage

basin.

The following items are noted that would suggest that the Maxim calculation of 75,200

cfs wasperformed on a conservative basis.

a) A drainage basin of 57.6 sq. mi. would have an areal reduction factor of

-40% when modeling with only one basin and at least -80% when

subbasins are modeled.

b) A PMP value of 9.2 inches would indicate that a reduction factor of 96%

was used which would be very conservative.
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c) Modeling with only one basin instead of several subbasins would also

produce a conservative result. A more appropriate depiction of the

drainage area with delineated subbasins in shown on calculation Sheet 4

of 73, Appendix D.1.

d) It is also noted in the delineated subbasin map that Subbasin 4D

(comprising 11 % of the drainage area) enters the site at Tailings Pond 9

which is below the present area of design and therefore would not impact

it.

e) Also, the Geomorphic Report by Jerry Lindsay, Appendix E.1, indicates

that due to high infiltration rates a curve number of 73.4 would be

conservative.

3.2 Diversion Embankment / Channel Design Layout

An initial configuration assumed a 15 ft high embankment berm with 3:1 side slopes,

and a channel width of 250 ft with the bottom sloping 2.0% down and away from the

berm. This is illustrated in the cross-section on Drawing Sheet 6 of Section 8.1 and the

alignment is shown on Drawing Sheet 4 of Section 8.1. The layout of the diversion

embankment/channel is driven primarily by matching the upstream and downstream

existing elevations, and approximately balancing the cut and fill. Another consideration

is matching the converging elevations of the interior and exterior channels as they come

together at the northeast corner on Tailing Pond 9. The slope of the diversion channel

was adjusted along its course so as to best balance the cut and fill. The geometric data

and estimated volume of cut and fill for the Diversion Embankment/Channel is shown on

calculation Sheets 45 thru 50 of 73, Appendix D, Calculation D.1. The cut and fill

estimate specific to the Diversion Embankment and adjacent Channel (Station 84+56 to

Station 1+50) is approximately 215,000 cy of fill required and approximately 330,000 cy

of cut available. The geometric data along with additional topography data was utilized

as input into the HEC-RAS Model (USACE 2003) for the hydraulic analysis of the

Diversion Embankment/Channel. 26 cross-sections were used in the analysis as shown

on Drawing Sheet 3 of Section 8.1. A summary of this input data is contained on

calculations 51 thru 56 of 73, Appendix D.1.
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3.3 HEC-RAS Results

The complete calculations involving the exterior site drainage calculations and the

Diversion Embankment/Channel are contained in Appendix D.1, Design Flowrates and

Erosion Protection. The summary results of the HEC-RAS analysis are listed on the

table contained on calculation Sheets 5 thru 6 of 73, Appendix D.1. The extent of the

PMF is illustrated on Drawing Sheet 3 of Section 8.1 and is also illustrated by the

graphic cross-sections and channel profile of the flood flow taken from the HEC-RAS

Model and contained calculation Sheets 35 thru 43 of 73 and Sheet 44 of 73, Appendix

D.1. It is noted that due to the channel configuration and slopes that supercritical flow

regime occurs between Stations 30+00 and 25+00. As a result, the flow velocities and

scour depths became more critical between Station 27+50 to the confluence with the

interior Drainage Channel. This caused a design change for this channel reach. The

side slopes of the diversion embankment were changed to 4H:1V and the base of slope

apron was changed to a buried 4H:IV slope with rock protection carried to scour depth.

3.4 Erosion Protection for Side Slopes and Toe of Embankment

Erosion protection sizes have been estimated by the Abt and Johnson Method

(previously discussed in Section 2.5). The design size is then oversized by 4% (see

basis of 4% oversizing in Section 4.3) has been used to determine the D50 size rock

protection to use. The scour depths along the diversion channel have also been

estimated and are shown on the summary table contained on calculation Sheets 5 thru

6 of 73, Appendix D.1. The scour depth was determined utilizing the USACE

Equilibirum Scour Depth method as discussed in Section 2.8. The extent of the erosion

protection is illustrated on Drawing Sheet 4 of Section 8.1. A summary of the estimated

rock sizes to use on the Diversion Embankment/Channel is shown on Table 3.1.

In addition to the erosion protection placed on the stream side of the embankment, the

top and back side of the embankment will be protected with rock protection as illustrated

on Sheets 6, 7, & 11 of Section 8.1.
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Table 3.1
Exterior Site Drainage - Erosion Protection

Rio Algom Mining LLC
Embankment Slope / Apron

Aprons / Below Grade
Above Grade Slopes Slopes

River D50 - Abt 2H:IV 3H:IV
Station Station and Slope Slope

Johnso Add 4% Correcti Correcti
n Oversiz on on Minimum Minimum USACE

Method e Factor Factor Required Proposed Required Proposed Equilibrium
(inches) (inches) (inches) (inches) D5 0 to Use D50 to Use D50 to Use D5 0 to Scour Depth

19 8781 N/A N/A 3.24 2.65 3.20 3.24 3.24 3.24 3.20
18 8456 2.24 2.33 5.00 4.09 7.80 7.95 7.80 12.97 7.80
17 8000 3.46 3.60 4.17 3.41 3.20 7.95 7.80 12.97 3.20
16 7500 2.89 3.00 5.37 4.39 7.80 7.95 7.80 12.97 7.80
15 7000 3.72 3.86 6.83 5.59 7.80 7.95 7.80 12.97 7.80
14 6500 4.73 4.92 7.36 6.02 7.80 7.95 7.80 12.97 7.80
13 6000 5.09 5.30 6.93 5.67 7.80 7.95 7.80 12.97 7.80
12 5500 4.80 4.99 6.70 5.48 7.80 7.95 7.80 12.97 7.80
11 5000 4.64 4.82 6.96 5.69 7:80 7.95 7.80 12.97 7.80
10 4500 4.82 5.01 7.05 5.77 7.80 7.95 7.80 12.97 7.80
9 4000 4.88 5.08 10.06 8.23 7.80 7.95 12.00 12.97 7.80
8 3500 6.97 7.24 9.98 8.17 7.80 7.95 12.00 12.97 7.80
7 3000 6.91 7.19 10.38 8.50 7.80 7.95 12.00 12.97 7.80
6 2500 7.19 7.48 14.79 12.10 9.20 12.97 12.00 12.97 9.20
5 2000 10.24 10.65 16.38 13.40 12.00 12.97 12.00 12.97 12.00
4 1500 11.34 11.79 17.55 14.36 12.00 12.97 12.63 12.97 12.00
3 1000 12.15 12.63 17.75 14.52 12.00 12.97 12.78 12.97 12.00
2 500 12.29 12.78 17.81 14.57 12.00 12.97 12.82 12.97 12.00
1 0 12.33 12.82 9.63 7.88 7.80 12.97 7.80 12.97 7.80
0 -100 6.67 6.94 9.13 7.47 7.80 12.97 7.80 12.97 7.80
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3.5 Diversion Embankment/Channel Design

3.5.1 Alignment

The diversion of the Arroyo del Puerto will begin upstream of the tailings ponds at

Station 84+56 adjacent to the existing site entrance road. The site plan (Drawing Sheet

1 of Section 8.1) shows the general configuration and alignment of the diverted channel.

Drawing Sheets 17 through 24 show the general plan and profile for the new

construction. As shown by the drawings, the Diversion Embankment extends from

Station 1+50 to Station 84+56. At Station 84+56 the embankment also extends another

approximate 1335 feet south along the site entrance road and ties into elevation 6970.

The excavated Diversion Channel extends from Station 84+56 to Station -4+00

downstream past the intersection with the Interior Site Drainage Channel and Tailings

Pond 9.

* It is noted that the locale of the Arroyo del Puerto that is adjacent and southeast of

Tailings Pond 9 is presently being used as a fill material borrow source. The final

configuration of the channel within this area has been estimated and may result in some

differneces than the proposed alignment indicated on Drawing Sheet 4 and Drawing

Sheet 17. The HEC-RAS analysis was performed with the widened channel for the

Diversion Channel Stations between -5+00 to -20+00. The resulting effect removed a

choked condition with the existing topography and the water surface elevation

decreased. It is noted that the flow effect of the widened channel conditions did not

extend upstream beyond the area between Diversion Channel Stations -1+00 and -

5+00. Therefore, the widened geometric conditions southeast of Tailings Pond 9 do not

have an effect on the upstream flow conditions where the Diversion Embankment is

located.

3.5.2 Channel Configuration and Grade

The channel will have a minimum bottom width of 250 feet and will be constructed with

side slopes of 3H:1V from the extended section along the entrance road and Station

83+56 to 27+50. From Station 27+50 to -2+00 the above grade slopes and the below
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grade slopes will be constructed with 4H:IV slopes.

accommodate a PMF design storm event of 78,000 cfs.

This channel design will

The diverted arroyo channel from Sstations 84+56 to 77+50 will have a 0.32% grade,

Stations 77+50 to 45+00 will have a 0.10% grade, Stations 45+00 to 30+00 will have a

0.50% grade, Stations 30+00 to 2+50 will have a 1.00% grade, and Stations 2+50 to

-20+00 will have a 0.90% grade. Areas requiring fill within the Diversion Channel will be

compacted to a minimum of 90% Standard Proctor density (ASTM D-698). The fill

required for the Diversion Embankment will also be compacted to a minimum of 90%

Standard Proctor density (ASTM D-698). As shown on calculation Sheets 47 & 48 of

73, Appendix D.1, the relative height of the Diversion Embankment gradually reduces

from approximately 16.6 feet to 12.5 feet between River Stations 84+56 to 5+00. This

was done to reduce the embankment fill requirement and still maintain a minimum 3-

foot freeboard.

3.5.3 Channel Bottom Configuration

Design Drawing Sheet 6 of Section 8.1 shows the typical channel section details. As

shown by the drawing, the channel bottom will be provided with a cross slope of 2.0% to

"the outside" of the channel away from the Diversion Embankment. Low flows will be

directed along the toe of the far side of the channel and provide a silt buildup location

away from the Diversion Embankment.
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4.0 EROSION PROTECTION SPECIFICATIONS

4.1 Rock Gradation Summary

The following rock gradation requirements dictate the specifications of riprap erosion

protection for all rock to be used for the interior and exterior site drainage. It is noted

that actual gradation testing shows that the average sizes of D50 rock are slightly higher

than that noted in the specifications. These rock gradation summaries are included in

Appendix B.1.

Table 4.1
Interior & Exterior Site Drainage
Riprap Gradation Requirements

Rio Algom Mining LLC
Filter/Bedding Rock and Erosion Protection Gravel

(D50=1.0" Nominal, 0.9" Actual)

Seive Size Percent Passing Range Specification
Designation Low High

(inches)

3 100

2 70 100

1 25 55

3/4 15 40

1/2 0 25

Erosion Protection Rock (D50=3.2 Nominal, 3.24" Actual")

Seive Size Percent Passing Range Specification
Designation Low High

(inches) LowHigh

6.0 100

5.0 75 100

4.0 35 100

3.0 10 40

2.0 0 20
t
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Table 4.1
Interior & Exterior Site Drainage
Riprap Gradation Requirements

Rio Algom Mining LLC

Erosion Protection Rock (D50=7.8" Nominal, 7.95" Actual)

Seive Size Percent Passing Range Specification
Designation Low High

(inches)

12.0 100

9.0 45 70

6.0 5 20

4.0 0 5

Erosion Protection Rock (D50=9.2" Nominal, 9.33" Actual)

Seive Size Percent Passing Range Specification
Designation Low High

(inches) LowHigh

15.0 100

12.0 70 90

9.0 20 45

6.0 0 10

Erosion Protection Rock (D50=12.0"Nominal, 12.97 Actual)

Seive Size Percent Passing Range Specification
Designation

(inches) Low High

18 100

14 60 90

12 25 50

10 10 30

6 0 10

0I
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4.2 Filter Requirements

A six-inch thick rock filter layer having a mean stone diameter (D50) of one inch will be

placed in all areas protected by riprap having a D50 size of 3.2 inches or greater, as

shown on the various design drawings.

This filter layer will be placed between the rock protection and natural soils or

compacted fill materials. The interstitial flow velocities are sufficiently low (less than 0.5

feet/sec for a maximum 20 percent slope) such that a secondary filter below the one

inch filter is not required (see calculation in Appendix B.3).

4.3 Rock Quality Specifications

The material that will be used to provide erosion protection for this project is a calcitic

dolomite from a rock quarry (Tinaja Pit) south of Milan, New Mexico. Rio Algom, along

with other uranium mill sites in the area, previously acquired all erosion protection

materials from a quarry that produced basalt rock. Subsequent closure of this basalt pit

precluded its use and alternative rock sources were investigated. The Tinaja Pit was

selected as the best source.

In 2001 Rio Algom had American Petrographic Services, Inc. evaluate the dolomite from

Tinaja Pit. The petrographic analyses results are presented in Appendix B.2 (Rock

Quality Testing). In addition, Western Technologies performed physical and mechanical

tests to evaluate the quality of the rock in accordance with NUREG-1623. These results

are also shown in Appendix B.2 (Rock Quality Testing).

The dolomite was found to have a rock quality rating of 76.7 percent. Based on these

evaluations, Rio Algom incorporated a 4% over design factor on rock diameter sizing

calculations to meet the NRC rock quality rating of 80.
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4.4 Rock Placement Procedures for Erosion Protection

4.4.1 General Guidelines for Rock Placement

In general, proper placement is created by providing a relatively uniform thickness of

rock at a specified gradation. The following are general guidelines that shall be used in

conjunction with specific placement criteria to achieve adequate placement of rock

riprap layers:

A. The various riprap sizes shall be placed in layer thicknesses according to that

specified on the associated design drawings. In general, these specified

thicknesses are based on a minimum layer thickness being at least 1.5 to 2

times the D50 rock size.

B. Where the D50 size is eight inches or more, the placement procedures should

include a certain amount of individual rock placement (using specialized

equipment or hand labor) to ensure that proper thicknesses and areal coverage

are achieved. Where the D50 size is less than 8 inches and the layer thickness

exceeds two times the average rock size, dumping and spreading by heavy

equipment will generally be the only procedures necessary to achieve

adequate rock placement.

C. After the start of construction of the various erosion protection layers, test

sections of the proper thickness and gradation will be constructed for layers

with 3.2", 7.8", 9.2" and 12.0" D50 size rock. This test section should be visually

examined, and contractor personnel should become familiar with the visual

properties of this section; that is, the acceptable section should be used as

visual guidance of proper placement and should be used to evaluate future

riprap placement. The test section should be tested to determine its gradation

and rock weight-unit volume that will be achieved in future rock placement

activities.

D. Riprap materials shall be reasonably well-graded within the limits presented in

Table 4.1. The sizes are specified in terms of square openings of-U.S.
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Standard Sieves or by the Nominal Sizes of the Materials. The Contractor

reserves the right of inspection while the samples are being taken.

4.4.2 Placement and Compaction

A. Erosion protection materials shall be handled, loaded, transported, stockpiled,

and placed in a manner that avoids nonconformance with specifications due to

segregation and degradation, including materials moved to and from

stockpiles.

B. Subgrade preparation shall be as specified in Specifications. In addition, the

subgrade (frost protection layer) shall be prepared so that it will adequately

support the rock placement equipment. Care will be exercised to eliminate the

potential damage due to rutting of the subgrade during rock placement

activities. Any rutting or deviations to the subgrade surface shall be repaired

prior to the resumption of rock placing activities. Also, in order to prevent rock

migration into the subgrade layer, rock shall not be placed on frozen or

saturated subgrade.

C. Where the required bedding material thickness is six inches or less, the

bedding material shall be spread and compacted in one layer.

D. Placing of material by methods that will tend to segregate particle sizes within

the layer will not be permitted.

E. Dumped riprap shall be placed to its full course thickness in one operation and

in such a manner as to avoid displacing the bedding material. The larger

stones shall be well- distributed throughout the mass. The finished riprap shall

be free from pockets of small stones and clusters of larger stones. Placing

stone by dumping into chutes or by similar methods likely to cause segregation

of the various sizes will not be permitted. The desired distribution of the

* various sizes of stones throughout the mass shall be obtained by selective

loading of the material at the quarry or other source, by controlled dumping of

successive loads during final placing, or by other methods of placement that

Rio Algom Mining LLC. SUA-1473 Page 41
Ambrosia Lake. New Mexico Docket #40-8905 January 2008. .. .. . . . . . . . T . . . . . . . .. . ww j ....



Arroyo del Puerto -Erosion Protection Measures0
will produce the specified results. Rearranging of individual stones by

mechanical equipment or by hand may be required to the extent necessary to

obtain a well-keyed and reasonably well-graded distribution of stone sizes as

specified above. Larger riprap may require individual placement by equipment.

Hand arrangement will be required only to the extent necessary to secure

acceptable results. Stones shall be selected and positioned so as to produce

an essentially solid, densely placed face of rock with all stones firmly wedged

in place. Any stones that are not firmly wedged shall be adjusted and additional

selected stones inserted or existing stones replaced, so as to achieve a solid

interlock

F. For riprap placed by clam-shell or similar equipment, hand arrangement will be

required only to the extent necessary to secure the results specified herein.

Stones shall be selected individually and positioned manually under

experienced supervision so as to produce an essentially solid layer with all

stones firmly wedged in place. Any stones that are not firmly wedged, in the

opinion of the Contractor, shall be adjusted by crow-bars or similar tools and

additional selected stones inserted, or existing stones replaced, so as to

achieve solid interlock.

G. Each layer of riprap shall be track-walked by two passes of a Caterpillar D6

bulldozer or equal unless otherwise approved by the Contractor. Riprap shall

be spread in a manner that will achieve full coverage and a uniformly

distributed well-keyed, densely- placed layer.

H. Construction equipment other than spreading and compaction equipment shall

not be allowed to move over the placed riprap material and bedding material

layers except at equipment crossovers as designated by the Contractor. Fill

materials shall be placed temporarily at equipment crossovers to prevent

degradation of placed riprap materials. Each crossover shall be cleaned of all

* contaminating materials and approved by the Contractor before additional

materials are placed in these areas. Other construction equipment may move
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over placed riprap and bedding layers. The Contractor may restrict such traffic

to minimize damage to completed layers. Areas of riprap and bedding layers

damaged by construction equipment shall be restored to meet the

requirements of the Specifications.

4.4.3 Acceptability of Rock Placement

A. The material placed meets the gradation requirements specified.

B. The in-place thickness of riprap material shall be between 90 percent and 125

percent of the thickness shown. Local irregularities not exceeding the

thickness limits above will be permitted provided that such irregularities do not

form noticeable mounds, ridges, swales or depressions that in the opinion of

the Contractor could cause concentrations of surface runoff or form ponds or

gullies. Riprap layer thickness will be directly measured on a specified grid to

determine that minimum thickness requirements are met. A specified area is

determined on top of the riprap layer. The rock within the grid is removed to

the top of the bedding layer (when appropriate).

C. Materials segregated or not placed according to the above requirements shall

be regraded or adjusted, or removed and replaced using appropriate

equipment, to conform within the limits given above.

D. Materials not meeting the requirements of this Section shall be removed and

placed with specified materials. Rejected materials shall be disposed of at

designated disposal Sites. Materials not meeting the grading requirements

shall be reprocessed or discarded. The Contractor may require modification of

the processing and grading operations to ensure that the specified grading

requirements are met.

0
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4.4.4 Erosion Protection Materials Testing

A. The bedding material and each type of riprap shall be tested by a commercial

testing laboratory during production in accordance with several tests utilized in

the scoring process. These tests include the following:

Specific Gravity (SSD)
Absorption
Soundness (5 cycles)
Abrasion (100 revolutions)
Schmidt Rebound Hardness

ASTM C-127
ASTM C-127
ASTM C-88
ASTM C-131
ISRM Method

B. Each type of riprap and bedding material shall be tested for gradation in

accordance with ASTM C-117 and ASTM C-136, as applicable. Test results

shall be in accordance with the Design Specifications.

C. Bedding material and each type of riprap material shall be tested at a minimum

frequency of one test for each 10,000 cubic yards or fraction thereof produced

or placed.

D. At least one petrographic examination shall be made for each rock type used

for erosion protection materials. Testing shall be performed in accordance with

ASTM C-295-90.

4.4.5 Inspections

Daily visual inspections shall be performed to verify that quality-related activities are

performed in accordance with requirements. Daily visual inspections performed by

qualified and certified inspection personnel shall be accomplished during execution of

the various work activities to verity compliance to the above-listed criteria.
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4.5 Volume Summary

Table 4.2 shows the total volumes needed for the different layers of erosion protection

rock. These volumes are broken down both by individual rock placement areas, and by

rock size.

0!

0!
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Table 4.2
Erosion Protection Layers: Volume Requirements

Rio Algom Mining LLC

Cross- Rock
Site D50 Rock Rock Placement Surface Sectional Length Specified Volume Filter Filter

Drainage Size Area Area (ft2) Area (ft) Thickness cubic Thickness Volume
Area (inches) (ftA) (inches) yarcs) (inches) (inches)

D05= 1.0" Left Overbank 4,677,500 N/A N/A 3 43,310 0 0
D50= 7.8" MC 7+00 - 10+25 N/A 133.9 235 16 1,165 6 437
D50= 3.2" MC 10+25 - 24+00 N/A 164.4 1375 16 8,372 6 3,139
D50= 3.2" MC 24+00 - 27+50 N/A 221.3 350 16 2,869 6 1,076
D50= 7.8" MC 27+50 - 43+00 N/A 251.3 1550 16 14,428 6 5,410

MC 43+00 - 43+42
D50= 7.8" (Sideslopes) N/A 68.0 42 16 106 6 40

Interior MC 43+00 - 43+42
Site 050= 7.8" (Outlet Apron) N/A 450.0 42 36 600 6 121

Drainage MC 43+42 - 55+50

Rock D50= 7.8" (Sideslope) N/A 34.0 1208 16 1,521 6 570

Volumes MC 43+42 - 55+50
D50= 7.8" (Apron) N/A 45.00 1208 36 2,013 6 828

MC 55+50 - 56+00
Dso= 12.0" (sideslopes) N/A 102.0 50 24 189 6 47

MC 55+50 - 56+00
D5o= 12.0" (channel) N/A 570.0 50 36 1,056 6 176

MC 56+00 - 58+00
Dso= 12.0" (Sideslope) N/A 51.0 200 24 378 6 94

MC 56+00 - 58+00
D50= 12.0" (channel) N/A 285.0 200 36 2,111 6 82

Exterior Dry 3H: 1V Slope
Site Rock Cover,

Drainage Extension & Sta
Rock D5o= 1.0" 84+56 to 6+50 N/A N/A 9,141 6 5997 0 0

Volumes Dry Slope Apron,
Extension & Sta

D50= 1.0" 84+56 to 6+50 N/A N/A 9,141 6 651 0 0
Exterior

D50= 1.0" Top Berm Rock N/A 3.75 9,141 3 1221 0 0
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0 0

Table 4.2
Erosion Protection Layers: Volume Requirements

Rio Algom Mining LLC

Cross- Rock
Site D50 Rock Crs-Specified Rok Filter FilterDrainge DSiz RRock Placement Surface Sectional Length Thicknes Volume( Tickes VolueDrainage Size Area Area (ft) Area (ft) Thickness cubic Thickness Volume
Area (inches)(ft 2) (inches) yards) (inches) (inches)

Site Cover, Extension &
Drainage Sta 84+56 to 6+50

Rock Dry 3H:1V Slope
Volumes Rock Cover, Sta

D50= 12.0" 6+50 to 1+50 N/A N/A 850 24 1213 6 303
Dry Slope Apron, Sta

D50= 12.0" 6+50 to 1+50 N/A N/A 850 24 756 6 189
Top Berm Rock
Cover, Extension &

D5o= 12.0" Sta 6+50 to 1+50 N/A N/A 850 24 944 6 236
Wet 3H:IV Slope -

D50= 3.2" Extension N/A N/A 1,335 6 346 6 346
Wet Slope Apron -

D50= 3.2" Extension N/A N/A 1,335 6 445 0 0
Wet 3H:1V Slope -

D05= 7.8" Sta 84+56 to 27+50 N/A N/A 5,456 16 12,037 6 4514
Wet Slope Apron -

D50= 12.0" Sta 84+56 to 27+50 N/A N/A 5,456 36 9,700 0 0
Wet 4H:1V Slope
Above Grade - Sta

Dso= 12.0" 27+50 to 1+50 N/A N/A 2,850 24 10,403 6 2601
Wet 4H:1V Slope
Below Grade - Sta

D50= 12.0" 27+50 to 1+50 N/A N/A 2,850 24 8,704 6 2176
Wet 4H:1V Slope
Above Grade, Sta -

D50= 12.0" 1 +00 to -2+00 N/A N/A 100 24 227 6 57
Wet 4H:1V Slope
Below Grade - Sta

D50= 12.0" 1+50 to -2+00 N/A N/A 350 24 122 6 31
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0 0

Table 4.2
Erosion Protection Layers: Volume Requirements

Rio Algom Mining LLC

Cross- S . Rock
Site D50 Rock Rock Placement Surface Sectional Length Specified Volume Filter Filter

Drainage Size Area Area (ft2) Area (ft) Thickness cubic Thickness Volume
Area (inches) (ftA2 (inches) bards (inches) (inches)

Wet Level Grade to
Interior Confluence,

D50= 12.0" Sta 1+50 to -1 +00 N/A N/A 250 24 324 6 81
Filter

Summary D50=1.0" Combined Quantity N/A N/A N/A N/A N/A 22,553

of Interior D50= 1.0" Combined Quantity N/A N/A N/A N/A 51,179 N/A N/A
& Exterior D50= 3.2" Combined Quantity N/A N/A N/A N/A 791 N/A N/A

Rock D5o= 7.8" Combined Quantity N/A N/A N/A N/A 43,110 N/A N/A
Volumes 050=9.2" Combined Quantity N/A N/A N/A N/A 0 N/A N/A

D50= 12.0" Combined Quantity N/A N/A N/A N/A 36,126 N/A N/A

Rio Algom Mining LLC.
Ambrosia Lake, New Mexico

SUA-1473
Docket #40-8905
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5.0 GEOMORPHIC EVALUATION

5.1 Geomorphic Evaluation of the Arroyo del Puerto

A geomorphic evaluation of the Arroyo del Puerto Drainage, Ambrosia Lake Area, was

prepared by: Jerry Lindsey of AMEC, July 2007 and is contained in Appendix E.1. The

geomorphic processes that most affect the Option 2 plan appear to be mitigating factors

for supporting the stability of the proposed diversion channel. The lack of gullying in the

most prominent drainages is a result of a high infiltration rate because of low slope

gradients and deep permeable soils. The potential for infiltration is matched by a high

capacity of storage evident by the granular fill in the underlying broad paleochannel. It

is expected that infiltration could result in a substantial loss of runoff for a PMF.

The fine grained, low plasticity soils in which the channel is founded may result in local

minor sedimentation that could mostly fill the interstices of the rock erosion protection

* but as a consequence of its fine grain and lack of cohesion/cementation should be of

negligible consequence to any significant run-off event. It is unlikely that sedimentation

of native coarse sand or gravel that might form deposits resistant to runoff will occur

since there are no sources for such material.

Sedimentation of Arroyo Del Puerto valley has been in progress for at least 2500 years.

Long term geomorphic stability of the valley is dependent on the stability of San Mateo

Creek down stream from the site, is in near playa conditions. The stability of that valley

has an added protection with the clean-up conditions of the Homestake mill and tailings

site.

5.2 Geomorphic Calculations

The following discussion is a summary of the detailed evaluation contained in Appendix

E.2. This evaluation utilizes NUREG-1623 Appendix E and compares sediment yield,

trap efficiency, and sediment transport capacity of the exterior Diversion

* Embankment/Channel utilizing the gradation of the native floodplain materials. In

addition, the HEC-RAS model for the exterior Diversion Channel was evaluated with a

Rio Algom Mining LLC. SUA-1473 Page 49
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silt buildup of 4.00 feet (Appendix E.3). The effects in terms of erosion protection

requirements as well as potential overtopping of the embankment berm were evaluated.

5.2.1 Sediment Yield, Trap Efficiency, and Sediment Transport Capacity

The procedures contained in Appendix E of NUREG-1 623 that evaluate sediment yield

are listed as follows:

* Sheet and Rill Erosion

* Gully Erosion

* Estimated Sediment Yield

* Measured Sediment Yield

* Trap Efficiency

* Sediment Transport Capacity of a channel

Sheet and ril erosion was estimated using the Modified Universal Soil-Loss Equation

(USLE) which determines the soil loss as a product of four major factors as described in

the Erosional Soil Loss Technical Evaluation Report contained in Appendix E.4 This

report was previously performed looking specifically at erosion on the interior site

tailings ponds. This procedure is less adapted to large drainage areas like the Arroyo

del Puerto and the variability of the results is greater depending on the availability of

sufficient field information of the upland drainage area. The variability of results is

recognized and. the procedure is used here only in terms of a general estimate for

comparative purposes.

Gully erosion is usually estimated from aerial photographs taken at different times

and/or from field surveys. A cursory survey of the drainage area indicated only one

area of gullying. As stated in the Geomorphic Evaluation of Arroyo del Puerto Drainage

in Appendix E.1, high infiltration rate of the thick surficial alluvial deposits significantly

reduces the potential for gullying. Therefore gully erosion was neglected for this

evaluation

Estimated sediment yield was calculated by applying a sediment-delivery ratio (SDR) to

the amount of sheet and rill erosion estimate previously calculated. This procedure was

used in lieu of the measured sediment yield Procedure since field data measurements

Rio Algom Mining LLc. SUA-1 473 Page 50
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were available for this evaluation to accurately develop flow-duration and sediment-

rating curves.

Trap efficiency was then calculated to determine the percentage of incoming sediment

for given size fractions that will settle within a given reach. The size fractions that were

used came from measured samples of native materials within the area. The PMF of

78,000 cfs was used as a maximum flow and then divided evenly into ten flood values

to evaluate lower flood levels and determine flood depths and flow velocities across the

spectrum. The original design prior to the Diversion Embankment/Channel option

estimated a 100-year flood event of approximately 3000 cfs. Therefore, the range of

flood values used in this evaluation are larger than twice the 100-year flood (7,800 cfs)

and increase uniformly to the maximum value of the PMF (78,000 cfs).

The sediment transport capacity of the channel was calculated from the same flow data

used in the previous step. This procedure calculates a sediment calculation that is then

* substituted into the flow-duration sediment-rating curve method shown as Table E-1

(NUREG-1623) developed during the measured sediment yield procedure. Since a

similar curve is not available for this evaluation of the Arroyo del Puerto, the curve from

Table E-1 (NUREG-1623) was applied to the PMF 78,000 cfs in ratio form to at least

perform a rough estimate of sediment transport for different flood events.

The results of this evaluation are contained in Calculation E.1 of Appendix E.2. The

summary of results indicates dramatically that the fine sandy silty nature of the native

soil materials do not settle easily compared to the sediment yield from the drainage

area. Additionally, even small flood events have a much greater ability to transport the

fine sediments out of the channel system. The system is also protected from extensive

scour and head-cutting because the natural existing Arroyo del Puerto channel sits

upon bedrock at the vicinity of Tailings Pond 9 (just downstream of the intersection of

the exterior Diversion Channel and the Interior Site Drainage Channel. Therefore, the

system is considered to be safe from sedimentation problems that could increase the

* risk of overtopping the Diversion Embankment by building up sediment in the Diversion

Channel and choking the flood flows.
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5.2.2 Sediment Effects on PMF Channel Flow

In addition to the sedimentation yield evaluation, the HEC-RAS model for the exterior

Diversion Channel was also evaluated with a silt buildup of 4.00 feet. The effects in

terms of erosion protection requirements as well as potential overtopping of the

Diversion Embankment were calculated. These detailed results are contained in

Appendix E.3, Calculation E.2.

It is noted that even the added 4.00 feet of sediment in the channel bottom did not

seriously impact the rock sizing performed in Calculation D.1 of Appendix D. In effect,

as the bottom is filled with silt, the channel flow begins to spread out into the left

overbank area thus minimizing the impact to flow velocities and water surface

elevations.
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6.0 DESIGN SUMMARY

In conclusion, the revised design for the interior site drainage and the diversion of the

Arroyo del Puerto fully addresses the concerns brought forth by the NRC in the

technical evaluation reviews with respect to potential long-term lateral migration and

undercutting of Tailings Pond 3 by the arroyo as well as the adverse effects upon

Tailings Ponds 4, 5, & 6. The interior site drainage channel and Tailings Ponds 4, 5, &

6 are adequately protected in the long-term from the effects of a PMP. The Diversion

Embankment is protected adequately from the effects of a PMF and has adequate

freeboard to prevent overtopping. The Diversion Channel and overbank area is

adequate in size to contain the PMF flood flows without creating velocities too large for

the available erosion protection rock sizes. Additionally, the system is not subject to

sedimentation problems that would increase the risk of overtopping the Diversion

Embankment.

Is

Rio Algom Mining LLC.
Ambrosia Lake, New Mexico

SUA-1473
Docket #40-8905

Page 53
January 2008



Arroyo del Puerto -Erosion Protection Measures0
7.0 REFERENCES

Abt, S. R., T. L. Johnson, C. I. Thornton, and S. C. Trabant, 1998. Riprap Sizing at Toe
of Embankment Slopes. Journal of Hydraulic Engineering, v. 124, No. 7.

American Society of Civil Engineers (ASCE), 1995. Hydraulic Design of Flood Control
Channels. U. S. Army Corps of Engineers engineer manual EM 1110-2-1601.

Goranson, W. P., Rio Algom Mining, LLC, letter to NRC dated May 16, 2002, "Design
Report for Pond 1 North Embankment Erosion Protection, Pond 3 Erosion Protection
and Erosion Protection for the Area North of Pond 1" License No.: SUA-1 473, Docket
No.:40-8905

Goranson, W. P., Rio Algom Mining, LLC, letter to NRC dated September 26, 2002,
"Responses to Staff Question on Erosion Protection Design for Pond #e and Additional
Arroyo del Puerto Investigation" License No.: SUA-1473, Docket No.: 40-8905

Hansen, E. M., D. D. Fenn, L. C. Schreiner, R. W. Stodt, and J. F. Miller, 1988.
Hydrometeorological Report No. 55A, Probable Maximum Precipitation Estimates 0
United States between the Continental Divide and the 1 0 3 rd Meridian. U. S. Department
of Commerce, Silver Spring, Maryland.

* Johnson, T. L., 2002, Design of Erosion Protection for Long-Term Stabilization. Final
Report, NUREG-1 623, U.S. Nuclear Regulatory Commission, Washington, DC.

Nelson, J. D., S. R. Abt, R. L. Volpe, D. van Zyl, N. E. Hinkle, W. R. Staub, 1986.
Methodologies for Evaluating Long-Term Stabilization Designs for Uranium Mill Tailings
Impoundments. NUREG/CR-4620, U. S. Nuclear Regulatory Commission, Washington,
DC

Quivira Mining Company, 1990. Enclosure to a letter from Bill Ferdinand, Manager for
Radiation Safety, Licensing & Regulatory Compliance, to Edward Hawkins, Chief
Licensing Branch 1, Uranium Field Recovery Office, U. S. Nuclear Regulatory
Commission, Washington, DC

United States Army Corps of Engineers, 1990. HEC-1 Flood Hydrograph Package.
Version 4.0. Hydrologic Engineering Center, Davis, California

United States Army Corps of Engineers, 1998. HEC-RAS River Analysis System.
Version 2.2, Hydrologic Engineering Center, Davis California

0

Rio Algom Mining LLC. SUA-1473 Page 54
Ambrosia Lake, New Mexico Docket #40-8905 January 2008



Arroyo del Puerto -Erosion Protection Measures

8.0 DESIGN DRAWINGS

8.1 Arroyo Del Puerto Erosion Protection Measures - Design Drawings

The following Table 8.1 is a list of the design drawings contained in this section by sheet
#, title, and applicable scale on the drawing>

Table 8.1
Arroyo Del Puerto Erosion Protection Measures - Design Drawings

Rio Algom Mining LLC

Drawing
Sheet # Title Scale
1 of 24 SITE PLAN 1'= 800'
2 of 24 INTERIOR SITE DRAINAGE PLAN 1' = 800'
3 of 24 EXTENT OF PROBABLE MAXIMUM FLOOD 1' = 800'
4 of 24 EROSON PROTECTION MEASURES 1' = 800'

INTERIOR SITE DRAINAGE CHANNEL SECTION Varies
5 of 24 DETAILS

DIVERSION EMBANKMENT/CHANNEL SECTION Varies
6 of 24 DETAILS

DIVERSION EMBANKMENT/CHANNEL SECTION Varies
7 of 24 DETAILS
8 of 24 PLAN DETAILS (1 OF 5) Varies
9 of 24 PLAN DETAILS (2 OF 5) Varies
10 of 24 PLAN DETAILS (3 OF 5) Varies
11 of 24 PLAN DETAILS (4 OF 5) Varies
12 of 24 PLAN DETAILS (5 OF 5) Varies
13 of 24 INTERIOR CHANNEL PLAN AND PROFILE (1 OF 4) 1" = 100'Hor, 1" = 10 Ver
14 of 24 INTERIOR CHANNEL PLAN AND PROFILE (2 OF 4) 1" = 100'Hor, 1" = 10 Ver
15 of 24 INTERIOR CHANNEL PLAN AND PROFILE (3 OF 4) 1" = 100'Hor, 1" = 10 Ver
16 of 24 INTERIOR CHANNEL PLAN AND PROFILE (4 OF 4) 1" = 100'Hor, 1" = 10 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
17 of 24 PROFILE (1 OF 8) 1 " = 150' Hor, 1" = 15 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
18 of24 PROFILE (2 OF 8) 1" = 150' Hor, 1" = 15 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
19 of 24 PROFILE (3 OF 8) 1" = 150' Hor, 1" = 15 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
20 of 24 PROFILE (4 OF 8) 1" = 150' Hor, 1" = 15 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
21 of 24 PROFILE (5 OF 8) 1" = 150'Hor, 1" = 15 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
22 of 24 PROFILE (6 OF 8) 1" = 150' Hor, 1" = 15 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
23 of 24 PROFILE (7 OF 8) 1" = 150'Hor, 1" = 15 Ver

DIVERSION EMBANKMENT/CHANNEL PLAN AND
24of24 PROFILE (8 OF 8) 1" = 150'Hor, 1" =15 Ver
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8.2 Pond 3 Task 3 Erosion Protection - Revised Design Drawings

The following Table 8.1 is a list of the design drawings contained in this section by sheet
#, title, and applicable scale on the drawing>

Table 8.2
Pond 3, Task 3 Erosion protection - Revised Design Drawings

Rio Algom Mining LLC

Drawing
Sheet # Title Scale
4 of 13 POND 3 TOE EROSION PROTECTION DETAILS Varies
5 of 13 POND 3 TOE EROSION PROTECTION APRON 1" = 3 Feet

0
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Appendix A.1: Technical Evaluation Report
Evaluation of Erosion Protection for Ponds I and 3

At the Ambrosia Lake Mill site
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November 27, 2002
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for Arroyo Del Puerto
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November 5, 2003

Appendix A.3: Technical Evaluation Report
Migration of the Arroyo del Puerto

At the Ambrosia Lake Uranium Mill Tailings Facility
Source Materials License, SUA-1473

Docket 40-8905
TAC No. LU 0056

October 5, 2004



Appendix A.1 ...... ............................... Technical Evaluation Report

Evaluation of Erosion Protection for Ponds I and 3
At the Ambrosia Lake Mill site

Source Materials License, SUA-1473
Docket 40-8905

TAC No. L 52431
November 27, 2002



C) •..•NUCLEAR REGUL.ATORY COMMfISSION
-.4 ,WASHINGTON. D.C. 2055b-0001

November 27, 2002

Mr. William Paul Goranson, Manager
Radiation Safety, Licensing and

Regulatory Compliance
Rio Algom Mining LLC
6305 Waterford Blvd., Suite 400
Oklahoma City, OK 73118

SUBJECT: EROSION PROTECTION DESIGN FOR PONDS 1 AND 3 FOR THE
AMBROSIA LAKE MILL TAILINGS SITE - LICENSE AMENDMENT 51,
SUA -1473 (TAC NO. L52431)

Dear Mr. Goranson:

The U.S. Nuclear Regulatory Commission (NRC) staff has completed its review of the design of
erosion protection for Ponds 1 and 3 at the Ambrosia Lake mill site. You submitted four
separate designs and analysis under cover letters dated May 16, 2002, and September 26,
2002. Based on our review of the information submitted by you and on independent
calculations, NRC staff concludes that the designs you have submitted have appropriately

D addressed the erosion protection along Ponds 1 and 3. Accordingly, Amendment 51 updates
License Condition 37 of Source Materials License, SUA-1473 to reference these submittals. A

detailed Technical Evaluation Report as well as the updated license is enclosed.

In many of the designs, especially for Pond 3, the design is dependerit.on an assumed final
elevation and grade. Please be aware that the design is not valid if the fi`hal grade differs from
that which you have assumed. In addition, you have not provided any information regarding the
durability of the rock to be used in the erosion protection design. The rock should be good
quality to meet the design which has been approved and rock durability information should be
provided to NRC prior to placement. Finally, the design of the toe of Pond 3 (at Section 3)
should be revisited to determine if the toe adequately protects against undercutting by the

Arroyo del Puerto.

Other than the items stated above, the erosion protection design appears to be adequate to
provide reasonable assurance of protection for 1000 years, as required in Criterion 6 of 1 0 CFR
Part 40, Appendix A.

In accordance with 10 CFR 2.790 of NRC's "Rules of Practice for Domestic Licensing
Proceedings and Issuance of Orders," a copy of this letter will be available electronically for



P. Goranson 2

public inspection in the NRC Public Document Room or from the Publicly Available Records
(PARS) component of NRC's document system (ADAMS). ADAMS is accessible from the NRC
Web site at http://www.nrc.gov/reading-rmladams.html (the Public Electronic Reading Room).

Should you have questions regarding this matter, please contact the NRC project manager,
Jill Caverly, at 301-415-6699 or by e-mail to JSC 1 nrL•ov.

Sincerely,

Daniel M. Gillen, Chief
Fuel Cycle Facilities Branch
Division of Fuel Cycle Safety

and Safeguards
Office of Nuclear Material Safety
and Safeguards

Docket No. 40-8905
SUA-1473

Enclosure: Technical Evaluation Report
Source Materials License, SUA-1473

cc: Art Kleinrath, DOE-GJ



TECHNICAL EVALUATION REPORT
EVALUATION OF EROSION PROTECTION FOR PONDS 1 AND 3

AT THE AMBROSIA LAKE MILL SITE
DOCKET 40-8905
NOVEMBER 2002

SUMMARY:

During a 2001 inspection of the Rio Algom Mining LLC (RAM) Ambrosia Lake facility, a U.S.
Nuclear Regulatory Commission (NRC) inspector observed riling of the soil alono the southern
toe trench of the Pond #1 tailings impoundment. A follow-up visit identified additional areas of
concern, including excessive rilling along the northern Pond 1 toe trench and the potential for
head-cutting along the drainage area north of Pond 1 and Pond 3. In a letter dated May 16,
2002, RAM submitted for NRC review, a report that provides the design of head-cutting control
and toe protection facilities to be constructed along the northern edge of Pond 1. Staff
reviewed this report and met with representatives of RAM on August 28, 2002. As a result of
concerns raised at this meeting, RAM submitted a report entitled, "Responses to Staff
Questions on Erosion Protection Design for Pond #3 and Additional Arroyo del Puerto
Investigations." This report responded to staff concerns about the determination of the probable
maximum flood and possible erosion for the nearby arroyo. The final aspect of the design,
which addresses the erosion protection for Pond 3, was submitted under cover letter dated
September 26, 2002, "Design Report: Pond 1 South Embankment Toe Erosion Protection,
Ambrosia Lake New Mexico." This Technical Evaluation Report documents the staff's review of
RAM's proposed designs and provides the technical basis for the acceptability of the licensee's

design.

INTRODUCTION

The first proposed design addresses rilling along the northern embankment of Pond 1. An
apron is provided to mitigate the effects of a hydraulic jump formed as flow transitions from the
steeper embankment slope to the flat toe surface. Additionally, the channel is designed to
withstand longitudinal flow forces that are anticipated along the embankment toe. The second
design addresses potential erosion on approximately 20 acres north of the north embankment
of Pond 1 and potential erosion for the surface of Pond 3. The third report is the response to
staff questions regarding erosion protection for Pond 3, determination of the probable maximum
flood (PMF) and the effects of a local stream, the Arroyo del Puerto. The final report addresses
erosion protection for the south embankment of Pond 1.

In general, criterion 6 of 10 CFR 40, Appendix A, requires stability of the tailings for 1000 years
to the extent reasonably achievable and in any case for 200 years. Because the design storm
is difficult to quantify for 1 000 year design period, NRC guidance suggests using the probable
maximum precipitation (PMP) and PMF for the design basis of erosion control features at mill
tailings sites. The licensee has proposed that the design storm for the entire site will be the
probable maximum precipitation event.

Enclosure



REPORT 1: DESIGN REPORT: POND 1 NORTH EMBANKMENT TOE EROSION
PROTECTION - AMBROSIA LAKE MILL NEW MEXICO

Pond 1 is a reclaimed tailings disposal site and was previously used for burial of byproductmaterial produced at the mill. During a May 2001 inspection, NRC staff observed rilling along
the northern embankment of Pond 1, In addition, the inspectors noted concerns with the
current design of the apron and identified the potential for head-cutting along the toe from flowalong the planned diversion channel. The embankment of Pond 1 includes a radon barrier and
an overlying rock cover that provides erosion protection. The proposed erosion protection
system for the north embankment toe of Pond 1 involves an apron, which is designed towithstand a hydraulic jump that occurs as flow transitions from the steeper embankment slopeto the flat toe surface, and a channel design that will withstand the effects of longitudinal flow
that is anticipated adjacent to the embankment toe.

Design parameters and assumptions

The PMP was determined using methodology outlined in the U.S. Department of Commerce'sHydrometeorological Report No. 55A (HMR-55A). The 1-hour 1 square mile event is estimatedto be 10.5 inches but is adjusted for elevation and duration. The final value was determined tobe 9.5 inches for the 1 -hour, 1 -square mile local storm. However, an earlier prediction of thePMP, based on calculations for this site's reclamation plan, estimates the precipitation to be 9.6inches for the same storm. In order to maintain consistency, the licensee chose to use the 9.6
inch value for the remainder of the design.

Erosion Protection Design

The north toe of the Pond 1 embankment requires an erosion protection apron for runoff fromthe pile as well as erosion protection for the longitudinal flow along the toe due to the moderateslope. The licensee determined the apron characteristics based on methods recommended inNUREG-1 623, Appendix D, Section 6. The open channel flow requirements to control therunoff and longitudinal flow were computed in accordance with NUREG-1 623, Appendix D,
Sections 2 and 3.

The north apron drains a 13.4 acre catchment on the top of Pond 1. A slope of 5H:1V existsalong the entire Pond 1 embankment toe. The current apron has experienced minor erosionindicating that a redesign of the apron is appropriate. For the catchment area, a time ofconcentration was calculated for each of two slopes, with respective slope lengths of 350 feetand 575 feet. These are the longest and shortest slope length for the north toe of Pond 1.Times of concentration of 1.5 minutes and 2.5 minutes were calculated for the short and longslope, respectively. A shortest incremental rainfall duration of 2.5 minutes was used for bothslope lengths. This assumption is in accordance with NRC guidance put forth in NUREG/CR-4630. The Rational Method was used to determine the runoff volume for both slopes. Giventhe computed flow rate and assuming a concentration factor of 2.5, the design calls for theplacement of rock with a d,, of 6.0 inches on slopes shorter than 350 feet and a d,, of 7.8inches is called for on slopes with lengths between 350 feet and 575feet.

The area along the toe at the northern end of Pond 1 is moderately sloped and could produceerosive longitudinal flows. The licensee proposes an open channel that will collect and convey

2



the precipitation that falls on the embankment slope. The design makes use of methods

presented in NUREG-1 623, Appendix D, Sections 2 and 3.

The design subdivides the channel into two sections. The first, consisting of the upper 5.1
acres, is segregated due to its location and slopes. The time of concentration, developed using

the maximum calculated flow length of 1195 feet, was determined to be 7.0 minutes. The 7.0

minute PMP is 5.09 inches according to the method by Nelson et al in NUREG-1 623. The

resulting peak flow for the upper section is 221cfs.

The remaining 8.3 acres of the embankment are included in a second subdivision. The time of

concentration for this area, which was based on a maximum flow length of 2100 feet and takes
into account the flow length from the upper section, was determined to be 9.5 minutes. The 1 0
minute PMP according to Nelson et al in NUREG-1 623 is 5.95 inches. The rational method

yields a peak flow of 480cfs for the entire system.

The channel/apron configurations were developed using flow calculations and methods
discussed in NUREG-1 623. The more protective method between the apron and channel were
chosen to maintain the channel integrity during both flow scenarios. A Manning's roughness
coefficient was developed using the procedures of Section 3 of NUREG-1 623 and entered into
the hydraulic design software, Flow Pro 2.0. Estimated channel widths of 8 feet (upper
channel) and 20 feet (lower channel) were included as program input data. The guidance
recommends that channel widths be greater than 15 times the d., diameter. The corresponding
D05 diameters were also included in the program. The program calculates the depth of flow in
the channel while the remaining channel cross-section can be determined based on a typical
trapezoidal cross section with a 2H:1V side slope. For this case, a channel depth of 3 feet was

determined.

The existing erosion control apron will be removed and the sub-grade properly re-graded to
ensure that embankment run-off flows into the proposed channel/apron.

Conclusion

Given the assumptions stated in the referenced report, staff concludes that the proposed

design for the northern embankment toe of Pond 1 and the channel/apron is appropriate.

REPORT 2: DESIGN REPORT - POND 3 EROSION PROTECTION AND EROSION
PROTECTION FOR THE AREA NORTH OF POND 1- AMBROSIA LAKE MILL, NEW MEXICO

This design report address three areas of the site that include potential erosion on
approximately 20 acres north of the north embankment, the extension of the Pond 1
channel/apron, and the runoff area for Pond 3. Seven specific areas for erosion protection

have been identified.

1. Toe erosion protection apron at the interface of Pond 1 and Pond 3;
2. Surface erosion protection for Pond 3;
3. Erosion protection for the east embankment of Pond 3;
4. Toe erosion protection of the area north of Pond 1;
5. Surface run-off protection for the area north of Pond 1;

3



6. Diversion channel construction along the northern limit of the area north of Pond 1; and
7. Discharge channel construction from the end of the Pond 1 north embankment
channel/apron to the Arroyo del Puerto basin.

Method of analysis

The analysis in this report determined that the erosion protection should be based on runoff
analysis for sheet flow down slopes and across pond surfaces in accordance with NRC
guidance in NUREG-1623. The longitudinal flow requirements for the open channel were used
to calculate the toe requirements for the control of runoft during a PMF event.

In order to estimate the PMF for the Arroyo del. Puerto, a natural channel, the basin area was
first calculated to be 57.6 square miles at the Ambrosia Lake mill. Next, the Soil Conservation
Service's curve number for the Montanosa Mesa drainage basin, 73.4, was chosen due to this
basins similarities to the Arroyo del Puerto basin. A lag time of 1.83 hours was chosen
corresponding to 60 percent of the time of concentration. Several storms were investigated,
including the 1-hour and 6-hour local storms and the 6-hour, 24-hour and 72-hour general
storms. Analysis of the results showed that the largest PMF was produced during the 6-hour
local storm that produced a peak flow of 75,200 cfs. Since earlier designs used a peak flow of
78,000 cfs, the licensee opted to use the higher value.

Using the storm value of 78,000 cfs, the licensee constructed a hydraulic model of the Arroyo
del Puerto in the vicinity of the Ambrosia Lake mill. The purpose of the model was to determine
the flood water elevation in the vicinity of Pond 3. The following assumptions were used:

1. Arroyo del Puerto was rerouted to a new alignment east of its existing position in the
vicinity of the mill. The new channel rejoins the original channel near the north-east
corner of Pond 9.

2. The Pond 3 embankment will be constructed to a final elevation of 6935 feet.
3. The existing groundwater trench is backfilled.
4. Pond 9 is assumed to be removed and regarded to a final elevation of 6917 feet.

Using the assumptions stated above and the calculated PMP and PMF, the main aspects of the
erosion protection were analyzed. A brief description of each follows.

Toe erosion protection apron at the interface of Pond 1 and Pond 3

For the 31 acre catchment with a slope length of 520 feet, a time of concentration was
calculated to be 1.92 minutes. A corresponding incremental PMP distribution of 2.5 minutes
was used to calculate the corresponding PMP depth of 2.64 inches. Based on this flow, the
methods of NUREG-1623 yield a d5o of 7.5 inches. Because the licensee has stone of larger
diameter available, the final d50 was increased to 9.4 inches. Consistent with NRC guidance
established in NUREG-1 623, apron width is set at 15 times d50 , while depth is set at six times
d 5 0 .

4



Surface erosicn protection for Pond 3

Because Pond 3 is not yet complete, the design is based on several assumptions. The
licensee anticipated that the 33 acre area will have a 12-inch thick rock cover resulting in a final
elevation of 6938 feet. A surface grade of 0.3 percent will prevent ponding of water and the
maximum surface length is assumed to be 7000 feet. The modeling of the PMF in the Arroyo
del Puerto shows the flow elevation to be 1 foot less than the top of the embankment. A time of
concentration of 11.6 minutes was determined. Pond 1 embankment flows will be discharged
onto the Pond 3 surface, therefore, the time of concentration for Pond 3 was calculated to be
13.52 minutes. The incremental rainfall duration was used to determine the PMP depth of 6.72
inches. The method of Abt et al from NUREG-1 623 predicts a rock d,, of 0.4 inches and the
licensee proposed a rock size d., of 1.0 inches since it is easier to obtain.

Erosion protection for the east embankment toe of Pond 3

Assumptions were made about the location of the east embankment toe of Pond 3 because of
the ongoing reclamation work at Pond 3. The elevation was assumed to be 6923 feet. The
apron will dissipate energy from the 65 feet slope. Two precipitation events were analyzed to
determine which event would produce the largest run-off at the site. The controlling forces
came from the PMF in the Arroyo del Puerto. Because the flow was greater in the open
channel, the Army Corps of Engineers method was used to determine the d,0 of 12 inches.
This method is consistent with NRC guidance.

Surface run-off protection of the area north of Pond 1

The 20 acres of undeveloped land adjacent to the north embankment of Pond 1 was
investigated for the need of an erosion protection layer. Analysis of the PMP determined that
an erosion protection rock layer was necessary to prevent head-cutting due to local rain events.
The licensee proposes to re-contour the area to prevent erosion and provide effective rock
cover. To achieve this, slopes of greater than 7.5 percent will be regraded to slopes equal to or
less than 7.5%. A rock size of d., equal to 2.2 inches was based on flow volume calculated
from the rational method of 1.6 cfs/ft, incremental rainfall duration of 7.82 minutes and a PMP
depth of 5.2 inches.

Diversion channel construction along the northern limit of the area north of Pond 1

Rainfall that falls on the area north of Pond 1 flows toward the Arroyo Del Puerto producing
head-cut erosion that is directed west toward the mill site. The licensee proposes an
engineered diversion channel be placed at the erosion location to prevent further degradation.
The design segmented the channel into three sections to account for flows, slopes and terrains.
The following is a summary channel segment characteristics.
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The hydraulic model developed for the channel indicated that a hydraulic jump develops
between the steep second segment and the flatter third segment. It was then concluded that
the channel would require additional height to contain the jump for a distance of 25 feet at the
jump location. Additionally, the apron requires that rock with a d5o = 17 inches be placed to a
depth of 4.3 feet to accommodate forces associated with the hydraulic jump.

Discharge channel construction from the end of Pond 1 north embankment channel/apron to
the Arroyo del Puerto basin.

Runoff from the north embankment of Pond 1 collects in an apron/channel that runs east
toward the Arroyo del Puerto. The discharge channel transitions back to the arroyo with a
transition section 25 feet long to convert the apron/channel to a normal channel with 2:1 side
slopes. The next 25 feet, the channel rock size is increased to accommodate an expected
hydraulic jump. The time of concentration was calculated to be 12.2 minutes and the
incremental PMP depth is 6.5 inches. The catchment area is 15.7 acres, resulting in a
discharge (using the rational equation) of 498 cfs. A rock d5,=9.2 provides adequate protection
for the channel under the design conditions.

The purpose of the apron will be to slow the flow of the water before it reaches the native
vegetation of the Arroyo del Puerto, thereby preventing scour of the native silty clays. The
apron also handles discharges from the arroyo. Accordingly, the design flow is a sum of the
discharge channel and that from the arroyo basin (995 cfs). A slope of 0.5 percent and width of
80 feet should adequately slow the flow to less than 4ft/sec. The scour depth of 6 feet has
been included in the toe design as well as 25 foot wing walls.

Conclusion

The staff concludes that the designs proposed for the apron along Pond 1 and Pond 3 interface
and the Pond 3 embankment, toe and surface and the north erosion protection areas are
appropriate given the assumptions stated in the referenced report. Staff notes that the
assumptions of final grade should be reviewed at the time of construction and that changes
may require re-evaluation of the proposed design.
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REPORT 3: RESPONSES TO STAFF QUESTIONS ON EROSION PROTECTION DESIGN
FOR POND #3 AND ADDITIONAL ARROYO DEL PUERTO INVESTIGATIONS

In August of 2002, NRC staff raised their concern to the licensee that the estimated PMF of
78,000 cfs for the Ambrosia Lake mill site may be too low, Additionally, the staff noted that theArroyo del Puerto may be subject to migration over the design period and its flows should be
accounted for when sizing rock. In response to the first concern, that the PMF was
underestimated, the licensee performed a sensitivity analysis in order to determine which
variable may have a dramatic effect on the calculation of the PMF.

The calculation of the PMF from the PMP requires many parameters including type of storm,
the geometry of the basin, the infiltration properties of the basin, as well as assumptions aboutthe behavior of the flood peak as it travels through the basin. A sensitivity analysis wasperformed using the hydrologic model HEC-1. The three variables that would affect the peak
flow significantly were reviewed. The variables included curve number, lag time and rainfallsequence. The licensee applied the most conservative bounds on the parameters and theresults showed that the PMF could be as high as 126,000 cfs. However, the circumstances for
this to occur were so unlikely that the value simply provided a high bound for the PMF.

The one variable which appeared to have an influence within a reasonable range was the lagtime calculation. The lag time was adjusted based on a New Mexico method developed by the
U.S. Geological Survey (USGS) which increased the calculated PMF. However, themethodology for USGS which lowered the lag time does not directly transfer to the current
situation. The methodology was based on floods in smaller basins. Therefore, the licensee's
conclusion was that the current estimate for the PMF is reasonable.

In addition to considering the PMF calculation, the licensee was also asked to review thepossibility for lateral migration of the Arroyo del Puerto. The concern of staff was that thearroyo would migrate over time and eventually be located at the toe of the tailingsimpoundment. If that occurred, the erosive forces of the arroyo could undermine the toe of thetailings impoundment causing a failure. The licensee performed an analysis which determinedthat the maximum lateral migration of the outside banks would be approximately 3 feet per year.

Conclusion

Staff concludes that the PMF is within a reasonable range and has been appropriately used inthe design of Ponds 1 and 3 erosion protection. However, the lateral migration of the Arroyodel Puerto at Section 3 should be re-evaluated for the possibility of undercutting of the Pond 3toe. The toe may be sufficient to resist any erosion to the migrating stream but the licensee
should revisit this matter prior to construction and should verify this with staff.
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REPORT 4: DESIGN REPORT: POND 1 SOUTH EMBANKMENT TOE EROSION
PROTECTION AMBROSIA LAKE, NEW MEXICO.

The report was written in response to an NRC inspection in 2000 where concerns were raised
about erosion and rock displacement on the south side of Pond 1. The assumption of the PMP
as discussed in Reports 1 and 2 is the same for this report and design. This report analyzes
the apron requirements based on run-off analysis for the south embankment of Pond 1 and
determined the open channel requirements to control the run-off and longitudinal flow from the
south embankment.

A 19-acre catchment that discharges along the southern end of Pond 2 had a corresponding
time of concentration of 1.64 minutes and a PMP depth for a local storm of 2.64 inches. The
Rational Method calculated the unit discharge to be 0.63cfs/ft for the 452 feet slope length.
Assuming a maximum embankment slope of 20 percent and a concentration factor or 2.5, the
rock d,, requirement is 6.7 inches.

The slope at the toe of the south embankment of Pond 1 may induce moderate flows along the
toe. This condition was evaluated by placing an open channel/apron at the base of the slope
that will catch the precipitation that falls on the embankment slope and runs off. Methods from
NUREG-1 623 were used to develop the characteristics of the channel. The channel
configuration is based on a time of concentration of 11.4 minutes, the incremental storm depth
of 6.3 inches, a peak flow of 579 cfs and a bottom width of 12 feet. The average existing slope
of 2.3 percent requires a rock d5 , of 7.5 inches and a depth of 4.5 feet.

A discharge apron is required where the flow runs onto native ground downstream from the
pond. A toe will be constructed at the edge of the discharge apron to prevent scour. Wingwalls
will extend for an additional 25 feet beyond the apron and are constructed with a rock toe keyed
into bedrock. A filter rock should also be placed. The existing erosion control apron must be
removed and the subgrade properly re-graded such that run-off from the embankment flow into
the proposed channel/apron and toe apron.

Conclusion

The staff concludes that the design proposed for the south embankment of Pond 1 is
appropriate given the assumptions stated in the referenced report.

CONCLUSION

Based on the review of the information submitted by the licensee and on independent
calculations, the NRC staff concludes that the licensee has identified the appropriate floods for
the design of erosion protection features at the site, However, staff notes that the assumptions,
especially final grade assumptions, should be closely monitored during construction and if any
changes occur then the design should be revisited for potential impacts to the initial designs. In
addition, these designs are based on durable rock that should be verified prior to placement. If
suitable rock is not available and oversizing is requested, it may be possible that the revised
rock size will affect the performance of the design. The licensee will be responsible forproviding updated calculations and redesigns accounting for the new rock size. Finally, the toe
of Pond 3 (at Section 3) should be reviewed for the possibility of undercutting by the Arroyo del
Puerto in the event the arroyo migrates to the toe of the pond.
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Other than the items stated above, the erosion protection design appears to be adequate and

to provide reasonable assurance of protection for 1000 years, as required in Criterion 6 of 10

CFR Part 40, Appendix A.

Source Material License, SUA-1473, has been updated in Amendment 51 to reference the

submittals dated May 16, 2002 and September 26, 2002. The designs included in these

submittals for specific areas of Ponds 1 and 3 supercede any other designs previously

approved.

ENVIRONMENTAL IMPACT EVALUATION

An environmental assessment for this action is not required, since this action is categorically

excluded under 10 CFR 51.22(c)(3)(i), and an environmental report from the licensee is not

required by 10 CFR 51.60(b)(2).
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AAAVIAA 10601 Lomas NE, Suite 106
Albuquerque, AM 87112

(505) 237-8440

0
MEMORANDUM

DATE: November 5, 2003

TO: Paul Goranson, Rio Algom Mining Corporation
/1

FROM: John M. McBee, P.E.

SUBJECT: Lateral Migration Evaluation for Arroyo del Puerto

PURPOSE AND SCOPE OF STUDY

This memorandum presents the results of a study to assess the potential migration of Arroyo del Puerto
in the vicinity of the Ambrosia Lake Mill. Specifically, this study was in response to concerns presented
in a letter from the Nuclear Regulatory Commission (NRC) dated November 27, 2002, which was a
review of design submittal "Erosion Protection Design for Ponds I and 3 for the Ambrosia Lake Mill
Tailings Site - License Amendment 5 I, SUA - 1473 (TAC no. L5 143 1). On pages 7 and 8 of the letter,

* the NRC states in the conclusions that "the toe of Pond 3 (at Section 3) should be reviewed for the
possibility of undercutting by the Arroyo del Puerto in the event the arroyo migrates to the toe of the
pond". Section 3 of Pond 3 is through the northeast portion of the pond embankment closest to the
arroyo.

PREVIOUS EVALUATION

A memorandum dated September 6, 2002, "Ambrosia Lake Mill - Arroyo del Puerto Investigations" by
Maxim Technologies focused on issues raised in discussions with the NRC concerning calculation of the
probable maximum flood (PMF). However, the memo also included a potential lateral migration rate of
the arroyo to provide an assessment that the location of the channel (300 feet from the toe of Pond 3)
used in the PMF calculations was adequate for the PMF erosion protection design. As stated in the
memorandum, conservative assumptions were used in the calculation and were based on studies.
completed in western Canada. No historical site area records were available.

SITE ASSESSMENT

Two different lines of information were used to assess the potential migration of the arroyo. First, a
bedrock outcrop map of the site area which had been compiled previously and included as Figure 2.3 in
"Application for Alternate Concentration Limits (ACLs) in the Alluvial Materials at the Quivira Mill
Facility Ambrosia Lake, New Mexico." Grants, New Mexico: Quivira Mining Company. 2001 was
reviewed. Also, aerial photographs from as wide a time span as possible were collected and evaluated.O Photographs of the site vicinity dated from 1935, 1952, and 1996; the first two photographs pre-dated
mining and milling operations.



PURPOSE AND SCOPE OF STUDY

This report presents the results of a study to assess the potential migration of Arroyo del
Puerto in the vicinity of the Ambrosia Lake Mill. Specifically, this study was in response to
concerns presented in a letter from the Nuclear Regulatory Commission (NRC) dated
November 27, 2002, which was a review of design submittal "Erosion Protection Design for
Ponds I and 3 for the Ambrosia Lake Mill Tailings Site - License Amendment 5 1, SUA - 1473
(TAC no. L5 143 1). On pages 7 and 8 of the letter, the NRC states in the conclusions that "the
toe of Pond 3 (at Section 3) should be reviewed for the possibility of undercutting by the
Arroyo del Puerto in the event the arroyo migrates to the toe of the pond". Section 3 of Pond
3 is through the northeast portion of the pond embankment closest to the arroyo.

PREVIOUS EVALUATION

A memorandum dated September 6, 2002, "Ambrosia Lake Mill - Arroyo del Puerto
Investigations" by Maxim Technologies focused on issues raised in discussions with the NRC
concerning calculation of the probable maximum flood (PMF). However, the memo also
included a potential lateral migration rate of the arroyo to provide an assessment that the
location of the channel (300 feet from the toe of Pond 3) used in the PMF calculations was
adequate for the PMF erosion protection design. As stated in the memorandum, conservative
assumptions were used in the calculation and were based on studies completed in western
Canada. There was no historical review of site specific records.

SITE ASSESSMENT

Two different lines of information were used to assess the potential migration of the arroyo.
First, a bedrock outcrop map of the site area which had been compiled previously and included
as Figure 2.3 in "Application for Alternate Concentration Limits in the Alluvial Materials at the
Quivira Mill Facility Ambrosia Lake, New Mexico." Grants, New Mexico: Quivira Mining
Company. 2001 was reviewed. Also, aerial photographs from as wide a time span as possible
were collected and evaluated. Photographs of the site vicinity dated from 1935, 1952, and 1996;
the first two photographs pre-dated mining and milling operations.

Implications of the outcropping of the Mancos Formation at the ground surface in the vicinity of
the site reveal that it in part controls the location of the channel of Arroyo del Puerto. Figure I
shows the surface geologic map of the site vicinity with two units exposed at the surface,
Quaternary Alluvium and the Mancos Formation, which is comprised of Cretaceous age shales
interbedded with some sandstone. North of the tailings impoundment (primarily Ponds I and 3)
the channel of the arroyo abuts the outcrop of the Mancos Formation. Also, southeast of the
impoundment the channel of the arroyo is adjacent to the Mancos in certain areas or has
migrated to the east away from the Mancos Formation at the surface. As can be seen from the
figure, the tailings impoundment was primarily located on an un-named drainage between the
two outcroppings of the Mancos Formation. Since the Mancos is a competent rock unit and it
essentially "brackets" the disposal cell, it will be a limiting factor of the migration of Arroyo del
Puerto to the west for the two hundred to 1,000 design life of the disposal cell. Therefore, if
migration of the arroyo both north and southeast of the disposal is limited by the bedrock
outcrop, then the potential for migration of the arroyo immediately east of the cell will be
limited.



Aerial photographs of the site vicinity, which covered a 61 year period of time, were reviewed
to determine whether there were measureable changes in the location of the arroyo. Figures 2
through 5 show the overall location of the arroyo at the three time periods (1935, 1952, and
1996). Insets in the photographs were an attempt to highlight the same portion of the arroyo
channel at a higher scale. But because of limitations of the resolution of the photographs and
differences do the slight distortion of altitude and flight path of the aircraft, measurements to
quantify migration distances could not be made. However, it can be seen from reviewing the
photographs that migration of the channel of Arroyo del Puerto has been minimal, if any, since
1935.

The impacts of the mining operations can be seen in the 1996 photograph. The area of the
arroyo southeast to north of the final disposal cell shows evidence of manmade changes, i.e.,
reworked, regraded, construction of ponds, etc. The natural, pre-mining conditions have been
disturbed and will be remediated before site closure. However, there will be only about 6 feet
difference in elevation of the reconstructed arroyo channel and the base of the disposal cell
apron on the north end of the Pond 3 area to about 10 feet where the channel will discharge to
the east of Pond 3. The potential of the arroyo under-cutting backfilled areas on the northeast
section of Pond 3 will be limited to these depths.

No data from historical storm events in the vicinity of the site could be obtained. However,
only since mining dewatering of underground operations has there been continuous discharge to
the arroyo. All but one mine dewatering operation has stopped (Quivira Mining Company),
which will also be stopped once approved. Therefore, flows in the arroyo will revert to only
large natural storm events.

In summary, based on observation of aerial photographs, migration of the channel of Arroyo del
Puerto has been minimal, if any, since 1935. Also, the bedrock outcrop of the Mancos
Formation north and southeast of the tailings impoundment will limit potential westward
migration of Arroyo del Puerto. Vertical down-cutting of the arroyo in the vicinity of Pond 3
will be limited to approximately 6 to 10 feet below the toe of the Pond 3 Apron.
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Appendix A.3 ................................................................... Technical Evaluation Report

Migration of the Arroyo del Puerto
At the Ambrosia Lake Uranium Mill Tailings Facility

Source Materials License, SUA-1473
Docket 40-8905

TAC No. LU 0056
October 5, 2004
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0UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINOTON, 0,C, 20655-0001

October 5, 2004

Mr. Peter Luthiger
Manager, Radiation Safety
and Environmental Affairs

Rio Algom Mining LLC
P.O. Box 218
Grants, NM 87020
SUBJECT, REVIEW OF RIO ALGOM MINING LLC's LATERAL MIGRATION EVALUATION

FOR ARROYO DEL PUERTO (TAC NO, LU0056)

Dear Mr. Luthiger:

In a letter dated June 22, 2004, Mr. Paul Goranson of Rio Algom Mining LLC (Rio Algom)submitted to the U.S. Nuclear Regulatory Commission (NRC) a report assessing the potentialfor migration of the Arroyo del Puerto at the Ambrosia Lake uranium mill tailing site. This
analysis was requested by the NRC during its review of erosion control facility design for
Amendment 51 of Source Materials License SUA-1473.

An evaluation of Rio Algom's analysis is included in NRC's Technical Evaluation Report and
has been enclosed for your information, Based on the conclusion that the maximum differentialbetween the toe of the impoundment (Pond 3) and the channel bed is approximately 10 feet, we
request Rio Algom address the potential undercutting of the impoundment due to the vertical
down-cutting by the Arroyo in its design of erosion protection at the toe of Pond 3.

Should you have any questions regarding this letter, please feel free to contact me or
Ms. Jill Caverly, the NRC project manager, at (301) 415-6699 or via email to iscl QnrrC.ov.
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0 P. Luthiger 2

In accordance with 10 CFR 2.390 of the NRC's Rules of Practice, a copy of this leLter will be
available electronically from the Publicly Available Records (PARS) component of NRC's
document system (ADAMS). ADAMS is accessible from the NRC Web site at
http://www.nrc.,,ov/readinq-rm/adams,html.

Sincerely,

Gary S. Janosko, Chief
Fuel Cycle Facilities Branch
Division of Fuel Cycle Safety
and Safeguards

Office of Nuclear Material Safety
and Safeguards

Docket No.: 40-8905
License No.: SUA-1473

Enclosure: Technical Evaluation Report

cc: B. Law, Rio Algorn



Technical Evaluation Report
Migration of the

Arroyo del Puerto atthe
Ambrosia Lake Uranium Mill Tailings Facility

BACKGROUND:

In 2002, Rio Algom Mining LLC (Rio Algom) submitted to the U,S, Nuclear Regulatory
Commission (NRC) updated designs for erosion control at the uranium mill tailingsimpoundments at the Ambrosia, New Mexico facility. The designs were intended to update an
earlier reclamation design that was approved by the NRC but with the requirements that
additional analysis be performed. The erosion control designs were approved in anamendment (Amendment No. 51) to Source Materials License, SUA-1473, However, the NRCnoted that geomorphic stability of the stream adjacent to the tailings impoundment should be
verified.

The Arroyo del Puerto is a small meandering stream that crosses the Ambrosia Lake site $tthe northeast corner. The strearn was realigned after the construction of the mill and otherfacilities, The revised alignment diverted the stream from its natural southeasterly course
to one that goes directly east then turns approximately 90 degrees to the south eventuallyreturning to the original channel. Included in the reclamation of the site was the re-.establishrrientof the natural channel that will bring it within 300 feet of the toe of the tailings impoundment.

O EVALUATION:

In NRC's review of Amendment No. 51, the staff noted its concern that the stream wouldmigrate toward the toe of the Pond 3 impoundment and stated this in its Technical EvaluationReport dated November 27, 2002. Rio Algom discussed the migration of the Arroyo del Puertoin its original Ponds I and 3 erosion protection design submittal, stating that considering themost conservative assumptions the stream would migrate approximately 3 feet a year. Giventhe 300 feet distance between the pond and the stream, there is a possibility that the streamcould migrate toward the taflings within the 1000 year design criteria. The NRC asked thatfurther analysis be performed to evaluate the possibility of undercutting the Pond 3 toe and toassure that the impoundment would nol be compromised. Rio Algom submitted an analysis for
review by letter dated June 22, 2004.

Rio Algom evaluated the potential migration of the Arroyo del Puerto by considering thegeologic characteristic of the site and the historical migration of the stream. The geologicanalysis used information from mapping in an earlier submittal dealing with groundwateralternate concentration limits. The second method of evaluating the stream migration was
based on arial photographs.

The geologic information shows that an outcropping of the Mancos Formation is at the surfacein the vicinity of the tailings impoundment. The Mancos formation is comprised of cretaceousage shales interbedded with sandstone, The formation brackets the tailings impoundment onthe north and south, The tailings impoundment is essentially located in a drainage between thetwo areas where Mancos outcrops, The channel of the stream abuts the outcrop of the Mancos
at the north end and the southe-ast segment of the channel. Rio Algom stated that becauseMancos is a competent rock and brackets the tailings impoundment that it is a limiting factor for
the migration of the Arroyo del Puerto.
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In addition to the geologic analysis, Rio Algom studied ariel photographs of the Ambrosia Lake
site dating 1935, 1952 and 1996 that viewed the area of Ambrosia Lake both pre- and post-
milling activities. Migration of the Arroyo has been minimal based on the analysis of the
Photographs. Rio AIgom concluded that the Arroyo has not significantly migrated over the past
70 years. However, Rio Algom noted that the bed elevation for the reconstructed Arroyo
channel will be approximately 6 to 10 feet below the toe of the impoundment.

SUMMARY AND CONCLUSION:

The staff has reviewed the information submitted by Rio Algom and concludes that the geologic
and historic information does provide a level of assurance that migration of the Arroyo.del
Puerto will not be significant. However, the east side of the impoundment (along Pond 3) will
not be protected by the Mancos shale outcropping. Therefore, a possibility exists that migration
of the Arroyo could affect the tailings impoundment by undercutting the toe of the impoundment
by 6 to 10 feet.

Because parts of the Pond 3 impoundment can be compromised by undercutting from the
Arroyo, Rio Algom should update the Ambrosia Lake erosion protection design to account for
the migration of the Arroyo. Some suggested methods include stabilizing the stream at itsreconstructed location or providing additional protection against undercutting at the Pond 3 toe.

REFERENCES:

US. Nuclear Regulatory Commission, November 27, 2002, "Erosion Protection Design for
Ponds 1 and 3 for the Ambrosia Lake Mill Tailings Site - License Amendment 51"
[ADAMS Accession No. ML023370493]

Rio Algom Mining LLC, May 16, 2002, "Design Report for Pond I North Embankment Erosion
Protection, Pond 3 Erosion Protection and Erosion Protection for Area North of Pond 1"
[ADAMS Accession No. ML021480047J

Rio Algom Mining LLC, June 22, 2004, "Lateral Migration for Arroyo del Puerto"
[ADAMS Accession No. ML041970652]
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Appendix B ......................................................... Rock Gradation and Quality Testing

Appendix B.1: Rock Gradation Testing Summaries
Appendix B.2: Rock Quality Testing Evaluation
Appendix B.3: Calculation B.1 Interstitial Cover Flow



Appendix B.1 ....................................................... Rock Gradation Testing Summaries



Gradations Performed on Erosion Protection Material
(As of 1/14/05)

Ordered Required Actual No. of
Product Quantity (CY) No. of Tests Tests

D0so= 1.0" 62,800 6 6

D50= 3.2" 2,300 2 4

D50= 7.8" 21,800 4 5

D50= 9.2" 12,600 3 4

D50= 12.0" 36,500 5 10



Gradation Summary Table
Dso = 1"

70 45 1
Specification 100 80-90 20-70 10-30 0-10
Size 3" 2" 3/4" 3/8" No. 4

Test Number Sample ID Percent Passing D50

I 3L426 100 90 50 18 3 0.75'
2 3L426-B 100 87 33 12 3 1.144
3 4L019 100 90 50 23 8 0.75
4 1/14/04 - Sample #2 100 90 41 19 2 0.98
5 4L381 100 88 48 23 10 0.813
6 4L382 100 89 47 21 3 0.839

Average D50  0.879
Volume = 62,800 CY I _



Gradation Summary Table
D50 = 3.2"

Specification 100 78-100 35-100 12-45 0-20
Size 6" 5" 4" 3" 2"

Test Number Sample ID Percent Passing' D50
1 3L390-A 100 96 80 45 8 3.143
2 3L390-C 100 96 82 35 7 3.319
3 3L390-D 100 100 78 37 6 3.317
4 3L390-F 100 87 70 45 10 3.2

Average Dfo = 3.24
Volume = 2,300 CY I



Gradation Summary Table
D50 = 7.8"

Specification 100 60-85 5-30 0-5
Size 12" 9" .6" 4"

Test Number Sample ID Percent Passing D50

1 8/4/2003 100 70 25 4 7.67
2 8/6/2003 100 64 20 3 8.05
3 11/17/03 - Sample #1 100 75 26 3 7.47
4 11/17/03 - Sample #2 100 64 14 1 8.16
5 4L104-3 100 60 11 5 8.39

Average D50 = 7.95
Volume = 21,800 CY I



Gradation Summary Table
D50 = 9.2"

90 47 9.21
Specification 100 70-90 33-50 0-10
Size 15" 12" 9" 6"

Test Number Sample ID Percent Passsing D50

1 5/27/04 - Sample #1 100 84 50 9 9
2 5/27/04 - Sample #2 100 80 47 8 9.27
3 6/03/04 - Sample #1 100 80 46 9 9.35
4 6/03/04 - Sample #2 100 80 41 8 9.69

Average D50 = 9.33
Volume = 12,600 CY I I I I



Gradation Summary Table
D50 = 12.0"

Specification 100 72-94 32-62
Size 20" J 16" 12"

Test Number Sample ID Percent Passing D50

1 8/06/03 - Sample #1 100 81 33 13.42
2 8/06/03 - Sample #2 100 72 37 13.49
3 10/1/2003 100 80 41 12.92
4 10/7/2003 100 75 36 13.44
5 10/22/2003 100 80 38 13.14
6 10/21/2003 - Sample #1 100 76 32 13.64
7 10/21/2003 - Sample #2 100 83 56 11.11
8 10/28/2003 100 80 36 13.27
9 1/14/2004 100 72 48 12.33
10 4L104-2 100 81 40 12.98

Average D50  12.97
Volume = 36,500 CY I
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Rio Afgom Mining LL'C
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August 26, 2003

Mr. John Lusher
Fuel Cycle Licensing Branch, NMSS
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Re: License SUA-1473
Docket No. 40-8905

Dear Mr. Lusher,

Please find enclosed information associated with re-qualification of the erosion
protecfion rock Rio Algom will use for reclamation activities at the Ambrosia Lake facility.
This information was requested by NRC in letters dated February 25, 2002, and November
27, 2002. Laboratory results along with an engineering overdesign of 4% indicates that
the Tinajo Pit rock is of sufficient grade to assure protection for the 1000 year design
requirement specified in Criterion 6 of 10 CFR Part 40, Appendix A.

Please contact Terry Fletcher at(505) 287-8851, extension 200, if you have any
questions.

R7ds.>

Peter Luthiger
Supervisor, Radiation Safety
and Environmental Affairs

xc: T. Fletcher
P. Goranson
USNRC- MD (J. Caverly)
File

P.O., Sax 218, Grants, NM< USA. 87020 - TeL: 505.257.851 Fa.: 505_285.5550



License SUA-1473 Docket No. 4081905

4-?

St

t~r
4

I'"

. . • •,L



Rio Algom Mining LLC - Ambrosia Lake MiN
Erosion Protection Durability Test Results

In response to US Nuclear Regulatory Commission requests dated February
25, 2002 and November 27, 2002, Rio Algom submits the following information
that demonstrates the erosion protection obtained from the Tinaja Pit is of
sufficient grade and quality for use on some components of the site reclamation
project. Regulatory requirements establish a 1000 year design criteria for erosion
protection.

Rio Algom, along with other uranium mill sites in the area, previously acquired all
eroslon protection materials from a quarry that produced basalt rock.
Subsequent closure of this basalt pit precluded its use and alternative rock
sources were investigated.

Rio Algom previously conducted qualification tests for the Tinaja Pit rock
source in 2001, which indicated acceptable rock (Table 1). Laboratory reports
ram Westlern Technologies, inc., are contained in Appendix 1. Petrographic

analysis of the Tinaja Pit rock was performned by American Petrographic Services,
inc., in 2001 with the results indicating that the rock is a massive calcific dolomite
(Appendix 2).

Table 1

Tinaja Pit Rock - 2001
Erosion Protection MateriaIs Testing Scoring Resullts

Lab ID Date Computed Rock Quality
LbIDaeScore -cRating'

01-2 11/15/01 31A.8 76.8
I L0465 12/4/01 315.4 76.9
01-1 12/14/01 313.3 76.4

Average Score 76.7

1 - NUREG-1623, "Design of Erosion Protection for Long-Term Slobilization," Table F-2_

Based on these preliminary results for the Tinaja Pit rock, all engineering
design work incorporated a 4% overdesign factor to meet the NRC scoring
design criteria in NUREG-1623.

With the development of additional erosion protection design elements at
Rio's Ambrosia lake facility, NRC requested Rio to requalify the Tinaja Pit rock
source to determine whether the rock quality has changed since the preliminary
testing that was conducted in 2001.



Updated rock qualification tests were conducted during the 1is half of
2003, which confirmed that the Tinaja Pit rock continues to be acceptable for
use. Table 2 provides the summary of the 2003 test results. Appendix 3 contains
the laboratory reports. The petrographic analysis of the rock performed in June
2003 resulted in similar observations/findings as the 2001 petrographic tests
(Appendix 4).

Table 2

Tinaja Pit Rock - 2003
Erosion Protection Materials Testing Scoring Results

Average Score [ 83.1]

- NUREG-1 623, "Design of Erosion Proteciton for Long-Term Stobilizotion," Table F-2.

Based on the two series of tests, the Tinaja Pit rock quality has improved
over time. This, combined with the 4% overdesign within the engineering, will
ensure that the erosion protection planned for use on the Rio Algom reclamation
project meets the 1000 year design criteria for erosion protection.

Rio Algom Mining LLC.

SUA-1473

Docket 40-8905
Appendix C-6 - Page 3



APPENDIX 1

Tinaja Pit Rock Lab Results
2001

Rio Algom Mining LLC.
SUA-1473

Docket 40-8905
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Western
Technologies
Inc.
The Qlty People

Since 1955

.05 Washington Place, N.E.
Albuquerque, New/'4exico 87113
(505)823-4488 •fax 821-2963

November 26, 2001

C & E Concrete, Inc.

Post Office Box 2547

Milan, New Mexico 87020

Attn: Mr. Walter Lee Meech

Re: Erosion Protection Material Testing

Rock Quality Scoring

Ref. No: 3241JT019

Invoice No: 32410555

As you requested, we have performed the laboratory testing in accordance with the NUREG-
1632 specification. The purpose of the laboratory testing was to determine the overall rock

quality as presented in Table D-1, Scoring Criteria for Determining Rock Quality.

If you have any questions regarding our findings, please contact us at (505) 823-4-488.

Respectfully yours,
WESTERN TECHNOLOGIES INC.

Andrew L. Cuaderes
Managing Director

alph E. Crockett, P.E.

irector of Engineering

j~fA~

Rio Algom Mining LLC.SUA- 1473
Docket 40-8905

Appendix C-6 - Page 5
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PORTLAND CEMENT CONCRETE

Client C & E CONCRETE

P 0 BOX 2547

MILAN, NEW MEXICO 87021

Date of Report 11/26/01

JobNo. 3241JTD14

Event/Invoice No. 32410555

Authorized By CLIENT

Test Calc. By CLIENT

Lab No. O) - Z_
Date 11/15/01

Date 11/15/01

Project EROSION PROTECTION MATERIAL TESTING Location ALBUQ.UERQUE LABORATORY
Contractor C & E CONCRETE Arch./Engr. UNKNOWN
Type / Use of Concrete NON-CONCRETE Supplier/Source TINAJA PIT
Sample Source / Location TINAJA PIT Source/ Location Desig. By CLIENT
Reference: REBOUND NUMBER OF HARDENED CONCRETE [ZASTM C805 Li
Special Instructions:

Date i11/1iol

MATERIAL DATA
DESIGN STRENGTH4 OF CONCRETE, PSI N/A AGE N/A HAMMER TYPE LR-3 SERIAL NO. 7109
COMPOSITION OF CONCRETE: N/A

CURtING I IJNUSUAL CONDITIONS RELATED TO TEST AREA: N/A

- OBSERVATIONS & TEST RESULTS

TEST No. LOCATION OF TEST AREA INl STRUCTURE SURFACE DESCRIPTION AVERAGE I INDICATED
I / NREBOUND l COMPRESSIVE

__________________________FORM TYPE FINISH, RECADING J STRENGTH, PS)

1 AGGREGATE EROSION PROTECTION MATERIAL TESTING -- 43.2
TOTAL AVERAGE OF 20 TEETS

CAUTION: THIS TEST METHOD IS NOT INTENDED AS AN ALTERNATIVE FOR THE STRENGTH DETERMINATION OF CONCRETE. REBOUND NUMBERS SHOULD IE USED

ONLY ASA GUIDE IN THE DEVELOPMENT OF CONCRETE COMPRESSIVE STRENGTH ESTIMATES AND MUST NOT BE INFERRED TO BE ABSOLUTE VALUES. OPTIMALLY.
REBOUNS NUMBERS ARE CORROBORATED BY CORE TEST DATA. IN THE ABSENCE OF SUCH DATA, THE INDICATED STRENGTHS PROVIDED SHOULD BE USEDJUDCIOiSLY AS THEY ARIE RAcED ON PREVIOUS RESEARCH ANO CORRELATIONS WHICH MIGHT NOT BE REPRESENTATIVE OF THE CONCRETE BEING EXAMINED.

Comments: REBOUND TESTING ON LARGE AGGERGATE.

Copies To: 13) CLIENT THE SERVICES REFERRED TO HEREIN WERE PERFORMED IN ACCORDANCE

WITH THE STANDARD OF CARE PRACTICED LOCALLY FOR -THE
REFERENCED METHODIS) AND RELATE ONLY TO THE CONDITION(S) OR,
SAMPLEISI TESTED AS STATED HEREIN. WESTERN TECHNOLOGIES INC.
MAKES NO OTHER WARRANTY OR REPRESENTATION, EXPRESSED OR
IMPLIED, AND HAS NOT CONFIRMED INFORMATION INCLUDING SOURCE
OF MATERIALS SUBMITTED BY OTHERS.
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LA,
ON AGGREGATES

Date of Report 11126/01

Client C & E CONCRETE Job No. 3241JT014

P 0 BOX 2547 Event/ Invoice No. 32410555 Lab No. (DI- Z'

MILAN, NEW MEXICO 87021 Authorized By CLIENT Date 11/15/01

Sampled By CLIENT Dale 11/15/01

Submitted By CLIENT Date 11/15/01

Project EROSION PROTECTION MATERIAL TESTING Location ALBUOUERQ.UE LABORATORY

Contractor C & E CONCRETE Arch./Engr. UNKNOWN

Type / Use of Aggregate TINAJA PIT Supplier/Source C & E CONCRETE

Sample Source/ Location TINAJA PIT Source / Location Desig. By CLIENT Date 11/15101

Reference: SOUNDNESS: D)( ASTM C88 III AASHTO T104 [ SODIUM SULFATE [iMAGNESIUM SULFATE

ABRASION RESISTANCE: []ASTM C131 []AASHTO T96 nI ASTM C535

Special Instructions:

TEST RESULTS
GRADING OF WEIGHT OF TEST PASSING DESIGNATEDý WEIGHTED ALL-OWABLE PERCENTAGE LOSS

SIEVE SIZE ORIGINAL SAMPLE FRACTIONS BEFORE TEST SIEVE AFTER TEST I PERCENTAGE

% GRAMS LOSS SODIUM - MAGNESIUM

SOUNDNESS TEST OF FINE AGGREGATE SOLUTION CONDITION: LI NEW [i USED NO O YMiNUs No .., . a
NO. US TO NO. 100 ,,.. '

NO. B TO NO. 
o0B

NO. 30 10 NO. 50•-•,

NO. 4 TO NO.8 
"3D:'

3/B N. TO NO. 4 • .. ,.
TOTALItI

SOUNDNESS TEST OF COARSE AGGREGATE SOLUTION CONDITION: • NEW ii USED NO. OF CYCLES 5
MU0 -N0I

1 112 IN. TO 314 IN. 20.1 1512.1 2.01 .4''.• " ""r'',, . "•, , ...•-'. .."F -,--,7" ':3/4 IN. TO 3/B IN. 13.2 998.6 6.06 .8 . .'..-.,

3/8 IN. TO NO. 4

TOTAL101.

QUALITATIVE EXAMINATION OF COARSE SIZE PARTICLES EXHIBITING DISTRESS

SIV IESLTTING CRUMBLING CRACKING FLAKING TOTAL ND. " •. .. '".!.':: • -•
NO.E S ZE% N . %O. % NO. BEFORE TEST I . '. •.i -:] ''/ ÷ ; ; .2 1/2 IN. TO 1 1/2 IN.

1 1/2 IN. TO 3 14 IN. 
: , -4

RESISTANCE TO DEGRADATION BY L.A. MACHINE % LOSS SPECIFICATION

SMALL COARSE AGGREGATE - GRADING A 100 REV. -e- "

3OO REV. T OLARGE COARSE AGGREGATE - GRADING 200 REV. ST

1000 REV. T 4

b! Commente:

Copies To: (3) CLIENT
THE SERVICES REFERRED TO HEREIN WERE PERFORMED IN ACCORDANCE

WITH THE STANDARD OF CARE PRACTICED LOCALLY FOR THE

REFERENCED METHODIS) AND RELATE ONLY TO THE CONDITMONISI OR

SAMPLEIS) TESTED AS STATED HEREIN. WESTERN TECHNOLOGIES INC.

MArES ND OTHER WARRANTY OR REPRESENTATIOIN, EXPRESSED OR

IMPLIED, AND HAS NOT CONFIRMED IN•ORMATION INCLUDING SOURCE

OF MATERIALS SUBMITTED BY OTHERS.



Rio Algorn Mindig LLi.
SUA-1473

Western _,05 Washington Place,. Ni.E Docket 40-8905
Technologies Albuquerque, NewMexico 87113 Appendix C-6 - Page 13
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The QuatLPeople PHY),,_,L r-n rLn, ,i

srncelq5s OF AGGREGATES

Date of Report 11/26/01
Client C & E CONCRETE Job No. 3241JT014

P.O. BOX 2547 Event /Invoice No. 32410555 Lab No. 0 -Z.
MILAN, NM 87021 Authorized By CLIENT Date 11115/01

Sampled By CLIENT Date 11115/01

Submitted By CLIENT Date 11115/01
Project EROSION PROTECTION MATERIAL TESTING Location ALBUQUERQUE LABORATORY
Contractor C & E CONCRETE Arch. /Engr. UNKNOWN

Type / Use of Aggregate TINAJA PIT Supplier/Source C & E CONCRETE
Sample Source/ Location TINAJA PIT Source/Location Desig. By CLIENT Date 11115/01
Special instructions:

TEST RESULTS

SIEVE ANALYSIS [E]ASTM C136 [EAASHTO T27 PHYSICAL PROPERTIES RESULTS TIFON
SIEVE SIZE ACCUMULATIVE SPECIFICATION

UNIT WEIGHT & VOIDS FINE AGGREGATE UNIT WEIGHT, PCF -
4 IN. -100.0 [2 ASTM C29 E AASHTO T19 VOIDS, % 4

I - 75,0 ERODDING Ej JIGGING El LOOSE COARSE AGGREGATE UNIT WEIGHT, PCF 4
S71/2- 37.5 VOI.CE, 'A ..4.
S1/8 - 2B.0

2. - 2D0 FINE AGGREGATE BULK SPECIFIC GRAVITY 4
3/4 - 119.0 ASTM CI2B EAASHTO TB4 BULK SPECIFIC GRAVITY ISSDI
112 12.5 AGGREGATE DRIED APPARENT SPECIFIC GRAVITY 4

E18 SPECIFIC YES [I NO ABSORPTION, %
1/4 - 5.3 GRAVITY

. - 2.3 ABSORPTJON COARSE AGGREGATE BULK SPECIFIC GRAVITY 4 2.660
E -2.36 [ASTM C127 EJAASHTG TES BULK SPECIFIC GRAVITY (SSDO 4 2.684
10 -. 2.00 AGGREGATE DRIED APPARENT SPECIFIC GRAVITY 4 2.711
10 - 1.15 (ZYES O]NO ABSORPTION, % 4 0.5
30 - .600

40 - .425 SAND EQUIVALENT VALUE [ ASTM D2419 0 AASHTO T175 %
50 - .30D

10 10ItSMALL COARSE AGGREGATE 100 REV., % LOSS 4 7

FINEBTHAN NO. 200 RESISTANCE YASTM C131 OAASHTO T9B GRADING A 500 REV.. % LOSS 4
'ASTM C AT? T TTOBO

ME TH O E RES LT SP CIFCA IO RCAY L MP SFRI ABLA E POARTI LSIE AGGREGATE 2 0 R V , % 4OS

AASI-1TD 7T1 ERAATO

LIUI LMILESTRCG2EASTOT2 COARSE AGGREGATE 20RV , % LOS4)

PLASTIC5LIMIT

[]ASTM C5335 , GRAADINGG 1000 REV., % LDSS -4

FINENESS MODULUS, ASTM C125 -3,

LIGHTWEIGHT PIECES FINE AGGREGATE, % -31,

LýQUJD & PLAST)C PROPERTIES ] •ASTM C123 0. AASHTO Tl13, COARSE AGGREGATE,AT %41 4AST 89&T~

METHOD EJA 0• B RESULT SPECIFICATION CLAY LUMPS & FRIABLE PARTICLES FINE AGGREGATE, % "-4

LIOUID LIMIT [ASTM C142 ASTOT1CAREGRGTE%

FPLASTiC LIMIT

PLASTICITY INDEX FRACTURED FACES COARSE AGGREGATE BY WEIGHT ONE OR MORE FACES, % -34
SAMPLE AiR DRIED EYES [ENO E AZ 212 E FLH T507 F FAA TWO OR MORE FACES, % 4

CLEANNESS VALUE CA227 4 DURABILITY INDEX E ASTM D3744 0 AASHTO T210 DC: O

ORGANIC IMPURITIES EASTM C40 EAASHTO T21 PROCEDURE: A [ COARSE 8 El FINE C [E COARSE & FINE Df -)

ORGANIC PLATE NO. I UNCOMPACTED VOID CONTENT EDAZ 247 [EASTM C1252 METHOD % -4

CARBONATES IN AGGREGATE FLAT & ELONGATED PARTICLES [EASTM D4791 [j BY WEIGHT, 9%
Ej AZ 238 El ASTM 3042 %" DIMENSIONAL RATIO USED [E,:2 [01:3 D1:5 E•. BY NUMBER, %

Comments:

THE SERVICES REFERRED TO HEREIN WERE PERFORMED IN ACCORDANCE
WJTH THE STANDARD OF CARE PRAC-TtCED LOCALLY FOR THE

Copies To: REFERENCED METHOD(S) AND RELATE ONLY 70 THE CONDITIONISI OR

SAMPLEIS) TESTED AS STATED HEREIN. WESTERN TECHNOLOGIES INC.
MAKES NO OTHER WARRANTY OR REPRESENTE.TION, EXPRESSED OR

IMPLIED, AND HAS NOT CONFIRMED INFORMATION INCLUDING SOURCE
OF MATE.RIALS SUSMITTED BY OTHERS



C and E Concrete
EROSION PROTECTION MATERIALS TESTING

November 26, 2001
41, - o0-Z Rock Quality Scorilng Tabulation

Test

Specific Gravity

,' Absorption, %

,XSodium Sulfate, %

-1L/A Abrasion(100 rev), %

Schimcit Hammer

Weighting Factor

12

13

4

1

11

Test Value

2.669

0.58

1.6

7

43.2

Score

8.9

7,8

9.8

6.9

5,5

Computed Score

106.8

101.4

39.2

6.9

60.5

Total Scfore
314.9

Limestone - Tinaja Pit

WESTERN TECHNOLG)ES INC.
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Dnm•
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PXL .5W 55 RADIfS 1000j AEV\., V, LOSS -5

LIO91TZ 00010 r-2. poASrr0 -,712IA O50c5.~4
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8AMFLý Id0Ri5 DREDCyR3 O~e *UAI 212 ORL74TSIV 07 A 1740 TOR 0- OP; P00055. 55

CL' ANAGG5 VALU5 CA22) 4 r2URAASLITY IUMPIX [oSTAirW 0 7't2 -.AV-TO T210 D~

OPDA~tM4l5 N IC00 IMROTM [JA5 &T CAG 000555~r Ty CR0" 5C ORS00_- 
______OPG ANIC PLATO E 0, U)045 rD7ý/ U CTEED VOIDt CONTVRT CAýZ 247 [DASTI'l C1250 Mi7THO

ýcARAOhATFU INtAgvP5&A7ý FLAT K ELMCAOI 52.0FAT(CLS fASM45791Ci'wi~t5Cj 42 225ý C tASTU 306Z 55 " 0i IRL4040us TN4S~5

; 00 -0 Z'CiM

4115: Gtvlc'ig ;Z;*R5050 30 P55014~ wOPO rcA~zr'"9s IN rcoRIN
W17IM 1li5 S.ýO55A OFS CA17 4401 LOZAI.U" V01

MM,01) ()hF;rlAs AND A7 OIIL! -M 'TnrlD 0:OSmT
;ýWfFSE(I 025450 );- 45 ET p.N.ý0.-701SO0GD

NO.7.404 nz) 55.SO4ATOR , 05
1I'p-0P.4.. AND0 lAs K=1 0I7lS i55 lY'7AATIN SCUI7 SI

OF .I0ERILA '51442 SF07HRRS.



03 -. 4u, F op.

Rio Algom Mining LLC.
SUA- 1473

Western 8,0 Vý~iza Piz-C N-7 Docket 40-8905
q- e-~i IfcuruwMio~~

I~. (o5~8~4~&Appendix C-6 -Page 17

PrRTIANI) CEMENIT (;NU~rtI r

C~r F- CocIkmT job Nz. 3241,Ji 0 14

POS7 ONF)C 13OX 2947 Svnz nvic No. 32aicý5 L-.b No 0~o-I, 11()

Projct EOSIN PRTEýTO O M 7 F-IALT ýSIN - Itcvor, AL&UafUFR CltE LASORATORP'

Cornvi~tor C &FCON4CAETL Ar~b../Eng.- UNCODWN
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G and E Concrete EROSION PROTECTION MA TERIALS TESTING Jamwiry 7, 2001)

L4!liY- ILOH-E Rock Quafl~y Scoraing Tabufation

Tos T

Speclfic Gravity

Absorptioni, %

Sodium Sulflate, %

LIA Ablrsloi (1000 rev), %

Scldli-dt Hammer

Weighhing Factor

'12

1

*11

Test_ Value

2.664

0.64

7

49.3

6.3

7.7

(.0

6.3

Computed $core

99.6

100.1

6.8

69.3

1T0taLS41-ofe 31F.4

Limca•o•n -Thtiaji' Pil

t1ia~
-'1 (~

WESTERN TECFENOLOJES INC,
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PREQUALIFYING TEST FOR TINAJA PIT ROCK

January 07, 2001 76.9%
November 26, 2001 76.8%
December 24, 2001 76.4%

Design based upon 4% oversize

retest 77.8%
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APPENDIX 2

Tinaja Pit Rock Petrographic Results
2001
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U PETROGRAPEIC
SERVICES, INC,

December 26, 2001

Mr. Matthew Roybal
Western Technologies, Inc.
8305 Washington Place, NE
Albuquerque, NM 87113-1670

Re: Western Technologies Job No. 3241JT014
APS Job No. 10-01883

Mr. Roybal :

This report presents the results of our review of a core of carbonate rock. The sample were

submitted to our laboratory by yourself oDNovember 2i, 2001. The scope of or-work was limited

to pe-fonning petrographic testing on the sample to deteinne its composition.

Conclusions
Based on the work performed and previous experience, our observations and opini ons are as follows:

1. The 74=m diameter by 118mm long core is of a massive, pink, fossiliferous,. calcitic

dol onmite. The phir coloration is produced by conrosion of pyrite grains, finely dissemnied

in the rock

2. The carbonate is well indurated. However, dolomitization has produced some fine porosity.
Also, a single planar, pressure solution structure (stylolites) followvs the length of the core.

A few other discontinuous stylolites were present.

Procedures
Our work was perfonmed on December 12, 2001 and subsequent dates. The analysis was completed

through the use of hand sample and thin section work. Observations were made in thin section
under an Olympus polarizing-light microscope with magnification up to 1000x and in hand sample

under an Olympus stereozoom microscope with magnification up to 130x. The analysis included

reviewing the thin sections of the material under plane and cross polarized light conditions.

Testing was performed in accordance with APS Standard Operating Procedure 00 LAB 004,

"Petrographic Examination of Aggregates for Concrete, ASTM:C295".
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Mr. Royba]
December 26, 2001
Page 2

Remarks
The test sample will be retained for at least 30 days from the date of our report. If no further
Instructions are received by that time, the samples maybe discarded. The petrographic services for
this project have beern conducted in a manner consistent with that level of care and skill exercised

by members of the profession currently practicing in this area under similar budget and time
constraints. No warranty, express or implied, is made.

It has been a pleasure to serve 0o0 on this project. Should you have any questions on this report,
please do riot hesitate to call.

Respectfully,

Gerard Moul .PG

Vice Presideni/Geooloi•ic cT apher
MN License -"30023



00 LAB 004
PETROGRPEI~C EXAMINATION OF AGGREGATES FOR CONCRETE. ASTM:"C25

APS JOB NO:

SA-MLPLE NO:

l0-01883 DATE: December 20. 2001

i PETROGRAP14ER: Gerard Moulzolf

AND SPECIMEN DESCRIPTION:

A massive, pink, fossiliferous, calcitic dolomite. Euhedral to subhedral dolomite grains, generally <25rm in size,
mostily replace a coarser, anhedral, calcite matrix. The dolomitization has produced small pore spaces. Calcite fossil
fragments, made up of mostly brachiopods with some rucgose corals, are mostly retained. Very fine sand-sized
(<O I25mm), detrital quartz gains are scattered tlhoughout. Bedding was not discernable. Concentrations of
0.125mm sized, corroded, isometric, pyrite graitis occur near or within coarser calcite mosaics and drusy, sparry
calcite vIng fillings. Many others are finely disseminated in the matrix, giving the rook its pink coloration. '"B ooks"of
white clay infill several vugs or pores scattered in the sample. The quartz sand grains, corroded pyrites, and clays,
i.e. insoluble residue, concentrate within a few discontinuous, and a single continuous, sutured stylolite occurnog in
the core sample.

MINERALOGY OPTICAL PROPERTIES:

COLOR BIREFRINGENCEMINERALS VOL RELIEF RABIT, OTHER

dolomite

calciie

quartz

iron oxide

clay

55 colorless high 3" to 4 "h order

40 colorless high 3" to 4 "h order

3 colorless low 1I" order grays

varies

vales

l0w

relief changes w/rotation, euhedral to
subhedral, generally less than 25/.r-j

relief changes w/ rotation, anihedral

detrital grains, very fine sand-sized

I rust moderate corroded, isometric relics ofpTites

low white in reflected light, "books", uog and
pore fillings

<I colorless low 1" order grays

Rio Algom Minmg LLC.

SUA-1 47 3

Docket 40-8905
A&pe ixpne-dix C-6 - Pag~e 233



_APS#
PROJECT

q AJNIPLE ID:

Wo`Estero Ttc~ologioes 
Job 'No, 3241JT014

DATE: DECEM1EBER 
26, 2001

I DE, SCR1`JKINý 
Lo j ist ordcr g-ray. exhlibhd by books of clay in vu g in thio sectlion uridcr cross

polahcud Jihth

'50-
@41P D

_____ 
___ 

-~-, 
-t$;,~- -

e kwM

-~YEN

-, ~ 

-W

DESCRIPTION: 
liso~uble residue (qoorsz grains, corrorlod p)ntr-.s and clay) coucgnl-11rLrc 

withio

sutured sty lohoi~ in foin ~Sýcbn odpT Unem ss polajizcd igbt,



APS-#
PROJECT:

10-01883
Western Technologies Job No. 3241JT014 DATE: DECEM7BER 26, 2001

SAMPLE ID: I DESCRPJTION: Csckitc fossil frimmes, and matrixare staioed red; calcitic dolornie i]T tlifl section
under planec polarized light.MAG. I 00x

@I
S k&iPLE ID:

DESCRIPTION: Dark. rust colored, corroded pyrie oa-i]S, in thn secton under plane polarized ]ght.MAG.: Ox
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LABORATORY REPUHI

ON AGGREGATESL1

Client C&E CONCRETE

P0 BOX 2547

MILAN, NEW MEXICO 87021

Date of Report 06-12-03

Job No. 3243JAI12

Event / Invoice No. 32430194

Authorized By WALTER MEECH

Sampled By WALTER MEECH

Submitted By WALTER MEECH

Lab No.

Date

Date

Date

3L127

05-23-03

05-23-03

05-23-03

Project RIO ALGOM MINING COMPANY - EROSION PROTECTION Location ALBUQUERQUE LABORATORY

Contractor C&E CONCRETE Arch./Engr. UNKNOWN

Type / Use of Aggregate EROSION PROTECTION Supplier/ Source TINAJA PIT

Sample Source / Location TINAJA PIT Source/ Location Desig. By WALTER MEECH

Reference: SOUNDNESS: Z ASTM C88 .El AASHTO T104 RXSODIUM SULFATE [D]MAGNESIUM SULFATE

ABRASION RESISTANCE: R]ASTM C131 DAASHTO T9O D]ASTM C535

'Special Instructions:

Date 05-23-03

TEST RESULTS
DIGIRAOING OF WEIGHT OF 'IEST RA IS INTEO WD GHE ALWBEPRNTGE LOSS7

•SIEVE SIZE •ORIGINAL SAMPLE FRACTIONS BEFORE TEST SIEVE AFTER TEST PERCENTAGE A

• GRAMS LOSS SOD I MAGNESIUM

SOUNDNESS TEST OF FINE AGGREGATE SOLUTION CONDITION: Li NEW USED NO. OF CYCLES

MINUS NO. 10o

S NO. 50 TO0 NO. 100 '-

0O. 30 TO NO. 50

NONC. )E TO NO. 30

No. a TO NO. 16. 4~~

NOD4 TO No 8

-3/8 IN. TO NO. 4

S0UNDNESS TEST OF COARSE AGGREGATE SOLUTION CONDITION: NEW ] USED NO. OF CYCLES 5

2 -/2 IN. TO 1 1/2 IN. 45 1017.6 0.1 0.1

11/2N. TO 3/4/NS, 25 1501.2 0.2 0.1 "

/4 IN. TO 3/a IN. 1~ 5 1001.0 1.0 0.2

3/R IN. TO NO. 4153.1.709__ _____

TOTAL , 1.3

SIEVETASIZE EXAMINATION OF COARSE SIZE PARTICLES EXHIBITING DISTRESS

SIV IESPLITTING CRUMBLING CRACKING PLANING TOTAL NO. I
NO. % NO. % NO. . BEFORE TEST

2 1/2 IN. TO 1 1/2 IN.

1 1/2 IN. TO 3/4 IN. ,,

RESISTANCE TO DEGRADATION BY L.A. MACHINE % LOSS SPECIFICATION

SMALL COARSE AGGREGATE - GRADING A 100 REV. -4 7

500 REV. -3

LARGE COARSE AGGREGATE - GRAOING 200 REV. --)

1000 REV. -a-II _
S Comments:

Copies To: (3) CLIENT
THE SERVICES REFERRED TO HEREIN vCERE PERFORMED IN ACCORDANCE

WITH THE SIANDARD OF CARE PRACTICED LOE>ALLY FO THE

REFERENCED METHODIS) AND RELATE ONLY TO THE CON DO- 4CS) 0R

SAMPLE(S) TESTED AS STATED HEREIN. WEST , -ECc LIGES INC.

MAKES NO OTHER WARRANTY OR R/PR"E.2 'I -RESSEO OR

IIAPIIED AN.D HAS NOT CON.FLDRM. •I'- R1 I UDING SOURcE



Western
Technologies
Inc.
The Qualit_,People

Since 1955

J305 Washington Place, N.E.
Albuquerque, New Mexico 87113
(505)823-4488 * fax B21-2963

Rio Algom Mining LLC.

SUA-1473
Docket 40-8905

Appendix C-6 - Page 28

PHYSICAL PROPERTIES
OF AGGREGATES

Client C&E CONCRETE

P0 BOX 2547

MILAN, NEW MEXICO 87021

Project RIO ALGOM MINING COMPANY - EROSION PROTECTION

Contractor C&E CONCRETE

Type/Use of Aggregate EROSION PROTECTION

Sample Source / Location TINAJA PIT

Date ofReport 06-12-03

Job No. 3243JA112

Event / Invoice No. 32430194

Authorized By WALTER MEECH

Sampled By WALTER MEECH

Submitted By WALTER MEECH

Location ALBUQUERQUE LABORATORY

Arch./Engr. UNKNOWN

Supplier/Source TINAJA PIT

•Source/Location Desig. By WALTER MEECH

Lab No.
Date

Date

Date

3L127
05-23-03

05-23-03

05-23-03

Date 05-23-03

Special Instructions:

TEST RESULTS
SIEVE ANALYSIS ElASTM C136 OAASHTO T27 PHYSICAL PROPERTIES

SIEVE SIZE ACCUMULATIVE SPECIFICATION
U.S, - MM % PASSING

4 IN, -100.0 UNIT WEIGHT & VOIDS FINE AGGREGATE UNIT WEIGHT, PCF .4

3 - 75.0 ElASTM C29 R AASHTD TIS VOIDS, 4 -

2 - 50.0 DRODDoNG ] JIGGING DLOOSE COARSE AGGREGATE UNIT WEIGHT, PCF 4

1 1/2- 37.5 VOICS, % 4
1 1/4- 31.5 _

-25.0 FINE AGGREGATE BULK SPECIFIC GRAVITY 4

- 19,0 ASTM Cr2EB EAASHTD T84 BULK SPECIFIC GRAVITY (SSD) 4

112 - 12.5 ,GGREGATE ORIED APPARENT SPECIFIC GRAVITY 4
3/8 - 9,5 SPECIFIC ]YES 0 NO ABSORPTION, % 4
7/4 - 6.3 GRAVITY

S

NO. 4-B 475 ABSORPTION COARSE AGGREGATE BULKISPECIFIC GRAVITY 4
8 - 2.36 [@ASTM C127 DAASHTO T85 BULK SPECIFIC GRAVITY ISSD) 4
10 - 2.00 AGGREGATE DRIED APPARENT SPECIFIC GRAVITY 4
16 - 115 YES NABSORPTION, % 430 - .600

40 - .425 SAND EAUcVALENT VALUE AH ASTM 1 24O19 RS AASAGG T1E7G %%
T50 A T.3TT0

E D El El B0 RSMALL COARSE AGGREGATE l0o REVG, % LOSS
LI ANO. 2DO RESI ASTCEAASTM C131 AAST796 GRADING 500 REV., % LOSS

Pl ASTM CLI1 TO

PL DEGRADATION FARE COARSE AGGREGATE 2BO REV., % LOSS 9.4

SAMPL AIRORB EYS lT lZ1 Ell LH AoR El FAARS .ATOGRRMREFACST

[1.ASTM C5:35 GRADING 1000 REV., % LOSS "4

FINENESS MODULUS, ASTM C125 -

LIGHTWEIGHT PIECES FINE AGGREGATE, % 49

LIQUID & PLASTIC PROPER7IES []ASTM C1 23 11 AAS HTO 7 I113 COARSE AGGREGATE, %

CLEASTMD4318 [VYAASHTOTTB92&0T0

MEHPD [RA O 9 RESULT ROCLAY LUMPS & FRIABLE PARTICLES FINE AGGREGAcRE, % I9E

LIQUID LIMIT -- ATM C142 [I AASHTO 1T2 ,2COARSE AGGREGATE, % 1

PLASTIC LIMIT
PLASTICITY INDEX FRACTURED FACES COARSE AGGREGATE BY WEIGHT ONE OR MORE FACES, % -4

SAMPLE AIR DRIED O•YES ONE) [-IAZ 212 O•FLH TED7 •EIAA TWO 0R MORE FACES,%")

CLE•ANNESS VALUE CA227 -- DURABILITY INDEX []ASTM D3744 C]AASHTO T210 DC -3

ORGANIC IMPURITIES OASTM C4-0 [:jAASHTOT21PRCDR:A[ORS 130FN O ORE&FIEf-9

ORGANIC PLATE NO. -"UPNOOMPACTED VOID CONTENT O]AZ 247 O•ASTM C1 252 METHOD /"-

TEST SPECIFICA-
RESULTS TION

2.621
2.641
2.654
0.48

CARBONATES IN AGGREGATE

[•]AZ 238 [1ASTM D3042 %-3

FLAT & ELONGATED PARTICLES ElASTM D4791 El 3Y WEIGHT, %

DIMENSIONAL RATIO USED E 1:2 E•l:3 El 1:5 E BY NUMBER, 4

Comments: ASTM C 805 - SCHMIDT HAMMER AVERAGE = 59.3

THr SERVICES REFERRED TO HEREIN WERE PERFORMED IN
ACCORDANCE WITH THE STANDARD OF CARE PRACTICED LOCALLY FOR
THE REFERENCED METHODIS) AND RELATE ONL 'TO 11- ONDITIONIS)
OR SAMPLE(S) TESTED AS STATED HE '. I'- 4 ECHNOLOGIES
INC. MAKES O OTHER WARRAN R ENTATION. EXPREGESSED_= fl. NFl - INFO• ATION INCLUDING

Copies To: 13) CLIENT



C and E Concrete EROSION PROTECTION MATERIALS TESTING Jun":' 1003

Rock Quality Scoring Tabulation

Test

Specific Gravity

Absorption, %

Sodium Sulfate, %

L/A Abrasion(100 rev), %

Scbimdt Hammer

Weighting Factor

12

13

4

1

11

Test Value

2.621

0.48

1.3

7

59.3

Score

7.8

8.1

9.9

6.8

7,9

Computed Score

9316

105.3

39.6

6.8

86.9

T-Qtal Score 332,2

Limestone - Tinala Pit

WESTERN TECHNOLGIES INC.



Western 305oTechnologies Albu
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Since 1955

Client C&E CONCRETE
P0 BOX 2547

MILAN, NEW MEXICO 87021

Project RIO ALGOM MINING COMPANY

Contractor C&E CONCRETE

Type / Use of Aggregate EROSION PROTECTION

Sample Source / Location TINAJAPiT P1

Special Instructions: '

PV2jj
C.

Rio Algom Mýinng LLC.
SUA-1473

Docket 40-89D55 Washington Place, N.E.
querque, New Mexico 87113
)823-4488 o fax821-2963 Appendhx U-6 - rage 30

POh AG.GREG 1 -TS --

OF AGGREGATES

Date of Report 07/29/03

Job No, 3243JA014

Event / Invoice No. 32430270

Authorized By WALTER MEECH

Sampled By WALTER MEECH

Submitted By WALTER MEECH

Location ALBUQUERQUE LABORATORY

Arch./Engr. UNKNOWN

Supplier! Source TINAJA PIT

Source / Location Desig. By WALTER MEECH

Lab No.

Date

Date

Date

3L27 6-A

07/07/03

07107/03

07107103

Date 07/07/03

TEST RESULTS

(

TEST ISPEC IE, ICA-SIEVE ANALYSIS []ASTM C136 E[AASHTO T27 PHYSICAL PROPERTIES RESULTS TCIN
SIEVE SIZE ACCUMULATIVE SPecI ........ _ _rESU.S, - MMA % PASSING SPECIFICATION

4IN. -100.0 UNIT WEIGHT , VOIDS FINE AGGREGATE IJNIT WEIGHT, PCF -31
3 - 75.0 [1 ASTM C29 [EAASHTO TIE VOIDS. % -
2 - 50.0 ROoDDoING [D JIGGVNG EtLOOSE COARSE AGGREGATE UNIT WEIGHT, PCF 4

1 112- 37.5 VOIDS, % -3

FINE AGGREGATE BULK SPECIFIC GRAVITY
3/4 - 19.0 CIASTM C128 Ej AASHTO -T8, BULK SPECIFIC GRAVITY (SSD) 4112 - 72.53/2 - 1.5 AGGREGATE DRIED APPARENT SPECIFIC GRAVITY3/8 - 9.5 SPECIFIC [jYES O-NO ABSORPTION, % -39

1/4 - 6.3 GRAVITY

NO. 4-- 4.75 &.

ABSORPTION COARSE AGGREGATE BULK SPECIFIC GRAVITY -7 2.693

10 - 2.00 [ZASTM C127 DAASHTG TE5 BULK SPECIFIC GRAVITY (SSD) 4 2,698

16 AGGREGATE DRIED APPARENT SPECIFIC GRAVITY 4 2,706
0 -. 600 Ex YES 0 No ABSORPTION. 0 - 0.17

40 .425 SAND EQUIVALENT VALUE E[ASTMD2419 [IAASHTO T17E -_50 -. 300

SMALL COARSE AGGREGATE 100 REV.. % LOSS -14
FINERTHArNo2. 20 RESISTANcE EIASTM C131 OAASHTO T96 GRADING 500 REV., % LOSS 4

[•AS'T. El17 TO L

SAASEITO Tli DEGRADAT)ON LARGE COARSE AGGREGATE 200 REV., % LOSS -4

* L]ASTM C535 GRADING 1000 REV., % LOSS 4
FINENESS MODULUS, ASTM C125

LIGHTWEIGHT PIECES FINE AGGREGATE, % -43

LIQUID & PLASTIC PROPERTIES EASTM C123 EDAASNTO T113 COARSE AGGREGATE, % "
EIASTM D4318 [1AASHTOT89 &T90

METHO• EA O B RESULT SPECIFICATION CLAY LUMPS & FRIABLE PARTICLES FINE AGGREGATE, % 4
LIGUIG LIMIT ElASTM C142 [IAASHTO T112 COARSE AGGREGATE, S% 4
PLASTIC LIMIT _

PLASTICITY INDEX FRACTURED FACES COARSE AGGREGATE BY WEIGHT ONE OR MORE FACES, S
SAMPLE AIR DRIED [1YES E]NO AZ 212 R FLH T50 [] FAA TWO OR MORE PACES, 4

CLEANNESS VALUE CA227 4 DURABILITY INDEX R ASTM D3744 []AASHTO T210 Dc -

PROCEDURE: A ElCOARSE B EFINE c(l COARSE& FPINE Df 0. eI____________
ORGANIC IMPURITIES EASTM C04 [3AASHTO 721

ORGANIC PLATE NO. 4 UNCOMPACTED VOID CONTENT El A2 247 ED ASTM C1252 METHOD 4/6

CARBONATES IN AGGREGATE FLAT & ELONGATED PARTICLES EASTM 044791 El BY WEIGHT, % -

EAZ 23B ElASTM 03042 % 4 DIMENSIONAL RATIO USED E11:2 El1:3 [1 1:5 [1 BY NUMBER, %in
W Comments: ASTM C 8056 SCHMIDT HAMMER AVERAGE. 61.4

Copies To: 13) CLIENT

THE SERVICES REFERRED TO HEREIN WERE PERFORMED IN
ACCORDANCE WITH THE STANDARD OF CARE PRACTICED LOCALLY FOR
THE REFERENCED METHODIS) AND RELATE 00-_ THE.. 'ITIONISI
OR SAMPLE(SI TESTEO AS STATED HNEAIS? e V.T.P.OI-'TGCHNOLOOIES
INC. MAKES NO OTHER VWARRAN*-[R R P SEP ý7-)11, EXPRESSED
nR IMPLIED, AND HAS NOTA-C-ONPFIR 5 -. RFITION INCLUOING_
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LAGur'GuRE GA•nSON AGGREGATES

Date of Report 07/29/03
Ciient C&E CONCRETE Job No. 3243JA014

PO BOX 2547 Event / Invoice No. 32430270 Lab

MILAN, NEW MEXICO 87021 Authorized By WALTER MEECH

Sampled By WALTER MEECH
Submitted By WALTER MEECH

Project RIO ALGOM MiNING COMPANY-EROSION PROTECTION Location ALBUQUERQUE LABORATORY.
Contractor C&E CONCRETE Arch.lEngr. UNKNOWN
Type / Use of Aggregate EROSION PROTECTION Supplier/ Source TINAJA PIT
Sample Source/ Location TINAJA PIT Source / Location Desig. By WALTER MEECH
Reference: SOUNDNESS: Z ASTM CR6 E] AASHTO T104 [] SODIUM SULFATE [IVMAGNESIUM SULFATE

ABRASION RESISTANCE: ZASTM C131 DAASHTO T96 E ASTM C535
Special Instructions:

No.

Date

)ate
Date

31L27 6-A
07/07/03

07/07/03

07/07/03

Date 07107)03

~TEST RESULTS
SPADING or WEIGHT OF TEST PASSING DESIGNATED EGTC ALWBEP~ONAELSSIEVE SIZE ORIGINAL SAMPLE FRACTIONS BEFORE TEST SIEVE AFTER TEST PERCENTAGE ODIUM MAGNESIUML = Iko GRý M S % LOSSAS

SOUNDNESS TEST OF FINE AGGREGATE SOLUTION cONDITION: • NEW D usEo NO. OF CYCLES

`AINJE NO. 7oo

NO.50 To NO D 100
NO. 30 TO NO . SO

No. tT O

NOB TO NO. 10 _q 1i1' 4 r
N0. 4 TO NO. E ~.

3/B IN. TO NO. 4

TOTAL

SOUNDNESS TEST OF COARSE AGGREGATE SOLUTION CONOI'7ION: • NEW D USED NO. OF CYCLES D

2 112 IN. TO I I1/2 IN. 
; -• ', ••• - , ;! ' •: ''",:1 112 IN. TO 3/4 IN. 25 501.8 7.0 1.8

3/4 IN. TO 3/8 IN. 50 1001.4 3.1 1.6
3/B IN. TO NO. 4 25 300.3 2.4 .6

TOTAL 100OI 4.
QUALITATIVE EXAMINATION OF COARSE SIZE PARTICLES EXHIBITING DISTRESS I

SPLIZETT ING CRUM SLING I CRACK IN4G FILAILING T T L N
S PARTICLES ' "

NOC. % ND. %0 ND0. ID NO. 1, BEFORE TEST
2 1/2 IN, TO 1 1/2 IN.

1 112 IN. TO 314 IN.-"

RESISTANCE TO DEGRADATION. BY L.A. MACHINE % LOSS SPECIFIOATIDN

SMALL COARSE AGGREGATE - GRADING A 100 REV. 6 .2

500 REV. -
LARGE COARSE AGGREGATE -GRADING 200 REV. -4

SCDoo IEV. E

.O Comments:

Copies To: 13) CLIENT
THE SERVICES REFERRED TO HEREIN WERE PERFORMED IN ACCORDANCE
WITH THE STANDARO OF CARE PRACI ICED lOCrA LLY FOR "NEREýERENCED METHODISI AND RELATE ONLY TO THE CORDOTIONSI on
SAMPLE(S) TESTED AS STATED HEREIN. WESTER TE CA ies IN C.
MAKES NO OTHER WARRANTY OR REERSSD. A•HO. . ..seED .O
IMPLIED, AND HAS NOT CONFIRMED.-H`7 .AT I WOINO souoRe"MT rIALS SUBMITTED BY ORS-



10)
C and E Concrete

EROSION PROTECTION MA TERIALS TESTING
July 29, 2003

Rock Quality Scorifg Tabulation

Test

Specific Gravity

Absorption, %

Sodium Sulfate, %

L/A Abrasion(100 rev), %

Schimdt Hammer

Weighting Factor

12

13

4

I

11

Test Value

2.693.

0.17

4

6.2

61.4

Score

9.5

8.5

7.3

8.1

Computed Score

105.6

123.5

34

7.3

89.1

Total Score
359.5

Limestone - Tinaja Pit

Sample 3L276-A
Sample on July 7, 2003

WESTERN TECHNOLGIES INC.
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PHYSICAL PROPERTIES
OF AGGREGATES

Client C&E CONCRETE

P0 BOX 2547

MILAN, NEW MEXICO 87021

Project RIO ALGO.M MINING• COMPANY

Contractor C&E CONCRETE
T
ype / Use of Aggregate EROSION PROTECTION

Sample Source / Location TINAJA PIT

Special Instructions: < :#

Date of Report 07129/03

Job No. 3243JA014

Event/Invoice No. 32430270

Authorized By WALTER MEECH

Sampled By WALTER MEECH

Submitted By WALTER MEECH

Location ALBUQUERQUE LABORATORY

Arch./Engr. UNKNOWN

Suppiier/Source TINAJA PIT

Source/Location Desig. By WALTER MEECH

Lab No.

Date

Date

Date

3L276-B

07/07/03

07/07/03

07/07/03

Date 07/07/03

TFST QrGZlIITO

SIEVE ANALYSIS []ASTM C13B E]AASHTO T27 TEST I SPECIFICA-iBSIEVE SIZE ACCUMULATIV PHYSICAL PROPERTIES RESULTS TION

U.S. - MM % PASSING ' SEjFICATIDN

4 IN. -100.0 UNIT WEIGHT & VOIDS FINE AGGREGATE UNIT WEIGHT, PCF 3

• 3 75.0 EJASTM C29 [EAASHTO T19 . VOIDS, % 4

2 - 50.0 EL eODDING l JIIGGING E3 LOOSE COARSE AGGREGATE UNIT WEIGHT, PCF -1 1/2- 37.5 VOIDS, % -

1 1/4- 31.5

I - 25.0 FINE AGGREGATE BULK SPECIFIC GRAVITY 4
314 - 19.0 [)ASTM C12B ElAASHTO TR4 BULK SPECIFIC GRAVITY ISSD) 4
112 - AGGREGATE DRIED APPARENT SPECIFIC GRAVITY ->
3/8 - 9.5 SPECIFIC YES El NO ABSORPTION, % -
1/4 - 6.3 GRAVITY

N0. 4- 4.75 5. &
8 -36 ABSORPTION COARSE AGGREGATE BULK SPECIFIC GRAVITY - 2.625

10 2- 00 0ASTM C127 El AASHTO T85 BULK SPECIFIC GRAVITY ESSD) 4 2.641

16 -18 AGGREGATE DRIED APPARENT SPECIPIC GRAVITY 4 2.668

30 .600 YEs El NO ABSORPTION, % 0.62

4D - SAND EQUIVALENT VALUE DAST-r D2413 E]AASH1O t176 % 4.9

100 - .150
SMALL COARSE AGGREGATE 100 REV,, % LOSS 4

FINER THANBO. 200 RESISTANCE [ASTM C131 [1 AASHTO T9E GRADING 500 REV., Y/ LOSS 4El] ASTM C117 ) EITANEO

SAASHT T11 DEGRADATION LARGE COARSE AGGREGATE 200 REV,, % LOSS -

'"ASTM C535 GRADING IDO0 REV., % LOSS
FINENESS MODULUS, ASTM C125 9

LIGHTWEIGHT PIECES FINE AGGREGATE, % 4
LIOUI & PLASTICASHTPROPERTIES ASTM C123 [1 AASHTO TI13 COARSE AGGREGATE, % 4

METHO FS A I IE RESULT SPECIFICATION CLAY LUMPS & FRIABLE PARTICLES FINE AGGREGATE, % 4

LICUID.LIMIT ASTM Ci a2 [I AASHTO Tl1 2 COARSE AGGREGATE, %

PLASTIC LIMIT

PLASTICITY INDEX, FRACTURED PACES COARSE AGGREGATE By WEIGHT ONE OR MORE FACES, %4
SAMPLE AIR DRIED ElYES []NO [AZ 212 [1 FLH T507 0 FAA TWO OR MORE FACES, %

CLEANNESS VALUE CA222 "3" DURABILITY INDEX ElASTM 03744 ElAASHTO T210 DC

ORGANIC IMPURITIES O]ASTM C40 E]AASHTO - 21 PROCEDURE: A [I COARSE B [D FINE CEI COARSE & FINE Of I

4 UNCOMFACTED VOID CONTENT [3 A2 247 [EASTM C1252 METHOD % --

CARBONATES IN AGGREGATE FLAT & ELONGATED PARTICLES [EASTM D4791 B SY WEIGHT, %

EleZ 23B EIASTM D3042 % - DIMENSIONAL RATIO USED EJ1:2 El 1:3 [ 1:5 El BYNUMBER,%

Comments: ASTM C 805 - SCHMIDT HAMMER AVERAGE - 65.2

Copies To: (3) CLIENT

THE SERVICES REFERRED TO HEREIN WERE PERFORMED !N
ACCORDANCE WITH THE STANDARD OF CARE PRACTICED LOCALLY FOR
TH= REFERENCED METHODIS) AND FRELATE ONLY TO THE CQGDITJONIS)
OR SAMPLEIS) TESTED AS STATED HEREIN. WL ERN..HNOLOGIES

INC. MAKES NO OTHER WARRANTY OR _R-P•YES•- -N, EXPRESSEG
11Awn HAS NOT CONFSYNM~EJD R MA,.h
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LABORATORY REPORT
ON AGGREGATES

Client C&E CONCRETE

P0 BOX 2547

MILAN, NEW MEXICO 87021

Project RIO ALGOM MINING COMPANY-EROSION PROTECTION

Contractor C&E CONCRETE

Type / Use of Aggregate EROSION PROTECTION

Sample Source / Location TINAJA PIT

Date of Report 07/29/03

Job No. 3243JA014

Event/ Invoice No. 32430270

Authorized By WALTER MEECH

Sampled By WALTER MEECH

Submitted By WALTER MEECH

Location ALBUQUERQUE LABORATORY

Arch.l/ng0. UNKNOWN

Supplier / Source TINAJA PIT

Source!/Location Desig. By WALTER MEECH

Lab No.

Date

Date

Date

3L276-B

07/07/03

07/07/03

07/07103

Date 07/07/03

Reference: SOUNDNESS: 2) ASTM C88 [I AASHTO T104 []SODIUM SULFATE .[MAGNESIUM SULFATE

ABRASION RESISTANCE: 2)ASTM C131 D]AASHTO T,96 DASTMC535

Special Instructions:

TEST RESULTS

GADING 01' WEIGHT OF TESt PASS11NG DESIGNATED WEIGHTED ALLOWABLE PERCENlTAGE Loss

SIEVE SIZE ORIGINALt SAMPLE FRACTIONS BEFORE TEST SIEVE AFTER TEST PERCENTAGE oNS

SOUNDNESS TEST OF FINE AGGREGATE SOLUTION CONDITION: [ NEW E USED NO. OF CYCLES

MINUS NO. 100

NO. 50 TO NO. 0oo

NO. 30 TO NO. o0

NO. 15 TO NO, O.0
NO. 8 TO NO. 16

N .4 TO N O,. 8c

3/8 WN. TO NO. 4

TOTAL

SOUNDNESS TEST OF COARSE AGGREGATE SOLUTION CONDITION: NEW E] USED NO. OF CYCLES 5

2 1/2 IN. TO 1 112 IN.

1 112 IN. TO0 314 IN. 25 501.7 6.B 0.2 u . ''

314 IN. TO 3/8 IN. 50 1000.2 1.3 0.7 .. '. , ;
so 0002 13 07

3/B IN. TO NO. 4 25
TOTAL 100 . 2

QUALITATIVE EXAMINATION 0F COARSE SIZE PARTICLES EXHIBITING DISTRESS "

SPLITTING CRUMOTLINGO.
S SUMBLING CRACKING FLAKING TOTAL NO ,. .-

SIEVE SIZE N PARTICLES

2 1)2 IN. TO 1O 1/2OR IN.T

1 1/2 IN. TO 314 IN. . I .

RESISTANCE TO DEGRADATION BY L.A. MACHINE 9'% LOSS SPECIFICATION

SMALL COARSE AGGREGATE - GRADING A 
100 REV, SEF A7

100 REV, 4 7________________I ______________500 REV. "4

I LARGE COARSE AGGREGATE - GRADING 2D0 REV. 4

10DD REV. -4_

Comments:

Copies 7o: 13) CLIENT
THE SERVICES REFERRED TO HEREIN WERE PERFORMED IN kCCORC)ANCE

WITH THE STANDARD OF CARE PRAC-TICED LOCALLY FOR THE
REFERENCEE) MVTRODISI AND aELATE ONLY TfO THE cONOITIONISI OR

SAMPLE(SI TESTES AS ISTATED HEREIIN. WESTRIT -ECHNNoLOIGiES Nc.

MAKES NO OTHER WARRANTY OR REPRE5ENTATION. EXPRESSED OR

IMPLIED, AND HAS NOT CONFIRMED INFORMATION INULUDING SOURCr

OF MATERIALS SUGMITTE) 0Y OTHER..



o)
C and E Concrete EROSION PROTECTION MATERIALS TESTING July 29, 2003

Rock Quality Scoring Tabulation

Test

Specific Gravity

Absorption, %

SodiLum Sulfate, %

L/A Abrasion(100 rev), %

Schirndt Harnmer

Weighting Factor

12

-13

4

11

Test Value

2.625

0.62

2.3

6.2

65.2

Score

7.5

7.3

9.5

7.3

9.1

Computed Score

90

94.9

38

7.3

100.1

Total Score 330.3

Limestone - Tinaja Pit

Sample 3L276-B
Sample oil July 7, 2003

•,,f 0

WESTERN TECHNOLGIES INC.
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0 • APPENDIX 4

Tinaja Pit Rock Lab Results
2003
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YEETROCGR -PHITC A-AI-YSIS OF AGGREG-ATE-

T-I? 128 tf DO1 F31

PROJECT: REPORTED TO:

C & E CONCRETE
RIO ALGOM MvT0-7h$G Ceov.ANY
EROSION PROTECTION ROCK

WFSTEPi\ TECIUOLOGIES., LNC.
9305 WASHFNOTON'- PLACE, N.E.
ALBUQU•ERQUE, NhM 871 13-1620

ATTM ANDREW CUADERES

APS JOB NO: 10-02627 DATE: U.NE 25,2003

INTRODUCTION

This report presents the results of laboratory work perfomled by our firm on one sample of crushed
carbonate submitted to us by Ms. Deborah V-konmer of Western Technologies. Inc. on May 28,

2003. Thle scop5 of our work was limited to performing petrogaralc analysis testing on l, ie
aggregate. • sample to proid a ge ological description of the material as vwell as identif,' ai,
polentialh; deleterious properties when it is Used for erosion cCnTIoi.

SAMIPLE IDENTIVICATION

Sr:mple Idenicification:

Sample Type:

Original Sample size.. lbs:

Tineja Pit, 'r3Ll 2 7

Crushed Carbonate

14.2

TEST RESULTS

Our complete petrographic analysis test resudlts appear on the attached data sheets. A sun=amar of
our analysis and opinions ae as follows:

1. The angular, crushed particles ranged from equidime~nsional to fiat end elongate. The moterial

was relatively clean of rock flour,

2. The material raned from a pinkish-brown limestone to a pinkish-tan dolomisic limestone, The
material contained equal amounts of both lit]ologier. Fossil fragments observed in both
fossiliferous carbonates include eclhinode-mns, bracdiouods, and bivalves.

This docurment shef;no I ,=- rgprDouC[d, except fr ful, wifout W rerif jppjp , of .4rn.erioon P =-. h•p:i-' So ,ces, Inc.

550 Cleveland Avc. No. - St Paul, arN 55?1,4 .5I-659,9fo, Fax 65164.T-ZT44 ý ww.ampetrographic.0om

AN EQUAL OPPOPrTtTM7 E ,PLOvER

Rio Algoin Mining LLC.
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4. ID gencral, the rock was judged to be hard, sotmrd and appeared durable. HowaeV, tine
dolomitic linestone contains significantly more fIn por-e space, produced bythe dolomitization
PrOC~e~ss Tha thre lCiesone.

5. e believe the carbonate mate.rial to be a good candidate for erosion control under m oderate
exposure conditions.

TEST PROCEDUPT-S

Laboratory testing was perfonred on Junc 10, 2003 and subsequent dates, The petrographic analysis
was performed on representative hand samples and in thin section, A total of six thin 3ections wert
produced from selected litholojies. Observations were made csing an Olympus polarizing-li..ght
microscope with magnification. up to 1000x and an Olympus stereozoom nmicroscope wdth
magnificatson op to 130x. Testing was performe.d in accordance wtit APS Standard Opetrating
Procedure 00 LAB 004, "Petrugraphic Examination ofAggr-gates for Concrete, ASTI:\4 C295,"

Photographs aro included io illustrate our work and conclusions.

The test sample will be retained for a pnriod cf al lcast thirty days from the date of this reporL.
UnIess firther instructions are received by tiNt tinm, the sample may be discarded. Potential
reactiviny testing can be .erfonned in on-e -abr atorbs. The geologic servoces f m _
been conducted in a _mnner consistent vv Lhbat level ofcare and sldl ezxercised by membe-rs of te
profession currently practicin-g iLn this ar'-- under .inilar budge-i and time conslTairErs. No wa2ran,,
express or implied, is made.

If we can be of further assistance to , ou, please contact GeTard MoULrolf am (651) 659-1346 or Scott
Wolter at (651) 659-1345,

Report Prepared by: Report Reviewed by:

Gertrd ~' f D Scott F. Woiner-, PG
'Vice President/Ceo cIs Petrographer President

MN License #IT0023 M N License #3 0024

Rio Algom Mining LLC.
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O0 LAB {}04
PETROGR 1CImC EXAMNATION OF AGGREGATES FOR CONCETE. ASTM:C295

APS JOB NO:

SA31PLE NO:

DESCRIPTION:

10-02627 DATE: June 25, 2003

Thin Sections 1, 2, and 3 PETRODGFAPIER: C. Tillema/G.Moulzolf

Pinkish-tan biosp•rte; afossihferous, dolomitirc limestone. The carbonate consists of partially
obscured echinoderm, brachjopods, and biva-le fossils with imedium to coarse calcite sar in
amatix of dolomite microspar (4f4m- I0u D #3), -seudospa (10 m-50On, ,2) and a mixture
of both (#I). Very Ene ýained, well disseminated iron oxide grains vwere observed tl-oughout
the dolomitized matrix. Dolorritization has produced fine p oresp ace through ou the dolomite
-rich natrni:. A trace of silicificatior was obsearved in a few microfossil cores.

A small amoun- of very fine sand to coarse silt-sized_ dttrital ouartz anrd feld`spar grains were
observed in all thin sections. Thin. crosscutting clear to orange-red stain-e calcite veiniers
were observed InI the hand samples l and 2. Avein of coarse, white calcite was observed on
the outer surface ofhand saMple 1. Orange-rca iron o)ide staining was obsarved within the
calcite vein and many veinlets.

NlNERPAOGY: OPTICAL PRlOPE~lLES:

MINTTERALS VOL* COLOR

calcite 49% colorless

dolomite 4S% colorless

BfREF--ITLGBNCE RELIEF

high 3' to 4 a` order varies

hi2h 31' to 40 order varies

QMsrz

feldspar

2% colorless I " order grays

1% colorless 1' order grays

low

lowv

10ow

HABIT'. OTHER

reli ef changes witlh rotation

relief changes with rotation

detrira sand Sgrins, cl:an, unit

exftnctj on

detnrtal sand grains. alteratimn to
sericite

spherulitic arowvh of fibrous quLrtz

red to orange-red in reflected ]ich'ab

chalcedony trace colorless 1" order grays

iron oxide trace opaque to
red

ý'visual estimation ofthin section 3 (stained with alizarin red)

Rio AlgoM Mining LLC.
SUA-1473

Docket 40-8905
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00 LAB H04
PETROGRAPIJC EX-VKMINATION OF AGGPGATES. FOR CONCRETE. ASTI:C294

APS JOB NO-

SAMIPLE NO:

DESCRIPTION:

J 0-02627 DATE: Jume 25, 2003

Thin Sections 4, 5. and 6 PýETROGRA-PITER:C ilnaG40Z1

Pilaish-brown calcite biosparite; a fossiliferous limestone, The carbonate consists ofpa-tially
obscured ecbinoderm, bachiopods, and bivalve] uicrofossils with few acids in aporphyrompic
mahix of calcite. Fine gained, wel disseminated iron oxid gram's were observed fhroughoui
the matrix.

A sn all amount of coarse silt-sized, detital qunz and feldspar gains were ob served in all thin
sections. Thin, clear spanry calcite veinlets were obsenred in the thin sectiofl 6. A stolite, a
sutured pressure solution structure, was obsgervd n hand sample 6. The pink coloration of the
stylobite is mnorsl lkely due to the concentration of iron oxide.

Chalcedony (chert) nodujers up to a few Imn in size, occur in the cores of several rnicrofossil
arais.

-NffJ-ERAL0 r. OP-TICAkL PROPER-TTES:

ivfiFXRALS V OL*~ ("-LCOLR BI R311 tN 41 odNCir

hig(,h 3 d to 4t5 order

HILBPIABIT. OTTHE

calcite 9 '7'0 colorless VaneCS relief changes with ro2.jtion

chalcedony 3%, colorless I order grays low

qupartz

feldspar

1% colorless

<1% colorless

trace opaque to
red

I 1' order gays

I" order grays

spherulitic growh of fibrous caltz,
occturing in rnicrofbssil! cores

detrital sand grains, unit eI[ictj on.

detrital sand ..ains, alteration to
se-r-ijte

red to orange-Ted in reflected light

low

iron oxide.

*ývsual eýstimation of thin sectioii 6 (stained with alizarn red)

Rio Algom Mining LLC.
SUA-1473

Docket 40-8905
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I C 0-026_9
FROJBGT: C & ECONCRETE

E1O ALGOM M\,N-N CO - EROSION PRO-ThCOTIl RODC.

D4=-: RLWE 25, 200_

0 -M~
A 5J~eN 4244

SA.vIPLE ID:

MAG:

Thini Sýecion I DESCRLPTION: Gray, ery fi-e sedJ i) coarse silt-siZed, de6Pi] uqlr- 9rj2-i in trln SeCto
os rosfrisi rote dolornide lIrnesione under cross poarized light,

0

SAMbLPLJE ID:
dolomm-rich matrix; hir ýceic, o of dolorridc

limestone uoder erms polarized li.ht.
21.00x

Rio AlgomN Miniug LLC.
SUA-1473

Docket 40-8905
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A.P.S# 10-02627
nROJECT: C & E CONCRETE

PRO A-LOOM MINING CO- EROSION PROTECTION ROCK

T- U ;: A f , T F- 3l 4

DATE: JUNE 25 2003

SAIPLE .r: Thin ScLJoi 9. DESCRP, lON Wni: o black chMredony nodtuc to core of rojcrn'n-N a•tt; in thin section

0o IOsfiTPernou doli7Oil ]emesiint uer cross polarzed LghL

i ON

SAMPLE ,r: Thin Section 3 DESCRIPTION: Pink stained calcite and unstained dolomite In thin section of doloMDn -

ILrnestone itoher- plane polariecd tgb_

100 ;

Rio Algom Mining LLC.
SUA-1473

Docket 40-8905
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i'ROIECT:

SCO-G'2627

RIO ALOOM M•,ININ:XG CO. - ERODS!ON pR•OTW~rIO'q ROCK

T-)]• P , J9L O 7 ,- 54.

SAMJP.LE hiD Thi SecLiomn 4 DESCRIPTION: \Vbic in black chalcedony nodudi mo.-cd rfplac-s core of hinod•-n flcTo-

fossil ý ai n; in nth i s ecjjcn c[fftjccc flf rto U Ijiosito n u 7de c Yos A p or s ciz c z .I n

M1A O: 40x

S IMi[PLE ID: Thin Secicn 5 DES CRIPTION: MIvcrofossil izaginels in calciLt spar, Ln thin sect-on 0! liimastonf itndeT cross

pclLnized •at.
MAO: -x

Rio Algom Mining LLC.
SUA-1 473

Docket 40-8905
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0
RIO ALGOM MINING COMPANY, LLC
Rock Gradations - Erosion Protection Rock
March 10, 2003
DESCRIPTION SIEVE SIZE Percent Passing

D50  (inches) %

17 inch 28 100
Oversize 17.7" 18 45-70

15 20-52
11 0-16

12 inch 20 100
Oversize 12.5" 16 72-94

12 62-32

9.2 inch 15 100
Oversize 9.6" 12 70-90

9 33-50
6 0-10

7.5 inch 12 100
Oversize 7.8" 9 60-85

6 5-30

4 0-5

3.2 inch 6 100
Oversize: See Note Below 5 78-100

4 35-100
3 12-45
2 0-20

2.2 inch 5 100
Oversize 2.3" 4 82-97

3 43-84
2 13-50
1 0-7

1 inch 3 100
Oversize: See Note Below 2 80-90

3/4 20-70
3/8 10-30

No. 4 0-10

Filter Sand No. 4 100
N1o Oversize Required No. 10 80-100

No. 20 36-76
No. 40 10-20

No. 100 0-10

Note: Oversize of gradation did not affect the individual rock size range

0



UNNTED STATES
NUCLEAR REG LATORY COM ,SS!*N

WASHINGTON, C.C- 20555-0001

LJuly 32, 1997

Mr. Marvin Freeman. Vice President
Quivira I ining Company
6N5 Waterford Bldg., Suite 325
Oklahoma City, Oklahoma 73118

I ~

BJECT: SET ,IC EVALUATION OF ANSPOS, '~IA. LAK~E TATILINGS IMPOUNDMENTS

Dear Mr. Freeman:

The US. Nuclear Regulatoryr Commission staff has completed its re-evaluation• the - i de-sign .. ...11-, 0 s•l, ecrrp=-us f u'- previously approved rec amation r1an for
Qui\vlra 'ining Company's (OMC's) Ambrosia Lake, New Mexico. uranium meill an
tailings sýite., The seismic design re-evaluation is documented in the enclosed
Technicn•l Evalua tion Report (TER). The staff has concluded that QMC',e, des!o,
is accentable, and the seismic desiQn evaluation issue is closed.

If you have any
contact the NRC
(301) 415-7777.

questio•s oncerning thi s letter or the; enc osed TER, please
Project Manager for the Ambrosia Lake site, I:en Hooks, at

1@
Sincerely.

• " '* I,/'" i _ i

Jos-ep j. Ho1lon-ich. Khief
Uranium Pecovery Brar, ch
D1 vi i on of Waste Management
Office of Nuclear Material Safety

and Safeguards

Docket No. 40-8905
License No. SUA-147.3

Enclosure: Technical Evaluation Report

cc: J. Virgona. DO2- nJP
R. Ohrbom. NMED



TECHNICAL EVALUATION REPORT

DATE: July 03. 1997

DOCKET NO.: 40-8905 LiCENSE NO. SUA-1473

LICENSEE: Quivira Mining Company

FACILITY: Ambrosia Lak.e

PROJECT MANAGER: Kenneth Hooks

TECHNICAL REVIEWERS: Banad Jagannath. NRJ
Simon Hsiung, CNWPA

BACKGROUND AND CONCLUSIONS:

The staff receetly concluded ta.t, based on zhe Atlas seismic review
exprience, there Fight be other sites for vih-ich tho seismic stability
na!,yss nzeededo to be reassessed. As a first step in this fforu, Ih

Lawrence Livermore Nati onal Laboratory (LLNL) was co ntracte to look at the
seismic charactersistics associated with al the licensed ta iings stes ant.

Provide information on recommended ground acceleration values

in its reiew of the Q2vra 19ninig Comany rM) Ambros-< Lake site, the
staff and its contractors used the reclamraLon plan submitted by QMC on
September 25, 1986 and thIe seismic reevalUation sr 'bittl on August 91, 1990.
The reclamation plan described the reclamatjon activities arid provided
drawin. The seism-ic stability of the critical slopes were evaluated using
shear strength parameters provided i the icensee s report and considering
the LLNL suggested peak ground acceleration (PGA). A PGA of 0.22g was used.
Based on the results of the analyses. it is concluded that the design of the
site is sufficient to withstand the PGA associated with the maximum credi le
earthquake. Therefore, the site appears to meet criterion 4(e) of Appendix A
to 10 CFR Part 40. No additional information from the Licensee is required at
this time.

EVALUATION:

Seismic slope stability is a function of several factors including:
1) critical slope geometry, 2) subsurface stratigraphy, 2) soil strength
parameters, and 4) PGA., This reevaluation considered all of these factors.
and is discussed below.

Critical Slooe Geometry

The steepest gradient of the slopes are 4.75H:1V for Pond 1 and 2.33H:.V for
Pond 2. The stability of these steep slopes of the retention dams were
evaluated.



Subsurface. Strat ioreon
The site was model -led considering thre so-l , I ..s . the taiig embankment

i, 23 the founrdaton soi s. and 3) the sstabi ized fiai linas. For
in. *. nr it was assume'r ýIht tIe tealings cover system an the armoreG

slope at the toe were similar to the embankme.nt il Ths aIsump r esults
-n on servative strenqth parameters. oe geo ry, soil properties, ana

,eZOriC surface location were adopted from 00r 1990 submittal on seismic
evalutio 0 of slopes. These were previously rev. Ie,,.ed anc accepted by " .RC t
be reasonable.

Soil Parmetersr

Soil parameters used ir the lope stability analysis include dry and wet Uit

weight, friction angle, and cohesion. hIese w•ere f rom 2MC 109%. report and
were deemed reasonable.

Peak Ground Acceer+ation

Tne seismic coeffi ci et selected the sslz was based or LLNL's report
"Sesmic ... rdAnav ioS mic a Anaro s•oI Title TT Reclamation Plans dated 'June 26, '994.
A P34 r2 s 22 , a mmende for t t st ` ri t h•e LLNL reoort L Snce
* e i -eratu indi c te tnat pseudo-static a l .ses are valid 'for Pi./ valuesC

T an 0.3g, and the slope- is re!atively flat, a horizontal seismic coefiicient
equal to two-thirds (i.e , .147) of a PGA. of 0.22c was used ir the Pseudo-
5stat ic stab; a y analysisr

Ci.. cd of AnaLysis

e compu ,er code PfT-BL5, was usu to calc uate the selismiC factor of
Safety. Y p-, .uroA p, lu -sati. C aVproach Sas used ,he-re - h ero Io -,- ho iS

modeled aS a norizonlal f Rre, . L I aIrutory GuideP 3.u-!1 defines the mrnimum
acceptable facror ,of s ,c f s r i sa c ana y, S e s a c rca ar are
searrh mode was used in zhe .t. r - !,-Ia t , ' -. nar Ivsis . T -e anal-'ses yielded, a m~inimumf

Sfator of sa fet cfl .. 64 for Poncd s ope and 1.11 por Pond 2 s ope. The
actor of- j _reprpr-•sn,.•- the ratic of the orces res-i ring fai u e to thefores endng o cause failure. , .

a ncrrrforc a factor of sa~ety greater trýan

indicates a stabe corirfgura on and Cond-tion. Bec,•us actual
seimically induced forces occur over a rlct-velv short o•rioc a DSeuno-
sati ca 1ly calculated seismic factor of safety slightly ess than I'. 0 does not
aI"aY resmui it , excess s ope d e o •rm on

Based on the results of the ana 1 ys es, he staff concludes that the desian a'
he site is sufficient to withstand the neak oround acceleration assoc--ate,

with the maximum credible earthquake. Therefore, the site meets criterion
4(e) of Appendix A to 10 CFR Part 40.

2
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Appendix B.3 ....................... ~.......... Calculation B.1 Interstitial Cover Flow



TECHNOLOGIES INC'

JOB NO. JOB TITLE ?/o/, 1- k' DATE.y BY .
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Law except at extrenely low gradients. The following design guideline fnr
L estimating flow throigh riprap ro:kfill closely LonforMs to the laws of
I turbulent flow.

Flow through granular mater-a, is dependunt on the ge-,netry, Structure
ard flow propertie- of th7 orous media. Laps (1973) presented a Vasic

equation for turbul nt flow thruuqh rockfil as

VV n wmO.Si 0.'4 (4.37)

where Vv is the average velocity of water (inches/sec) in the. voids of
the rcckfill, W is an empirical constant for a speci fic riprap material, m
is the hydraulic mean radius and i is the hydraulic gradient. Table 4.1
presents a series of enpiricaily derived values for the hydraulic mean
radius, m, and the Wm, parameter as presented by Laps.

Table 4.1. Empirically derived valuL-s for equation a.37.

Rock size m I m0 5  Wm0 "5

(inch) (inch) (inch 1/2) (inch/sec.)

3/4 0.09 0.30 10
2 0.24 0.49 1"
6 0.76 0.87 2.0.
8 0.9 0,98 32

24 1.i] 1.76 58
48 6.43 2.54 84

Source: Leps, 1973.

The hydraulic gradient wilI range from 0 to 1.0. The dominant rc,ckE :size for flow calculatior.s was considered to be the 50% size, d5 0 .
Although Equatior 4.37 w.ss derived for a uniThrnly gradl rockfi 1. the
procedure is considered applicable to well graded rockfill provided. that
the material smaller than one inch is less than 30%. Leps indicated that
if more than 30% of the less than one inch material is present, the rock-
Fill should be treated as ea,.hfil 1. A series of tests were. conductM at

Colorado State University by Abt and Ruff (19085) and -Cquatior, 4.~37 was
- found to be accurate within ± 15%.

I 1 1 1'1 1 _ I I I -I
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