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NUCLEAR REGULATORY COiMMiSSION
0

WASHINGTON, D.C. 20555-0001

I

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

h 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 dependert on an assumed final
elevation and grade. Please be aware that the design is not valid if the final 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 10 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/readinq-rm/adams. 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 JSC1 @nrc.qov.

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 rilling of the soil along 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 1000 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 byproduct
material 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 flow
along 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 to
withstand a hydraulic jump that occurs as flow transitions from the steeper embankment slope
to 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's
Hydrometeorological Report No. 55A (HMR-55A). The 1-hour 1 square mile event is estimated
to be 10.5 inches but is adjusted for elevation and duration. The final value was determined to
be 9.5 inches for the 1-hour, 1 -square mile local storm. However, an earlier prediction of the
PMP, based on calculations for this site's reclamation plan, estimates the precipitation to be 9.6
inches 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 from
the pile as well as erosion protection for the longitudinal flow along the toe due to the moderate
slope. The licensee determined the apron characteristics based on methods recommended in
NUREG-1623, Appendix D, Section 6. The open channel flow requirements to control the
runoff 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:IV exists
along the entire Pond 1 embankment toe. The current apron has experienced minor erosion
indicating that a redesign of the apron is appropriate. For the catchment area, a time of
concentration was calculated for each of two slopes, with respective slope lengths of 350 feet
and 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 long
slope, respectively. A shortest incremental rainfall duration of 2.5 minutes was used for both
slope 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. Given
the computed flow rate and assuming a concentration factor of 2.5, the design calls for the
placement of rock with a d50 of 6.0 inches on slopes shorter than 350 feet and a d,, of 7.8
inches 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 produce
erosive longitudinal flows. The licensee proposes an open channel that will collect and convey
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,he precipitation thai 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 221 cfs.

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 10
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,0 diameter. The corresponding
Do 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;
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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 runoff 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-1 623 yield a d50 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 d5o, while depth is set at six times
d50,
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Surface erosion 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,0 of 0.4 inches and the
licensee proposed a rock size d50 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 d50 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 d50 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 d50=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 INVESTIGAriONS

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 the

Arroyo 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 about
the behavior of the flood peak as it travels through the basin. A sensitivity analysis was
performed 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 rainfall

sequence. The licensee applied the most conservative bounds on the parameters and the

results 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 lag

time 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, the
methodology 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 the
possibility for lateral migration of the Arroyo del Puerto. The concern of staff was that the
arroyo would migrate over time and eventually be located at the toe of the tailings
impoundment. If that occurred, the erosive forces of the arroyo could undermine the toe of the

tailings impoundment causing a failure. The licensee performed an analysis which determined
that 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 in
the design of Ponds 1 and 3 erosion protection. However, the lateral migration of the Arroyo
del Puerto at Section 3 should be re-evaluated for the possibility of undercutting of the Pond 3

toe. 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,0 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 d50 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 independentcalculations, 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 toeof Pond 3 (at Section 3) should be reviewed for the possibility of undercutting by the Arroyo delPuerto 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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UNiTED STATES
NUCLEAR REGULATORY COMMISSION

WASHINOTON, 0,C, 20555-0001

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 Lale uranium mill tailing site. Thisanalysis 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 andhas 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, werequest Rio Algom address the potential undercutting of the impoundment due to the verticaldown-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 orMs. Jill Caverly, the NRC projec- manager, at (301) 415-6699 or via email to .scl QnrcXgov.
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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) oomponent of NRC's
document system (ADAMS). ADAMS is accessible from the NRC Web site at
httr#:f/www..nrc. glov/readirtcl-_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 Algom



Technical Evaluation Report
Migration of the

Arroyo del Puerto atthe
Ambrosia I-ake Uranium Mill Tallingt Facility

BACKGROUND,

In 2002, Rio Algom Mining LLC (Rio Algom) submitted to fhe U.S. Nuclear Regulatory
Commission (NRC) updated designs for erosion control at the uranium mill tailings
impoundments 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 NRC
noted that geomorphic stability of the stream adjacent to the tailings impoundment should be
verified.

The Arroyo del Puerto is a small meandering stream thai crosses the Ambrosia Lake site at
the northeast corner. The stream was realigned after the construction of the mill and other
facilities. 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 eventually
returning to the original channel, Included in the reclamation of the site was the re-establishment
of the natural channel that will bring it within 300 feet of the toe of the tailings impoundment,

EVALUATION:

In NRC's review of Amendment No. 51, the staff noted its concern that the stream would
migrate toward the toe of the Pond 3 impoundment and stated this in its Technical Evaluation
Report dated November 27, 2002. Rio Algom discussed the migration of the Arroyo del Puerto
in7 its original Ponds I and 3 erosion protectiorn design submittal, stating that considering the
most conservative assumptions the stream would migrate approximately 3 feet a year. Given
the 300 feet distance between the pond and the stream, there is a possibility that the streamcould migrate toward the tailings 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 not 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 the
geologic characteristic of the site and the historical migration of the stream, The geologic
analysis used information from mapping in an earlier submittal dealing with groundwater
alternate 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 surface
in the vicinity of the tailings impoundment. The Mancos formation is comprised of cretaceous
age shales interbedded with sandstone. The formation brackets the tailings impoundment on
the 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 Mancosat the north end and the southeast segment of the channel. Rio Algom stated that because
Mancos 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 Algorn studied ariel photographs of the Ambrosia Lake

site dating 1935, 1952 and 1996 that viewed the area of Ambrosia Lake both pre- and post-

miiling activities. Migration of the Arroyo hms been mlninial based on the analysis of the

photographs. Rio Algom 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 its
reconstructed location or providing additional protection against undercutting at the Pond 3 toe.

REFERENCES:

U.S. Nuclear Regulatory Commission, November 27, 2002, "Erosion Protection Design for
Ponds I and 3 for the Ambrosia Lake Mill Tailings Site - License Amendment 51"
tADAMS 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 I"
[ADAMS Accession No. ML0214800471

Rio Algom Mining LLC, June 22, 2004, "Lateral Migration for Arroyo del Puerto'
[ADAMS Accession No. ML041970652]
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1060] Lomas NE, Suite 106
Albuquerque, NAM 87112

(505) 237-8440

M MEMORANDUM

DATE: November 5, 2003

TPaul Goranson, .Ro Aigom Mining Corporation

FROM: John M. McIBee, P.E.

SUBJECT: Lateral Migration Evaluatio. -for Arroyo del Puerto

PURPOSE AND, SCOPE OF STUDY

This memorandum presents the results of a study Lo 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 51, SUA- 1473 (TAC no. L5143 i). 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.
Photographs of the site vicinity dated from 1935, 1952, and 1996; the first two photographs pre-dated
mining and milling operations.



PL'R1P'QE AND SCOPE oF SrUDY

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 51, SUA - 1473
(TAC no. L5143 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,

S1TE 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 land 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 o-1 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
F:ormation 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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Figure 2: Arroyo Del I'luorto
1935 Aerial Photograph
Vicinity of Ambrosia Lake Mill
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Figure 3: Arroyo Del Puerto WK
1952 Aerial Photograph
Vicinity of Ambrosia Lake Mill

&4& Maxim Project Number: 1690030

TECHNOLOGIES INC® AMC_10-26-03._



0 _

6L., ý

I

IN
L 4 \~

.... Arroyo Del Puerto

I

Puerto t-Figure 4: Arroyo I)el
1996 Aerial Photograph
Vicinity of Ambrosia I.aki Mill

MAlja x•• Maxim Project Number: 1690030

-TCHNlOLOGIES AMC 10-26-03



1996



Appendix C ............................................................ Interior Site Drainage Calculations

Calculation C.1 PMP Calculation - Local Storm
Calculation C.2 Design Flowrates and Erosion Protection
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation C.1:
Interior Site Drainage

PMP Local Storm Calculation

By: M. Bone
10/18/2007
File Name:

Calculation C.1 - Local Storm PMP-R1

Calculation C.1
Rio Algom Mining LLC

Ambrosia Lake, New Mexico
Arroyo Del Puerto

Interior Site Drainage Calculations
PMP Calculation - Local Storm

1 PMP Calculation - Local Storm

Previous calculation performed in the design report titled:
Reclamation Plan for the Disposal of Pond Sediments and ancillary Materials
Tailings Cell 2 Expansion
Rio Algom Mining LLC, Ambrosia Lake, New Mexico
31-May-07

From that Design Report: lhr-lmi2 PMP (Local) = 9.6 inches

2. Recalculation

See Figure 1.1 - Regions Covered by Generalized PMP Studies (see Sheet 2 of 16)
Reference: Reference: Hydrometeorological Report No. 55A (HMR 55A)

U.S. Dept of Commerce
NOAA, June 1988

SUA-1473
Docket #40-8905

Worksheet Name:
Calculation Summary-C.1Sheet 1 of 16
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation C.1:
Interior Site Drainage

PMP Local Storm Calculation

By: M. Bone
10/18/2007
File Name:

Calculation C.1 - Local Storm PMP-R1

See the following table indicating the Stepwise Procedure Steps for a Local Storm taken from
Section 14.3 of HMR 55A, (as shown on Sheets 4, 5, & 6)

RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO EROSION PROTECTION MEASURES

HMR 55A 1 PMP LOCAL STORM CALCULATION
STEPWISE PROCEDURE, LOCAL STORM

Procedure
Step # Item Description Units Reference Results

Index 1-hr 1-mi2 PMP
1 Estimate at 5000 ft See Plate VI c (HMR 55A)(Sheet 7

,elevation inches of 16) 10.6
Maximum persisting 12-hr
1000-mb dew points for See Fig 4.11 (Sheet 8 of 16)
July OF (HMR 55A) 76.6

See Design Report Sheet 2 and
2 Wo*sheet •avAng Sheet 2'

Mean elevation of drainage (shown as Calculation Sheet 12 of
area feet 16) 7000
Adjustment for Mean See Fig. 14.3 (Sheet 5 of 16)

_Elevation of Drainage % (HMR 55A) 90%
Index 1-hr 1-mi2 PMP

3 Estimate at 7000 ft
elevation of Site inches Step #1 times Step #2 9.60

See WoWe1t P•PP
4 Depth-Duration Curve for 1 From Table 12.4 (Sheet 9 of 16) Indees-5W, (calc. Sheets

mi2  inches (HMR 55A) 13 & 14 of 16)
5 From Table 12.12 (Sheet 10 of 16)

Areal Reduction Factors % (HMR 55A) 100%

6 No reduction to Step 4
PMP Estimates for Basin inches Step #4 times Step #5 values

See ,Wo•he

see temporal See Tables 12.5 & 12.6 (Sheet dist•nbu.•,s, (Calc Sheet
Incremental PMP Amounts sequence 11 of 16) (HMR 55A) 15 & 16)

Hydrometeorological Report No. 55A, U.S. Dept. of Commerce, NOAA, June 1988

SUA-1473
Docket #40-8905

Worksheet Name:
Calculation Summary-C.1Sheet 3 of 16
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Rio Algom Mining LLC Interior Site Drainage 10/18/2007
Arroyo Del Puerto PMP Local Storm Calculation File Name:
Erosion Protection Measures Calculation C.1 - Local Storm PMP-R1
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO

1--HOUR PMP DEPTH-DURATION CURVE
i P 1-"r 1-mi II PMP 1-hr

Duration I Percent of PMP Indexes up
(min hr PMP1 (inches) to 6 hr

1.2-

1•
a-
2 0.8-

0. .

1-Sq MI PMP Depth-Duration Curve (HMR 55A)

-.ws

0.0
2.5
5.0
7.5

10.0 1
12.5 7q
15.0
17.5
20.0
22.5
25.0
27.5 ýA
30.0
32.5
35.0
37.5
40.0 _71
42.5
45.0
47.5 4
50.0
52.5
55.0
57.5
60.0

9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
0.6
9.0
9.6
9.6
9.6
9.6
9.6

0.4.0.2

0T(

Time (min)

RIO ALGOM MINING , LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO

6-HOUR PMP DEPTH-DURATION CURVE
1-hr 1-mi PMP 1-hr

Percent of 1 PMP Indexes up
Duration (hr) hr PMP (inches) to 6 hr

1 100% 9.6 9.60
2 116% 9.6 11.14
3 123% 9.6 11.81
4 128% 9.6 12.29
5 132% 9.6 12.67
6 135% 9.6 12.96

I-Sq Mi PMP Depth-Duration Curve (HMR 55A)

160%

120%

100%-
80%--

60%
40% :

20% 
i - -•

0%-

2 3 4 5 6

Time (hr)
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1

0.91-

0.81-

0.71-
Percent of
l4.r PMP

0.61-

0.5.-

0A-

0.3 l-

0.21-

0.1

0
I I I I I p I I

0 10 20 30 40 50 60

l-Sq MI PMP Depth-Duration Curve Up to 60 Minutes
Interpreted from HMR 55A Data from Table 12.4
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO

CHRONOLOGICAL DISTRIBUTION OF 15-MINUTE INCREMENTAL RAINFALL AMOUNTS
FOR 1-HOUR LOCAL-STORM PMP

1-hr 1-mi 2  Incremental
Percent of 1 PMP PMP 1-hr PMP Amounts Size of HMR 5 & 491

Duration (hr) hr PMP (inches) Indexes (inches) Increment
Increment

0.00 0.00 9.60 0.00 0.00 Sequence Position Amount
Largest 15-min

15.00 0.68 9.60 6.53 6.53 increment First 6.53
30.00 0.86 9.60 8.26 1.73 2nd largest Second 1.73
45.00 0.94 9.60 9.02 0.77 Third Largest Third 0.77
60.00 1.00 9.60 9.60 0.58 Fourth Largest Fourth 0.58
1HMR 5 (U.S. Weather Bureau, 1947): and HMR 49 (U.S. Weather Bureau. 1977. Reprinted 1984)

SUA-1473
Docket #40-8905
Sheet 15 of 16

Worksheet Name:
Incremental PMP



Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

0
Calculation C.1:

Interior Site Drainage
PMP Local Storm Calculation

BY Bone
10/18/2007
File Name:
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO
CHRONOLOGICAL DISTRIBUTION OF 1-HOUR INCREMENTAL RAINFALL AMOUNTS FOR 6-HOUR LOCAL-STORM

PMP

1-hr 1-mi 2  PMP 1-hr Incremental
Percent of 1 PMP Indexes up PMP Amounts Size of EM1110-214112

Duration (hr) hr PMP (inches) to 6 hr (inches) Increment

SIncrement Increment
0.00 0.00 9.60 0.00 0.00 Sequence Position Amount Sequence Position Amount

Largest hourly
1.00 1.00 9.60 9.60 9.60 increment Third 0.67 Fourth 0.48
2.00 1.16 9.60 11.14 1.54 2nd largest Fourth 0.48 Third 0.67
3.00 1.23 9.60 11.81 0.67 Third largest Second 1.54 Fifth 0.38
4.00 1.28 9.60 12.29 0.48 Fourth largest Fifth 0.38 Second 1.54
5.00 1.32 9.60 12.67 0.38 Fifth largest Last 0.29 Last 0.29
6.00 1.35 9.60 12.96 0.29 Least First 9.60 First 9.60

1 HMR 5 (U.S. Weather Bureau. 1947): and HMR 49 (U.S. Weather Bureau. 1977, Reprinted 1984)
2 EMI 110-2-1411 (U.S. Corps of Engineers, Standard Project Flood Determinations, March 1952, revised March 1965
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Calculation C.2
Rio Algom Mining LLC

Ambrosia Lake, New Mexico
Arroyo Del Puerto

Interior Site Drainage Calculations
Design Flowrates and Erosion Protection

1. Determine Flowrates- Stepwise Procedure

See the following table indicating the Stepwise Procedure Steps to determine the design flowrates
to be used to size erosion protection.

RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO EROSION PROTECTION MEASURES

HYDROLOGY1
STEPWISE PROCEDURE

Procedure Item Variable

Step # Item Description ID Units Results
See Design Report Sheet 2 and W0r*fIl1d

1 Catchment Areas A acres "MraWing S.1I' 2"(calc. Sheet 3 of 23)
2 Maximum Flow Length L feet See Design Report Sheet 2 and \Wairksbet
2 MaximmFlwLegth_ feet__ "•,raimteq Slii 2" (calc. Sheet 3 of 23)

Upper Elevation of Cell #2 See Design Report Sheet 2 and WOMWM1%

3 Catchment Area H, feet aii •t 2" (calc. Sheet 3 of 23)

Lower Elevation of Cell #2 See Design Report Sheet 2 and ow

4 Catchment Area H2  feet I1DWra iri t5 1h Z' (calc. Sheet 3 of 23)

Slope of Cell #2 Catchment
5 Area S ft/ft (H1 - H2)/L

6 Time of Concentration Tc min NUREG/CR-4620, Equation 4.44

See curve developed in PMP Local Storm
% PMP Values from Depth Calculation C.1 and shown again here in WO&Ael8

7 Duration Curve (HMR 55A) % PMP % IR, tmexes-5"(calc. Sheets 4 & 5 of 23)
8 PMP Rainfall Depth D inches % PMP x (PMP)
9 Rainfall Intensity i in/hr 60D/Tc

10 Maximum Design Flowrate Q cfs Rational Method: Q = CiA
11 Runoff Coefficient C nt (NUREG/CR-4620)

unit wamn Maximum uesign
12 Flowrate q cfs q = CiAw = L x (1 ft width)

NUREG/CR-4620, Methodologies for Evaluating Long-Term Stabilization Designs of Uranium Mill Tailings Impoundments, June
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Calculation C.2 -Interior Design Flowrates

2. Design Flowrate summary results

See We",hieeit 'Design Flowrates" (calc. Sheets 6 & 7 of 23) for summary of catchment areas and applicable
design flowrates. Stationing for interior channel shown on Design Report Sheet 4 and Worltsheeto3r~avg ,,:4'

(calc. Sheet 8 of 23), as well as Design Report Plan & Profile Sheets 12, 13, 14, and 15.

3. Catchment Area and Flowrate summary at Interior Channel Stationing

See Wak•thet "Flow SummaW' (calc. Sheet 9 of 23) for specific flowrates at channel stationing

4. Rock Sizing- Methods - see Worksheet'Su, wmnri.- Rovk Methind' (calc. Sheet 10 of 23)

5. Interior Drainage Channel Stationinq and Elevation Summary - see W,&k-heet'Eievakmn S-nmimry"
(calc Sheets 11 & 12 of 23)

6. Interior Drainage Channel Erosion Protection Summary - see Wartksheelt 'Rock Sumrnar (catc. Sheet 13 of 23)

7. Interior Drainage Channel Erosion Protection calculations at specific stationing:
See remaining Worksheets for inlet, outlet, and channel stations:

INltr.- Sta 8+00
Chz=e - Sta 8+00

han, nr• - Sta 10+25
Onurel - Sta 10+25
Cme- Sta 24400
Cha•n• .- Sta 27+50

Ouffet - Sta 43+00

COm1 - Sta 57+00
OW1A- Sta 57+00

0.5% slope
4.0% slope
4.0% slope
0.5% slope
0.5% slope
0.5% slope
0.5% slope
0.5% slope
0.84% slope
0.84% slope

Calc. Sheet 14 of 23
Calc. Sheet 15 of 23
Calc. Sheet 16 of 23
Calc. Sheet 17 of 23
Calc. Sheet 18 of 23
Calc. Sheet 19 of 23
Calc. Sheet 20 of 23
Calc. Sheet 21 of 23
Calc. Sheet 22 of 23
Calc. Sheet 23 of 23
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO

1-HOUR PMP DEPTH-DURATION CURVE 1.2

1-Sq Mi PMP Depth-Duration Curve (HMR 55A)

I I 1-hr 1-mrI PMP 1-hr
Duration IPercent of 1 PMP I Indexes up

(min) I hr PMP I (inches) to 6 hr

47.5
50.0

12.5
55.0
57.5

9.6
9.6
9.6

9.6
9.6
9.6
9.6
9.6

9.6 7
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6
9.6

2 0.8I.
0.6-

0.4-

0, 2

Time (min)

~.Senes1

RIO ALGOM MINING , LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO

6-HOUR PMP DEPTH-DURATION CURVE

InmltdValues

1-Sq Mi PMP Depth-Duration Curve (HMR 55A)

160%

140%-

120%.

60% [,. Seresl]

80%_
"6 60%

40% ,:• o.

0%

1 2 3 4 5 6

Time (hr)

SUA-1473
Docket #40-8905

1 i-hr l-mi' PMP 1-hr
Percent of 1 PMP Indexes up

Duration (hr) hr PMP (inches) to 6 hr

1 100% 9.6 9.60
2 116% 9.6 11.14
3 123% 9.6 11.81
4 128% 9.6 12.29
5 132% 9.6 12.67
6 135% 9.6 12.96
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I
I

0.91-

0.81-

0.71F
Percent of
1-Hr PMP

0.61-

0.51-

0.4 -

0.31-

0.21-

0.11-

0

0 10 20 30 40 50 60

1-Sq Mi PMP Depth-Duration Curve Up to 60 Minutes
Interpreted from HMR 55A Data from Table 12.4

SUA-1473
Docket #40-8905

Sheet 5 of 23
Worksheet Name:

PMP Indexes-55



0
Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

I
Calculation C.2:

Interior Site Drainage
Design Flowrates and Erosion Protection

0
By: M. Bone

10/18/2007
File Name:

Calculation C.2 -Interior Design Flowrates

RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO
INTERIOR SITE DRAINAGE CALCULATIONS

•P IA i p~ A llll AiBpA ge~ f A~ I I .D .~ - il- - - - - -- .l t i 2

UI1LZ N ILUWKAI Mb - KAII IUNAL ME.I HIU, AND KROCK 1ZING ""

PMP = L = Specific Area

Catchment A Local i-Hr H1,= Higher H2 . Lower S= Maximumn Aw Time of

Drainage Area Area' I-Mie PMP Elevation Elevation Hi - H2 Slope Slope Unit Width Concentration % of PMp

No. (acres) Depth (feet) (feet) (ft/ft) Length Area' Te (0.0078 * Index

(inches) (feet) (acres) (L°)) I (S°Q)
(min)

1 180.2 9.60 7041 6930 111.00 0.022 5050.0 24.1 79.9%
2 15.7 9.60 7026 6926 100.00 0.037 2706.0 12.2 62.2%
3 16.3 9.60 7007 6926 81.00 0.030 2701.0 13.2 64.4%
4 29.8 9.60 7005 6926 79.00 0.029 2700.0 13.3 64.7%
5 34.4 9.60 6945 6925 20.00 0.008 2400.0 19.7 74.7%

_______ 0.046 9.6062 17.00 0.009 2000.0 0.0458 17.0 71.2%
6 87.6 9.60 6942 6910 32.00 0.008 4000.0 29.7 85.7%

80055 9.60 6940 62 20.00 0.008 2400.0 0.0550 19.7 74.7%
7 107.4 9.60 7025 6910 115.00 0.048 2400.0 10.1 99,2%

Inside Si .0,ope
of Divursion 0.0010 9.60 15.00 0.333 45.0 0.0010 0.2 1.9%

Berm _ __ __I__

Sheet 2, Arroyo Del Puerto Erosion Protection Measures
2 NUREG-1623, U.S. Nuclear Regulatory Commission (NRC), Design of Erosion Protection for Long-Term
Stabilization, Final Report, September 2002.
3 Abt, S.R., Johnson, T.L., Thornton, C.I. and Trabant, S.C., Riprap Sizing at the Toe of Embankment
Slopes, J. of Hydr. Engr., ASCE, 1998.
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO EROSION PROTECTION MEASURES
INTERIOR SITE DRAINAGE CALCULATIONS

DESIGN FLOWRATES - RATIONAL METHOD, AND ROCK SIZING 2, 3

qd Design
Catchment A = D = Rainfall I = Rainfall Q = Peak Cumulative Unit Width
Daina A Depth = Intensity = Discharge = Station DminP Un k WidzhDrainage Area Area 0 %MxM D*0T= Ci Loaon QIn PeakD0 OverlandO D54umaySzets

No. (acres) (in ) D*(nch/h CIA Location Channel Discharge a Overland 4%
(inces) (inhestr) ls)CL~w (clft)

Location (inches)
1 180.2 7.67 19.10 570.11 0+00 570.11
2 15.7 5.97 29.35 875.78 27+50 1445.90
3 16.3 6.18 28.10 838.48 27+50 2284.38
4 29.8 6.21 27.94 833.95 27+50 3118.33
5 34.4 7.17 21.79 650.41 27+50 3768.73

5-Ovyrland 0.046 6.84 24.10 1.10 0.71 0.74 Overland 1.0
6 87.6 8.22 16.60 495.52 56+00 4264.25

6-OverlaNdrv 0.5 7,17 21.79 120 0.74 0.77 Overland 1.0
7 107.4 5.39 32.15 959.47 56+00 959.47

Inside Sid' l 0 4.o IIofIie 0.0010 0.18 48.38 0,05 0.61 0.63 Ove0land 1.0

Berm _ _ _ _ _ _ ,_ _ _ _ _ _ _ _

1 Sheet 2, Arroyo Del Puerto Erosion Protection Measures
2 NUREG-1623, U.S. Nuclear Regulatory Commission (NRC), Design of Erosion Protection for Long-Term

Stabilization, Final Report, September 2002.
3 Abt, S.R., Johnson, T.L., Thornton, C.I. and Trabant, S.C., Riprap Sizing at the Toe of Embankment Slopes,
J. of Hydr. Engr., ASCE, 1998.
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO
INTERIOR SITE DRAINAGE CALCULATIONS

SUMMARY: CATCHMENT AREAS & PEAK DISCHARGES

Q = Peak
Catchment Drainage Time of qd = Design Unit Discharge = CiA

Area No. A = Area 1 (acres) Concentration (min) Discharge (cfs/ft) (cfs)
1 180.2 24.1 570.11
2 15.7 12.2 875.78
3 16.3 13.2 838.48
4 29.8 13.3 833.95
5 34.4 19.7 650.41

5 Overland 2  0.0458 17.0 1.10
6 87.6 29.7 495.52

6 Overland 2  0.0550 19.7 1.20
7 107.4 10.1 959.47

Inlet Channel at Sta 180.2
8+00 - 0.5% Slope 570.11

Channel at Sta 8+00 - 180.2
4% Slope _______________570.11

Channel at Sta 10+25 - 180.2
4% Slope 570.11

Channel at Sta 10+25 - 180.2
0.5% Slope 570.11

Channel at Sta 24+00 -
0.5% Slope 237.6 1924.39

Channel at Sta 27+50 -
0.5% Slope 276.5 3768.73

Channel at Sta 43+00 -
0.5% Slope 374.0 4496.23

Outlet Channel at Sta
43+00 - 0.5% Slope 374.0 4496.23

Channel at Sta 57+00 -
0.84% Slope 471.5 5223.73

Outlet Channel at Sta
57+00 - 0.84% Slope 471.5 5223.73

Sheet 2, Arroyo Del Puerto Erosion Protection Measures
2 Unit width
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO
INTERIOR SITE DRAINAGE CALCULATIONS

DESIGN OF EROSION PROTECTION SUMMARY OF METHODS PER NUREG-1623

Depth of Flow,
Rock Sizing, & Depth of Flow and

NUREG-1623' Item Scour Depth Rock Sizing
Section # Description Methods Methods Equations Reference

Depth of Flow D5o Rock Size: Dso = 5.23
Overland Flow Rational Abt and Johnson 0

D.2 Slopes Method Method (S) (qd) NUREG-1623'
Manning's n for
steep slope and Manning's n 0.0456(D50
flow depth small 0)159
relative to the riprap )2
size NUREG/CR-46513

Manning's n for

Diversion Depth of Flow shallow slope and
0.3 Rational flow depth Manning's n = 0.0395(D,,)"/

Channels Method exceeding average
size of riprap NUREG/CR-46203

Manning's n for Manning's n
Open Channels R h"6/(23.85+21.95Loqln(R/k)) EM 110-2-16014

Manning's Equation Flow Depth: Q =
to determine flow (1.486/n)AR'S" 2

depth NUREG/CR-4620
3

Actual Shear Stress: t = WwyS NUREG-1623'

Diversion Option 1 - Safety Factors D5o Rock Size: D50 = (t)/(a(Ws0.3 Channels Rock Sizing Method (peak shear W.)) = t / 4.1, where a
= 0.04, Ws = 165 pcf, W. =

62.4 pcf NUREG-1623 1

D50 Rock Size: D50 =.5.23

D.3 Diversion Option 2 - Abt and Johnson (S),'43 (qd)°'
5

s, where qd
Channels Rock Sizing Method = Q/(bottom width of trapezoidal

channel) NUREG-1623'

Option 2 - Abt and Johnson
Aprons and Rock Sizing Method D5 0 = 5.23 (S)*43 (qd).6 NUREG.1623 1

.4 Diversion136
DA Channel Scour Depth - ds = RhC.(a/lu ) TRR No. 1523', &

Outlets Discharge USDOT HEC No. 52/
Apron Toe 14 Method (Q/(g Rh f(t/316)

0  HEC No. 14

I oe of
Embankment Rational Abt and Johnson

0.6 Slopes Method Method D,0 = 10.46 (S)1.43 (C,* q,)0O.6  Abt et al. (1998)

NUREG-1623, U.S. Nuclear Regulatory Commission (NRC), Design of Erosion Protection for Long-Term Stabilization, Final Report,

September 2002.

2 NUREG/CR-4651, U.S. Nuclear Regulatory Commission (NRC), Development of Riprap Design Criteria by Riprap Testing in
Flumes: Phase II, September 1988.

3 NUREG/CR-4620, U.S. Nuclear Regulatory Commission (NRC), Methodologies for Evaluating Long-Term Stabilization Designs of
Uranium Mill Tailings Impoundments, June 1986.

4 EM1 110-2-1601, U.S.Army Corps of Engineers (USACE), Hydraulic Design of Flood Control Channels, Office of the Chief of
Engineers, Washington, DC, 1994

5 Abt, S.R., Johnson, T.L., Thornton, C.i. and Trabant, S.C., Riprap Sizing at the Toe of Embankment Slopes, J. of Hydr. Engr., ASCE,
1998.

' Abt, S.R., Thompson, P.I., and Lewis, T.M., Enhancement of the Culvert Outlet Scour Estimation Equations, Geometric and Other
General Design Issues, Transportation Research Record (TRR), No. 1523, pp. 178-184, 1996.

7 U.S. Department of Transportation (USDOT), Hydraulic Design of Energy Dissipators for Culverts and Channels, Hydraulic
Engineering Circular (HEC) No. 14, 1983.
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO
INTERIOR SITE DRAINAGE CALCULATIONS

INTERIOR DRAINAGE CHANNEL STATIONING AND ELEVATION SUMMARY

Channel Left Right
Center Reach Slope Channel Channel Width Fixed design Bottom Channel Center Channel
Elev at Between Between Elev Drop Increase Channel Width at Elev at Elev at Elev at
Ending Beginning Ending Stations Previous Previous Previous Bottom Widths Endin Ending Ending Ending

Station (It) Station (it) Station (it) (it) Reach (ft/ft) Reach (it) Reach (it) (it) Station (Ift) Station (ft) Station (ft) Station (ift)
6939.00 800 80.00
6930.00 800.00 1025.00 225.00 4.00% 9.00 -40.00 40.00 40.00 6929.70 6930.00 6930.30
6929.63 1025.00 1100.00 75.00 0.50% 0.38 3.55 43.55 43.55 6929.30 6929.63 6929.95
6929.13 1100.00 1200.00 100.00 0.50% 0.50 4.73 48.27 48.27 6928.76 6929.13 6929.49
6928.63 1200.00 1300.00 100.00 0.50% 0.50 4.73 53.00 53.00 6928.23 6928.63 6929.02
6928.13 1300.00 1400.00 100.00 0.50% 0.50 4.73 57.73 57.73 6927.69 6928.13 6928.56
6927.63 1400.00 1500.00 100.00 0.50% 0.50 4.73 62.45 62.45 6927.16 6927.63 6928.09
6927.13 1500.00 1600.00 100.00 0.50% 0.50 4.73 67.18 67.18 6926.62 6927.13 6927.63
6926.63 1600.00 1700.00 100.00 0.50% 0.50 4.73 71.91 71.91 6926.09 6926.63 6927.16
6926.13 1700.00 1800.00 100.00 0.50% 0.50 4.73 76.64 76.64 6925.55 6926.13 6926.70
6925.63 1800.00 1900.00 100.00 0.50% 0.50 4.73 81.36 81.36 6925.01 6925.63 6926.24
6925.13 1900.00 2000.00 100.00 0.50% 0.50 4.73 86.09 86.09 6924.48 6925.13 6925.77
6924.63 2000.00 2100.00 100.00 0.50% 0.50 4.73 90.82 90.82 6923.94 6924.63 6925.31
6924.13 2100.00 2200.00 100.00 0.50% 0.50 4.73 95.55 95.55 6923.41 6924.13 6924.84
6923.63 2200.00 2300.00 100.00 0.50% 0.50 4.73 100.27 100.27 6922.87 6923.63 6924.38
6923.13 2300.00 2400.00 100.00 0.50% 0.50 4.73 105.00 105.00 6922.34 6923.13 6923.91
6922.63 2400.00 2500.00 100.00 0.50% 0.50 5.71 110.71 110.71 6921.79 6922.63 6923.46
6922.13 2500.00 2600.00 100.00 0.50% 0.50 5.71 116.43 116.43 6921.25 6922.13 6923.00
6921.63 2600.00 2700.00 100.00 0.50% 0.50 5.71 122.14 122.14 6920.71 6921.63 6922.54
6921.38 2700.00 2750.00 50.00 0.50% 0.25 2.86 125.00 125.00 6920.44 6921.38 6922.31
6921.13 2750.00 2800.00 50.00 0.50% 0.25 2.10 127.10 127.10 6920.17 6921.13 6922.08
6920.63 2800.00 2900.00 100.00 0.50% 0.50 4.19 131.29 131.29 6919.64 6920.63 6921.61
6920.13 2900.00 3000.00 100.00 0.50% 0.50 4.19 135.48 135.48 6919.11 6920.13 6921.14
6919.63 3000.00 3100.00 100.00 0.50% 0.50 4.19 139.68 139.68 6918.58 6919.63 6920.67
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INTERIOR DRAINAGE CHANNEL STATIONING; AND I:LF:VATION RIIMMARV
- - --RIOR DRAINAGE.C.A. NEL--...I.N.NG.A.D.E.EVATION....MA•Y

Channel Left Right
Center Reach Slope Channel Channel Width Fixed design Bottom Channel Center Channel
Eiev at Between Between Elev Drop Increase Channel Width at Elev ot Elev at Elev at
Ending Beginning Ending Stations Previous Previous Previous Bottom Widths Endin Ending Ending Ending

Station (f• ) Staffon (f) Station (ft) (ft) Reach (ft) Reach (ft) Reach (ift) (ft) Station (ft) Station (It) Staon (it) Station (ft)
6919.13 3100.00 3200.00 100.00 0.50% 0.50 4.19 143.87 143.87 6918.05 6919.13 6920.20
6918.63 3200.00 3300.00 100.00 0.50% 0.50 4.19 148.06 148.06 6917.51 6918.63 6919.74
6918.13 3300.00 3400.00 100.00 0.50% 0.50 4.19 152.26 152.26 6916.98 6918.13 6919.27
6917.63 3400.00 3500.00 100.00 0.50% 0.50 4.19 156.45 156.45 6916.45 6917.63 6918.80
6917.13 3500.00 3600.00 100.00 0.50% 0.50 4.19 160.65 160.65 6915.92 6917.13 6918.33
6916.63 3600.00 3700.00 100.00 0.50% 0.50 4.19 164.84 164.84 6915.39 6916.63 6917.86
6916.13 3700.00 3800.00 100.00 0.50% 0.50 4.19 169.03 169.03 6914.86 6916.13 6917.39
6915.63 3800.00 3900.00 100.00 0.50% 0.50 4.19 173.23 173.23 6914.33 6915.63 6916.92
6915.13 3900.00 4000.00 100.00 0.50% 0.50 4.19 177.42 177.42 6913.79 6915.13 6916.46
6914.63 4000.00 4100.00 100.00 0.50% 0.50 4.19 181.61 181.61 6913.26 6914.63 6915.99
6914.13 4100.00 4200.00 100.00 0.50% 0.50 4.19 185.81 185.81 6912.73 6914.13 6915.52
6913.63 4200.00 4300.00 100.00 0.50% 0.50 4.19 190.00 190.00 6912.20 6913.63 6915,05
6913.13 4300.00 4400.00 100.00 0.50% 0.50 0.00 190.00 190.00 6911.70 6913.13 6914.55
6912.63 4400.00 4500.00 100.00 0.50% 0.50 0.00 190.00 190.00 6911.20 6912.63 6914.05
6912.13 4500.00 4600.00 100.00 0.50% 0.50 0.00 190.00 190.00 6910.70 6912.13 6913.55
6911.63 4600.00 4700.00 100.00 0.50% 0.50 0.00 190.00 190.00 6910.20 6911.63 6913.05
6911.13 4700.00 4800.00 100.00 0.50% 0.50 0.00 190.00 190.00 6909.70 6911.13 6912.55
6910.63 4800.00 4900.00 100.00 0.50% 0.50 0.00 190.00 190.00 6909.20 6910.63 6912.05
6910.13 4900.00 5000.00 100.00 0.50% 0.50 0.00 190.00 190.00 6908.70 6910.13 6911.55
6909.63 5000.00 5100.00 100.00 0.50% 0.50 0.00 190.00 190.00 6908.20 6909.63 6911.05
6909.13 5100.00 5200.00 100.00 0.50% 0.50 0.00 190.00 190.00 6907.70 6909.13 6910.55
6908.28 5200.00 5300.00 100.00 0.84% 0.84 0.00 190.00 190.00 6906.86 6908.28 6909.71
6907.44 5300.00 5400.00 100.00 0.84% 0.84 0.00 190.00 190.00 6906.02 6907.44 6908.87
6906.60 5400.00 5500.00 100.00 0.84% 0.84 0.00 190.00 190.00 6905.18 6906.60 6908.03
6905.76 5500.00 5600.00 100.00 0.84% 0.84 0.00 190.00 190.00 6904.33 6905.76 6907.18
6904.92 5600.00 5700.00 100.00 0.84% 0.84 0.00 190.00 190.00 6903.49 6904.92 6906.34
6904.08 5700.00 5800.00 100.00 0.84% 0.84 0.00 190.00 190.00 6902.65 6904.08 8905.50
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RIO ALGOM MINING, LLC
AMBROSIA LAKE, NEW MEXICO

ARROYO DEL PUERTO
INTERIOR SITE DRAINAGE CALCULATIONS

INTERIOR DlRAINAGF C:HANNFI EROION I"TPITIt-M T Q1IIMADV

qd = Max
Q = Max Design Min D5o (in) Min D50 (in) Average of D50  Min Apron
Design UnitWidth Overland Channel Shear Abt and Methods Oversize Available Min Min Thickness Apron Min Apron Apron

Flow Rate Flow Rate I Channel Bottom Stress Johnson Min D50  Min D50 to Use Thickness Thickness 3x Ds0 Thickness Width = 15 Width to Max Scour
Rock Placement AreaI (cfs) (cfs/ft) Slope (%) Width (ft) Method Method (in) 4% (in) (in) Ratio to Use (in) (in) to Use (in) x D5o (ft) Use (ft) Depth (ft)

Catchment Area 5
Overland (Tailings

Ponds 4 & 5) 1.10 0.85% 0.71 0.71 0.74 1.0 2 3
Catchment Area 6
Overland (Tailings
Ponds 4, 5, & 6) 1.20 0.83% 0.74 0.74 0.77 1.0 2 3

Inlet Channel at Sta
8+00 - 0.5% Slope 570.11 0.50% 100.0 1.42 1.42 1.48 3.2 2 6 9.6 24 4.0 10.0 1.34

Channel at Sta 8+00 -
4% Slope 570.11 4.00% 100.0 5.40 3.47 4.44 4.61 7.8 2 16

Channel at Sta 10+25 -
4% Slope 570.11 4.00% 60.0: 7.23 4.62 5.92 6.16 7.8 2 16

Channel at Sta 10+25 -

0.5% Slope 570.11 0.500/0 60.0 1.66 1.89 1.78 1.85 3.2 2 6
Channel at Sta 24+00 -

0.5% Slope 1924.39 0.50% 105.0 2.48 2.73 2.61 2.71 3.2 2 6
Channel at Sta 27+50-

0.5% Slope 3768.73 0.50% 125.0 3.62 3.61 3.62 3.76 7.8 2 16
Channel at Sta 43+00 -

0.5% Slope 4496.23 0.50% 150.0 3.64 3.60 3.62 3.76 7.8 2 16
Outlet Channel at Sta
43+00 - 0.5% Slope 4496.23 0.50% 150.0 3.60 3.60 3.74 7.8 2 16 23.4 36 9.8 15.0 2.65

Channel at Sta 57+00 -
0 Slope 5223.73 0.84% 190.0 5.01 4.28 4.65 4.83 7.8 2 16 23.4 36 9.8 15.0 2.65

O i Chnnel at Sta
57+00 - 0.84% Slope 5223.73 0.84% 190.0 4.28 4.28 4.46 12.0 2 24 36 36 15.0 30.0 2.55
Sheet 2
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RIO ALGOM MINING, LLC

111et Chanl St1tio1 AMBROSIA LAKE, NEW MEXICO
5.0 at 0.5% o INT ARIR YO DEL PUERTO

INTERIOR SITE DRAINAGE CALCULATIONS
ROCK SOING INTERIOR CHANNEL

NUREG- Depth ot Flow aW Surnmmey of DNul*t
1523' arn Rock SWWng Reults by aNbo(n)t

Section f Decalrto Sub-Im Mehods Method Equations Reference Method Use
Manning's n for Manning'r n

shallow slope and Assume 0.
flow depth rock sine (ft) coefficient Dm)w 0.0,.lu)"
exceeding
ra ge Wr o Manning's n 0.0317 0.27 0.0m; 00023 00317

ripmp 0.039S(D,)w NUREG/CR.4120; I I.__ 2 0.______

Rh. k it

hydlreul¢ eqvulralnt Manning% n

D.3 rsion Depth of Flow • R.' roughness Rh, Rte(23.85-21 JLoge
Channels Raioal Mannlngs n for rd w height- (R))Method Open Channels _eth _ _ _ - -rock al. (iit)

Mannioges n
R.PI21-(23-9150210o Pit)) EMl110O2.1E1MK n - 0.0371 0.82 0.9675 0.05 12615 0.0371

Mm~nnftgQ, - Desigchane
Equation to Flowrate Assumne y b - bottorn elope Calculated

detenmlno flow I Octal depth -t(It) 1.48Wn wvidth it) ideloe HlI ratio MfRm) Q (.ls)
de ph at Outlet Flow Depth:de(1th naJRl•3

0  
NUIEGICR-4620

5  
y - 0.2 57011l 0.03 40.03 160.0 2.0 0.040 877.0

D0veskaon Option 2 - Aht and Johnson Design S - channel 4%
Channel Rock 51n1 Method Location coefficient slope (ftlt) S b - botton width (ft) DO (ft)

Outlets
0. 5.23 (S)Y (q) NUREG-1623 . 1.42 310 Inlet Shallow 5.23 0.005 0.1025 10.0 6.11 11,

hydnautt Cý-8o01a (0641016)0.0.
radlume c-Crctlrcon ITrADetel

depth of flow coetclem coeeflclent etnolr
Aprons and Downstrern V(t)' (Table 0.2) (Tablei~' devIata ond

04 DIverelon ScourDepth- USDOTHECNo. R(Il~) TRRNo. 1123',&
Channel ODscharge 14 Method'

Outlets Apron Toe (QUl ̀ l*Rffo t316) HEC No. 14' 0.02 1.0075 2.27 3.67 1.54

coeefolscnm t-*w Ooefdad
(Table 5.1) ("In) (Table 51) (.t316r Of

IL,_ _ 14 0.39 1.11 00 0.0 0.9051

NuREO-1e2 U.S. NM-le Rlmem Crmelelo (NRC). 00W 0f Erodln fPoee for L.-Te- StabliarOk Finld

Nu~imtIRGcRa U~s. memiser hai" ory Conanehlon PNRC. matordOwoolam for eonktift I.ooeT-n amltatnion Onelaraof

3EM110-2-1601, U.S.AMn Corp. of Engfneers (USACE), Hydraulic Design of Flood Control Channels, Office of

t Ch•ef of Engnessm Washington. DC. 1004
'Abt, S.., Thowoon. P.,. and Lawls, T.M., Enhancement of the Culvert Outlet Scour Estbnation Equations.
Geonetbic and Other General Design beut. Tanmeporteaton Rearnech Record (IRR). No. 1523, pp. 170-194,1906.
SU.S. Depeursent of Transportation (USOOT), Hydraulic Design of Enewlr Dissiptpors for Culvert. and Channels,

HydraulI Enefnoeer Circular (HEC) No.14,9103.
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RIO ALGOM ruING, LLC

Clannel 8tion AMBROSIA LAKE, NEW MEXICO
ARROYO DEL PUERTO

8+00 at 4%e Slope~t INTERIOR SITE DRAINAGE CALCULATIONS
ROCK SIZING - INTERIOR CHANNEL

NUREG- Depth of Flow and Summary of Dwrook
1623w Item Peak Flow Rock Sizing Results by el (In)

Section 9 Description Rate Methods Method Equations Reference Method 10 1.1W
Mannings n for Assume Do Mannlng's n

shallow slope and rock size
fow depth (f ) O
exceeding

Depth of average size of Manenrings n 0

0.3 Diversion Flow - d p 0.0395(D.)w NUREG/CR-4620 n 010317 1 0.27 0.0395 0.0317

Channels Rational S.
Method Manning's Design channel

Equation to Flow1ste Q Assume y b - bottom slope Calculated
determine flow -cIs) depth f-t) wkdth I) _ Milt) Q (c065

depth Flow Depth:
0-1.486/nlARl-aS NIJREG/CR.4620

2  
" 0.74 $70.11 0.74 100.0 0.040 67•7

W1,- unit
weight of tI W.yS

water y - depth (shear sttres)

Actual Shear Stress:t-=W~yS NUREG-1623' t - 1.55 62.4 0.74 168470

Diversion Option I - Safety Factors - - -ra17 j w u

D.3 Channels Rock Method (peak (shear W - unitSChnn g shear show) attms) a- weight of 4%

___________ _________(lbft~t) coefficIent water(Ibhft)

Do Rock Size: D0.
(tYl(a(W.-W.))-t14.1.
where a - 0.04. W. - Op- § 1.6470 0.04 62A 4 7.6

165 pdf, W. - 62.4 pcf NUREG-1623'

S.

channel b - bottom
0.3 Diversion o k2- Abt and Johnson coefficient Slopeft/ft) widt (Ift)

Channels Sizing Method D. Rock Size: D. =
5.23 (S)*-* (qd)°sr,

where cq = a/(bo-om 1 81,47 5.23 0.040 100.0 5 7.5
width of ip.zoid~tol neell NUREGI1623'

NUREG-1623, U.S. Nuclear Regulstory Commssion (NRC). Design of Erosion Protection for Long-Tenm
Slabiedsho. Final Report. Sept"eber 2002.
2 NUREG/CR-4620, U.S. Nuclear Regulatory Commission (NRC). Methodologies for Evaluating Long-Tenm

Stabllostion Designs of Uranium ME Talings kwpoundments, Junm 19a6.
3

EMI110-2-1801, U.S.Army Corps of Engineers (USACE), Hydraulic Design of Flood Control Channels,
Office of the Chief of Engineers. Washington, DC, 1094
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Job Title
Rio Algoni tile LLC
Anu*o Del pued
tooti~n Protectin tleaawe

CaICUteOW C2
Itrsior Ste Drainage

DOW~f Flowrabfs and Eroson Protectin

By. Lt. Bone
10W1&2007
Fie Name.:

Calculateio C2 -kftelrW Deepg Flowrates

RIO ALGOM MINNG, LLC
Chan"• 3tatin AMBROSIA LAKE, NEW MEXUCO

10+25 at 4% Slolpe ARROYO DEL PUERTO
NlTERIOR SITE DRAINAGE CALCULATIONS

ROCK SIZING - INTERIOR CHANNEL

NUREG- Depth of Flow and Summary of Do rock
1623' Item Peak Flow Rock Sizing Results by an on)

Section # Descrptin Rate Methods Method Equations Reference Method to - le
Manndngs n for Assume D. Mannlngsn

shallow slope and rock site
flow depth I) Coe1cI~nt O.O3S5Dw)
exceeding

Depth of average sinz of Mannlng's n 0NEC7 0.27 0.0395 0.03110 3 Diversion Flow - rip ap 0.03S( Dm)4 NUREG/CR-46202 I I 0 31 I.7 0 0 95 0 0 1

Channels Rational 8.
Method Mennlng's Design channel

Equation to FIowrate Asaume y b - bottom slope Calculated
detenmne flow I___,s) dept - !t) width (ft) .MR) Q lefs)

depth Flow Depth:
Q-(1.48WnARSi NUREGICR4620

2  
Y- 0-99 70.11 0.99 9.0 0.040 599.5

W. - unit

weight of t . W.yS
water y - depth (shear stims)
te••) tril (IbM)

Actual Shear Stress:* WwyS NUREG-1023' I - 2.47 62.4 0.90 2.4710

Diversion Option 1 - Safety Factors I - _ wy"

.3 Channels Rock Method (peak (shear W. unit oversize
Sizing shear stresa) sttres) a - weight of 4%

(•bR) coefficient watero lb)

D. Rock Sze: D. -
ta(W. W.W)) - t14.1,
whom a - 0.04, W. - Dlls TS 2.4710 0.04 62.4 7.4

165 pcf, W. - 62.4 pcf NUREG-16231

S-
channel b-bottom

D.3 Diversion Option 2. Abt and Johnson coefficient slope(ft wldth (ft)
Channels Rock Method D. Rock Sie: D. -

Sizing5.23 (8)f (qd)°J,
where qd - 0/(.ooom qsa 4M 5.23 0.040 60.0 4M51 7.5

-,- - NUREG'1623'

NUREG-t623, U.S. Nuclear Regulatory Comsiaon (NRC), Design of Erosion Protecdon for Long-Term
StWno n, Fieed Repor Septmbe 20.
2 NUREGICR-4420, U.S. Nuclear Regulatory Comnmsslon (NRC). Methodologieg for Evaluating Long-Term

Stabiflblon Designs of Uraniu MMTalIn podmente. June 1986.

3 EM11102-1 601, U.S.Army Corps of Engineers (USACE). Hydraulic Design of Flood Control Channels,
Office of the Chief of Engineers, Washington, DC, 1994
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0
Job Ties1
Rio Algom Mining LLC
AjrvOsi DlPuerto
ErosEio Prot1ctOcn Measures

Ca1CUlsfies C2
In8tero Sit -rrtg

Desion Flow-ates end Erosion Pmteckion

By. M. Bone
10/18/2007
Fie Name:

Calcutlaton C.2 -interir Deson Flowates

RIO ALGOM MING, LLC

Channel Station 10+25 AMBROSIA LAKE. NEW MEXICO
ARROYO DEL PUERTO

at 0.5% Slope INTERIOR SITE DRAINAGE CALCULATIONS

ROCK SIZING - INTERIOR CHANNEL

NUREG- Depth of Flow and Summary of Derock

16231 Ifem Peak Flow Rock Slaing Results by Amn (Il)

Sections Rate Methods Method Equations Reference Method to Use
Mannlng's n for Assume D. Mannlngs n

shallow slope and rock size
flow depth (ft) coefficint 0.03()d
exceeding

DeptofFlow average size of Meirgan nt n g*snn 0.0317 0.27 0.0395 0.0317

0.3 Raronal r P 0.0395(D.)u" NUREGICR-4820
2  

n -Channels RainlS=
Method Mennlngs Design channel

Equation to Flowrate (d Assume y b - bottom slope Calculated
determine flow - ill depth ft). Width fit [ fitfft) Q (lft)

depth Flow Depth:
D(41.486/ntaRaSlu NUREGICR.4420Z y - 11.12 70.11 1.92 6ODA 0.005 570.6

Ww = unit

weght Of t- W.,yS
water (Shear stale)

- it 1J~ &.00 J(w ___ __
Actual Shear Stress:

I - W.yS NUREG-1623' I - 0.57 82.4 1.82 0.56
Ohnarelon Option I -Rock Safety Factors - - Wy_

D.3 Chanel Sn Method (peak (shear W. unIt
Channels SIN shear ess) mes) a. wight of 4%

(IbWft) coeff.ent water (Iblfte) o__) I

D. Rock Si-: D-
(t)/(a(W - W.))- t / 41,D. .4 057 004 6AIl 32

where a = 0.04, W,- D, 1.50 0.5878 0.04 82.4 !,s 3.
165 pcf, W - 62A Pcf NUREG.1623'

S-
channel b - bottom

D.3 Diversion Option 2 -Rock Alit and Johnson coefficient slope (f___ ) width (ft)
Channels Sbdn Method D Rock Size: Da-

5.23 (S)f (qs)f,
where qd - 0/(- Do- 1.0 5.23 0.005 60.0 1Jr 5.2

idli h trof esld U
ý6-.• NUREG-1623'-

NUREG-1623, U.S. Nuclear Regulatory Cornmilsion (NRC), Design of Erosion Protection for Loeg-TenM StabUtZatle,
Fi Re Septembe 2.
2 NUREGICR-4M,0. U.S. Nuclear Regulatory Cometession (NRC). Msthodologles for Ehaluating Loeg-Te-m Stabliatlo
Desigs of Urnkim M- Taes benpotunt.•m June tif

EMI110-2-1601. U.S.Army Corps of Engineers (USACE), Hydraulic Design of Flood Control Channels,
Office of the Chief of Engineers, Washington, DC. 1994
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Job Title
Rio Algom Minin~g LLC
Arroyo Dal Puerto
Erosin Protection hMeasures

Calculation C2
InterirSiteDrainage

Design Flowrtes and Erosion Protedkurr

sr. M. a"
10/18=217
Fie Nane:

Calculation C.2 -kdwWe Design Flownesla

RIO ALGOM MIING , LLC

Channel Statin 24.00 AMBROSIA LAKE, NEW MEXICO
at 0.% lop ARROYO DEL PUERTO

INTERIOR SITE DRAINAGE CALCULATIONS
ROCK SONG - INTERIOR CHAMNEL

NUREG Depth of Flow and Summary of of rock

1623' Item Peak Flow Rock SIng Results by sit (n)
Section 8 Description Rate Methods Method Equations Reference Method tO Use

Ma~ s n for Assume Du Manning's n
shallow slope and rock size

flow depth (ft) coefficient o.0395(DJ)
1

exceeding

Diversion Depth of Flow average Size of Mennlng's n n 0.031T 0.27 0.0395 0.031T
D.3 Rational tiptop 0.0395(Dw)s NUREG/CR.4620

2  
_ -

Channels MethodS
MannIng's Design channel
Equation to Flowrate Qd Assume y b- bottom slope Calcula

determine flow (chi- depth 111t) width fft) (M) d Q Idos)
depth Flow Depth:

_ _ _ 1.48&nIARnSw NUREGICR.4620
2  

y - 2.72 19243 272 1056 0.005 1933.5

weight of t -WwyS
w,.ter - depth (shear stms)

Actual Shear Stress:
tf- W.yS NUREG-1623' - 0.6 62.4 2.72 0.8484

0.3 Diversion Option I -RoCk Safety Factors - -w wwYD3 Cael Sing Method (peak (shear W,. =unit
Channels Sliding shear stress) Sttu-) a - weight of 4%

es s(b ) coefclent water (lblfl)

D0 Rock Size: D0 =
is(a(W. - W.)) - t /4.1, 0.. 24 0.8486 0.04 62.4 SA 3.2

whem a - 0.04, W. -

165 pcf, Ww - 62.4 pf NUREG-1623' _

S.
chnnel b - bottom

D3 Diversion Option 2 -Rock A bt and Johnson coe nt ope (ftft) width (

Channels Siztng Method Dr Rock Size: Desc

5.23 (S)"oC (Cld)J,

where q 8 .-/(boeom Bs 2.73 5.23 0.005 105.0 2.34
Wlddh of trapeldel

tmn.e1 NUREG-1623

NURE5G-1e2. U.S. Nuclear Raeletety Couissio (NRC). Design of Erosion Protection for Long-Term StablMation.
Fleal Report, September 200.
2 NUREGICR.4620, U.S. Nuclear Regulatory Conmission (NRC). Methodologies for Evahluatin Long-Trm Stabll•atiOn

Deslgns of Urankum M Ta~le kiwoundienta. June 1911.
3 EM1110-2-1601, U.S.Army Corps of EngIneers (USACE), Hydraulic Design of Flood Control Channels,
Office of the Chief of Engineers, Washington, DC, 1994

SUA-1473
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Job TWO:
Rio Agoor Mining LIC
Arr~oy Dal puedio
Erabski Protection Meassurs

Calculation C2
kftero, Site Drainage

Design Flowrates and Eroaki Pratctes,

By. M. Bone
10/18/2007
Rie Name:

Calculaton C2 -ntehrbr Design FlownstM

RIO ALGOM MINING, LLC

Channel Station 27+50 AMBROSIA LAKE, NEW MEXICO

at 0.5% So. ARROYO DEL PUERTO
.OINTERIOR SITE DRA E CALCULATIONS

ROCK SONG - INTERIOR CHANNEL

NUREG- Depth of Flow and Summary of onO rck
1623' Item Peak Flow Rock Sizing Results by w (in)

Section# D Rate Melhods Method Equations Reference Method 99 UsI
MannWig in for Assume D. Mannlngs n

shalow slope and rock sie
flow depth (ft) coefficient 0.0395(Dm)B
exceedIn

Depth of Flow average Of Mannlngs n - 0.0366 o.s 0.0395 O.a

D.3 Rational 5rDap 0.039WD)" NUREGiCR-4620
2  

n 06 1 0.3 01

Chnias Mthd Anning's Design channel
Equation to Flowrate Qd Assume y b - bottom slope Calculate

detrmine flow Wal -e) tft) width t fLft d Q (oas)
depth Flow Depth:

I_ _ (1.486/nIARt"S
2  

NUREG/CR.4620
2  

, 3,07 X761.73 3.97 12L_ 0.005 3T70.8
W. - unit

weight of t WayS

water y - depth (shear sttres)

Actual Shear Stress:
I . WwyS NUREG-16231' - 1.24 62.4 3.97 1.2396

Safety Factors I . wWy5

D.3 DCvehson Opton I -Rock Method (peak (shear W. - unit Overzs
Charals Swing shear stress) Sties) a- weight of 4%

(Ibfl•t) coefficient water (Ibeft)

D. Rock Size: De-
(t)I(a(W. - W.)) - t 14.1, Do 011 1.2386 0.04 62.4 &17 7.6
whom a - 0.04, W.-
165 pcf, W. - 62.4 pcf NUREG.1623'

S.
channel b - bottom

0.3 Diversion Option 2 -Rock Abt and Johnson coefficient slope (tlft) width (ift)
Channels Shzing Method D. Rock Shie: D. -

5.23 (S)W (q%)ts,

where qd - QJ(ueb O, &01 5.23 0.005 125.0 3-1711 ?.yg
width eftb~p.zoltet

- - -n__| NUREG-1623_

NUREG-1623. U.S. Nuclear Regulatoty Conmmission (NRC), Desigtof Erosiao Protection for Long-Tens StabIlization.
Finlu Report,. Septernte 2002
2 NUREG/CR-4620, U.S. Nuclear Regulrtoiy Commission (NRC), MethodologesW for Evaluating Long-Term Stabllization

Designs of Uranium MIII Tallngs Ioipoundmefts, June t9e6.
3 EM1110-2-1601. U.S.Army Corps of Engineers (USACE), Hydraulic Design of Flood Control Channels,
Office of the Chief of Engineers. Washington, DC. 1994
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Job Ties
Roigo A19DMMinig LLC
Anrop Del pid
Eroson Prteledl Measures

Calculabon C2
Intefi Ste Drainage

Deagn Fizaraiss arnd Erosion Protection

ey lIt Bone
10W1&2007
Fie Name:

Calculadion C2 -tterbr Design Florale

RIO ALGOM MINING, LLC

Channel Station AMIROSIA LAKE, NEW MEXICO

43400 at 0.5% Slope ARROYO DEL PUERTO
INTERIOR SITE DRAINAGE CALCULATIONS

ROCK SIZING - INTERIOR CHANNEL

NUREG- Depth of Flow and Summary of Do rock

16231 Item Peak Flow Rock Sizing Results by am onI)
Section 0 Description Rate Methods Method Equations Reference Method to Use

Mannlngs n for Assume Da Mannlngs n
shalow slope and rock siim

flow depth #I coeffIcient 0.03195(Ds"'
exceeding

Depth of Flow average size of Manng's- n - 0.0310 0.65 0.0395 0.0306

0.3 Rational - -p 0.0395(Do)us NUREG/CR.420
2  

I
Channels Method Mannling's Design channel

Equation to Flowrate d Assume y b - bottom slope Calculate
determrne flow (Cie) depth - -) width tffl UM_ d 0 (cfsl

depth Flow Depth:
1Q-l.48/nIARwIS' NUREG/CR-4620

2  
y , 3.99 446.23 319 150.0 0.005 401654

weight of t . W.yS
water y - depth (shear sttes)

Actual Shear Stress:
- W.yS NUREG-16231 t * 1.24 62.4 3.99 1.244S

Diversion Option -Rock Safety Factors t - wwy-5
D.3 Method (peak (shear W. - unit Oversize

Channels Sizing shear stress) strss) a weight of 4%

_(IbMM) coefficient water (IbMft
0
)

D. Rock Size: D.
(t)/(a(W.)Wj-t/4.1., Ow. &04 1.2449 0.04 62.4 7 7.6
where a - 0.04, W. -
165 pcf, W_ - 62.4 pcf NUREG-1623

1

S.
channel b - bottom

Diversion Option 2 -Rock Abt and Johnson coefficient slope (t/ft) width (t) _
D.3 Channels Sizing Method D. Rock Size: D -

5.23 (S) (q.°0.,
where qad - OJ(,otaw Die 6 5.23 0.005 150.0 741 7r.6

width of tnp.zoldm

I NUREG-1623_

NUREG-5l23, U.S. Nuclear Regulatory Conmmission (NRC). Design of Eroelon Protectien for Long-Tern Stabilalltion,
Final Report, Seplanber 2002
2 NUREGOCR-4420, U.S. Nuclear Regulatory Co•mnieslon (NRC), Metodologies for Evaluating Long-Tern Slablllzaton

Deign of Urankin - Tangs I n, June S19S,
3
EMiIIO-2-1601, U.S.Anny Corps of Engineers (USACE). Hydraulic Design of Flood Control Channels,

Office of the Chief of Engineers, Washington, DC, 1994
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RoA Abo Me"g U.C
A~oy D pe

Cak1i~o C-2
wd.r so. -mft

Oneir ft-vda and E,&oia

By. m. Bo,
W101802D0
FF. f1.o

Cdoi81.- C2 4.k00o. wFor

RIO ALGOM MINING , LI.C
Ousti Cifannel Statwo AMBROSIA LAKE. NEW MEXICO
43.40 at 0.5% 8IoM ARROYO DEL PUERTrO

INTERIOR SITE DRAINAGE CALCU.LATIONSE
________ _______ ~~ROCK SIONG.- INTERIOR CHAN0NEL ___ ____

NWREG- Depth of Flow wed Soenary of 0.5081

low3 it.. Rook Staing R..Ift by 41111 On)W
Section# Deadlption Sb-Sos mefow" Meehod Eqogtion. Refeom.no 01.100 U." _________ _______

Mannirg0 n

Iliuiow p. lde rook si00(ft) "odfoIwg (Dee)"' CLO____

exid8e Mamf n 0.0300 0.65 MEOM 019w07 0030
su of flpp 0 .0N.1) NUREGICR.4420_____

M.NdDephalr o - -lo nedius - IV -ofrm- R/O R.'
1
/(23.8521Sl-og,A

D.3 Rallolod Mimid~na . o depth of fow hegt Pik))
chms Method Opi -h-f -f)rc te(t

Mdrisnn . 00506 3.66 132414 0.65 &.6308 cam50
Rý0 &S5*23..2JML*Rli)) EMdlllE-2.1001__

Eqolo ~Ftowribb AA04S b - botinsop. Ca-doed G.
d.tnnln. flow (d. -ot - 4) 1.481M.6/n ht x.lod.Iops W laO twin (oft
depth at00081 Flow Depth:

___ ___ .14flA uoMREG/CR.402
1  

y 341 442 6SW 40.27 t50. 2.0 0.005 44w?.

Apradve NW

0.4 Otvwvion Opldo 2.- AM and Johnson 13181qo%
Charwnl R~ock Sling Mslhod 3 cerra

OIes ocation oodfftle'f Ilop. "M) E b -bottom twidh (11) D.(ft)____

Dee.5 E)fl (q'"1 FOREG-11E23' 116 a~m ?AS 01.0*665. 3 0.005 0,10250 0

N hdedkC.-W0P. (004105(0.5
radwo.- corr.Obif O* . 1a

depth of flow cOk.81o1n cidtolk"~
Aplwum NetI Dwm - I (f) frable SA (7.04. SA.1 drdallon

DA Dhwidon Scaeoo. 0.98 USOOT NEC No. .RC(lf R No. 15e &
Civi.sod Disolong. 14 Method' 4 .C(ou)_
0011010' Apron To.-~"XYf3E NE No 14 _ 3.66 1075 227 3&67 '1354

_________ _____ ___ (T"b.S1)( f`R' (mnin) (Tab1. S.1) (-OrS __

NEJMO-tE2 U.S.Feeds R~Wdny ColnnlE4p Dof Emeollo P-haoN fonr Lon.7.n Bt~fdbm. Fbel
R -305.eder2M

fa fcREQdM4. U.S. NuWko RW~.V Co.,.,eshion (NFIC). MnOhadbg.1.g~ Enebodirg Long-
T
em Sheti811.n Dn./n.

of L00,b.Iend T~.g bepo..wrer1. bow 118
3EMI IIIB-2.160 U.E.Anny Corp. of Enomeed..i (UmACE). Nydraulic Desin of Flood Conr~ol Cann.i.. Offic. of lh.
C0481 f*Engbuw*1 rI ngton DC, 1004

'AM, 5.It. Thonrpsoo. P.1.. .04c Lddede. T.M.. Enhenceuntn of the ColtI 00081 0coter EsbasimnI~ Equetidon.

G~onasrbio end Ottrs Gemmed8 D..dign testes. 
T

reneportotion R....,oh Record (M11), No.1523. pp. -178.14.13MG.

' U.&. Depectnent of Tr..wpartaion (USOOT). IHydretudio Deeign of Energy DiOslpstor. for Cr415811 and Chamnn.Io
14yd80.ocflO rogn.rV Circulr (NEC) No. 114.1903.
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Job Tide:
Rio Algom Mining LLC
Arrnoyo Del puerto
Erosion Protection Measures

Calculation C.2
bnterior Ste Drainage

Design Flowrates and Erosion Protection

By. M. Bone
10/1&2007
Fie Name:

Calculation C2 -Interor Deign Fiowrates

RID ALGOM MINING, LLC
Channel Station AMBROSIA LAKE, NEW MEXICO

66+00 at 0.84% Slope ARROYO DEL PUERTO
INTERIOR SITE DRAINAGE CALCULTAIONS

ROCK SIZING -INTERIOR CHANNEL

NUREG- Depth of Flow and Sunmmary of Dnrck
16231 Item Peak Flow Rock Sizing Results by an 0In)

Section # Deacriplio Rate Methoda Method Equations Reference Method to use
Manning's n for Assume D. Manning's n

shallow slope and rock size
flow depth (ft) coefficient 0.0395(D)w)"
exceeding

D Depth of Flow- average size of Manning's n - - 0.0366 0.65 0.0395 0.0366
D.3 Rational rLprap 0.0395(Dw,)

1
" NUREGICR-4620

2  
I _.Channels MethoMethod Manning's 

Design channel
Equation to Flowrate d Assume y b - bottom slope Calculate

detamne flow - - fs) depth (Mt) wIdth Ift) J ft dO Icfs)
depth Flow Depth:

_ O-1.4861niAReS'm NUREG/CR.4620
2  

y- 3.27 23.73 3.27 1Y0 0.0084 6224.1
Ww -' unit

weight of t - W.YS
water y - depth (shear sttros)

Actual Shear Stress:
t - W.yS NUREG.1623' t 1.71 62.4 3.27 1.7146

D.3 Diveirsion Option 1 -Rck Safety Factors t - W.yb
Ch3neso Otion1 k Method (peak (shear W. - unit O•erlzeChannels Sizing shear stress) sttres) a - weight of 4%

(lb/
2
) coefficient water (It/Ift)

D. Rock Size: D.w-
(t/(a - %W)) - 1t14.1. 0..m 6 1.7140 0.04 62.4.6 7.6
where a - 0.04, W. =
165 pcf. Ww = 62.4 pCf NUREG-1623'

S=
channel b * bottom

D.3 Diversion Option 2 -Rock Abt and Johnson coefficient slope (ft/Of) width (ft)
Channels Sizing Method Doi Rock Size: D =

5.23 (S)°'o (oi)",

where qd = Q/(bete.n Da- 4.16 5.23 0.008 190.0 4.461 7.8

-han).. NUREG-1623-

SNUREG-t123, U.S. Nuclear Regulatory Commission (NRC), Design of Erslion Pretction for Long-Tenm Stsbllftxie.
Fred Repor Soptember 2110L
2 NUREGICR-46, U.S Nuclear Regulatory Comiloslen (NRC). Methodologies for Evaluatlng Long-Tem Stabiizatien
Designs of Uranium Tsalrga enpooearts. June1986.3

EMl110-2-1601, U.S.Army Corps of Engineers (USACE), Hydraulic Design of Flood Control Channels.
Office of the Chief of Engineers, Washington, DC, 1994
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0
Aro Dal punk00

Em F rlaition Ifissere

C.0.000 C,2

"Am"0 SO. Drdnap
Dew Flbo-we m Eo . Pow65F

BY.K a
10/10157
Ffi. 0

CdPAVV, C.2-10km 0004 ~.

RIO ALOOM MINING. U.C
OUW Chafnnel 8000)00 AMBROSIA LAKE!. NEW MEXICO
43400 at 0.114% Slope ARROYO DEL. PUERTO

INTERIOR SITE DRAINAGE CALCIJLTAIONS
_____ ___ ____ ____ ROCK SOZNG - INTERIOR CHIANNEL

NUG- Depth of Flo And swomm.yof Comm
162'w k Rock Sizing Rmftleby wait"0

SoIcoýl L5 Om.) 5.0lnao Maine8. Meth~od Equation. Rotwerno Method liU ____

noew dept *an"@"W'e 065 0.0396 0.9307 DAMN

raiu -y..1 Rý M.Ough-' S~ F'X-195--l

D.3 .08011 Depth of Flow - Ma"Wlng'snfor dethofdlow hegh * Ri R'12M.1.l)
.3 Chwaoule RallovaI Methlod Open. c..own. dept) of flow. Rib

Mm__________n &0 1 woh 0.85 4.0(R).01

_ _ _EM1110-3.1acti nII_

Eqato to Floerrob Ae..oay b - bottoml Mo.C6 olo

depth at__ Outle & s o o' - 301 5M32? &&I 47.26 "IO 2.0 0.0054 336.

- 00wmn4%
DDeA). Option 2 -Rook Ak) and Johnono Deslig 0-0channel

0110.1061 508110 MohodLocaton -oIolo lope (Mit S" b - 1.h0110. Nh (5t) Do,? )_____

D. -52(S)- (q)- NUREG-1623 B.-s 4M TM Discharge 5.23 0.00114 0.1281 1IOU to 440
_____________________________Chan~nel _____

reclu. .01010 0 01
depth of Raw 00004014m co02016044 o0.de
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Calculation D.1
Rio Algom Mining LLC

Ambrosia Lake, New Mexico
Arroyo Del Puerto

Exterior Site Drainage Calculations
Design Flowrates and Erosion Protection

1. Probable Maximum Flood (PMF) Magnitude Discussion

Calculation of a PMF from a probable maximum precipitation (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 Mining LLC on the project developed a PMF value of
78,000 cfs which was approved by the NRC inprevious design documents. It has later been
suggested by the NRC that a much larger PMF value (200,000 cfs) 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, "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 - 9.2 inches
b) basin area = 57.6 square miles

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

was performed 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.
A PMP value of 9.2 inches would indicate that a reduction factor of 96% was used

which would be very conservative.
b) 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 in l eMr '(calc. Sheet 3 of 37)

c) It is also noted in the delineated subbasin map that Subbasin 40 (comprising 11% of the

drainage area) enters the site at Pond 9 which is below the present area of
design and therefore would ot impact the design.

d) Also the Geomorphic Report by Jerry Lindsay, Appendix E, Design Report, would
tend to suggest that due to high infiltration rates that a curve number of 73.4 might
be on the conservative side.
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2. Design Options

Given the location of comtaminated tailings materials located in Ponds 1, 3, 4, 5, & 6, three options for
evaluated to provide protection measures for flood flows associated with the Arroyo Del Puerto.

These options were as follows:
Option 1 Relocate the Arroyo Del puerto to its historical alignment and provide erosion protection of the channel

and the overbank areas for the PMF flood flows.
Option 2 Provide a diversion embankment/channel to route the PMF flood flows of the Arroyo del Puerto

to the northeast side of Pond areas 4, 5, & 6. Interior site drainage would be provided by a channel
located in the historical alignment of the Arroyo Del Puerto. The PMF flood flows of the Arroyo Del
Puerto would not directly impact any of the contaminated areas.

Option 3 This option involved Option 1 with a weir embankment feature located on the downstream side of
Pond Areas 4, 5, & 6. The purpose would be to back up flood flows within the comtaminated zones
of Pond Areas 4, 5, & 6, thus reducing flow velocities and reducing rock protection sizes.

It was determined that Option 2 provided a better technical solution as well as a better economic solution.

3. Diversion Embankment/Channel Design Layout

An initial design used a 15 ft high embankment with 3:1 side slopes, and a channel width of 250 ft with the botom
sloping 1 1/2% down and away from the berm. This is shown in the cross-section on 'D~ti' SI'kea't6,
(calc. Sheet 4 of 37). The alignment is shown on W iiimg Shtest 47, (calc. Sheet 5 of 37).

The layout of the diversion embankment/channel is driven primarily by balancing the cut and fill, and approximately
matching the upstream and downstream existing elevations. Another consideration is matching the converging
elevations of the interior and exterior channels as they come together at the northeast corner on 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 volume of cut and fill for the Diversion Embankment/Channel is shown on
Wadkhet"Voiir 2-\ker',, (calc. Sheets 6 thru 9 of 37). The approximate cut and fill estimate is in vicinity
of 300,000 cy, with slightly more cut than fill to account for compaction volumes.

The geometric data along with additional topography data was utilized as input into the HEC-RAS Model
(USACE, 2003) A summary of this input data is contained on O"t1i1 2--HE •,aWE ,
(caic. Sheets 10 thru 15 of 37)

4. HEC-RAS Results

The results of the HEC-RAS analysis are summarized on the table of \,Wd1 t"IHEC-RAS Alt",
(calc. Sheets 16 thru 19 of 37). Erosion protection sizes have been estimated on this table by the Shear Stress
Method; & the Abt and Johnson Method. An average of these 2 methods and then oversizing by 4% has been
used to determine the D50 size rock protection to use. The scour depths along the diversion channel have also
been estimated on this table. An additional summary table of estimated rock sizes to use on the
Diversion Embankment/Channel is contained on W Swm D0imn2",,(calc. Sheet 20 of 37).

The extent of the PMF is illustrated on 'Iodm/ et / 'rw*g Sheet X",, (calc. Sheet 21 of 37).
The extent of the PMF is also illustrated by the graphic cross-sections of the flood flow taken from the
HEC-RAS Model and shown on 'Wa t P X-Sedbein, (calc. Sheets 22 thru 30 of 37).

The raw data taken directly from the HEC-RAS model are contained on the following worksheets:

Wafe't "aw Da " CaIc. Sheet 31 of 37
/AW~tlR~taw Dab49bw Dill" CaIc. Sheets 32, 33, & 34 of 37

ftwil "Raw Di Sect" CaIc. Sheets 35, 36, & 37 of 37
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Reach Lengths Other Embankment / Channel Data

1 2 3 5 6 7 8 9 10 11 12 13 15 16

Elevation at
Height Base of Berm

Difference Proposed (Right Proposed
(Existing Slope from Channel Base of Berm

Elev - previous End Station Bottom) at Elevation at (Right Proposed
Left Main Right Existing Proposed Starting Starting for Given Beginning Center of Channel Channel Top of Berm

Section # Channel Channel Channel Base Elev Elev) Station Station Slope Station Channel Bottom Width Bottom) Elev Elevation

21 500 500 500 6951.0 -1.0 0.0025 9675 9425 6952.0 8952.00 100 6952.00

0.0025 9425 9175 6951.38 6951.38 100
20 500 500 500 6950.0 -0.8 0.0025 9175 8925 6950.77 6950.77 100 695,077

0.0025 8925 8675 6950.15 6950.15 100
19 350 325 275 6949.1 -0.4 0.0025 8675 8513 6949.53 6949.53 100 6949.53

0.0025 8513 8350 6949.13 6940.13 100 6970.00 6970.00
18 425 350 250 6948.5 -0.2 0.0025 8350 8175 6948.73 8948,85 250 2 .73 0

0.0025 8175 8000 6948.30 6946.42 250
17 450 500 575 6947.80 -0.1 0.0025 8000 7750 6947.86 8945.99 250 8947-76 ,C962,886

0.0025 7750 7500 6947.25 694W,37 250
16 425 500 575 6947.0 0.0 0.0010 7500 7250 6947.00 6945.12 250 6947,00 69.00

0.0010 7250 7000 6946.75 6944.87 250
15 500 500 500 6947.5 1.0 0.0010 7000 6750 6948.50 6944,62 250 6... 150

0,0010 6750 6500 6946.25 6944,37 250
14 500 500 500 6949.0 3.0 0.0010 6500 6250 6946.00 8944.12 250 7 100

0.0010 6250 6000 6945.75 6943,87 250
13 500 500 500 6946.5 1.0 0.0010 6000 5750 6945.50 6943.62 250.60.. 6959.87

0.0010 5750 5500 6945.25 6943.37 250
12 500 500 500 6946.5 1.5 0.0010 5500 5250 6945.00 6943.12 250 6 0.0 6958.75

1 0.0010 5250 5000 6944.75 6942.87 250
11 525 500 475 6945.0 0.5 0.0010 5000 4750 6944.50 6942.62 250 A 6957.62

0.0010 4750 4500 6944.25 6942.37 250

10 525 500 475 6944.0 0.0 0.0010 4500 4250 6944.00 6942.12 250 6" A0 6956.50
_ 0.0050 4250 4000 6942.75 6940.87 250

9 525 500 475 6942.5 1.0 0.0050 4000 3750 6941.50 6939.62 250 6941 50 6954.00
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Reach Lengths Other Embankment / Channel Data

1 2 3 5 6 7 8 9 10 11 12 13 15 16

Elevation at
Height Base of Berm

Difference Proposed (Right Proposed
(Existing Slope from Channel Base of Berm

Elev - previous End Station Bottom) at Elevation at (Right Proposed
Left Main Right Existing Proposed Starting Starting for Given Beginning Center of Channel Channel Top of Berm

Section # Channel Channel Channel Base Elev Elev) Station Station SloDe Station Channel Bottom Width Bottom) Elev Elevation

0.0050 3750 3500 6940.25 6938.37 250
8 550 500 450 6938.0 -1.0 0.0050 3500 3250 6939.00 6937.12 250 8939.00 6951.50

0.0050 3250 3000 6937,75 6935.87 250

7 500 500 500 6933.3 -3.2 0.0050 3000 2750 6936.50 6934.62 250 "".0 6949.62
0.0100 2750 2500 6934.00 6932.12 250

6 500 500 500 6930.0 -1.5 0.0100 2500 2250 6931.50 6929.62 250 6931,50 6945.25
0.0100 2250 2000 6929.00 6927.12 250

5 500 500 500 6927.0 0.5 0.0100 2000 1750 6926.50 6924.62 250 2 i,50 6940.87
0.0100 1750 1500 6924.00 6922.12 250

4 500 500 500 6923.0 1.5 0.0100 1500 1250 6921.50 6919.62 250 61.50 M93O.50
0.0100 1250 1000 6919.00 6917.12 250

3 500 500 500 6921.0 4.5 0.0100 1000 750 6916,50 6914.62 250 6918.50 6931.50
0.0100 750 500 6914.00 6912.12 250

2 500 500 500 6915.0 3.5 0.0100 500 250 6911.50 8909,62 250 6911.50 § ,50
0.0100 250 0 6909.00 6907.12 250

1 100 100 100 6905.0 -1.5 0.0100 0 -50 690650 250 6908.50 6921,50
0.0100 -50 -100 6906,00 6904.12 250

0 500 400 350 6903.0 -2.5 0.0100 -100 -300 6905.50 A 250 6905.0 6909.50
0.0090 -300 -500 6903.70 6901.82 250

-1 500 500 525 6900.0 -1.9 0.0090 -500 -750 6901.90 6900.02 250 6901.90 6905.90
0.0090 -750 -1000 6899.65 W897.77 250

-2 475 500 525 6897.5 0.1 0.0090 -1000 -1250 6897.40 6895.52 250 6897.40

0.0090 -1250 -1500 6895.15 6893.27 250

-3 475 500 525 6895.0 2.1 0.0090 -1500 -1750 6892.90 6891.02 250 6892.90
0.0090 -1750 -2000 6890.65 6888.77 250

-4 200 200 200 6892.5 4.1 0.0090 -2000 -2100 6888.40 6888.52 250 "".40
0,0090 -2100 -2200 6887.50 6885.62 250

-5 6890.0 3.4 0.0090 -2200 6886.60 6884.72 250 8888.60
-TOTA 11875 1 1 11875
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Cut / Fill Berm & Channel Volumes

1 17 18 19 20 21 22 23 24 25 1 26 27 28 29 38 39

Wet Slope Rock
Relative Avg Relative Cover (1 foot thick

Berm Height Berm Height from ratio) (previous
from Base of Base of Right Proposed Avg Berm Dry Slope reach Scour Scour

Right Channel Bottom Berm Fill Fill Height Rock Covey Volume Volume
Channel Between Height at Between Up Stream Berm X- Berm Fill Volume (6 inches D50 to Volume ds = Scour Required Provided Channel Cut Channel

Section # Bottom Reaches Station Reaches Reach Sect Area (cy} thick) (cy) Use (cy) Depth (ft) ( ,/If) (c4/lf) Volume Fill Volume

21 7.39 ,

20 8.49

19 3.20 5.56 0.000
0.00 000=

18 16.27 8.14 16.50 8.25 1335.00 327.94 16214.69 645.0 3.2 1,272.0 6.8 0.5963 0.74

17 15.00 15.64 15,06 15.78 350.00 983.88 12753.95 323.0 3.2 641.0 6.5 0.5695 0.74 6349.83 8.68

16 15.00 15.00 15.03 500.00 903.05 16723.10 440.0 3.2 878.0 7.1 0.6202 0.74 9071.18 0.50

15 15.00 15.00 14.00 14.50 500.00 847.77 15699.36 424.0 7.8 878.0 7.4 0.6464 0.74 11422.14 150.19

14 15.00 15.00 12.00 13.00 500.00 701.56 12991.82 381.0 7.8 878.0 7.7 1.8126 2.22 18575.71 2369.24

13 14.38 14.69 13.37 12.68 500.00 672.80 12459.22 371.0 7.8 860.0 7.4 1.7251 2.22 18575.71 2369.24

12 13.75 14.06 12.25 12.81 500.00 684.23 12670.96 375.0 7.8 824.0 8.0 1.8731 2.22 14967,67 928.12

11 13.13 13.44 12.62 12.43 500.00 650.21 12040.95 364.0 7.8 787.0 7.1 1.6588 2.22 13778.89 595.12

10 12.50 12.81 12,50 12.56 500.00 661.46 12249.21 368.0 7.8 750.0 6.9 1.6078 2.22 10254.18 38.26

9 12.50 12.50 11.50 12.00 500.00 611.59 11325.68 351.0 7.8 732.0 8.1 1.9010 2.22 11422.14 150.19
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Cut Fill Berm & Channel Volumes

1 17 18 19 20 21 22 23 24 25 1 26 27 28 29 38 39

Wet Slope Rock
Relative Avg Relative Cover (1 foot thick

Berm Height Berm Height from ratio) (previous
from Base of Base of Right Proposed Avg Berm Dry Slope r Scour Scour

Right Channel Bottom Berm Fill Fill Height Rock Cover Volume Volume
Channel Between Height at Between Up Stream Berm X- Berm Fill Volume (6 inches D50 to Volume ds = Scour Required Provided Channel Cut Channel

Section # Bottom Reaches Station Reaches Reach Sect Area (cv) thick) (cy) Use (cy) Depth (ft) (Cy/ff) (cv/If Volume Fill Volume

8 12.50 12.50 13.50 12.50 500.00 655.82 12144.86 366.0 9.2 732.0 8.0 2.1060 2.78 9093.17 0.01

7 13.13 12.81 16.32 14.91 500.00 890.34 16487.76 437.0 9.2 750.0 8.1 2.1369 2.78 9071.18 2587.97

6 1375 13.44 15,25 15.78 500.00 984.03 18222.72 462.0 9.2 787.0 8.3 2.1837 2.78 9071.18 3242.40

5 14,38 14.06 13.87 14.56 500.00 854.15 15817.60 426.0 9.2 824.0 8.8 2.3087 2.78 9071.18 144.59

4 15.00 14.69 13.50 13.68 500.00 766.89 14201.74 401.0 9.2 860.0 8.5 2.2416 2.78 13778.89 595.12

3 15.00 15.00 10.50 12.00 500.00 611.59 11325.68 351.0 9.2 878.0 8.9 2.3557 2.78 23483.64 5322.37

2 15.00 15.00 11.50 11.00 500.00 527.62 9770.65 322.0 9.2 878.0 9.3 2.4474 2.78 28502.69 9454.51

1 15.00 15.00 16.50 14.00 500.00 797.53 10338.35 287.0 9.2 615.0 9.2 2.4155 2.78 13778.89 595.12

0 4.00 9.50 6.50 11.50 100.00 0.0 12.0 0.0 9.2 3.2378 1814.24 469.37

-1 4.00 4.00 5.90 6.20 400.00 145.0 12.0 47.0 9.0 3.1557 3.33 7256.94 2272.72

-2 500.00 0.0 0.0 9.0 9071.18 472.47

-3 500.00 0.0 0.0 9.3 14253.57 719.48

-4 500.00 0.0 0.0 10.1 23980.55 5682.53

-5 200.00 0.0 0.0 9.8 10895.01 3324.38
243438.31 7239.00 29753M.76 41492.57

Sta 1+50 to Sta 83+50 + 9535.00 Cut Fill
1335 up road SUMMARY Berm Fill 243438

Channel Cut 297540
Channel Fill 41493

Total 297540 284931
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Reach Lengths Other Embankment / Channel Data
Elevation at

Height Base of Berm
Difference Proposed (Right Proposed
(Existing Slope from Channel Base of Berm

Elev - previous End Station Bottom) at Elevation at (Right Proposed Proposed
Existing Proposed Starting Starting for Given Beginning Center of Channel Channel Top of Berm Berm Fill

Section # Left Chan Right Base Elev Elev) Station Station Slope Station Channel Bottom Width Bottom) Elev Elevation Height

21 500 500 500 6951.0 -1.0 0.0025 9675 9425 6952.0 6952.00 100 6952.00
0.0025 9425 9175 6951.38 6951.38 100

20 500 500 500 6950.0 -0.8 0.0025 9175 8925 6950.77 6950.77 100 6950.77
0.0025 8925 8675 6950.15 6950.15 100

19 350 325 275 6949.1 -0.4 0.0025 8675 8513 6949.53 6949.53 100 6940,53
0.0025 8513 8350 6949.13 6949.13 100

18 425 350 250 6948.5 -0.2 0.0025 8350 8175 6948.73 6946.85 250 473 6965.00 16.50
0.0025 8175 8000 6948.30 6946.42 250

17 450 500 575 6947.80 -0.1 0.0025 8000 7750 6947.86 6945.99 250 6947.86 6962.88 15.06
0.0025 7750 7500 6947.25 6948.37 250

16 425 500 575 6947.0 0.0 0.0010 7500 7250 6947.00 6945.12 250 6947.00 6962.00 15.00
0.0010 7250 7000 6946.75 6944.87 250

15 500 500 500 6947.5 1.0 0.0010 7000 6750 6946.50 6944.62 250 8946.50 6961.50 14,00
0.0010 6750 6500 6946.25 6944.37 250

14 500 500 500 6949.0 3.0 0.0010 6500 6250 6946.00 6944.12 250 6W.00 6961.00 12.00
0.0010 6250 6000 6945.75 6943.87 250

13 500 500 500 6946.5 1.0 0.0010 6000 5750 6945.50 6943.62 250 69.50 600 14.00
0.0010 5750 5500 6945.25 6943.37 250

12 500 500 500 6946.5 1.5 0.0010 5500 5250 6945.00 6943.12 250 6948.00 69W.00 13.50
0.0010 5250 5000 6944.75 6942.87 250 •

11 525 500 475 6945.0 0.5 0,0010 5000 4750 6944.50 6942.62 250 6944.50 6959.50 14.50
0.0010 4750 4500 6944.25 6942.37 250

10 525 500 475 6944.0 0.0 0.0010 4500 4250 6944.00 6942.12 250 6944,0- 6959.00 15.00
0.0050 4250 4000 6942.75 6940.87 250

9 525 500 475 6942.5 1.0 0.0050 4000 3750 6941.50 6939.62 250 6941.50 1M6,501 14.00
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Reach Lengths Other Embankment / Channel Data
Elevation at

Height Base of Berm
Difference Proposed (Right Proposed
(Existing Slope from Channel Base of Berm

Elev - previous End Station Bottom) at Elevation at (Right Proposed Proposed
Existing Proposed Starting Starting for Given Beginning Center of Channel Channel Top of Berm Berm Fill

Section # Left Chan Right Base Elev Elev) Station Station Slope Station Channel Bottom Width Bottom) Elev Elevation Height
0.0050 3750 3500 6940.25 6938.37 250

8 550 500 450 6938.0 -1.0 0.0050 3500 3250 6939.00 6937.12 250 6939,00 694.00 16.00
0.0050 3250 3000 6937.75 6936.87 250

7 500 500 500 6933.3 -3.2 0.0050 3000 2750 6936.50 6934.62 250 ON50 6951.50 18.
0.0100 2750 2500 6934.00 6932.12 250

6 500 500 500 6930.0 -1.5 0.0100 2500 2250 6931.50 6929.62 250 6931.50 6946,50 16.5
0.0100 2250 2000 6929,00 6927.12 250

5 500 500 500 6927.0 0.5 0.0100 2000 1750 6926.50 6924.62 250 50 6941.50 14.50
0.0100 1750 1500 6924.00 6922.12 250

4 500 500 500 6923.0 1.5 0.0100 1500 1250 6921.50 6919,62 250 6921M,0 , 13.50
0.0100 1250 1000 6919.00 6917.12 250

3 500 500 500 6921.0 4.5 0.0100 1000 750 6916.50 6914.62 250 18050 6931,50 10.50
0.0100 750 500 6914,00 912.12 250 .

2 500 500 500 6915.0 3.5 0.0100 500 250 6911.50 60W.62 250 11, i, 11.50
0.0100 250 0 6909.00 6907.12 250

1 100 100 100 6905.0 -1.5 0.0100 0 -50 6906.50 250
0.0100 -50 -100 6906.00 6904.12 250

0 500 400 350 6903.0 -2.5 0.0100 -100 -300 6905.50 a 250 O 0
0.0090 -300 -500 6903.70 6901.82 250

-1 500 500 525 6900.0 -1.9 0.0090 -500 -750 6901.90 6900.02 250 8901,90
0.0090 -750 -1000 6899.65 6897.77 250

-2 475 500 525 6897.5 0.1 0.0090 -1000 -1250 6897.40 6895.52 250 687.40
0.0090 -1250 -1500 6895.15 6893.27 250

-3 475 500 525 6895.0 2.1 0.0090 -1500 -1750 6892.90 6891.02 250 092.90
0.0090 -1750 -2000 6890.65 6888.77 250

-4 200 200 200 6892.5 4.1 0.0090 -2000 -2100 6888.40 6886.52 250 6888.40
0.0090 -2100 -2200 6887.50 6885.62 250

-5 6890.0 3.4 0.0090 -2200 6886.60 6884.72 250 6886.60

Total
Length 11875 1 11875
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0
Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

0
Calculation D.1:

Exterior Site Drainage
Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

HEC-RAS INPUT DATA

Section # left overbank-6 left overbank-5 left overbank-4 left overbank-3 left overbank-2 left overbank-1 left overbank-1 left bank left bottom
Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation

21 1,200 6,970 1,850 6,965 2,335 6,965 2,825 6,965 3,310 6,960 3425 6955.00 3450 6951.50

20 1,035 6970.00 2,010 6,965 2,745 6,960 3425 6955.00 3450 6951.00

19 630 6970.00 1685 6965.00 2175 6965.00 2255 6,960 2500 6,960 274 8955.0 . 3450 6950.00

18 1,100 6970.00 1,425 6965.00 1,625 6965.00 1.875 6890.00 21375 6955 2775 6,950 3238.75 6948.73 3250 6944.98

17 130 6965.00 945 6960.00 1675 6960.00 1835 6955.00 2975 6950 3225 6950 3238.75 6947.86 3250 6944.11

16 1025 6965.00 1920 6960.00 2160 6955 2975 6950 3238.75 6947.00 3250 6943.25

15 1060.00 6965.00 1710.00 6960.00 2035.00 6955.00 2850 6952 3000 6950 3238.75 6946.50 3250 6942.75

14 1200.00 6965.00 2010.00 6960.00 2335.00 6955.00 2825 6950 3075 6950 3238.75 6946.00 3250 6942.25

13 1000 6965.00 1810 6960.00 2380 6955 2625 6950 3238.75 6945.50 3250 6941.75

12 1150 6965.00 1800 6960.00 2150 6955 2775 6950 3238.75 6945.00 3250 6941.25

11 970.00 6965.00 1705.00 6960.00 2110.00 6955.00 2235 6955.00 2435 6950 2975 6945 3238.75 6944.50 3250 6940.75

10 _ 1660.00 6965.00 1985.00 6960.00 2070.00 6955.00 2150 6950 2975 6945 3238.75 6944.00 3250 6940.25

9 1180.00 6965.00 1750.00 6960.00 1910.00 6955.00 2075.00 6950.00 2875 6945 3200 6945 3238.75 6941.50 3250 6937.75
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Job Title:

Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

0
Calculation D.1:

Exterior Site Drainage
Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

-I.

HEC-RAS INPUT DATA

Section # left overbank-6 left overbank-5 left overbank-4 left overbank-3 left overbank-2 left overbank-1 left overbank-1 left bank left bottom

8 1675 8956.00 2225 6950,00 2 6945 3075 6940 3238.75 6939.00 3250 6935.25

7 1125 6950.00 1575 6948.50 1975 6948.50 2075 6945 2975 6940 3238.75 6936.50 3250 6932.75

6 1325 6945.00 2225 6941.00 2275 6940.00 2975 6935 3125 6935 3238.75 6931.50 3250 6927.75

5 1225 6945.00 1475 8940.00 2175 6936.50 2225 6935.00 2275 6935.00 3200 6933 3228.25 6930 3238.75 6926.50 3250 6922.75

4 2075 6936.00 2275 6932.50 2400 6930 3150 6925 3238.75 6921.50 3250 6917.75

3 1175 84.00 1775 6936,00 2175 6930.00 2375 6927.60 2675 6925.00 3075 6922 3228.25 6920 3238.75 6916.50 3250 6912.75

2 1375 6930.00 2150 6926.50 2175 6925.00 2750 6920.70 2950 6920.00 3225 6920 3228.25 6915 3238.75 6911.50 3250 6907.75

1 _ _ _ _ _ _2200] 8920.00 2750 6915 3318.24 6910 3328.75 6906.50 3340 6902.75

0 2100 6.9 M 23. 0.0 2175_ __ _3238.75 3250 6901.75

-1 ,1725.00 6920.00 2000.00 6915.00 28.00 6910.00 2935,00 6910,00 3050 910 3225 6905 3238,75 901.90 3250 6898.15

-2 1725.00 6916.00 2210.00 6910.00 2335,00 690 3215,94 8905 3238.75 6897,40 3250.00 6893.65

-3 MM_ 6910.00 2350,00 6905.00 225.00 6500 3150,00 O 3238044 3238.75 _6892,90 3 00 6M889.15

-4 2150.00 6910.00 2475.00 6W5.00,, 69M0,0 3025. 00 3 S 2180.4 689513238.75 6888.40 850,00 6884.65

-5 2100.00 6910.00 2550.00 6905.00 2715.00 6900 3213.54 6895 3238.75 6886.60 3250.00 6882.85
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0
Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

0
Calculation 0 1:

Exterior Site Drainage
Design Flowrates and Erosion Protection

0
By: M. Bone

1011812007
File Name:

Calculation D. 1 -Exterior Design-R2

-T
HEC-RAS INPUT DATA

Section # Center Channel right bottom righ bank right berm right overbank-1 right overbank-2 right overbank-3 right overbank-4 right overbank-5
Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation Station Elevation

21 3475 6951.50 3500 6952.00 3525 6956.00 4300 6960.00 5100 6960.00 5200 6965.00 5250 6970.00

20 3475 6950.00 3500 6951.00 3525 695M.00 3875 6960.00 4250 6960.00 4900 6960.00 4950 6965.00 5000 6970.00

19 3475 ;.48.50 3500 6950.00 4075 69M0.00 4125 6955.00 4175 6960.00 4675 6963.00 4800 6965.00 4900.00 6970.00

18 3375 6946.85 3500 6948.73 3548.8 6965.00 4725 6965.00 4,825 6,970

17 3375 6945.99 350 6947.86 3545 6962.86 3560 6962.86

16 3375 6945.12 3500 6947.00 3545 6962.00 3560 6962.00

15 3375 6944.62 3 6946.50 3545 6961.50 3560 6961.50

14 3375 6944.12 3500 6946.00 3545 6961.00 3560 6961.00

13 3375 6943.62 3500 6945.50 3545 6960.50 3560 6960.50

12 3375 6943.12 3500 6945.00 3545 6960.00 3560 6960.00

11 3375 6942.62 3500 6944.50 3545 6959.50 3560 6959.50

10 3375 6942.12 3500 6944.00 3545 6959.00 3560 6959.00

9 3375 6939.62 3500 6941.50 3545 6956.50 3560 6956.50 1
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Job Title:
Rio AJgom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculaton 0.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

HEC-RAS INPUT DATA

Section # Center Channel right bottom right bank right berm right overbank-1 right overbank-2 right overbank-3 right overbank-4 right overbank-5

8 3375 6937.12 3500 6939.00 3545 6954.00 3560 6954.00

7 3375 6934.62 0 6936.50 3545 6951.50 3560 6951.50

6 3375 6929.62 3500 6931.50 3545 6946.50 3560 6946.50

5 3375 6924.62 3500 6926.50 3545 6941.50 3560 6941.50

4 3375 6919.62 3500 6921.50 3545 6936.50 3560 6936.50

3 3375 6914.62 3500 6916.50 3545 6931.50 3560 6931.50

2 3375 6909.62 3500 6911.50 3545 6926.50 3560 6926.50

1 3375 6904.62 3690 6906.50 3600.00 6910.00 3775.00 6915.00 3875.00 6920 4500.00 6924

0 3375 6903.62 3 6905.50 3513.5 6910.00 3640 6915.00 3665 6920 4475 6923.5

-1 3375 600.02 3500 6901.90 3509.6 6905.10 3685 5910.00 3715 6915 3750 4525 6924

-2 3375.00 6895.52 3500 6897.40 3522.8 6905.00 3525.00 6910.00 3550.00 6915 3585.00 6920 3875.00 6921

-3 3375.00 6891.02 3500 6892.90 3551.3 6910.00 3785.00 6910.00 4100.00 6910 4600.00 6915

-4 3375.00 6886.52 3500 6888.40 3519.8 6895.00 3575.00 6895,60 3675.00 6900 3865.00 6905 4215.00 6910 4315.00 6915 4475.00 6920

-5 3375.00 6884.72 3500 6886.60 3540.2 6900M00 3815.00 6905.00 4150.00 6910 4385.00 6915 4640.00 6920 4825.00 6925
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By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Water Proposed Right
Surface Top of Berm Estimated E.G. Slope Left Station Station Manning's n Split Section

River Section Station Flow (cfs) Elevation (ft) Elevation Freeboard (ft/ft) Position (ft) (ft) Value Flow (cfs)

1 2 3 4 5 6 7 8 9 10 11 12
21 9675 78000 6964.46 0.001508 LOB 0 3425 0.028 7930.64

0.001508 Chan 3425 3525 0.032 11244.63
0.001508 ROB 3525 0 0.028 58824.74

20 9175 78000 6962.29 0.004821 LOB 0 3425 0.028 31421.83
0.004821 Chan 3425 3525 0.032 16261.22
0.004821 ROB 3525 0 0,028 30316.95

19 8675 78000 6960.14 0.001008 LOB 0 2745 0,028 1420.57
0.001008 Chan 2745 4125 0.032 76243.74
0.001008 ROB 4125 0 0.028 335.69

18 8350 78000 6959.76 6965.00 5.24 0.000957 LOB 0 3238.75 0.028 51258.27
0.000957 Chan 3238.75 3548.8 0,032 26741.74
0.000957 0 0 0

17 8000 78000 6959.58 6962.86 3,28 0.00064 LOB 0 3238.75 0.028 54135.96
0.00064 Chan 3238.75 3545 0,032 23864.04

0 0 0
16 7500 78000 6958.99 6962.00 3.01 0.000929 LOB 0 3238.75 0.028 48255.36

0.000929 Chan 3238.75 3545 0.032 29744.64
0 0 0

15 7000 78000 6958.39 6961.50 3.11 0.001178 LOB 0 3238.75 0.028 44942.24
0.001178 Chan 3238.75 3545 0.032 33057.76

0 0 0
14 6500 78000 6957.21 6961.00 3.79 0.001791 LOB 0 3238.75 0.028 40547.65

0.001791 Chan 3238.75 3545 0.032 37452.35
0 0 0

13 6000 78000 6956.56 6959.87 3.31 0.001443 LOB 0 3238.75 0,028 45039.13
0.001443 Chan 3238.75 3545 0.032 32980.86

0 0 0
12 5500 78000 6954.59 6958.75 4.16 0.003251 LOB 0 3238.75 0.028 37642.88

0.003251 Chan 3238.75 3545 0.032 40357.12
0 0 0

11 5000 78000 6953.87 6957.62 3.75 0.001859 LOB 0 3238.75 0.028 48481.38
0.001859 Chan 3238.75 3545 0.032 29518.63

0 0 0
10 4500 78000 6953.04 6956.50 3.46 0.001745 LOB 0 3238.75 0.028 50800.9

0.001745 Chan 3238.75 3545 0.032 27199.1
0 0 0

9 4000 78000 6950.4 6954.00 3,60 0.00429 LOB 0 3238.75 0,028 36237
0.00429 Chan 3238.75 3545 0,032 41762.99

0 0 __0 0
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Job Title: 0
Rio Algoin Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

CalctD.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

0
By: M. Bone

10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Water Proposed Right
Surface Top of Berm Estimated E.G. Slope Left Station Station Manning's n Split Section

River Section Station Flow (cfs) Elevation (ft) Elevation Freeboard (ft/ft) Position (ift) (ift) Value Flow (cfs)

1 2 3 4 5 6 7 8 9 10 11 12

8 3500 78000 6947.51 6951.50 399 0.004479 LOB 0 3238.75 0.028 37934.85
0D004479 Chan 3238.75 3545 0.032 40065.15

0 0
7 3000 78000 6945.24 6949.62 4.38 0.004489 LOB 0 3238.75 0.028 36360.75

0.004489 Chan 3238.75 3545 0.032 41639.25
0 0 0

6 2500 78000 6940.6 6945.25 4.65 0.004498 LOB 0 3238.75 0.028 33895.03
0.004498 Chan 3238.75 3545 0.032 44104.97

0 0 0
5 2000 78000 6937.65 6940.87 3.22 0.003436 LOB 0 3238.75 0.028 26529.44

0.003436 Chan 3238.75 3545 0.032 51470.57
0 0 _0

4 1500 78000 6931.23 6936.50 5.27 0.004298 LOB 0 3238.75 0.028 30678.78
0.004298 Chan 3238.75 3545 0.032 47321.22

0 0 0
3 1000 78000 6927.50 6931.50 4.00 0.00396 LOB 0 3238.75 0.028 23853.05

0.00396 Chan 3238.75 3545 0.032 54146.95
0 0 0

2 500 78000 6924.14 6926.50 2.36 0.003279 LOB 0 3238.75 0.028 17672.17
0.003279 Chan 3238.75 3545 0.032 60327.83

0 0 0
1 0 78000 6916.56 6921.50 4.94 0.005396 LOB 0 3238.75 0.028 608.75

0.005396 Chan 3238.75 3600 0.032 70716.48
0.005396 ROB 3600 0 0.028 6674.78

0 -100 78000 6916.12 0909.50 -6.62 0.004272 LOB 0 3238.75 0.028 19919.19
0.004272 Chan 3238.75 3513.5 0.032 54409.64
0.004272 ROB 3513.5 0 0.028 3871.17

-1 -500 78000 6912.93 0.003264 LOB 0 3238.75 0.028 19340.82
0.003264 Chan 3238.75 3509.6 0.032 50057.55
0.003264 ROB 3509.6 0 0.028 8601.63

-2 -1000 78000 6908.61 0.003436 LOB 0 3238.75 0.028 25277.71
0.003436 Chan 3238.75 3522.8 0.032 52715.1
0.003436 ROB 3522.8 0 0.028 7.19

-3 -1500 78000 6905.98 0.002942 LOB 0 3238.75 0.028 17856.17
0.002942 Chan 3238.75 3551.3 0.032 60143.83

0 0 0
-4 -2000 78000 6899.68 0.005868 LOB 0 3238.75 0.028 4788.86

0.005868 Chan 3238.75 3519.8 0.032 69644.12
0.005868 ROB 3519.8 0 0.028 3567.02

-5 -2200 78000 6899.78 0.003813 LOB 0 3238.75 0.028 8722.38
0.003813 Chan 3238.75 3540.2 0.032 69277.62

0 0 0
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

0
Calculation D.1:

Exterior Site Drainage
Design Flowrates and Erosion Protection

0
By: M. Bone

10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

D6o (inches) D50 (inches)

Percentage Ab and Oversize d. =
Flow Area Wetted of Hydraulic Shear Stres Joh0son Average 4% Scour

River Section (sq ft) Perimeter (ft) Conveyance Depth (ft) Velocity (f/~s) Method M D50 Dw to Use Depth (ft)

1 13 14 15 16 17 18 19 20 21 22 23

21 1764.05 547.56 10.17 3.22 4.5 0.89 1.43
1195.8 100.43 14.42 11.96 9.4 3.29 4.49 3.89 4.05 7.4
9157.6 1664.29 75.42 5.5 6.42 1.51 2.36

20 3642.19 1016.59 40.28 3.58 8.63 3.15 3.60
1053.96 100.68 20.85 10.54 15.43 9.27 9.10 9.18 9.55 8.5
4049.34 1398.05 38.87 2.9 7.49 2.55 2.95

19 679.88 492.25 1.82 1.38 2.09 0.25 0.49
12139.35 1380.36 97.75 8.8 6.28 1.62 2.54 2.08 2.16 5.6

133.43 73.12 0.43 1.83 2.52 0.34 0.63
18 8862.49 1340.17 65.72 6.61 5.78 1.15 2.03

3555.58 296.77 34.28 12.08 7.52 2.11 3.27 2.69 2.80 3.2 6.8
0 0 0 0 0

17 1550.7 69.41 7.07 4.94 0.83 1.62
3758.43 298.96 30.59 12.68 6.35 1.48 2.57 2.03 2.11 3.2 6.5

0 0 0 0 0
16 8439.71 1270.4 61.87 6.64 5.72 1.13 1.99

3838.84 299.81 38.13 12.92 7.75 2.19 3.41 2.80 2.91 3.2 7.1
0 0 0 0 0

15 7884.99 1424.02 57.62 5.54 5.7 1.19 1.99
3808.09 299.48 42.38 12.83 8.68 2.76 4.01 3.36 3.52 7.8 7.4

0 0 0 0 0
14 5781.83 1047.78 51.98 5.52 7.01 1.80 2.67

3608.85 297.35 48.02 12.24 10.38 4.00 5.17 4.58 4.77 7,8 7.7
0 0 0 0 0

13 6543.15 1036.95 57.74 6.31 6.88 1.66 2.60
3564.1 296.87 42.26 12.1 9.25 3.19 4.39 3.79 3.94 7.8 7.4

0 0 0 0 0
12 4606.1 1037.71 48.26 4.44 8.17 2.63 3.33

3134.17 292.22 51.74 10.81 12.88 6.41 7.03 6.72 6.99 7.8 8.0
0 0 0 0 0

11 6141.57 958.49 62.16 6.41 7.89 2.17 3.15
3069.11 291.51 37.84 10.61 9.62 3.60 4.65 4.12 4.29 7.8 7.1

0 0 0 0 0
10 6894.13 1137.46 65.13 6.06 7.37 1.93 2.86

2974.04 290.47 34.87 10.31 9.15 3.28 4.33 3.81 3.96 7.8 6.9
0 0 0 0 0

9 4356.89 1177.19 46.46 3.7 8.32 2.90 3.42 1
2934.93 290.04 53.54 10.19 14.23 7.98 8.11 8.04 8.37 9.2 8.1

0 0 0 0_ 0 1 1 1 1
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Job Tide:
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Arroyo Del Puerto
Erosion Protection Measures

CalcUlatiOn D.:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By'. M. Bone
10/1812007
Fle Name:

Calculation D.1 -Exterior Design-R2

D,5 (inches) D60 (inches)

Percentage Abt and Oversize d=
Flow Area Wetted of Hydraulic Shoar Strew Johnson Average 4% Scour

River Section (sq ft) Perimeter (ft) Conveyance Depth (if) Velocity (ft/s) Method Method DSO Ds0 to Use Depth (ft)

1 13 14 15 16 17 18 19 20 21 22 23

8 3814.77 814.27 48.63 4.69 9.94 3.83 4.39
2821.13 288.78 51.37 9.84 14.2 8.04 8.09 8.07 8,39 9.2 8.0

7 4310.66 1179.74 46,62 3.65 8.44 2.99 3.49
2888.15 289.52 53.38 10.05 14.42 8.23 8.27 8.25 8.58 9.2 8.1

0 0 0 0 0
6 3856.62 993.91 43.46 3.88 8.79 3.18 3.70

2992.5 290.67 56.54 10.37 14.74 8.51 8.53 8.52 8.869 9.2 8.3
0 0 00 01 0

5 4012.73 1295.17 34.01 3.1 6.61 1.94 2.47
3590.85 297.16 65.99 12.18 14.33 7.64 8.18 7.91 8.22 9.2 8.8

0 0 0 0 0 _
4 3539.57 900.13 39.33 3.93 8.67 3.08 3.62

3173.14 292.64 60.67 10.93 14.91 8.57 8.66 8.62 8.96 9.2 8.5
0 0 0 0 0

3 3052.15 852.58 30.58 3.58 7.82 2.59 3.13
3545.13 296.67 69.42 12.05 15.27 8.71 8.95 8.83 9.18 9.2 8.9

0 0 0 0 0
2 2819.05 951.41 22.66 2.97 6.27 1.78 2.30

4030.89 301.84 77.34 13.47 14.97 8.06 8.68 8.37 8.71 9.2 9.3
0 0 0 0 0

1 61.77 15.37 0.78 5.37 9.86 5.29 4.35
4106.27 361.97 90.66 11.37 17.22 11.19 10.62 10.91 11.34 12 9.2

734.34 206.26 8.56 3.56 9.09 3.50 3.88
0 2353.44 617.4 25.54 3.81 8.46 2.97 3.50 1

3377.15 276.12 69.76 12.29 16.11 9.58 9.65 9.62 10.00 12 9.2
460.69 132.3 4.71 3.49 7.97 2.72 3.22

-1 3065.75 1021.44 24.8 3 6.31 1.79 2.32
3461.59 272.01 64.18 12.78 14.46 7.61 8.27 9.0

968.68 193.27 11.03 5.02 8.88 2.99 3.74
-2 3508.1 995.2 32.41 3.53 7.21 2.21 2.79

3586.89 285.92 67.58 12.63 14.7 7.92 8.47 9.0
2.86 3.94 0.01 1.8 2.51 1.13 0.64

-3 2883.49 913.78 22.89 3.16 6.19 1.70 2.25
4164.26 303.25 77.11 13.86 14.44 7.44 8.25 9.3

0 0 0 0 0
-4 582.31 202.36 6.14 2.89 8.22 3.09 3.38

3594.61 282.76 89.29 12.79 19.37 13.69 12.54 10.1
430.52 147.96 4.57 2.91 829 3.12 3.41

-5 1367.57 503.62 11.18 2.72 6.38 1.89 236
1 4195.53 303.58 88.82 13.95 16.51 9.71 9.98 9.8

0 0 0 0 0
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Arroyo Del Puerto
Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Embankment Slope / Apron D50

Channel (inches)
1 2 5 6 1 7 8 9 1 [i10

D50 - Shear
Stress
Method
(inches)

Add 4%
Oversize
(inches

Do - Abt
and

Johnson
Method
(inches)

Add 4%
Oversize
(inches

Average
Size

(inches)

Add 4%
Oversize
(inches

D50 to
UseRiver Section

21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2

1.3
1
0
-1
-2
-3
-4
-5

Station
4 '6 '6 U -6. 6.~

I + * I-

2.11 2.19 3.27 3.40 2.69 2.80 3.2
1.48 1.54 2.57 2.68 2.03 2.11 3.2
2.19 2.28 3.41 3.55 2.80 2.91 3.2
2.76 2.87 4.01 4.17 3.38 3.52 7.8
4.00 4.16 5.17 5.38 4.58 4.77 7.8
3.19 3.31 4.39 4.57 3.79 3.94 7.8
6.41 6.67 7.03 7.32 6.72 6.99 7.8
3.60 3.74 4.65 4.83 4.12 4.29 7.8
3.28 3.41 4.33 4.50 3.81 3.96 7.8
7.98 8.30 8.11 8.44 8.04 8.37 9.2
8.04 8.36 8.09 8.42 8.07 8.39 9.2
8.23 8.56 8.27 8.60 8.25 8.58 9.2
8.51 8.85 8.53 8.87 8.52 8.86 9.2
7.64 7.94 8.18 8.50 7.91 8.22 9.2
8.57 8.91 8.66 9.01 8.62 8.96 9.2
8.71 9.05 8.95 9.31 8.83 9.18 9.2
8.06 8.38 8.68 9.03 8.37 8.71 9.2
8.06 8.38 8.68 9.03 8.37 8.71 9.2
11.19 11.64 10.62 11.05
9.58 9.96 9.65 10.04 9.62 10.00 12
7.61 7.92 8.27 8.61 1
7.92 8.23 8.47 8.81
7.44 7.74 8.25 8.58
13.69 14.24 12.54 13.04
9.71 10.09 9.98 10.38

IjD50 = 7.8 inch rock

I I D50 : 9.2 inch rock

I ID5o = 12 inch rock

~I ID5o = 3.2 inch rock
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

S
Calculation D.1:

Exterior Site Drainage
Design Flowrates and Erosion Protection

0
By: M. Bone
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File Name:

Calculation D.1 -Exterior Design-R2
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS =21 Arroyo Del Puerto

6970 .028Legend

2 ~EGPF 1
S69650 WS PF 1

Ground
Cu6960 0

> ]Bank Sta

6955-

69501

1000 26000 3000' 4000' 56000 . 6000

Station (ft)

Option 2-R2 Plan: 9/25/2007
RS = 20 Arroyo Del Puerto
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> Ground
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Option 2-R2 Plan: 9/25/2007
RS = 19 Arroyo Del Puerto

6970q Legend
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6960- Ground
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.I:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS =18 Arroyo Del Puerto

6970 Legend

6965- EGPFI

S6960-
Ground

6955-
Bank Sta

• 6950

6945

1000 1500 2000 2500 3000 3500 4000 4500 500

Station (ft)

Option 2-R2 Plan: 9/25/2007
RS = 17 Arroyo Del Puerto-. 028 "0321!

6965- 6965 0Legend
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6960 EG PF 1

WS PF1
6955 Ground

M0
>6 Bank StaAV 6950-
w

6945

69401
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Station (ft)

Option 2-R2 Plan: 9/25/2007
RS = 16 Arroyo Del Puerto

.028 T .032.

2
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Legend
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS = 15 Arroyo Del Puerto

6965-

6960-

6955-

6950:

6945-

.028 -L.032
0
28

. . .. . . . . .. . . . . . . . . . . . . . . .

Legend
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Ground
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Option 2-R2 Plan: 9/25/2007
RS = 14 Arroyo Del Puerto
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2
8

Legend
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Option 2-R2 Plan: 9/25/2007
RS = 13 Arroyo Del Puerto
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Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS = 12 Arroyo Del Puerto

.028 T .032*
6965- Legend2

:1 ~8
69605 EG.PF 1

- ~WS PFF1
c 6955 Ground
c 6950 Bank Sta

6945-

69401 . . . . . . . . . . . ..
1000 1500 2000 2500 3000 3500 4000
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Option 2-R2 Plan: 9/25/2007
RS =11 Arroyo Del Puerto
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6965 0 Legend2

8
6960- EG PF 1

WS PF1
6955- Ground
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6945-

6940.

500 1000 15000 200 2500 3000 3500 4000
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Option 2-R2 Plan: 9/25/2007
RS = 10 Arroyo Del Puerto

.028 .032-.
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Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.I:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS = 9 Arroyo Del Puerto

L.028 T 032 *
6965- 0 Legend

6960 EG PF 1

6 6955 WS:F1
Crit F 1

" 6950-
Ground

6945- Bank Sta

6940-
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1000 1500 2000 2500 3000 3500 4000

Station (ft)

0

Option 2-R2 Plan: 9/25/2007
RS = 8 Arroyo Del Puerto
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Option 2-R2 Plan: 9/25/2007
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Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

6950:

6945-

6940:

6935-

6930-

Option 2-R2 Plan: 9/25/2007
RS = 6 Arroyo Del Puerto
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2 0 Legend
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Option 2-R2 Plan: 9/25/2007
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Option 2-R2 Plan: 9/25/2007
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Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS = 3 Arroyo Del Puerto
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Option 2-R2 Plan: 9/25/2007
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Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.I:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS = 0 Arroyo Del Puerto
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Arroyo Del Puerto
Erosion Protection Measures
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Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Option 2-R2 Plan: 9/25/2007
RS = -3 Arroyo Del Puerto
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Option 2-R2 Plan: 9/25/2007
RS = -4 Arroyo Del Puerto

6920- -.028 "<.032, .028 Lgn
6920 Legend

6915P
- ~EG F 1

6910W
WS PF 1

6 9 0 5 - . .. . . .. . . .. .
6CritPF16900 ---

> Ground
6895-

Bank Sta
6890-

6885

68801
2000 2500 3000 3500 4000 4500

Station (ft)

6930

6920]

Option 2-R2 Plan: 9/25/2007
RS = -5 Arroyo Del Puerto

" .028 .032 .028

C 6910:

6900-

6890-

WS PFF1

Crit PF 1

Ground

Bank Sta

2000 2500 3000 3500

Station (ft)

ý . I I ý I I I . . 1 1
4000 4500 5000

SUA-1473
Docket #40-8905

Sheet 30 of 37
Worksheet Name:

PMF X-Sections



0 0
Job Title: Calculation DA:
Rio Algom Mining LLC Exterior Site Drainage
Arroyo Del Puerto Design Flowrates and Erosion Protection
Erosion Protection Measures

S
By: M. Bone

10/18/2007
File Name:

Calculation D. 1 -Exterior Design-R2

River
Reach Section I Profile

1 Reach #1 21 IPF 1
21:Reach#1 1 20 IPF 1
3-- 3Reach #1 19 IPF 1
4, 4Reach #1 18 IPF 1

5 Reach #1 17 'PF 1
6Reach #1 16 IPF 1
- Reach #1 15 PF 1
8_ Reach #1 14 PF 1

Reach #1 13 PF 1
10 Reach #11 12 PFI
11!Reach #1 11 PF1
12 Reach #1 10 :PF 1
13 Reach #1 9 }PF 1
14,Reach #1 8 PF 1
151 Reach #1 7 PF1
16Reach#1 6 PF 1
17 Reach#1 r 5 PF 1
18 Reach #1 4 PF 1
19 Reach #1 3 PFI _1
20 Reach #1 2 PF 1
21 Reach #1 1 PF 1
22 Reach #1 0 PF 1
23 Reach #1 -1 PF 1
24 Reach #1 -2 PF 1
25i Reach #1 -3 PF 1
2671-Rech#1 -O Fi _1 _

E.G.
Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev Slope
S(cfs) (ft) (ft) (ft) (ft) (ft/it)78000 6951.50 6W.46 1 6965.17 0.001508

78000 6950.00 8962_29 6962.29 6963.86 0.004821
78000 6948.50 8960,14 6960.74 0.001008
78000 6944.98 6959.76 6960.41 0.000957
78000 6944.11 859.58 6960.04 0.00064
78000 6943.25 6958.99 6959.66 0.000929
78000 6942.75 8698.39 6959.17 0.001178
78000 6942.25 6957.21 6958.42 0.001791
78000 6941.75 89568.8 6957.55 0.001443
78000 6941.25 954.59 6956.42 0.003251
78000 6940.75 8953.87 6955.01 0.001859
78000 6940.25 8953.04 6954.04 0.001745
78000 6937.75 8950.40 6950.4 6952.58 0.00429
78000 6935.25 8947.51 6949.86 0.004479
78000 6932.75 6945.24 6945.24 6947.48 0.004489
78000 6927.75 6940.60 6940.6 6943.03 0.004498
78000 6922.75 6937.65 6937.65 6939.99 0.003436
78000 6917.75 8931.23 6931.23 6933.78 0.004298
780001 6912.75 6927,50 6927.5 6930.3 0.00396
78000 6907.75 6924.14 6924.14 6926.96 0.003279

1 78000 6902.75 6916.56 6916.56 6920.85 0.005396
1 78000 6901.75 6916.12 6916.12 6919.26 0.004272
1 78000 6898.15 6912.93 6912.93 6915.3 0.003264

78000 6893.65 6008.61 6908.61 6911.13 0.003436
1 78000 6889.15 6905.98 6905.98 6908.61 0.002942

78000 6884.65 6899.88 6899.32 6905 0.005868
78000 6882.85 6899.78 6899.78, 6903.62 0.003813

Elevation
at Base of

Berm at
Free Beginning

Board StationVel Chnl I Flow Area I Too Width
Froude # Top of

Chl Berm Elev
(ft/s) (sq ft) (ft)

9.41 12117.45 2311.59 0.48
15.431 8745.48 2514.46 0.84

6.281 12952.66 1945.06 0.37
7.52' 12418.07 1634.46 0.38
6.351 14713.62 1846.88 0.31
7.75 12278.55 1567.55 0.38
8.68 11693.08 1720.86 0.43

10.38 9390.68 1342.58 0.52
9.25 10107.25 1331.31 0.47

12.88 7740.28 1327.69 0.69
9.62 9210.68 1247.77 0.52
9.15 9868.17 1425.71 0.5

14.23 7291.81 1464.97 0.79
14.2 6635.9 0.8

14.42 7198.81 1467.17 0.8
14.74 6849.11 1282.38 0.81
14.33 7603.59 1589.12 0.72
14.91 6712.72 1190.46 0.8
15.27 6597.28 1146.22 0.78
14.97 6849.94 1247.27 0.72
17.22 4902.38 578.91 0.9
16.11 6191.28 1024.06 0.81
14.46 7496.01 1484.82 0.71

14.7 7097.85 1279.54 0.73
14.44 7047.74 1213.74 0.68
19.37, 4607.44 630.151 0.95

6965,00
6962.86
6962.00
6961.50
6961,00
6960.50
6960.00
6959.50
6959,00
6956.50
6954.00
6951.50
6946.50
6941.50
6936.50
6931.50
6926.50
6921.50
6920,50
6916.90
6912.40
6907.90
6903.40
6901.60

5.24
3.28
3,01
3.11
3.79
3,94
5.41
5&63
5.96
6.10
6.49
6.26
5.90
3.85
5,27
4.00
2.36
4.94
4,38
3.97
3.79
1.92
3.72
1.82

6952.00
6950.77
6949.53
6948.73
6947.86
6947.00
6946.50
6946.00
6945.50
6945.00
6944.50
6944.00
6941.50
6939.00
6936.50
6931.50
6926.50
6921.50
6916.50
6911.50
6906.50
6905.50
6901.90
6897.40
6892.90
6888.40
6886.60

Depth
(ft)

11.03
11.72
11.99
11.89
11.21
11.06
9.59
9.37
9.04
8.90
8.51
8.74
9.10
11.15
9.73
11.00
12,64
10.06

")7 0 :=•,,-, •11 -9; PI: 1 16.51i 5563.09i 803.031 0.78
L. I I I " I - I
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.I:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Plan: Reach #1 Reach #1 RS: 21 Profile: PF I I
Pos Left Sta Right Sta Flow Area

L(ft) (ft) (cWs) (sqft)
1 LOB 3425 7930.64 1764.05
2 Chan 3425 3525 11244.63 1195.8
3 ROB 3525 58824.74 9157.6

Plan: Reach #1 Reach #1 RS: 20 Profile: PF 1

I
W.P.

547.56
100.43

1664.29

Pos Left Sta Right Sta Flow Area W.P.
(if) (if) (cds) (sqt) (ft)

1 LOB 3425 31421.83 3642.19 1016.59
2 Chan 3425 3525 16261.22 1053.96 100.68
3 ROB 3525 30316.95 4049.34 1398.05

Plan: Reach #1 Reach #1 RS: 19 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P.

(ft) (if) (cfs) (sq ft) (ft)
1 LOB 2745 1420.57 879.88 492.25
2 Chan 2745 4125 76243.74 12139.35 1380.36
3 ROB 4125 335.69 133.43 73.12

Plan: Reach #1 Reach #1 RS: 18 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P.

..... f (if) (cfs) (sq ft) (if)
1 LOB 3238.75 51258.27 882.49 1340.17
2 Chan - - 3238.75 3548.8 26741.74 3555.58 296.77

Plan: Reach #1 Reach #1 RS: 17 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P.

(if) (ft) .. (cfs) (sq ft) (if)
1 LOB 3238.75 54135.96 10955.2 1550.7
2 Chan 3238.75 3545 23864.04 3758.43 298.96

Plan: Reach #1 Reach #1 RS: 16 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P.

(ft) (ft) (cds) (sq ft) (ft)
1 LOB 3238.75 48255.36 8439.71 1270.4
2 Chan 3238.75 3545 29744.64 3838.84 299.81

Plan: Reach #1 Reach #1 RS: 15 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P.

B (f ( __(cfs) (sqf) (if)
1 LOB 3238.75 44942.24 7884.99 1424.02
2 Chan 3238.75 3545 33057.76 3808.09 299.48

Plan: Reach #1 Reach #1 RS: 14 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.._W.P.

(ftf) f (cfs) (sq ft) (ft)
1 LOB 3238.75 40547.65 5781.83 1047.78
2 Chan ___ 3238.75 3545 37452.35 3608.85 297.35

Plan: Reach #1 Reach #1 RS: 13 Profile: PF 1 .

Pos ---- Left Sta Right Sta Flow Area W.P.

(if) (i W____(cfs) (sqft) (ft)
1 LOB 3238.75 45039.13 6543.15 1036.95
2 Chan 3238.75 3545 32960.86 3564.1 296.87

Percent Hydr Velocity
Conv Depth(ft) (ftls)

10.17 3.22 4.5
14.42 11.96 9.4
75.42 5.5 6.42

Percent Hydr Velocity
Conv Depth(ft) (ft/s)

40.28 3.58 8.63
20.85 10.54 15.43
38.87 2.9 7.49

Percent Hydr Velocity
Conv Depth(ft) (ft/s)

1.82 1.38 2.09
97.75
0.43

Percent
Conv

65.72
34.28

Percent
Cony

69.41
30.59

Percent
Cony

61.87
38.13

Percent
Conv

57.62
42.38

Percent
Conv

8.8
1.83

Hydr
Depth(if)

6.61
12.08

Depth(if)
7.07

12.68

Hydr

Depth(ft)
6.64

12.92

Hydr
Depth(ft)

5.54
12.83

6.28
2.52

Velocity
(ft/s)

5.78
7.52

Velocity
(ft/s)

4.94
6.35

Velocity
(ft/s) -

5.72
7.75

Velocity
(ft/s)

5.7
8.68

----- 4

51.98
48.02

Percent
Conv

57.74
42.26

Hydr_ Velocity
Depth(ft) I(ft/s)

5.521 7.01
12.24' 10.38

Hydr iVelocity
Depth(ft) i(ft/s)__

6.31' i 6.88
12.1: 9.25
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation D.I:
Exterior Site Drainage

Design Flowrates and Erosion Protection

By: M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Design-R2

Plan: Reach #1 Reach #1 RS: 12 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P.

(ft) (ft) (cfs) (sq ft) (ft)
1 LOB 3238.75 37642.88 4606.1 1037.71
2 Chan 3238.75 3545 40357.12 3134.17 292.22

Plan: Reach #1 Reach #1 RS: 11 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P.

(ft) (ft) (cfs) (sq ft) (ft)
1 LOB 3238.75 48481.38 6141.57 958.49
2 Chan 3238.75 3545 29518.63 3069.11 291.51

Percent Hydr Velocity
Conv Depth(ft) I(ft/s)

48.26 4.44 8.17

51.74 10.81 12.88

Percent Hydr Velocity
Conv Depth(ft) (if/s)

62.16 6.41 7.89
37.84 10.61 9.62

Percent Hydr Velocity

I ___ I _______ _________

Plan: Reach #1 Reach #1 RS: 10 Profile: PF I
Pos Left Sta Right Sta Flow Area W.P.

(ft) (ft) (cfs) (sqft) (ft)
1 LOB 3238.75 50800.9 6894.13 1137.46
2 Chan 3238.75 3545 27199.1 2974.04 290.47

Plan: Reach #1 Reach #1 RS: 9 Profile: PF 1
Pos Left Sta RightSta Flow Area W.P.

(if) (if) (cfs) (sqft) (ft)
1 LOB 3238.75 36237 4350.89 1177.19
2 Chan 3238.75 3545 41762.99 2934.93 290.04

Co

Pe
Co

Plan: Reach #1 Reach #1 RS: 8 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Pe

(ft) (ft) (cfs) (sq ift) (f) Co
1 LOB 3238.75 37934.85 3814.77 814.27
2 Chan 3238.75 3545 40065.15 2821.131 288.78

Plan: Reach #1 Reach #1 RS: 7 Profile: PF 1
Pos _ Left Sta Right Sta -Flow Area W.P. Pe

(f) (f) __(cfs) (sqft) (ft) Cc
1 LOB 3238.75 36360.75 4310.66 1179.74
2 Chan --- 3238.75 3545 41639.25 2888.15 289.52

Plan: Reach #1 Reach #1 RS: 6 Profile: PF 1
_ Pos -- Left Sta -- Right Sta Flow Area W.P. Pe

_(ft) (ft) (cfs) (sq f (f) Cc
1 LOB 3238.75 33895.03 3856.62 993.91
2 Chan - 3238.75 3545 44104.97 2992.5 290.67

Plan: Reach #1 Reach #1 RS: 5 Profile: PF 1
.... Pos Left Sta Right Sta- Flow Area W.P. Pe

_(if) (if) (cfs) (sq ft) (if) co
I LOB 3238.75 26529.44 4012.73 1295.17

Char,,2. Chan T33238.75 . 3545 51470.57 3590.85 297.16

Plan: Reach #1 Reach #1 RS: 4 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Pe
1L -, 1(if) (ft) - (cfs) (sq ft) (if) Cc

I1LOB 3238.75 30678.78 3539.57 900.13
2 Chan 3238.75 3545 47321.22 3173.14 292.64

)nv
65.13
34.87

rcent
pnv

46.46
53.54

rcent
nv

48.63
51.37

rcent
nv

46.62
53.38

rcent
inv

43.46
56.54

rcent
nv

34.01
65.99

rcent
inv

39.33
60.67

Depth(ft)
6.06

10.31

Hydr

Depth(if)
3.7

10.19

Hydr
Depth(ft)

4.69
9.84

(ft/s)
7.37
9.15

Velocity
(ft/s)

8.32
14.23

Velocity
(if/s)

9.94
14.2

Hydr Velocity
Depth(ft) (ftrs)

3.65 8.44
10.05 14.42

Hydr _ Velocity
Depth(ft) (ft/s)

3.88 8.79
10.37 14.74

Hydr Velocity
Depth(ft) (ft/s)

3.1 6.61
12.18 14.33

Hydr __Velocity_
Depth(ft) (ft/s)

3.93 8.67
10.93 14.91
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Job Title: Calculation D.1: By: M. Bone
Rio Algom Mining LLC Exterior Site Drainage 10/18/2007
Arroyo Del Puerto Design Flowrates and Erosion Protection File Name:
Erosion Protection Measures Calculation D.1 -Exterior Design-R2

Plan: Reach #1 Reach #1 RS: 3 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq i) (ft) Conv Depth(ft) (ft/s)
1 LOB 3238.75 23853.05 352.15 852.58 30.58 3.58 7.82
2 Chan 3238.75 3545 54146.95 3545.13 296.67 69.42 12.05 15.27

Plan: Reach #1 Reach #1 RS: 2 Profile: PF 1
Pos Left Sta Right Sta Flow Ares W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq f•) (fi) Conv Depth(ft) (ft/s)
I LOB 3238.75 17672.17 2819.05 951.41 22.66 2.97 6.27
2 Chan 3238.75 3545 60327.83 4030-89 301.84 77.34 13.47 14.97

Plan: Reach #1 Reach #1 RS: 1 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s)
1 LOB 3238.75 608.75 61.l 15.37 0.78 5.37 9.86
2 Chan 3238.75 3600 70716.48 410627 361.97 90.66 11.37 17.22
3ROB 366674.78 74.34 206.26 8.56 3.56 9.09

Plan: Reach #1 Reach #1 RS: 0 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq ft) (ft) Cony Depth(ft) (ft/s)
1 LOB 3238.75 19919.19 23544 617.4 25.54 3.81 8.46
2 Chan 3238.75 3513.5 54409.64 37.1 275 6 69.76 12.29 16.11
3 ROB 3513.5 3671.17 460.69 132.3 4.71 3.49 7.97

Plan: Reach #1 Reach #1 RS: -1 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) WcS) (sqft) (ft) Conv Depth(ft) (ft/s)
I LOB 3238.75 19340.82 3065.75 1021.44 24.8 -3 6.31
2 Chan 3238.75 3509.6 50057.55 3461.59 272.01 64.18 12.78 14.46
3 ROB 3509.6 8601.63 968.68 193.27 11.03 5.02 8.88

Plan: Reach #1 Reach #1 RS: -2 Profile: PF 1 ....
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

_ (ft) (ft) (cfs) (sq f) (ft) Cony Depth(ft) (ft/s)
1 LOB 3238.75 25277.71 3508.1 995.2 32.41 3.53 7.21
2 Chan - _-3238.75 3522.8 52715.1 3586.8 285.92 67.58 12.63 14.7
3 ROB 3522.8 7.19 2.8 3.94 0.01 1.8 2.51

Plan: Reach #1 Reach #1 RS: -3 Profile: PF 1
Pos Left Sta Right Sta Flow Ares W.P. Percent Hydr Velocity
LOB--- (ft) (ft) (cfs) (sq •f) (ft) Cony Depth(ft) (ft/s)

1 LOB 3238.75 17856.17 218.49 913.78 22.89 3.16 6.19
2 Chan 3238.75 3551.3 60143.83 4164.26 . 303.25 t-77.11 13.86 14.44

Plan: Reach #1 Reach #1 RS: -4 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) ((ft) Cony Depth(f) (Uf/s)
1 LOB 3238.75 4788.86 582.31 202.36 6.14 2.89 8.22
2 Chan - 3238.75 3519.8 69644.12 3594.1 282.76 89.29 _ 12.79 _ 19.37
3 ROB 3519.8 3567.02 450.52 147.96 _-_ 4.57 __ 2.91 8.29

Plan: Reach #1 Reach #1 RS: -5 Profile: PF 1
Pos Left Sta Right Sta Flow Ares W.P. Percent Hydr VelociV__

(ft (ft) (cfs) (sq f) (ft) Cony Depth(ft) (ft/s) __

1 LOB 3238.75 8722.38 1367.57 503.62 11.18 2.72 6.38
2 Chan ---- 3238.75 3540.2 69277.62 4195.53 303.58' 88.82 13.95 16.51
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Job Title:
Rio Afgom Mining LLC

Arroy, Del Puerto
Erion Prtetion Measures

9
Calculation DAI

Exterior Site Drainage
-4r~ Elm /a asa0a/st

By- M. Bone
10/18/2007
File Name:

Calculation D.1 -Exterior Desigm-R2

:.Plan: Peochtt1 Rem-hil #1PR21 Prnoile"PF 1 I PF
E.G. Elev (ft I 6965.17 Element
Vel Heod (t) 0.71 Wt. n-Vol.
0W.S. Elen (ft) 6964.461 Reach Len. (ift)
Chit WS. Sft) FlowArea (sc ft)
E.G. Sloe nft/ft) 0.001508 Ara (s
o Total cfs 76000 Flow (cfs)
ToWtL 2311.59 Top Width (ft)
Vel Total (fits) 6.44 An . Vet. f/s

I Max Chl Dpth (ft) 12.96 Hylr. Depth (ft)
I Cony. Total (cfs) 2008425 Cony. ots

Lengt Wtd. (ft) 492.02 Wetted Per. (ft)
MinaCtrEt ft) 6951.5 Shear (1b/s ift) _

Alpha 1.11 Stream Power hIb/fs)
I Frtot Loss (ft) 1.22 Came Veolme Baore-ft)
SC &EELoss (ft) 0.09 Cure SA (acres)

IPlan: Reach 01 Reach #1 RE: 20 Profito: PF 1
1E.G. 8/too ft) 6963.86 Element
M Vet Head C 1.57 wt. nVat

ftOB Channel {Rioht 08B
0.028 0.0321

5001 5001 5Osd W.S. Elev (ft)
174.081 1195.8( 9157.61 IC

1037.66: 290.02 Top Width (ft) 1146.221 TOp Width (ft)
4.51 9.41 6.421 1 Vel Total (Wo)

2 Length Wtd. (6f) 852.59 296.67
0.69 2.950.31 t.12 0.521 1 Min Ch El (ft) 6941.251 Shei Min Ch 2l (1t) 0 Bt)

Alpha ea Poweý,Lblft 1,
1.291 Str

6.92 45.12
1A0 05 277.521 20.76

20.781c .V.Fctn L,.oý (II co f.ltV~~e t)l;e-5.291 C & E LOSS (ft) 1 01 Cuim SA (acres) _ ;9

or
W.5. E/en 6

Coit WES. (it)
6962.29 F Reach Len. (sff)
6962.291 FlowArea (so ft) 5251 500 4751 1 W.S. Elev (ft) 1 6924.141 Reach Len. (ft) 1 5001 500 500

I E.G. Slope (t/t) ,I
I 0 Total tItt I

-I TeP Width 19)
1 Vet Total (hf/s)
i Max Chi Goth tft)

T t.1
8.92 An - V5 )

12.29 Hvdr. 0eath 9ft)
15.431 7.491

Coon. Tntat tral 1122

I Mi Ch Et (ft) 3.151 0.871 1 Min Ch El (ft) 6940.751 Shea: tin Ch El (f) 6907.75 Shear (Ih/Sc ft) b.611 2.73]
1 Alpha
I Frctn Loss (ft) St•
i C & E Lassf4 ..... .29/,Cnum jaa

Plan: Reach #1 Reach #1 RS: 19 Profile: PF I h #1 React 1: Reach #1

E.G. Et ft 6960.74 Elemeo jLeft OB Ichanet Ri ht00
I Vel Head (ft_ .6 Wt. tt-Val. ,0.
WE. Etev (f) 6960414 Reach Len. (if) 3501 325 276

Vol Hood 1ft/

Gr it w.. (i)
0.0017451 Art

H OQ Ta( s Ii78000 Flows_ ....... 1420.o
T:pWidtht (it) -- 1945.06 Tep Width (t -492

6894.131 29741,4 E.G. Slope (ft/ft)
5060.9 2;7F199.1 0 Totat (ofs)
1137.35 299.36 Top Width (ft)

7.37 9,15 Vel Total (ft/s)
6.061 10,31 1 Max Cht Dpth (ft)

2.091 6.29
Max Cht C 99th 11.64 HydrDepth 1.3t

%Con. Ttacfs - 2456971 Cono op 44747.0'
Lenth . (5) 332.32 Wetted Per. (B) 492.20
/Min Ch El (ft) 6946.5 Shear I/s ft) 0.01

- Alpha j 1.07 Stream Poweer tb/Es 0.11

5.37 11i-371 3.56

0.55i 0.111 I MinCh t
10t 1.091 Stream Power (hb/ft s) 10.9

I sr Lss_ I 0.33 Cum Volume (acre-Bf) 1189.94 6.
IC s(i) 1 0 Cum SA (acres) 2531.72
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Job Tille:

Rio Aigom Mining LLC
Arroyo Del Puet-to
Erosion Protection Measures

0Calculation D.1:
Extenor Site Drainage

Design Flowrates and Erosion Protection

0
ByE M. Bone

10/18/2007
File Name*

Calculation D. 1 -Exterior Design-R2

!Plan: Reach#1 Reach#81 RS: 18 P I n Plao: Ref
Right OB I I E.G. Eleo (

Profile: PF 1
; Fr FIoo fnt I 6 A654l Flow-

1 Vel Head (ft) 1 0.64i Wt. n- Vt. rt-Val.

5001 4751 1 W.S. Elev I
Flow Area (sq ft)

1 8862.491 3555.58
i Q Total
I TOD Wit
I Vol Total (S_.n) 6.2!8 Ano. Vel (1s) 5.781 7.52

Mao Chi Dpth (ft) 14.7 Hydr. Depth (ft) N6.1 12.08
10.7l Avg. Vel. (f/S)

I Coon. Total (cfo) 25214651 Coo, (cPo)
jjfgt)~t. I 400.67 Wetdfe.t6

I MmCE E Ifi 664.nelSheo1h/on 61l •) 0.99[I Alnho 2.281 5.381 i 1 Alpha
I Frctn Loss (Sf)
I C & E Loss (ft)

Plan: Reach 81

E.G. Elev fft)
Vol Head (ft)
W.S. Elev (ft)

I Get W.S. (ft)*E.G. Sinp Siftif
0 Total (cfo)

Top Width 16)
I Vel Total (h/n)

Top Width (ft)
Vol Total (Sifn)
Max Chi DOpth (ft
Conv. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frcth Loss (1t)
C & E Loss (6f)

Plan: Reach #-
E.G. Elev (5f)
Vel Head (ft)
W.S. Elev (ft)
Cnt W.S. (ft)
E.G. Slope (Sift)
0 Total (cfs)
Top Width (5f)

421.231 Wetted
3.7

Right 06
0.0213

35C
460.60
460.68

3671.17
132.00

7.87
3.49

56168.6
132.3
0.82
7.4

15.2
n SA (acres)

Plan: Reach #1 Reach #1 RS: 1

0.0281

10955.21 3758.431 1 Cdt W.S. (it)
10085.2 3758.43 E.G. Slope (pft)

54135.06( 23864.04 0 Total (cfs)
1550.45 296.421 ToP Width (St)

4.94 6.38 Vel Total (Sns)

500
2821.13
2821.13

40065.15
286.77

450

19340.821 50057.551 8801.63

5.31 Avg. Vol. (Sis)

Max hl Dpth Dn(i
Cons. Total (ofs) 150555.2
[ t IWtIld. I ,Min CRh Ft 161\

501.381 Weoed Per. (t)
0.51 1 1 Min Ch El (ft) i 6935.251 Shear (lb/sq ft)

t C & 6 Lens Lf)5 r3 11.211 2.41

Plan: Reach #1 Reach #1 RS: 16 Profile: PF 1
E.G. Elev ( 1t) 6959.661 Element

I Vet Head (fL 0.671 Wt. n-Val.
SWE.ev 151 - 6958. Reach Len. 1-51
I Cdt W.s. (it) Plow Area (octft
E.G. Slon Sfitft) 0.0009291 Area SNft 8439.711 3838.841 1 I E.G. Slope (fitl) I 0.0044891 Area (sq ft) I 4310.661 2M88.151 I I E.G. Slope (
Q TOotal (fS..
Ton Width 161t) 1567.55 l Top Width (6)

6.351 Avg. Val. (f/s)
15.741 Hydr. Depth (t)

2.86
2.86
7.19
1.59
2.51

1.8
122.6
3.94
0.16

i 6.641 12.921 Man Chi Dpth (ft) 12.49i Hydr. Depth (Sf) I 3.651 10.051 I 1 Max Chl Dpth (ft) I 14.961 Hydr. Depth (St)

Min Ch El (ft)

.lpha. - t.o_ eam
I P....n L.47 - CToum Veo

2.2i 5.761 I I Alpha I 1.231 Stream Power (VIDft s) 1 8.641 40.31 pha 1.351 Stream Power (]
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0 0Job Title: Calclation D.1

Rio Algom Mining LLC Exterior Site Drainage
Arroyo Del Puerto Design Flowates and Erosion Protection
Erosion Protection Measures

0By M. Bone

10/18/207
File Name

Calculation D.1 -Exterior Desigr-R2

'Pine: Renc1 Beach #1CGthi71 6095 IRightOB I
Roonlr f0l Re ,h

Channel 9RightOB lev (11)

i W.S. Elev 9 I ea Ln.
Cr5.5. 1s•) to Flow Area (sq ft)

E.G.~ ~ ~~iý SlpIf/)I0017 Area (sq ft)
4164.2E

7 I E.G. lope It/ft) 3856.62! 2992.5) E.G. Slope (ft/h) 1 0.0029421/
Q Tot
TOp h

VIel Total (h/sI 6 .671 Avg. Ve.fit/tý:
Mn-C TTt 1 h.64lydr. Depth (I
SCoon. Total (cfs) I 22730081 Cons. (cfs)
LenWth 03td. (f) 500 Wetted Per.(ff)
MinCe El hl ff " 942.7 Shenr (I/so fl -

r. Depth (ft) 13.861
s)

Alpha _ L__I 1.7!4 Stream Volume (aeft
FrctLon () 0.721 Corn Volume (nanr-f

3.591 36.43
23.37V 62.41 3.56Loss (f) 1.961 Cum Volume (acre-if) 306.391 392.60 20.761

1S E Ln I -.041 CUm SA )pcr esI I 204.!
Frctn Los (ft)
C & E Loss (ft)

Plan: Reach I
E.G. Elev (ft)

21 Cur Volume (acre-f)

Plan: Reach#1 1Reah#i RS: 14 Profile: PF I
Elee- -5 - -695.42 El-nemetIi Channel Right OB E.G. Elev (ft) I [Right OB

Vel Head It ) 1.2
7W.S. Ele (ifti) I 60.7.21
iCrit W.S. (51) I _ _

1 E.G. Slope (ft/It) 1 0.001791

Wt. n-Val.
Reach Len. Ift)
Flow Aren (sq ft)
Awna (sq ft)

0

5376

5761.a31 3608.851
1.0 Total (fo) 1 780001 Flow (cfs) 4 4.547.65 37452.3

Top Width (ft I. 1425LTopWLth i
Vel Totan (flts) 6.31 Avg. Vel. (i•t1s)

I 1.o47.69 _ 294.9701 1003

MaC th 1D4o1m Conv. 14 Ues 11
Cn.Total (ofs) 18431611 Coon. (o

Length Wtd. it)
Mint Ch El(ft) ____52 Perw . (if)
Alnha 14.08[

Frctm Loss (f1
_c_.& E Lotsjst 0.061 Cum SA Ine

E.G. Slope )5/ft)
0 Total (ds)
Top Width (it)
Vel Total (fuls)
Max Chi Dpth (ft)
Cono. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frcn Loss (ft)
C & E Loss (ft)

Piane: Reach #1
E.G. Plno (ft)
Vel Head (ft)
W.S. EPev (f)
Cnt W.S. (ft)
E.G. Slope (fIll)
Q Total (cfs)
Top Width (it)
Vel Total (fIls)
Max Chi Dpth (ft)

430.5;
3567.06,

147.86
8.2)
2.9'

'olume (ane-fh) 354.9! 20.781 1 Frcte Loss (ft) Volume (acre-h) 17.88) 0.6.

14.911 3.11 12.70

1.91! 1.34 0.3'

elan: Real I Profile: PF I

E.G. Elev (11 ement
ye Head (ft) 1 0.997_Wt. n-Vol

1 W.S. Elev (ft) 696.561 Rench Len. (9)
iCWW.S. (ft . I FlowArea Is ft
1 F.G,-Slo[pe_- §A§)P _(tft)_

- i 0Total (cfo)
1 Top Width (Ift)

Chi ~g•"•Totllts

14431Area78000 Flow dCfs)
I

0.02_
5000

6543.15
6543.15

45039.13
103.688

6.881
6.31

1036.95
0.57

7.21 Avg. Val. (it/s)

Channel
0.032

500
3564.1
3564w1

32960h86
294.44

9.25
12,1

867730.4
296.87

1.08
- 10

634.89

2.551 Wt. n-Val.
)31.23 Reach Len
3931.23 Flow Area78D00 Flow (cfs)

0.028
500

3539.57
3539.57

30678.78

14.61

an: Reach #1 Reach #1 RS: -0 Profile: PF 1 - e---
D. Eloe(ft) I 6903.62 E~lement - Let0
ei Hend (ft ! 3.631 Wt. n-Val. 0.
.S. Elev (ft) 1 6899.78[ Reach Len. (it)

Choeel BihtG

13679571 4195.53
1367.57 4106.63
8722.38 69277.62

502.23 300.8
33To Widt ftAn,0 A. Vel. (ft/s

16.931 Hydr. GepIth (ft
12632141 Con. cfs)

Wooed Per. (ft)
Coon. Idfol 467971.7

Length500 Wv It
L OD C El f.....

503.621 303.568

I CLohn

S(C & S LOon )ftI

1.07 Streream Power (1b5 s1 3.91
1.9434 Consmelme nan-~ft) 726.63
0 Com SA(acres) ) 178.4

I
316.061 20.781 FrcF n Loss (t)

251 5.2 & 6 Loss ()
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