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Geomorphic Analysis of Arroyo Del Puerto Drainage
Ambrosia Lake Area

Geomorphic Setting

The Rio Algom Mining LLC Ambrosia Lake site is located in Section 31, T 13N, R9W in
Ambrosia Lake valley, New Mexico. The valley trends with the strike of the Cretaceous
formations at the south edge of the San Juan Basin with strata dipping about 2 degrees
northeast into the basin. Resistant strata of the Mesa Verde Group forms a high cuesta,
called San Mateo Mesa, on the northeast side of the valley and lower Cretaceous strata
of the Dakota and resistant sandstone members of the Mancos Shale form a similar
cuesta, Mesa Montanosa, on the southwest side to bracket the valley. The valley has a
width of about 7 km (4.3 miles wide) and slopes to the southwest at 1.1 degrees, the
opposite direction of the dip of the strata. The Arroyo Del Puerto follows the southwest
side of the valley, and trends southeast toward the confluence with San Mateo Creek at
the southeast end of the valley eventually converging with the Rio Puerco about 65 km
(40 Miles) southeast of the site. The San Mateo Creek flows south across a broad valley
through the Homestake uranium mill and tailings site where the slope of the drainage
ranges from .005 to .003 in near playa conditions. Protection against erosion there
would prevent migration of nick points upsteam that might destabilize the Arroyo Del
Puerto.

Mining and milling of uranium ores began in the late 1950's and early 60's resulting in
some diversion of local drainage to protect tailings piles and mine. As many as 24
mines were operating in the valley at one time operating at depths from 170 to 450 m
(560 to 1500 feet) depths (DOE, UMTRA, 1990). The Phillips-United mill and tailing site
in section 28 has been remediated (DOE UMTRA -1990) and the Rio Algom milling site
is in closure action in accordance with Nuclear Regulatory Commission criteria. All the
underground mines have been filled and stabilized.

The valley has no native trees and presently has a moderate cover of native grass.
Cattle grazing is the main use of the land in the upland part of the basin. There is no
agricultural use of the land. As a policy, the USDA and State Soil Conservation has not
made soil maps of the valley because of its previous use for mining and milling of
uranium (USDA web site). Regionally, the age of deposition of the oldest Holocene
alluvial and eolian units has been estimated to be between 2,500 to 7,000 years old and
the youngest developed soils are estimated are no greater than 2,300 years based on
soil development and radiocarbon dates (Wells et al, 1983). A map of the valley and
location of the Rio Algom site is shown in Figure 1. The map shows 1957 drainage with
mines and mill locations photo-revised to 1980.

The geomorphic processes upgradient from the site consist of sheet flow and ephemeral
channel flow, and wind erosion and eolian deposition. Mine dewatering has occurred as
recently as 2005 utilizing pipelines, treatment ponds and infiltration system rather than
overland flow. A secondary process is the high infiltration rate of the thick surficial
alluvial deposits that significantly reduces the potential for gullying. The drainages
throughout the lower valley are poorly defined however one area in the upper portion of
the drainage basin shows severe gullying of playa type soils, with piping and caving of
banks. The incised drainage was down stream from a breached cattle pond with slopes
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ranging from 0.02 to .04 ft/ft. This area is in section 18, 4 - km (2.5 miles) north of the
project site. This condition was also observed during restoration of the Phillips-United
mill and tailing site (DOE, UMTRA, 1990).

Valley alluvium and basin slopes

The lack of gullying in the lower Ambrosia Lake valley has been described in the
remediation of the nearby Phillips-United tailings pile in Section 28 (DOE, UMTRA,
1990), which observed that highly permeable surface materials have resulted in rapid
infiltration rates with very little surface runoff. Directly upslope from the Arroyo Del
Puerto drainage in the northeast quarter of section 31 where the diversion channel is
proposed the slope progressively decreases from .0175 to .0155, to .010 ft/ft over a
distance of one mile. The high Infiltration rate should be considered in the channel
design for PMF storm event.

The Arroyo Del Puerto is the only well defined channel in the lower part of the basin.
Tributary channels are poorly defined as a result of a lack of flow concentration caused
by infiltration and dissipation of runoff. Encroachment of the arroyo against the resistant
bedrock outcrops is the cause of flow concentration and channel development along the
course of the drainage.

The soil associations mapped by the Soil Conservation Service (1967) indicates that the
lower part of the valley adjacent to the Arroyo Del Puerto is the Lohmiller-San Mateo soil
association. This map, presented in DOE, UMTRA (1990), is shown in Figure 4. The soil
is described as derived from sandstone and shale bedrock, about 60- inches (150- cm)
deep and consists of loam, clay loam, sandy loam and clay and is often stratified. This
soil series is not defined in nearby basins by more recent Soil Conservation soil map
(USDA website). Observation of this mapped area indicates that it was intended for
basin fill slopes of 0.015 ft/ft or less in the lowest part of the valley bordering Arroyo Del
Puerto, and has very little clay content. An example of this slope under relatively
undisturbed conditions is shown in Figure 5 (Photo No. 5). There is no apparent
development of clay crusts that would promote runoff as consequence of lack of intense
rainfall to develop the crust, and perhaps lack of available clay in the upper 2-cm as
indicated by Duffy and Gardner (1983). Impact of rainfall may be inhibited by moderate
to sparse vegetation cover.

The orientation of Ambrosia Lake valley, northwest to southeast, is considered favorable
for deposition of windblown dust from prevailing southwest and westerly winds, as a
result of its high cliff faces on the southwesterly cuesta escarpment. A high percentage
of reworked eolian material would explain why the alluvium has a higher permeability
rate than would occur by sediment derived from bedrock highlands alone.

In the adjacent Chaco Canyon basin, Duffy and Gardner (1983) observed that typically
deep and well vegetated eolian deposits which blanket the bedrock and uplands
surfaces are less prone to erosion. Studies have shown a strong correlation between
less permeable soils and increased ephemeral discharge and the relevance of infiltration
behavior in examination of the overland flow process. Rapid incision is predominantly
associated in Chaco Canyon with valley fill deposits where valleys are drained by a
central channel. Such erosion can be the result of: man induced changes, primarily
mining and overgrazing; secular climatic variations in rainfall; and changes in rainfall
distribution. In San Juan basin the impact of these factors is seen as reduced infiltration
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where channeled flow predominates. Recent studies of soils in a semi-arid climate
conclude that porosity, texture of top 7 centimeters, the percent of bare surface, and the
percent of crown cover are the predominant factors influencing infiltration characteristics.
(Duffy and Gardner, 1983).

A map of the drainage basins, provided by Tetra Tech, shows that the slopes in
subbasin 4B directly upslope north of Pond No. 1, are less than .010 ft/ft (1.0 percent)
over a linear distance of 4,570 m (14, 990 feet), and 4,865 (15,964 feet) measured along
the thalweg center of drainage. The lowest slope measured is 0.005 or Y2 percent
grade. This area of 1.0 percent (or less) slope provides a buffer area around the north
side slope where drainages are poorly defined and infiltration is most likely to occur
before entering the flow concentration of the diversion channel. The slopes on the north
60 percent of the basin reach gradually increases to a maximum of 0.032 near the
drainage divide a distance of 10.2 km (6.3 miles) from the diversion channel at the north
site boundary of Section 31. Sub-basins 4C and 4D are shorter and have higher slopes
on the flanks of San Mateo Mesa but the "buffer" zone near the site shows similar low
slopes. This zone, directly upslope of the proposed Option 2 diversion ditch that
delineates an area where the slopes are less than 0.013 is shown on Figure 6. The area
is characterized by poorly defined channels, deposition exceeds erosion, and infiltration
is expected to have a substantial influence on runoff contributions to Arroyo Del Puerto.
The channel of Arroyo Del Puerto becomes recognizable only where it is adjacent to
bedrock outcrops or where the runoff from bedrock is more appreciable than in the valley
basin areas.

Rio Algom Site Area

The area around the Rio Algom site is shown in Figure 2. The original channel of Arroyo
Del Puerto (blue) goes across the site from northwest to southeast with the lower portion
of the channel offset by construction of Tailings Impoundments 1 and 3. The original
channel was essentially the boundary between bedrock (southwest) and alluvium
(northeast), except where lateral drainages joined the arroyo. A mine water discharge
ditch was constructed which was also used to divert potential flows in the arroyo around
the site (green). Under Option 2, potential flows in the Arroyo Del Puerto would be
diverted by placing a diversion channel with the berm upslope of former waste ponds 4,
5, and 6 starting at the northwest approach of the original channel to the site. The outlet
of the diversion channel would be to the Arroyo Del Puerto channel adjacent to Pond 9
(just off of Figure 2 to the south). The approximate berm location is shown by cross-
hatching; its channel will have an approximate average slope of 0.05 ft/ft.

Arroyo Del Puerto enters the site from the west where it crosses the Rio Algom Access
Road. Figure 3 (Photo No. 1) shows the down stream channel and the pipeline that was
apparently used to import mine water to the treatment ponds prior to being discharged in
the infiltration ditch. Immediately west of that crossing, two shallow tributaries are
indicated on the topography map from the north and south to converge on the main
drainage. There is little evidence of these tributaries today. The channel of Arroyo del
Puerto is a vegetated swale about 3 feet deep and is free from gully incision. The lower
reach of this drainage has been diverted from its original course by the construction of
the infiltration ditch. The original drainage meandered between the two largest waste
piles and cut off the northeast 1/4 of section 31.
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Mine water discharge was a factor in creating bank erosion of channels in adjacent
basins as reported by Mills and Gardner (1983). The history of dewatering of the mines
is not well known across the valley here but the mine water discharge upstream from the
site has evidence the water was piped to treatment ponds rather than being released
into drainages.

Mine Water Discharqe Ditch

In order to restrict the ground water contaminants from migrating north and east of
section 31, a ditch was dug on the north and east boundaries of section 31 to maintain a
"water mound" of perched contaminants towards the interceptor trench at the toe of
Pond 3. The ditch is indicated in Figure 2 showing the point of discharge. The mine
pumping at section 30 West stopped in December 2005, and the ditch pumping stopped
in early 2006 with intermittent pumping through 2006. On the north side near the
discharge the water level was within 5 feet of the surface. The water level declined to a
current depth of 36 feet in well 31-05 when pumping ceased at the end of 2006.

A footprint of the recharge mound indicated that the mound was spread around the
north side ditch as far as 520 m (1700 feet) but dissipated rapidly on the southward leg.
(Maxim, 2001). This methodology illustrates both the infiltration capacity of the alluvium
and the storage capacity of an underlying paleochannel to handle large quantities of
surface water infiltration.

The infiltration ditch along the north side section line is about 3 feet deep and is shown in
Figure 7 (Photo No., 3). The ditch on northeast section line was dug to about 8 feet
below natural grade. Presently a portion of the original arroyo channel is being
excavated to remove contaminated soils and the excavation reveals the sandy silt, as
shown in Figure 8 (Photo No. 2) that is typical of the upper 37 feet of this alluvial deposit.
A grain size analysis shows 100 % passing the No. 40 sieve and 51 to 67% passing the
No 200 sieve resulting in a soil classification as a fine sandy silt. A borehole log of well
no. 31-05 at the northeast corner section 31 shows 37 feet of this sandy silt, called "blow
sand" underlain by another 41 feet of mostly sand and fine gravel with minor lenses'of
sandy clay. The gravelly alluvium is not locally seen but was noted in some terrace
deposits in Section 28 near an older channel (DOE, UMTRA, 1990) and was thought to
be derived from the Gallup Sandstone that outcrops in San Mateo Mesa to the
northwest. In the Groundwater ACL Application for Rio Algom (Maxim, 2001), approved
by the NRC, the alluvium was modeled using a hydraulic conductivity of 18 ft/day (or
approximately 1 X 10-2 cm/sec).

Arroyo Del Puerto Paleochannel

The existence of the paleochannel in the valley alluvium is apparent from the migration
of drainage down slope toward the southwest impinging against the resistant bedrock
benches that underlie the main waste pile and Rio Algom facilities. This was also
documented by Kerr-McGee Nuclear Corp (1980) and referenced by DOE UMTRA
(1990) as shown in the cross section in Figure 9. This paleochannel is an ancestral
drainage of the Arroyo Del Puerto. An isopach map that defines a paleochannel in the
Phillips/United mill tailings pile (DOE, UMTRA, 1990) in section 28, shown as Figure 10,
upslope from the Rio Algom main pile, indicates a channel incised in the bedrock
trending southwest. The trend would make it a tributary to the main southeast trending
paleochannel in south ½/2 of section 32. This suggests that it is likely there are other
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lateral tributaries incised in the Mancos Shale bedrock surface to form an under drain for
the valley. One account reported an alluvial thickness of 100 feet near the Arroyo Del
Puerto (Purtymun et al, 1977).

Bedrock Outcrops

The bedrock benches on the high ground immediately bordering the south side of Arroyo
Del Puerto as defined by topographic contours shown in Figure 2, form the foundations
for Pond 9 and the former Rio Algom facilities. Figure 9, cross section shows the
resistant sandstone members of the Mancos Shale called Tres Hermanos (C) and Tres
Hermanos (B) with interbedded shale forming the outcrops. The upper portion of Figure
9 shows the outcrops with respect to outline of Tailings Impoundments 1 and 3. A
photograph of typical bedrock outcropping, in the south half of section 31 (north of
Tailings Pond 1) is shown in Figure 11 (Photo No 4). This high ground is an erosional
feature resulting from channel development of the ancestral arroyo that formed the
paleochannel and the present day drainage impinging against the resistant outcrops.

Conclusions

The geomorphic processes that most affect the Option 2 plan appear to be mitigating
factors for supporting the stability of the proposed diversion channel. The lack of
gullying in the most prominent drainages is a result of a high infiltration rate because of
low slope gradients and deep permeable soils. The potential for infiltration is matched
by a high capacity of storage evident by the granular fill in the underlying broad
paleochannel. It is expected that infiltration could result in a substantial loss of runoff for
a PMF.

The fine grained, low plasticity soils in which the channel is founded may result in local
minor sedimentation that could mostly fill the interstices of the rock erosion protection
but as a consequence of its fine grain and lack of cohesion/cementation should be of
negligible consequence to any significant run-off event. It is unlikely that sedimentation
of native coarse sand or gravel that might form deposits resistant to runoff will occur
since there are no sources for such material.

Sedimentation of Arroyo Del Puerto valley has been in progress for at least 2500 years.
Long term geomorphic stability of the valley is dependent on the stability of San Mateo
Creek down stream from the site, is in near playa conditions. The stability of that valley
has an added protection with the clean-up conditions of the Homestake mill and tailings
site.
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FIGURE 1 RIO ALGOM SITE IN AMBROSIA LAKE VALLEY, NEW MEXICO
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infiltration ditch for water mounding

Note: locations of photographs are indicated by arrows
Note: The lower reach of Arroyo Del Puerto as shown has been straightened
and moved east from bedrock encroachment.

FIGURE 2 SITE PLAN SHOWING PROPOSED OPTION 2 DIVERSION CHANNEL
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FIGURE 3 VIEW OF ARROYO DEL PUERTO LOOKING EAST FROM RIO ALGOM ACCESS ROAD
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SOIL ASSOCIATIONS
I LAS LUCAS-LITLE-PERSAYO

2 LOHMILLER-SAN MATEO

3 ROCK LAND-TRAVESSILLA

4 ROCK LAND-BOND

5 KAGERMAN-TRAVESStLLA

Reference: U. S, Soil Conservation Corp.
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FIGURE 4 SOIL MAP OF AMBROSIA LAKE VALLEY, NEW MEXICO
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. FIGURE 5 TYPICAL SHEET FLOW SLOPE UPGRADIENT PROM PROPOSED DIVERSION CHANNEL
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approximate boundary where slope is less than .013 approaching
intercept diversion channel, This defines an area where drainage
is poorly defined and infiltration into deep alluvial deposits is at a maximum.

FIGURE 6 DRAINAGE BASINS FOR RIO ALGOM SITE



Photo No. 3 Looking east from haul road, north boundary line Section 31

FIGURE 7 INFILTRATION DITCH USED FOR WATER MOUNDING
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Photo No. 2, looking northeast

FIGURE 8 EXCAVATION OF CHANNEL OF ARROYO DEL PUERTO SHOWING SANDY SILT ALLUVIUM
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FIGURE 9 GEOLOGY MAP OF SITE AREA AND CROSS SECTION OF VALLEY
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Reference: U.S. DOE, UMTRA, 1990

FIGURE 10 ISOPACH MAP OF PALEOCHANNEL INCISED IN MANCOS SHALE
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Photo No 4, looking east

FIGURE 11 SANDSTONE-SHALE BEDROCK ON HIGH GROUND ABOVE ARROYO DEL PUERTO
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Calculation E.1
Rio Algom Mining LLC

Ambrosia Lake, New Mexico
Arroyo Del Puerto

Exterior Site Drainage Calculations
Sedimentation Yield

1. Purpose:
The purpose of this calculation is to evaluate whether sedimentation will be a problem in the long-term for the

Diversion Embankment/Channel of the Arroyo del Puerto at Ambrosia Lake, New Mexico. The methods contained

in Appendix E of NUREG-1623 are used as a basis for this evaluation.

A summary of the results is shown on Worksheet Tab "Sediment Summary", (CaIc. Sheet 3 of 17)

2. HEC-RAS Results

The results of the HEC-RAS modeling contained in Calculation D.1 indicated a region that had a higher
potential for sediment buildup due to lower velocities. This region comprises the following locations:

Section 13 - Station 60+00
Section 12 - Station 55+00
Section 11 - Station 50+00

In order to evaluate lower storm events in addition to the PMF of 78,000 cfs, the PMF was divided evenly into
lower flow amounts and the HEC-RAS Model was run for each flow amount.

The raw data taken directly from the HEC-RAS models are contained on the following worksheet:

Worksheet Tab "HEC-RAS Output Data" Caic. Sheets 15 thru 17 of 17

A summary of the flow data is contained in Worksheet Tab "Flow Summaries", (CaIc. Sheet 4 of 17)

3. Sheet and Rill Erosion

The Modified Universal Soil-Loss Equation (USLE) was used according to the following equation:
A = RKLSVM (tons per acre)

This equation was previously discussed in the following paper:
Prediction of Erosional Soil Loss and Land Surface Protection Measures
Ambrosia Lake Facility
Rio Algom Mining LLC
Grants, New Mexico
Prepared by Curtis 0. Sealy
Maxim Technologies
Albuquerque, NM
July 2005

This document is contained in Appendix E.3.

SUA-1473
Docket #40-8905

Worksheet Name:
Sheet 1 of 17 Calculation Summary-E.1
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See Worksheet Tab "Sheet & Rill", (Calc. Sheet 10 of 17 ) for summary of results. The PMF Drainage area
to the Diversion Embankment/Channel is shown on Worksheet Tab "PMF Drainage Area", (Calc. Sheet 11 of 17)

R = rainfall erodibility factor = 30
see figure of average annual values of rainfall erosion index (Calc. Sheet of 5 of 17)

K = soil erodibility factor = .55
see nomograph figure (Calc. Sheet 6 of 17) and utilize the size fractions contained

on Worksheet Tab "Native Soils", (Calc. Sheet 12 of 17)
LS = slope steepness and length factor

LS = 11/2*(0.0076+0.53s+7.6s2)
Typically this factor is applicable to small drainages and not the long lengths and large basins
of the Arroyo del Puerto. To do so does not recognize other factors within the larger basins
that trap sediments. Therefore, to use it for larger basins will result in conservative yields.

VM = erosion control factor
Undisturbed Bare Soil Conditions: VM = 0.66 to 1.30 (see Calc. Sheet 7 of 17)
Apply cover factor with grass > 80% = 0.02 (see Calc. Sheet 8 of 17)

VM = 0.66*0.02 = 0.013
Considering the high infiltration rates (Appendix E. 1 ) use VM = 0.005

The modified USLE produces a gross soil erosion rate. The Sediment Delivery Ratio (SDR) is applied
to determine the actual sediment yield. For watersheds of 3200 and 64,000 acres, ratios of 0.22 and 0.10
are suggected accorded to Calc. Sheet 9 of 17
For the Arroyo del Puerto this results in SDR ratios of 0.21 to 0.22.

The resulting sheet & rill erosion sediment yield is approximately 3200 tons per year.

4. Gully Erosion

According to Appendix E.1, gully erosion is minimal and will be neglected for this evaluation.

5. Trap Efficiency

The trap efficiency equation is a relationship of reach length, settling velocity for each sediment fraction,
mean flow depth, and mean flow velocity.

The results are shown on Worksheet Tab "Trap Efficiency", (Calc. Sheet 13 of 17)

6. Sediment Transport Capacity

This calculation made use of the flow-duration sediment -rating curve of Table E-1 of NUREG-1 623 and applied it to
the PMF value of 78,000 cfs. The results are shown on Worksheet Tab "Sediment Transport", (Calc. Sheet 14 of 17).

7. Conclusion:

Based on the summary of the results ass shown on Worksheet Tab "Sediment Summary", (Calc. Sheet 3 of 17),
it is dramatically obvious that due to the fine sandy silty fraction of the native soil materials, that the any
sediments dropped out are more than offset by the ability of the system to transport these fine sediments.

SUA-1473
Docket #40-8905

Worksheet Name:
Sheet 2 of 17 Calculation Summary-E.1



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

Calculation E.1:
Exterior Site Drainage
Sedimentation Yield

By: M. Bone
1/25/2008

File Name:
Calculation E.1 -Sedimentation YieldRev_1

Rio Algom Mining LLC
Ambrosia Lake, New Mexico

Arroyo Del Puerto
Sediment Yield Summary

Section 13 - Sta 60+00Flow ParametersAnulBss(n Annual Basis (os/yr)

h = V = Mean Outgoing
Mean Flow Incoming Sediment Sediment

Flow Rate X = Reach Flow Velocity Sediment Load that Transport
(cfs) Length (ft) Depth (ft) (ft/sec) Yield Settles Yield

7800 500 5.15 4.96 3183 505 1,503,758
15600 500 6.94 6.29 3183 335 4,495,787
23400 500 8.15 7.11 3183 266 5,230,651
31200 500 9.81 8.46 3183 197 5,215,491
39000 500 9.45 6.98 3183 239 2,551,494
46800 500 10.47 9.04 3183 176 2,625,742
54600 500 11.04 9.59 3183 160 2,108,847
62400 500 11.56 10.09 3183 147 1,371,704
70200 500 12.05 10.57 3183 136 474,664
78000 500 12.50 11.11 3183 126 150,073

Flow Parameters Section 12 - Sta 55+00
Annual Basis (tons/yr)

h = V = Mean Outgoing
Mean Flow Incoming Sediment Sediment

Flow Rate X = Reach Flow Velocity Sediment Load that Transport
(cfs) Length f Depth (ft) (ftlsec) Yield Settles Yield

7800 500 5.01 5.11 3183 505 1,623,407
15600 500 6.75 6.44 3183 336 4,780,594
23400 500 7.92 7.34 3183 265 5,674,948
31200 500 9.56 8.56 3183 199 5,400,847
39000 500 8.38 7.32 3183 254 2,944,852
46800 500 10.20 9.10 3183 179 2,687,220
54600 500 10.75 9.62 3183 163 2,141,343
62400 500 11.25 10.09 3183 151 1,383,294
70200 500 11.72 10.51 3183 140 472,169
78000 500 12.16 10.89 3183 131 144,452

Section 11 - Sta 50+00
Annual Basis (tons/yr)

h = V Mean Outgoing
Mean Flow Incoming Sediment Sediment

Flow Rate X = Reach Flow Velocity Sediment Load that Transport
(cfs) Length (ft) Depth (ft) (ft/sec) Yield Settles Yield

7800 500 4.85 5.15 3183 514 1,672,335
15600 500 6.58 6.34 3183 347 4,648,815
23400 500 7.70 7.27 3183 274 5,595,270
31200 500 9.28 8.58 3183 204 5,478,286
39000 500 8.12 7.54 3183 254 3,181,384
46800 500 9.87 9.15 3183 183 2,745,170
54600 500 10.35 9.76 3183 167 2,235,729
62400 500 10.79 10.33 3183 153 1,476,948
70200 500 11.19 10.86 3183 142 515,660
78000 500 11.57 11.35 3183 132 161,137
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Rio Algom Mining LLC
Ambrosia Lake, New Mexico

Arroyo Del Puerto
Channel Station Flow PMF Parameters

Y -.......--

section 13 - Sta b0+uu

h= V = Mean
Mean Flow q = Unit

Flow Rate Reach Flow Velocity Discharge
(cfs) Length (ft) Depth (ft) (ft/sec) Qh, (cfs) W.P. (ft) (ft2Is)

7800 500 5.15 4.96 6990.53 274.62 25.5
15600 500 6.94 6.29 12175.25 280.67 43.4
23400 500 8.15 7.11 16407.06 284.83 57.6
31200 500 9.81 8.46 23961.75 290.63 82.4
39000 500 9.45 6.98 18829.13 287.41 65.5
46800 500 10.47 9.04 27518.66 292.95 93.9
54600 500 11.04 9.59 30985.22 294.99 105.0
62400 500 11.56 10.09 34355.90 296.86 115.7
70200 500 12.05 10.57 37704.73 298.60 126.3
78000 500 12.50 11.11 41338.53 300.23 137.7

Section 12 - Sta 55+00
h= V = Mean

Mean Flow q = Unit
Flow Rate Reach Flow Velocity Discharge

(cfs) Length (ft) Depth (if) (ft/sec) e6mnne4 (cfs) W.P. (ft (ft2/s)
7800 500 5.01 5.11 6994.16 274.16 25.5

15600 500 6.75 6.44 12107.42 280.05 43.2
23400 500 7.92 7.34 16415.96 284.07 57.8
31200 500 9.56 8.56 23548.22 289.79 81.3
39000 500 8.38 7.32 17294.75 283.69 61.0
46800 500 10.20 9.10 26891.22 292.03 92.1
54600 500 10.75 9.62 30147.30 293.97 102.6
62400 500 11.25 10.09 33290.46 295.76 112.6
70200 500 11.72 10.51 36327.31 297.44 122.1
78000 500 12.16 10.89 39264.45 299.05 131.3

Section 11 - Sta 50+00
h= V = Mean

Mean Flow q = Unit
Flow Rate Flow Rate Flow Velocity Discharge

(cfs) (cfs) Depth (ft) (ft/sec) Qc'n• (cfS) W.P. (ft) (ft2/s)
7800 500 4.85 5.15 6793.68 273.61 24.8

15600 500 6.58 6.34 11585.54 279.45 41.5
23400 500 7.70 7.27 15768.06 283.31 55.7
31200 500 9.28 8.58 22826.23 288.80 79.0
39000 500 8.12 7.54 17206.10 282.78 60.8
46800 500 9.87 9.15 26079.22 290.87 89.7
54600 500 10.35 9.76 29338.83 292.58 100.3
62400 500 10.79 10.33 32527.40 294.12 110.6
70200 500 11.19 10.86 35635.13 295.56 120.6
78000 500 11.57 11.35 38671.05 296.93 130.2
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TxlDOT (7/2002) 3.0 Design of Control Measures (BMPs)

The graph in Figure 3.2 was developed to solve Equation 3 and Is used as follows:

1. Locate the slope length on the bottom.
2. Follow vertically to the correct slope gradient curve.
3. The corresponding LS value can be read from the left side.

The amount of erosion is very sensitive to the length and slope factors (e.g. cutting the
slope length in half will cut the erosion by approximately one-third).

Erosion Control Factor (VM): The erosion control factor is applied to account for the
effects of erosion control measures and devices used on a construction site. The lower
the VM factor the more effective the device or control measure is in controlling erosion.
Table 3.1 includes typical values based on the control device or measure utilized:

Table 3.1 - Erosion Control Factors (VM) for Various Erosion Control BMPs

Vegetative Management Practice VM Value
Bare Soil - freshly disked to 6-8 inches 1.00
Bare Soil - alter one rain 0,89
Compacted Fill 1.24-1.71
Undisturbed Soil - except for scraped 0.66-1.30
Soil Retention Blankets 0.015
-Mulching (depends on a.pplication rate) 0.01-0.05
Hydroinulch 0.05-0.10
Asphalt Emulsion (depends on application rate) 0.01-0.57
Silt Fence 0,25
Hay Bale 0.33
Triangular Sediment Dike 0.25
Inlet Protection 0.25-0.33*
Sedimnent Trap - Stone Outlet 0.15-0.30"
Sediment Basin 0,10*
Sandbag Berm 0.30*
Rock Berm 0.30*

*
4
The VM values for structural controls listed must be adjusted for the type of cover that

lies within the watershed for which they are treating runoff. Table 3.2 indicates the
correction factors to use depending on the percent grass and canopy cover.

Equation 4

VM mVMp,,_,j x Cover Factor

Storm Water Management Guidelines for Construction Activities 3-4

TxDOT (7/2002) 3.0 Design of Control Measures (BMPs)
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The cover factor considers the protection of natural ground cover in preventing soil
erosion. The factor is dependent on the type of vegetation (grasses or trees) and the
density of the vegetation. The canopy cover is the percent of ground cover from the
trees, brush or tall weeds. For construction sites stripped of natural vegetation, a cover
factor of 1.0 should be used. Note: The table will produce a cover factor of 0.45 for an
area with 0% canopy and 0% cover ofgrass. This value represents undisturbed bare soil.
On construction sites the bare soils are typically disturbed and/or compacted or otherwise
altered. A valuc of 1.0 is recommended in the areas of disturbed bare soil.

Table 3.2 - Watershed Cover Factors

Canopy Undisturbed Soil
Cover, % Percent Ground Cover of Chess

0 20 40 0.60 >80
0 0.45 0.20 0,10 0.04 0.02
25 0.36 0.17 0,08 0.04 0.02
50 0.26 0.13 0.07 0.03 0.02
75 0.17 0.10 0.06 0.03 0.02

Storm Water Management Guidelines for Construction Activities 3-6

Environmental Hydrology Chapter 9 Equations:

The Universal Soil Loss Equation, Downstream Sediment
Yields, Sinwle Event Sediment Yields
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Yields, Single Event Sediment Yields

The Universal Soil Loss Equation

The USLE continues to be a widely accepted method of estimatitg sediment loss despite its
simplification of the many variables involved in soil loss prediction. It is useful for determining
the adequacy of conservation measures in resource planning, and for predicting nonpoint
sediment tosses In pollution control programs. The average annual soil loss, aa determined by
Wischmeier and Smith (1978) can be estimated from the equation

A=RKLSCP (9.1)

where A = average annual soil toss in tons/acre,
R = rainfall and runoff erosivity index fora geographic location,
K = soil-erodlbility factor,
LS = slope steepness and length factor,
C = cover management Factor,
P = conservation practice factor.

In this text. English units are used for A, R, and K. Renders should ensure that if using other
sources of infor-mation for the USLE, that units are consistent (Foster et al., 1981). Although
developed for use in the United States, the procedure is used in many countries and has been the
focus of considerable study during the past 30 years. Methods for determining each of the input
parameters for tile USLE and examples oftheir use follow.

Downstream Sediment Yields

Sediment delivery ratio (SDR). The USLE estimates gross sheet and Till erosion, but does not
account for sediment deposited enroute to the place of measurement, nor for gully or channel
erosion downstream, The sediment delivery ratio is defined as the ratio of sediment delivered at a
location in the streamn system to the gross erosion from the drainage area above that point. This
ratio varies widely with size of area, steepness, density of drainage network, and many other
factors. For wateraheds of 6.4, 320, 3200, and 64.000 acres, ratios of 0.65, 0.33, 0.22, and 0.10,
respectively, were suggested as average values by Rechl (1962). The development of new
process-based ero.sion models in CIS environments will enhance the prediction of sediment
delivery from watersheds.

Renfro (1975), for te Bllackland Prairie Area in Texas, developed the SDR equation:

log,, SDR =1.8768 - 0.14191log 1 , IOA (9.2)
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Upstream
Catchment
Drainage

Area R LS = Slope VM = A = So Loss

No A = A = H, Higher H2 . Lower S L = Maximum Rainfall K = Soil Length - Erosion per Unit Area Millernum Mitleneum Millentum

Area' Area' Elevation Elevation Slope Sl Length Erodibtlty Erodibility Steepness Control per year Gross Sodl Gross Erosion Sediment Yield Sediment Yld
(sq ms.) (acres) (feet) (feet) H-H (tft) (feet) Factor Factor Factor Factor (tons/Actyr) Loss (tonslyr) (tons) SOR (tons) (o

3A 12,31 7926 8182.00 6950.00 1232.00 0.021 60000.00 30 0.55 531 0005 0.44 3473 3,473.413 0.21 731755 14,635,107

3B 1487 9518 7848.00 6950.00 898.00 0.035 26000.00 30 0.55 5.64 0.005 0.47 4428 4,427.839 0.21 918,912 18,378,242

4A 7 60 4864 7600.00 6950.00 650.00 0.015 42000.00 30 0.55 3.61 0.005 0.30 1449 1,449.144 0.22 314.053 6,281.070

4B 7 26 4643 8054.00 6950.00 1104.00 0.029 36000.00 30 0.55 5.73 0.005 0.47 2196 2,196,396 0.22 476,950 9,539,008

4C 904 5783 8170.00 6950.00 1220.00 0.041 30000.00 30 0,55 7.23 0.005 0.60 3448 3,448,024 0.21 740,984 14,819,677

4D 6451 4130 Not Included_ 3,182,655 63,653,104

Total 5760 36864 1 1 1I

PMF Basin Area Figure
2 Drainage Area 4D does not enter the Arroyo del Puerto channel until Tailings Pond 9,
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Rio Algom Mining LLC
Ambrosia Lake, New Mexico

Arroyo Del Puerto
Native Soils: Grain Sizes

size Settling Velocities Percent Passing for Sample Areas of Site Average size

Mesh mm inches Class Name do at1O0 C (caatlOC Interceptor Percent Fraction

(mm/sec)1  (ft/sec) SE of Pond 6 Sec. 32- No. 1 Sec. 32-No. 2 Trench Area Passing

No. 4 4.760 0.1874 fine gravel 237.0 0.778 100 100
very coarse sand to

No. 10 2.000 0.0787 very fine gravel 136.5 0.448 99 99
No. 16 1.190 0.0469 very coarse sand 109.0 0.358 99 99
No. 30 0.595 0.0234 coarse sand 66.4 0.218 100 99 99.5
No.40 0.420 0.0165 medium sand 31.3 0,103 99 100 100 98 99.25 1%
No.50 0.297 0.0117 medium sand 31.3 0.103 98 98 98 98 98 1%
No. 100 0.149 0.0059 fine sand 10.1 0.033 86 76 80 81 80.75 17%
No. 200 0.074 0.0029 very fine sand 2.66 0.0087 67 54 51 65 59.25 22%
No. 400 0,037 0.0015 coarse silt 0.67 0.0022 1 1 1 1 59%

1 NUREG-1623, Table E-4
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Rio Algom Mining LLC
Ambrosia Lake, New Mexico

Arroyo Del Puerto
Trap Efficiency

Incoming Millenium

Trap Efficiency = T, = 1 - e Composite Millenium Sediment Load
Trap Efficiency Sediment that Settles

Yield (tons) (tons

Flow Parameters Mesh Size No. 10 No. 16 No30 No40 No. 50 No. 100 No. 20 No. 400
mm Size 2.000 1.190 0.595 0.420 0.297 0.149 0.074 0.037

percent of sediment

volume 1% 1% 17% 22% 59%

(rnJec)' 136.5 109 66.4 31.3 31 3 101 2.66 0.67
n v =Meanl

Mean Flow q = Unit
Flow Rate X =Reach Flow Velocity Discharge

(cfs) Length (ft) Depth (ft) (8/sec) O r (cfs) W P. (ift) (ft2/s) W, at 100 C (ft/sec) 0.448 0.358 0.218 0.103 0.103 0.033 0.0087' 0.0022

Section 13 - Sta 60+00 1
7800 500 5.15 4.96 6990.53 274.62 25.5 0.9998 0.9991 0.9859 0.8680 0.8860 0.4772 0.1570 0.0421 0.1588 3,182,655 505.440

15600 500 6.94 6.29 12175.25 280.67 43.4 0.9941 0.9834 0.9175 0.6916 0.6916 0.3158 0.0951 0.0249 0.1052 3,1828655 334,720
23400 500 8.15 7.11 16407.06 284.83 57.6 0.9790 0.9543 0.8474 0.5877 0.5877 0.2487 0.0725 0.0188 0.0836 3,1828655 266,125
31200 500 9.81 8.46 23961.75 290.63 82.4 0.9327 0.8840 0.7308 0.4613 0.4613 0.1810 0.0512 0,0132 0.0619 3,182,658 197,104
39000 500 9.45 6.98 18829.13 287.41 65.5 0.9664 0.9335 0.8082 0.5409 0.5409 0.2221 0.0640 0.0165 0.0751 3,182,655 239,093
46800 500 10.47 9.04 27518.66 292.95 93.9 0.9061 0.8488 0.6836 0.4187 0.4187 0.1606 0.0451 0.0115 0.0554 3,1 855 176,170
54600 500 11.04 9.59 30985.22 294.99 105.0 0.8794 0.8153 0.6426 0.3843 0.3843 0.1449 0.0404 0.0103 0.0502 3,182655 159,925
62400 500 11.56 10.09 34355.90 286.86 115.7 0.8534 0.7841 0.6070 0.3561 0.3561 0.1324 0.0367 0.0094 0.0462 3,18255 146M990
70200 500 12.05 10.67 37704.73 298.60 126.3 0.8276 0.7543 0.5748 0.3318 0.3318 0.1220 0.0337 0.0086 0.0428 3,182.665 1368070
78000 500 12.50 11.11 41338.53 300.23 137.7 0.8006 0.7240 0.5436 0.3091 0.3091 0.1125 0.0309 0.0079 0.0396 3,182,655 126,060

Section 12 - Sta 55+00
7800 500 5.01 5.11 6994.16 274.16 25.5 09998 09991 09858 08654 08654 04765 0.1567 00420 0 1585 3.182.655 504,608

15600 500 6.75 6.44 12107.42 280.05 43.2 0,9942 0 9836 0.9184 06931 0.6931 0.3169 0.0955 0.0250 0 1055 3.182.655 335,840
23400 500 7.92 7.34 16415.96 284.07 57.8 09788 0.9538 08464 05866 05866 02480 00723 0.0187 00834 3,182,655 265,424
31200 500 9.56 8.56 23548.22 289.79 81.3 09352 0.8875 07358 04660 04660 0 1833 00519 00133 00627 3,182.655 199,471
39000 500 8.38 7.32 17294.75 283.69 61.0 0.9740 0.9458 0 8306 0.5670 05670 02367 00687 00178 0.0798 3,182,655 253,928
46800 500 10.20 9.10 26891.22 292.03 92.1 _ 09104 0.8543 0.6907 04249 04249 01635 0.0459 00118 0.0563 3,182,655 179,146
54600 500 10.75 9.62 30147.30 293.97 102.6 08853 08225 06512 0.3913 0.3913 01480 00413 00106 00513 3,182,655 163,214
62400 500 11.25 10.09 33290.46 295.76 112.6 0.8609 07930 06169 03639 0.3639 0 1358 00377 0.0096 0.0473 3,182,655 150,521
70200 500 11.72 10.51 36327.31 297.44 122.1 0.8376 0.7658 0.5870 0.3409 03409 01259 00348 00089 0.0440 3,182,655 140,133
78000 500 12.16 10.89 39264.45 299.05 131.3 1 0.8157 07408 0.5607 03214 0.3214 0.1176 0.0324 00083 0.0413 3,182,655 131,480

Section 11 - Ste 50+00
7800 500 4.85 5.15 6793.68 273.61 24.8 0.9999 0.9992 0.9872 0.8720 0.8720 0.4849 0.1603 0.0430 0.1615 3182855 513856

15600 500 6.58 6.34 11585.54 279.45 41.5 0.9953 0.9862 0.9265 0.7079 0.7079 0.3278 0.0993 0.0260 0.1090 3182656 34,007
23400 500 7.70 7.27 15768.06 283.31 55.7 0.9817 0.9590 0.8571 0.6004 0.6004 0.2562 0.0750 0.0194 0.0860 31828 273,773
31200 500 9.28 8.58 22826.23 288.80 79.0 0.9399 0.8941 0.7454 0.4753 0.4753 0.1879 0.0533 0.0137 0.0641 3182655 204,156
39000 500 8.12 7.54 17206.10 282.78 60.8 0.9742 0,9461 0.8312 0.5677 0.5677 0.2371 0.0688 0.0178 00799 318265 254,328
46800 500 9.87 9.15 26079.22 290.87 89.7 0.9162 0.8619 0.7006 0.4336 0.4336 0.1676 0.0472 0.0121 0.0576 318268 1831403
54600 500 10.35 9.76 29338.83 292.58 100.3 1 1 0.8910 0.8297 0.6598 0.3985 0,3985 0.1513 0.0423 0.0108 0.0523 31820655 1668561
62400 500 10.79 10.33 32527.40 294.12 110.6 20.859 0.7990 0.6237 0.3891 0.3691 0.1381 0.0384 0.0098 0.0481 318265 152934
70200 500 11.19 10.86 35635.13 295.56 120.6 0.8416 0.7704 0.5919 0.3446 0.3446 0.1275 0.0353 0.0090 0.0446 3182656 141.805

78000 500 11.57 11.35 38671.05 296.93 130.2 1 0.8183 0.7438 0.5637 0.3236 0.3236 0.1185 0.0327 0.0083 0.0416 3182655 132,454
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Rio Algom Mining LLC
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Arroyo Del Puerto
Sediment Transoort

Outgoing

q. Composile Co11 Assumed Sediment

Sediment Transport D'sch3rge = q - cý r"V &",/ b.(ltse Sr mni. Dedatiot Transport

Trampot tCfItr Concentraton Yield =
(mgtl) QxAp

(ton~lyr)
Flow Parameters Mesht Size No. 10 No. 16 No. 30 No. 40 No. 50 No. 100 No. 200 No. 400 _________

mm Size 2.000 1.190 0.595 0.420 0.297 0.149 0.074 0.037 1 1
percent of sediment

volume 1% 1_% 17% 22% 59%
ci1 at Gr=l1.0 5.64E-06 5.62E-06 7.60E-06 7.60E-06 1.42E-05 3.30E-05 3.30E-05 3.30E-05

c4 at Gr-1.0 -0.14 0.06 0.28 0.28 0.495 0.715 0.715 0.715
V eanI

h = Flow q =Unit
Flow Rate X =Reach 'Mean Flow Velocity O•h Discharge

(cfs) Length (5f) Depth ( 9t) (f./sec) (cfs) 2W.P. (ft) (f0/s) c0 at Gr=0.0 3.950 30930 3.820 3.8200 3,610 3.300 3.300 3.300
Section 13 - Sta 60+00

7600 500 5.15 4.96 6990.53 274.62 25.5 0.0025 0.0034 00055 8 00855 0.0104 0.0210 0.0210 0.0210 0.0207 2.159 10.00 2 108,758
15600 500 6.94 6.29 12175.25 280.67 43.4 0.0061 0,0087 0.0147 0.147 0.283 0.0570 0.0570 0.0570 0.0562 3,435 9.40 44957787
23400 500 8.15 7.11 16407.06 2849. 1 57.6 0.0047 0.0142 0.0246 0.0246 0.0477 0.4087 0.0958 0.0958 0.0945 4.347 0.76 544661
31200 500 9.81 8.46 23961,75 290.63 8214 0.0189 0.0284 0.0502 0.0502 0,0979 0.1940 01940 0.1940 0.1915 6,155 3.04 502105491
39000 500 9.45 6.8 188299413 287.41 65.5 0.0026 0.0038 0238 0.0038 0.0480 0.1002 0.1002 0.1002 0.0988 33997 183 2,551.,494
46800 500 10.47 9.04 27518.66 292.95 93.9 0.0243 0.0370 0.0659 0+0659 01280 0.2530 02506 0.2530 02496 7,52 089 2462574

54600 500 11.04 9.56 30985.22 294.99 105.03 009 0.0469 0.0852 0.085 0.1633 0.3193 0.3193 03193 0.3195 74952 054 2,108,847
62400 500 11.56 10.09 34355.90 296.86 115.7 0.0370 0,0574 0,1031 0.1031 0.2W7 0.3903 0.3903 10.3903 0.3I52 8.821 0,28 1.371,704

70200 500 12.05 10.57 37704.73 298.60 126.3 0,0442 0.0691 01246 001246 02423 0.4687 0.0 17 0.0687 0.4626 9.709 0.08 474.66478000 500 12.501 11.111 41338.531 300.23 137.7 0.05M5 0M042 0,1623 0.1523 0.2953 0.567-1 0.5671 0.5671 0,65"9 10,774 0.02 150,073
Section t12 - Sta 55-00 Total Annual Sediment Yield 25.728,211

7800 Soo 5.01 5.11 6994.16 274.161 25.5 0.0028 0,0038 0.0061 0.0061 0ý01 14 0,0227 00227 00227 00224 2.331 1000 1,623,407
15600 500 6.75 6.44 12107T42 280.05 43.2 0 0068 0.0095 0 0160 0 0160 0 0304 0.0604 0 0604 0.060N 0,0596 3.652 9.40 4.780,594
23400 500 7.92 7.34 16415.96 284.07 57800111 100'161 00UZI: 0,0275 00528 0,1042 0+1042 01042 0,1029 4,717 5.76 5,674,948
31200 500 9.56 8.56 23548.22 289.79 81.3 00198 0.0297 0.0522 010522 0 1D009 0 1980 0 !980 0 1980 0 1955 6.374 3 04 5,400,847
39002 500 8.38 7.32 17294.75 283.69 61,0 0 010)9 10.0159 0077 0 0277 0 0537 0.1075 01075 0.1075 0.1061 4.613 1+83 2,9482

46800 500 1020 9.10 26891.22 292.03 92.1 0.0250 0.0380 00671 00671 0 1299 02538 02538 0.2538 0.2505 7,210 0.89 2,687,220
54600 500 10.75 9.62 30147.30 293.97 102.6 00309 0.0474 00842 00842 0 1630 0.3166 0 3166 03166 0.3125 8.074 0 54 2.141.343
62400 500 11.25 10.0G 33290.46 295.76 112.6 0,0371 00573 0 1023 0 1023 0 1980 0 3828 03828 0,3828 03778 8,895 0.28 1.383.294
70200 500 11.72 10.511 36327.31 297.44 122.1 0.0433 0,0674
78000 500 12.161 1

0,1210
0 1400

0.0062
0.0149
0.0263

0 1210 0.2341 0.4509

2.401 1 10,00
149 0.0284 0.0563 0.0563 1 0.0563 0.0556 3.551 1 9.40 4,6048,815

55.7 0.0107 1 0.0154 0.0263 0.0503 0.0990 0.0990 00990 0.0977 4,6501 5.76 5,6".270
288.80 79.0 0.0201 1 0.0299 0.0522 0.0522 0.1003 0.1954 0.1954 1 0.1964 0.1928 6.4651 3.04 5,478,286

7.541 17206.10 282.78 60.8 0.0123 1 0,0179 0.0307 0.0307 0.0589 0.1159 0.1159 0.1169 0.1144
9.151 26079.22 290W87 89.7 0.0257 1 0.0387 0.0679 0.0679 0.1304 0,2524 0.2524

10.35 9.76i 29338.83 292.58 100.3 0.0329 1 0,0500 0.0880 0.0880 1 0.1685 1 0.3231
10.79 10.331 32527.40 294.12 110.6 0.0410 1 0.0627 0.1106

702001 500 11.19 10.861 35635.13 295.56 120.6 0.0497 1 0.0765
780000 5 11.57 11.35 38671.05 296.93 130.2 1 115691 0.02 1 161.137

Total Annual Sediment Yield 27,710,734
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Job Title: Calculation E.1 By: M. Bone
Rio Algorn Mining LLC Exterior Site Drainage 1/25/2008
Arroyo Del Puerto Sedimentation Yield File Name:
Erosion Protection Mesures Calculation E.1 -Sedimentation YieldRev_1
Q (cfs)

7800 Plan: Reach #1 Reach #1 RS: 13 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 3235 809.47 443.72 320.22 10.38 1.39 1.82
2 Chan 3235 3543.1 6990.53 1408.47 274.62 89.62 5.15 4.96

15600 Plan: Reach #1 Reach #1 RS: 13 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 3235 3424.75 1267.46 541.2 21.95 2.34 2.7
2 Chan 3235 3543.1 12175.25 1936.7 280.67 78.05 6.94 6.29

23400 Plan: Reach #1 Reach #1 RS: 13 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (f/s)
I LOB 3235 6992.94 2062.37 645.32 29.88 3.2 3.39
2 Chan 3235 3543.1 16407.06 2306.5 284.83 70.12 8.15 7.11

31200 Plan: Reach #1 Reach #1 RS: 13 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 3235 15038.25 3328.95 735.25 38.56 4.53 4.52
2 Chan 3235 3543.1 23961.75 2830.84 290.63 61.44 9.81 8.46

39000 Plan: Reach #1 Reach #1 RS: 13 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 20170.88 3884.14 788.72 51.72 4.92 5.19
2 Chan 3238.75 3545 18829.13 2696.38 287.41 48.28 9.45 6.98

46800 Plan: Reach #1 Reach #1 RS: 13 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 3235 19281.33 3880.57 771.15 41.2 5.03 4.97
2 Chan 3235 3543.1 27518.66 3042.94 292.95 58,8 10.47 9.04

54600 Plan: Reach #1 Reach #1 RS: 13 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 3235 23614.78 4388.53 802.79 43.25 5.47 5.38
2 Chan 3235 3543.1 30985.22 3231.22 294.99 56.75 11.04 9.59

62400 Plan: Reach #1 Reach #1 RS: 13 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 3235 28044.1 4871.75 831.77 44.94 5.86 5.76
2 Chan 3235 3543.1 34355.9 3404.78 296.86 55.06 11.56 10.09

70200 Plan: Reach #1 Reach #1 RS: 13 Profile: PF 1

Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity
(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ftls)

I LOB 3235 32495.27 5337.45 863.65 46.29 6.18 6.09
2 Chan 3235 3543.1 37704.73 3567.39 298.6 53.71 12.05 10.57

78000 Plan: Reach #1 Reach #1 RS: 13 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 3235 36661.47 5797.88 922.43 47 6.29 6.32
2 Chan 3235 3543.1 41338.53 3720.44 300.23 53 12.5 11.11
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Job Title: Calculation E.1 By: M. Bone
Rio Algom Mining LLC Exterior Site Drainage 1/25/2008
Arroyo Del Puerto Sedimentation Yield File Name:
Erosion Protection Mesures Calculation E.1 -Sedimentation YieldRev_1

Plan: Reach #1 Reach #1 RS: 12 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 3235 805.84 436.83 333.33 10.33 1.31 1.84
2 Chan 3235 3541.3 6994.16 1367.42 274.16 89.67 5.01 5.11

Plan: Reach #1 Reach #1 RS: 12 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 3235 3492.58 1276.7 569.85 22.39 2.24 2.74
2 Chan 3235 3541.3 12107.42 1880.12 280.05 77.61 6.75 6.44

Plan: Reach #1 Reach #1 RS: 12 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)
I LOB 3235 6984.04 2102.59 731.3 29.85 2.88 3.32
2 Chan 3235 3541.3 16415.96 2236.05 284.07 70.15 7.92 7.34

Plan: Reach #1 Reach #1 RS: 12 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 3235 15451.78 3543.08 859.62 39.62 4.12 4.36
2 Chan 3235 3541.3 23548.22 2751.62 289.79 60.38 9.56 8.56

Plan: Reach #1 Reach #1 RS: 11 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 21705.25 3894.02 859.55 55.65 4.53 5.57
2 Chan 3238.75 3545 17294.75 2362.82 283.69 44.35 8.38 7.32

* Plan: Reach #1 Reach #1 RS: 12 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 3235 19908.78 4167.44 909.05 42.54 4.58 4.78
2 Chan 3235 3541.3 26891.22 2955.51 292.03 57.46 10.2 9.1

Plan: Reach #1 Reach #1 RS: 12 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 3235 24452.7 4739.01 952.05 44.79 4.98 5.16
2 Chan 3235 3541.3 30147.3 3134.1 293.97 55.21 10.75 9.62

Plan: Reach #1 Reach #1 RS: 12 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 3235 29109.54 5288.5 991.64 46.65 5.33 5.5
2 Chan 3235 3541.3 33290.46 3299.5 295.76 53.35 11.25 10.09

Plan: Reach #1 Reach #1 RS: 12 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 3235 33872.68 5825.16 1028.83 48.25 5.66 5.81
2 Chan 3235 3541.3 36327.31 3455.78 297.44 51.75 11.72 10.51

Plan: Reach #1 Reach #1 RS: 12 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 3235 38735.55 6355.05 1064.28 49.66 5.97 6.1

( 2 Chan 3235 3541.3 39264.45 3605.52 299.05 50.34 12.16 10.89
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Mesures

Calculation E.1
Exterior Site Drainage
Sedimentation Yield

By: M. Bone
1/25/2008

File Name:
Calculation E.1 -Sedimentation YieldRev_1

Plan: Reach #1 Reach
Pos Left

(ft)
1 LOB
2 Chan

#1 RS: 11 Profile: PF 1
3ta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (cfs) (sq ft) (ft) Cony Depth(ft) (ft/s)
3235 1006.32 515 375.91 12.9 1.37 1.95

3235 3539.4 6793.68 1320.03 273.61 87.1 4.85 5.15

Plan: Reach #1 Reach
Pos Left

(ft)
1 LOB
2 Chan

#1 RS: 11 Profile: PF 1
Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s)
3235 4014.46 1396.71 580.05 25.73 2.41 2.8

3235 3539.4 11585.54 1827.55 279.45 74.27 6.58 6.3
17
14

Plan: Reach #1 Reach #1 RS: 11 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)
I LOB 3235 7631.94 2186.86 715.08 32.62 3.06 3.49
2 Chan 3235 3539.4 15768.06 2168.87 283.31 67.38 7.7 7.27

Plan: Reach #1 Reach #1 RS: 11 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 3235 16173.77 3559.64 838.67 41.47 4.24 4.54
2 Chan 3235 3539.4 22826.23 2661.43 288.8 58.53 9.28 8.58

Plan: Reach #1 Reach #1 RS: 10 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 21793.9 4176.87 1098.5 55.88 3.8 5.22
2 Chan 3238.75 3545 17206.1 2281.99 282.78 44.12 8.12 7.54

* Plan: Reach #1 Reach #1 RS: 11 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)
I LOB 3235 20720.78 4119.03 864.95 44.28 4.76 5.03
2 Chan 3235 3539.4 26079.22 2850.4 290.87 55.72 9.87 9.15

Plan: Reach #1 Reach #1 RS: 11 Profile: PF I
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 3235 25261.17 4589.78 886.46 46.27 5.18 5.5
2 Chan 3235 3539.4 29338.83 3006.05 292.58 53.73 10.35 9.76

Plan: Reach #1 Reach #1 RS: 11 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 3235 29872.6 5025.59 905.92 47.87 5.55 5.94
2 Chan 3235 3539.4 32527.4 3147.61 294.12 52.13 10.79 10.33

Plan: Reach #1 Reach #1 RS: 11 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 3235 34564.87 5442.87 924.17 49.24 5.89 6.35
2 Chan 3235 3539.4 35635.13 3281.01 295.56 50.76 11.19 10.86

Plan: Reach #1 Reach #1 RS: 11 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 3235 39328.95 5845.94 941.46 50.42 6.21 6.73
2 Chan 3235 3539.4 38671.05 3407.98 296.93 49.58 11.57 11.35
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation E.2:
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

By: M. Bone
1/25/2008

File Name:
Calculation E.2 -Sedimentation-4.00_Rev_1

Calculation E.2
Rio Algom Mining LLC

Ambrosia Lake, New Mexico
Arroyo Del Puerto

Exterior Site Drainage Calculations
Sedimentation - 4.00-Foot Depth

1. Diversion Embankment/Channel Desicqn Layout

The same geometry used in Calculation D.1 was also used for this sedimentation evaluation. The only change was that
4.00 feet of sediment was applied in the channel to evaluate critical changes that might effect rock erosion protection
sizing and scour depth; and water level depth that might impact freeboard thus increasing the risk of overtopping.
4.00 feet was used because that is th relative height difference between the right and left channel bottoms for 2% slope
across the 250-foot wide channel.

2. HEC-RAS Results

The summary results of the HEC-RAS analysis, rock size calculations, and depth scour calculations for the Diversion
Embankment/Channel are contained on Worksheet Tab "Rock-Scour Depth Summary", (calc. Sheets 2 thru 3 of 48).
The detailed results of the HEC-RAS analysis and subsequent calculations are summarized on the table of
Worksheet Tab "HEC-RAS Results", (calc. Sheets 4 thru 31 of 48). Erosion protection sizes have been estimated on
this table by the Abt and Johnson Method and then oversizing by 4% to determine the D5o size rock before applying slope
correction factors. The size of rock after applying the slope factors and the scour depths are then compared to
determine If the existing design is exceeded under this extreme silt condition.

The extent of the changes to the PMF channel flow is illustrated by the graphic cross-sections of the flood flow
taken from the HEC-RAS Model and shown on Worksheet Tab "PMF Silt÷4.00", (calc. Sheets 32 thru 40 of 48).

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

Worksheet Tab "HEC-RAS Profile Output"
Worksheet Tab "HEC-RAS Flow Dist Output"
Worksheet Tab "HEC-RAS Cross-Sect Output"

Calc. Sheet 41 of 48
CaIc. Sheets 42 thru 45 of 48
Calc. Sheets 46 thru 48 of 48

3. Conclusion:

It is noted that the added 4.00 feet of silt to the channel bottom did not impact the rock sizing performed in
Calculation D.1. Also, as the bottom is filled with silt, the channel flow begins to spread out into the left overbank
area. Thus the impact to velocities and to the water surfac elevation is minimal.
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation E.2:
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

By: M. Bone
1/25/2008

File Name:
Calculation E.2 -Sedimentation-4.00ORevl1

Embankment Slope I Apron D50 (inches)
2 3 4 5 6 I 7 8

D& ROCK SIZE CALCULATION w/SOPE CORRECTION
_____ _____ ~ FACTORS (nhs

2H:VApron 3H:IVS&ope: 4IlVMSlope:

Channel X-.Secdon Malho ...... oe atr lpeFcor$W Fco

River Section Station Position (icb•s) 4% (0.72) (0.88) (1.00)

21 9675
20 9175
19 8675 R. Chan. Apron
18 8350 R. Chan. C3 3.65 3.80 5.28 4.32 3.80

R. Chan. Cl Apron) 3 4.87 3.82 337
17 8000 R. Chan. C3 4.3D 3332R. Chan. C1 (Apron 3.82

16 7500 R. Chan. C3 3.90 4.05 5.63 4. 4.05
R. Chan. C1 (Apron) 3.46 3.60 5.00 4.09 ; 3.60

15 7000 R. Chan. C3 4.83 5.02 6.97 5.70 5.02
R. Chan. Cl _(Apron) 4.28 4.45 6.18 6.06 4.45

14 6500 R. Chan. C3 5.36 5.60 7.77 6.38 5.60
R. Chan. C1 (Apron) 4,77 4.96 1 6.89 5.64 4.95

13 6000 R. Chan. C3 5.23 5.43 7.55 6.18 5.43
R. Chan. Cl (Apron) 4.63 4.81 6.68 5.47 4.81

12 5500 R. Chan. C3 4.97 5.17 7.18 5.87 5.17
R. Chan. C1 (Apron) 4.40 4.57 6.35 5.20 4.57

11 5000 R. Chan. C3 5.28 5.49 7.62 624 5.49
R. Chan. C1 (Apron) 4.65 4.85 0.73 5.51 4.85

10 4500 R. Chan. C3 5.47 5.69 7.90 6.47 5.69
R. Chan. C1 (Apron) 4.82 5.02 6.97 5.70 5.02

9 4000 R. Chan. C3 6.86 7.14 9.92 8.11 7.14
R. Chan. C1 (Apron) 6.06 6.30 8.75 7.16 6.30

8 3500 R. Chan. C3 7.31 7.61 10.56 8.64 7.61
R. Chan. Cl (Apron) 6.46 6.72 9.33 7.63 6.72

7 3000 R. Chan. C3 8.25 8.57 11.91 9.74 8.57
R. Chan. Cl (Apron) 6.70 6.97 9.68 7.92 6.97

6 2500 R. Chan. C7 10.95 11.39 15.82 12.94 11.39
R. Chan. C1 (Slope) 9.07 9.43 13.10 10.72 9.43

5 2000 R. Chan. C7 11.69 12.16 16.89 13.62 12.16
R. Chan. C1 (Slope) 10.77 11.20 15•58 12.73 11.20

4 1500 R. Chan. C7 12.45 12.95 17*8 14.71 12.95
R. Chan. C1 (Slope) 11.56 12.02 16.69 13.66 12.02

3 1000 R. Chan. C7 12.44 12.93 17.96 14.70 12.93
R. Chan. C1 (Slope) 11.62 12.08 18.78 13.73 12.08

2 500 R. Chan. C7 12.37 12.87 17.87 14.62 12.87
R. Chan. C1 (Slope) 11.52 11.98 18.64 13.62 11.98

1 0 R. Chan. C2 12.14 12.63 17.54 14.35 12.63
R. Chan. C1 (Slope) 10.80 11.23 15.59 12.76 11.23

0 -100 R. Chan. C2 12.02 12.50 17.36 14.20 12.50
R. Chan. C1 (Slope) 10.12 10.52 14.61 11.95 10.52

-1 -500
-2 -1000 i
-3 -1500
-4 -2000 1

D50 = 3.2 inch rock nominal (3.24 inch actual)

D5o = 7.8 inch rock nominal (7.95 inch actual)

E D5e = 9.2 inch rock nominal (9.33 inch actual)

E JD50 = 12 inch rock nominal (12.97 inch actual)

EJD 50> 12.97 inch rock
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation E.2:
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

By: M. Bone
112512008

File Name:
Calculation E.2 -Sedimentation-4.00_Rev_1

Embankment Slope /Apron D50 (inches)
1 2910 1 1 121 1 151

00ROCKSIZEOR 0DSO ROCK SIE FOR
BERh.ABOVE GRADE BERM APRONS or

SLOPES ~ BURIED SLOPES

De to Use
Mkliwn Pro!posed Minimum for Apron/
Requlred DoUse Required Burled

River Section Station Ow to Use for Sope D30 to Use Slope

21 9675 1

19 I 8350
18 1 8350

17 8000 7.80 1297- l 7.95
16 7500 7.80 1Z97

7.80 7.95
15 7000 7.80 12.97

7.80 7.95
14 6500 7.80 12Z97

7.80 7.95
13 6000 7.80 12Z97

7.80 7.95
12 5500 7.80 1297

7.80 7.95
11 5000 7.80 12.97

7.80 7.95
10 4500 1 7.90 12.97

7.80 7.95
9 4000 12.00 12.97

7.80 7.95
8 3500 12.00 12.97

7,80 7.95
7 3000 12.00 12Z97

7.92 7.95
6 2500 12.00 1297

12.00 12.97
5 2000 12.16 1297

12.00 12.97
4 1500 12.95 12.97

12.02 12.97
3 1000 12.93 1297

12.08 12.97
2 500 _ _12.87 12.97

11.98 12.97
1 0 12.63 12.97

12.00 12.97
0 -100 12.50 12.97

12.00 12.97
-1 -500
-2 -1000
-3 -1500
-4 -2000

ýDso = 3.2 inch rock nominal (3.24 inch actual)

EI Dso = 7.8 inch rock nominal (7.95 inch actual)

E- J D5 = 9.2 inch rock nominal (9.33 inch actual)

EZ] D50 = 12 inch rock nominal (12.97 inch actual)

D5o> 12.97 inch rock
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Job Title: 0
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calcut:
Exterior Site Drainage

Sedimentation - 4.00-FOOt Depth

OM. Bone1/25/2008

File Name:
Calculation E.2 -Sedimentation-4.00 Rev 1

21 9675 78000 No Berm N/A N/A 1 NA 1 0.00321 ____ __ _LB 0.20350I ______ i _____ ____hC-hannel 0!0300
_________~~~~~~ M____ ____ ____ ~ain Channel 1 0.0300

R. Channel 0.0300

R. Channel I 0.0300

R. Chan. C3 0.0300
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Job Title: 0
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calcult:
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

OM. Bone
1/25/200

File Name:
Calculatlon E.2 -SedimentatJon-4,00_Rev_1

14 1 6500 I 78000 I 6959.72 I 2.80 I 6945.22 1 11.70 0.001 R. Chan. C5 0.0300

13 1 6000 I 78000 I 6958.97 I 3.01 I 6944.72 1 11.24 0.001 R. Chan. C5 0.0300

7.8 R. Bank Slope I 0.0368

R. Chan. C3 0,0300
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Job Tie: 0
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Exterior Site Drainage
Sedim entation - 4.00-Foot Depth

* M. Bone
1/2&/2008

Sed~enttio -40-Fot DpthFile Name:

Calculation E.2 -Sedimentaton-4 00_Rev_1

I. I I I P p p-I.-?
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Job Tide: 0
Rio Algom Mining LLC
Arroyo Dal Puerto
Erosion Protection Measures

CalEoite
Exterior Site Drainage

9 M. Bone
1125/2008

File Name:
Calculation E.2 -Sedimentaton-4,00_Rev_1
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Rio Algom Mining LLC
Aroyo Del Puerlo
Erosion Protection Measures

Exterior Site Drainage
Sedlimentabon - 4.00-Foot Depth

9M. Bone112512008
File Name

Caliulation E.2 -Sedimertation-4.00 Rev 1

HEC-RAS DATA RESULTS

Water Right Percentage
Surface E.G. Slope Left Station Station Split Section Flow Area (s¢ Wetted of Hydraulic

Elevation (ft) (fIRf) Position (ft) (ft) Flow (cfs) ft) Perimeter (ft) Conveyance Depth (ft) Velocity (ft/s:

13 14 15 16 17 18 19 20 21 22 23
I I t 9 9 9 .9 I I I

ig 6964.88 0.001678 LOB 1175 3350 5957.83 1634.37 538.52 7.64 3.04 3.65
0.001678 Chan 3350 3416.67 6152.39 658.63 66.67 7.89 9.88 9.34
0.001678 Chan 3416.67 3483.33 6152.36 658.62 66.67 7.89 9.88 9.34
0.001678 Chan 3483.33 3550 6152.38 658.63 66.67 7.89 9.88 9.34
0.001678 ROB 3550 5225 53585.04 9491.66 1622.73 68.7 5.85 5.65

20 6962.53 0.005135 LOB 1010 3350 26117.83 3634.75 1001.26 33.48 3.63 7.19
0.005135 Chan 3350 3416.67 8431.73 569.1 66.72 10.81 8.54 14.82
0.005135 Chan 3416.67 3483.33 8583.5 575.03 66.67 11 8.63 14.93
0.005135 Chan 3483.33 3550 8416.28 568.46 6.6372 10.79 853 14.81
0.005135 ROB 3550 4975 26450.66 4128.03 1350142 33.91 3.06 6.41

19 6960.41 0.001115 LOB 605 2720 1612.59 81 36.68 2.07 1.64 1.97
0.001115 Chan 2720 3180 21741.39 3442.64 460.02 27.87 7.48 6.32
0.001115 Chan 3180 3640 35982.88 3962.33 460 35.23 8.61 6594
0.001115 Chan 3640 4100 18387.26 3911.13 460.16 34.47 8.5 6.97
0.001115 ROB 4100 4875 275.88 1293 119.18 0.35 1.34 1.72

18 6959.99 0.001152 Chan 3468.45 3474.76 682.82 76.79 6.31 0.88 12.17 8.83
0.001152 Chan 3474.76 3481.07 671.07 76 6.31 0.86 12.04 8.83
0.001152 Chan 3481.07 3487.38 599.86 7582 6.31 0.87 11.92 7.98
0.001152 Chan 3487.38 3493.69 492 74.4 6.31 0.63 11.79 6.61
0.001152 Chan 3493.69 3500 483.25 73.61 6.31 0.62 11.67 6.57
0.001152 ROB 3500 4825 861.97 201.81 36.67 1.11 5.8 4.27

17 6959.76 0.000786 Chan 3468.45 3474.76 634.32 82.4 6.31 0.81 13.06 7.7
0.000786 Chan 3474.76 3481.07 624.13 81.6 6.31 0.8 12.93 7.65
0.000786 Chan 3481.07 3487.38 558.55 80.8 6.31 0.72 12.81 6.91
0.000786 Chan 3487.38 3493.69 458.7 80.01 6.31 0.59 12.68 5.73
0.000786 Chart 3493.69 1 3500 451.12 79.21 6.31 0.58 12.55 5.7
0.000786 ROB 3500 3560 867.42 234.05 39.5 1.11 6,25 3.71

16 6959.01 0.001114 Charn 3468.45 3474.76 784.05 84.27 6.31 1.01 13.36 9.3
0.001114 Chan 3474.76 3481.07 771.76 83.47 6.31 0,99 13.23 9.25
0.001114 Chart 3481.07 3487.38 690.92 82.67 6.31 0.89 13.1 8.36
0.001114 Chan 3487.38 3493189 567.62 81.88 6.31 0.73 12.98 6.93
0.001114 Chan 3493.69 3500 558.45 81.08 8.31 0.72 12.85 6.89
0.001114 ROB 3500 3560 1099.45 245.28 40.44 1.41 6.39 4.48

15 6958.08 0.001573 Chan 3468.45 3474.76 881.98 81.53 6.31 1.13 292 10.82
04001573 Chart 3474.76 3181.07 1867.69 1 80.74 1 6.31 1 1.11 12. 10.75

0.0015731 Chan 1 3481.07 1 3487.38 1 776.39 1 79.94 1 6.3 1 1 12.67 1 9.71
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Job Titde: 0
Rio Algoin Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Exterior Site Drainage
Sedimentation - 4,00-Foot Depth

`0M. Bone
1/2512008

File Name:
Calculation E.2 -Sedlm entatlon-4.00_Rev_¶

HEC-RAS DATA RESULTS

Water Right Percentage
Surface E.G. Slope Left Station Station Split Section Flow Area (sq Wetted of Hydraulic

Elevation (ft) (ft/ift) Position (ft) (ft) Flow (cfs) ft) Penmeter (ft) Conveyance Depth (ft) Velocity (as)

13 14 15 16 17 18 19 20 21 22 23
4. 4. 9 .9 4 4. 9 9 9 9 9

0.00197 Chan 3468.45 3474.76 903.42 77.33 6.31 1.16 12.26 11.68
0.00197 Chan 3474.76 3481.07 887.99 76.53 6.31 1.14 12.13 11.6
0.001971 Chan 1 3481.07 1 3487.38 1 793.86 1 75.74 1 6.31 1.02 12 10.48

0.0019881 Chan 1 3481.07 1 3487.38 1 747.82 1 72.86 1 6.31 0.96 11.55 1 10.26

0.0019381 Chan 1 3481.07 1 3487.38 1 697.05 1 70.39 1 6.31 0.89 11.16 9.9

0.0023031 Chan 1 3481.07 1 3487.38 1 679.58 1 65.83 1 6.31 0.87 10.43 1 10.32
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puero
Erosion Protection Measures

Calcu na:
SeiExterior Site Drainage
Sdmentetion - 4.QO-Foot Depth

0 M. Bone
1/2512008

File Name:
Calculation E.2 -Sedimentatlorr.400 Rev 1

HEC-RAS DATA RESULTS

Water Right Percentage
Surface E.G. Slopet Left Station Station Split Section Flow Area (s) Weited Of Hydraulic

Elevation (ft) (ft/ft) Position (ft) (ft) Flow (cfs) ft) Perimeter (ft) Conveyance Depth (ft) Velocity (ft/s)

13 14 15 16 17 18 19 20 21 22 23

6945.62 0.004467 Chan 3468.45 3474.76 1038.06 66.02 6.31 1.33 10.46 15.72
0.004467 Chan 3474.76 3481.07 1017.3 65.23 6.31 1.3 10.34 15.6
0.004467 Chan 3481.07 3487.38 906.79 64.43 6.31 1.16 10.21 14.07
0.004467 Chan 3487.38 3493.69 741.45 63.63 6.31 0.95 10.09 11.65
0.004467 Chan 3493.69 3500 626.05 62.84 6.31 0.93 9.96 11.55
0.004467 ROB 3500 3554.4 1112.63 147.05 31.32 1.43 4.95 7.57

6 6941.25 0.006179 Chan 3455.83 3462.14 1172.96 71.58 6.31 1.63 11.34 17.78
0.006179 Chan 3462.14 3468.45 932.78 70.79 6.31 1.32 11.22 14.59
0.006179 Chan 3468.45 3474.76 913.48 69.99 6.31 1.3 11.09 14.48
0.006179 Chan 3474.76 3481.07 894.34 69.19 6.31 1.27 10.97 14.37
0.006179 Chan 3481.07 3487.38 875.3 68.39 6.31 1.25 10.84 14.26
0.006179 Chan 3487.38 3493.69 856.48 67.6 6.31 1.23 10.71 14.15
0.0061791 Chan 1 3493.69 1 3500 837.77 1 66.8 1 6.31 1.2 10.59 14.04

0.007986 Chan 1 3474.76 1 3481.07 1 998.62 1 68.02 6.31 1.41 10.78 1 16.15

4 1 6930.73 1 0.0093741 Chan 1 3455.83 1 3462.14 1 1071.11 1 68.34 6.31 1.86 10.83 1 21.23

0.0093741 Chan 1 3493.69 1 3500 1 937.95 1 63.56 6.31 1.36 10.07 1 16.72

0.0087271 Chan 1 3474.76 1 3481.07 1 1067.09 1 68.68 6.31 1.5 10.89 1 16.99
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Job Title: 0
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protecton Measures

Exterior Site Drainage
Sedimentation - 4.00-Foot Depth

9 M. Bone
1/2512008

File Name:
Calculation E.2 -Sedimentatbon-4.00_Rev_1

HEC-RAS DATA RESULTS

Water Right Percentage
Surface E.G. Slope Left Station Station Split Section Flow Area (sq Wetted Of Hydraulic

Elevation (ft) (ftmf) Position (fl) (ft) Flow (cfs) ft) Perimeter (ft) Conveyance Depth (ft) Veloit (ft/s)

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

6921.73 0.008114 Chan 3455.83 3462.14 1183.75 74.66 6.31 2.01 11.83 20.96
0.008114 Chan 3462.14 3468.45 1154.52 73.86 6.31 1.63 11.71 17.2
0.008114 Chan 3468.45 3474.76 1131.77 73.06 6.31 1.6 11.58 17.08
0.008114 Chan 3474.76 3481.07 1109.19 72.27 6.31 1.57 11.45 16.95
0.008114 Chan 3481.07 3487.38 1086.72 71.47 6.31 1.54 11.33 16.83
0.008114 Chan 3487.38 3493.69 1064.51 70.67 6.31 1.51 11.2 16.7
0.008114 Chan 3493.69 3500 1042.42 69.88 6.31 1.49 11.07 16.58
0.008114 ROB 3500 3560 1855.44 181.89 34.82 2.38 5.51 10.2

1 6909.86 0.037263 Chan 3475 3487.5 703.13 53.31 12.5 1.61 4.27 23.51
0.037263 Chan 3487.5 3500 570.26 50.19 12.5 1.18 4.01 18.34
0.037263 ROB 3500 4502.11 2015.3 372.78 102.31 8.99 3.67 18.82

0 6910.56 0.014967 Chan 3473.1 3486.55 1498.04 79.28 13.46 1.92 5.89 18.89
0.014967 Chan 3486.55 3500 1101.11 75.67 13.46 1.41 5.62 14.55
0.014967 ROB 3500 4475 427.31 49.8 33.55 0.55 1.52 8.58

-1 6904.74 0.019846 Chan 3655.95 3679.76 1853.52 101.28 23.81 2.38 4.25 18.3
0.019846 Chan 3679.76 3703.57 1721.08 96.88 23.81 2.21 4.07 17.77
0.019846 Chan 3703.57 3727.38 1564.33 91.48 23.81 2.01 3.84 17.1
0.019846 Chan 3727.38 3751.19 1413.62 86.09 23.81 1.81 3.62 16.42
0.019846 Chan 3751.19 3775 1267.44 80.63 23.81 1.62 3.39 15.72
0.019846 ROB 3775 5025 128.76 16.06 10.35 0.17 1.64 8.02

-2 6901.05 0.007763 Chan 3832.14 3860.71 1801.21 141.9 28.57 2.31 4.97 12.69
0.007763 Chan 3860.71 3889.29 1683.83 136.28 28.57 2.16 4.77 12.36
0.007763 Chan 3889.29 3917.86 1569.52 130.65 28.57 2.01 4.57 12.01
0.007763 Chan 3917.86 3946.43 1458.4 125.02 28.57 1.87 4.38 11.67
0.007763 Chan 3946.43 3975 1349.59 119.34 28.57 1.73 4.18 11.31
0.007763 ROB 3975 5375 144.78 24.94 12.89 0.19 2.04 5.81

-3 6896.16 0.010188 Chan 3832.14 3860.71 1799.17 130.71 28.57 2.31 4.57 13.76
0.010188 Chan 3860.71 3889.29 1672.03 125.09 28.57 2.14 4.38 13.37
0.010188 Chan 3889.29 3917.86 1548.53 119.46 28.57 1.99 4.18 12.96
0.010188 Chan 3917.86 3946.43 1428.8 113.83 28.57 1.83 3.98 12.55
0.010188 Chan 3946.43 3975 1311.9 198.15 28.57 1.68 3.79 12.13
0.010188 ROB 3975 5125 126.72 20.38 11.66 0.16 1.84 6.22

-4 6892.05 0.007753 Chan 3832.14 3860.71 1801.21 141 .96 28.57 2.31 4.97 12.69
0.007753 Chan 3860.71 3889.29 1683.88 136.33 28.57 2.16 4.77 12.35
0.007753 Chan 3889.29 3917.86 1569.62 130.71 28.57 2.01 4.57 12.01
0.007753 Chan 1 3917.86 1 3946.43 1 1458.54 1 125.07 1 28.57 1 1.87 1 4.38 11.66
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Job Tide: 0
Rio Algont Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Cata2
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

I* M. Bone
1/25/2008

File Name:
Calculation E.2 -Sedlmeentaton-4,00_Rev_l
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Job T'te: 1
Rko Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Exterior Site Drainage
Sedimentation - 4.00-Foot Depth

0 M. Bone
1/25r'0("

File Name:
Calculation E.2 -Sedeimentaeton-4.00_Rev 1

0.s ROCK SIZE CAI.G
FA

Abl and Add
Johnon RxpW
k~fiod ovzerw
[inches) 4%

13

12

11

10

9

8

R. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. C2
R. Chan. C1
R. Bank SC
R. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. C2
R. Chan. C1 on
R. Bank Sl
ft. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. C2
R. Chan. C0
R. Bank Slo
R. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. 02o
ft Chan. C1lArn
R. Bank Slp
R. Chan. C5
ft Chan. 04
ft Chan. 03
R. Chan.C2 (Aron)
ft Chan. C1(Arn
ft Bank Slp
R. Chan. 05
R. Chan. 04
ft Chan. 03
R. Chan. 02 (Aron)
ft Chan. C1(Arn
ft Bank Slop
ft Chan. 05
R. Chan. C4
R. Chan. 03
R. Chan. 02 (Aron)
R. han.C (Arn)
ft Bank Slop

050 ROCK SIZE FOR D50 ROCK SIZE FOR
BERM ABOVE GRADE BERM APRONS or

SLOPES BURIED SLOPES

Proposw
Do to Use

Ik&*lltsl Proposed Minimum for Apron/
Requed Da to Use Required Buried
6 to Use for SloPe Dr to Use S"Ip

31 32 33 34

-v1rn
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Job Tite: 0
Rio Algom Mining LLC
Anoyo Del Puerb
Erosion Protection Measures

CA.
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

*1 M. Bone
1/2512008

File Name:
Calculation E.2 -Sedtm entabon-4.-00_Rteý-l

DSO ROCK SIZE FOR
BERM APRONS or
BURIED SLOPES

Proposed
Da to Use

M~iwim PropoeI F~inimum, for Apron/
Reiired Die to UsO Required Buried
Nto lipUse forSOPe D5 to Use Soe

31 32 33 34
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Job Title: 0
Rio Algom Mining LLC
Arroyo Del Puero
Erosion Protection Measures

Exterior Site Drainage
Sedimentalion - 4.00-Foot Depthl

0 M. Boris
1/25/2008

File Name:
Calculation E.2 -Sedimentaton-4.OORev 1
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Job Title:
Rio Algom Mining LLC
Aroyo Del Puerto
Erosion Protection Measures

Calcu*2:
Exterior Site Drainage

Sedimentation - 4.00-Foot DePth

OM. Bone1/25/2008

File Name:
Calculation, E.2 -Sedimentabon-4.00 Rev 1

USACE EOUILBRIUM SCOUR DEPTH

qe = Ss= de=median

equibrium Sediment grII
discharge U Specif diameter(dfs/t) (W-c) Gravity ra) 0.2U*"qe g(Ss-1) [g(Ss-1)] " d,0

i

20

19

18

17

16

15
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Job Tlfe: CAlci : * M .Bone,
Rio Algom Mining LLC Exterior Site Drainage 1125205"
Arroy Dal Puerto Sedimentation - 4.00-Foot Depth File Name:
Erosion Protection Measures Calcultaon E2 -Sedimentation-4.00_Rev_1

USACE EQUILBRIUM SCOUR DEPTH

qe= Ss= de = medlan
equialum Sediment grain-size
discharge 9 Specific diameer

(cfsift) (f•Rl e') Gra yly ( -m ) 0.234 "qe" g(Ss- 1) [g(Ss -1)] 4N de'13

11 49 50 51 1 52 53 54 55 56 57

U25.8 32.2 2.65 0.074 17.204i 53.130 5.845 0.420;

13

118.5 32.2 2.65 0.074 16.314 53,130 5.845 0.420

12

110.5 32.2 2.65 0.074 15.326 53.130 5.845 0.420]

10

S102.0 32.2 2.65 0.074 14.29842 53.130 5.845 0.420

123.7 32.2 2.65 0.074 16.944 53.130 5.645 0.420

80

133.1 32.2 2.65 0.074 18.089 53.130 5.845 0.420
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Job TItle: 9
Rio Algom Mining LLC
Anoyo Del Puerto
Erosion Protection Measures

Cabculla
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

* M.Bone
1/2&/2008

File Name:
Calculation E.2 -Sedimentatkon-4.00 Rev I

USACE EQUILBRIUM SCOUR DEPTH

qe Ss= de=median
equilibdum Sediment grain-size
discharge 9 Specif dirmeter

(cfs/ft) (ftffec) Gravity (mm) 0.234qe" g(Ss-1) [g(Ss-1)] 
4

deo"

50 51 52 53 54 55 56 57

5

4

3

SUA-1473
Docket #40-8905

Sheet 18 of 48
Worksheet Name:
HEC-RAS Results



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

CalculS:
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

9M. Bone1/25&2008

File Name:
Calculation E.2 -Sedimentation-4.00 Rev 1

USACE EQUILBRIUM SCOUR DEPTH

qe= Ss= de=medlan
equilbnum Sediment grain-size
discharge g Specific diameter

(cfslft) (fttsec) Gravity (mm) 0.234"qew g(Ss-t) [g(Ss-1)] de03

50 51 52 53 54 56 57

0

-1

-2

-3

-4
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Job Title: 1
Rio Algom Mining LILC
Arroyo Del PuerlO
Erosion Protection Measures

Exterior Site Drainage
Sedimentation - 4.00-Foot Depth

IPM. Bone
1/25/2008

File Name:
Calculatton E.2 -Sedlmentation-4.00_Revl
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Job Tidle: O
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Exterior Site Drainage
Sedmentationm - 4.-Foot Depth

ism. Bone
1/25/20(]8

File Name:
Calculation E.2 -Sedimerftton-4.00_Rev_1

USDOT HEC-14 DEPTH OF SCOUR

radius - correctioni a = stwardd C6 Design comeficle coeaect.

depth of flow coesfctet coeeliclent deviatio Flawrate g nt (Table PQ9g'Rhe t Ur. t ne t (Table
(10) (Tabl 5.3) (Table 5.1') (sand - 1.67) ua (Cli) (fthaec) O~'1 ,'1'- 5.1') y) (mm) 5.1) (V3116)

37 38 39 40 41 42 43 44 45 47 48

13

12

11

10

9

8
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Job Tite: O
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Exterior Site Drainage
Sedimentation - 4.00-Foot Depth

*OM. Bone
1125r2008

File Name:
Calculation E.2 -Sedimentaonr-4.00_Rev_1

USDOT HEC-14 DEPTH OF SCOUR
0.

t-h - hydraulk~ C.m I' 1 Slop maera e.
radlus = correction a . staNdfard Id Design coealic.e coasfcle

Japth of flow coesfcIsNt cooeficlent deiation Flowrat g nt (Table (WQ/'ReW t -time nt (Table
(ft) (Table 5.3S) (Table 5.1') (saud - 1.87) o (Ch) QV-) Qg_ _,_ _ 5.1i) ' (nlln) 5.1') ('1316)f

36 37 38 39 40 41 42 43 44 45 46 47 48

6

4

3
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Job Title: 0
Rio Algorn Mining LLC
Arroyo De Puerto
Erosion Protection Measures

Calcule:
Extedor Site Drainage

Sedimentation - 4.00-Foot Depth

0M. Bone,
1/25/2008

File Name:

Calculaton E.2 -Sedimentation-4 F00 Rev_:

USDOT HEC-14 DEPTH OF SCOUR

(D84ID1)0.5,
1% = hydraulic C.- slope material I - e -

radius = correction a - standard Od - Design coeeflcle coeeflce
depth of flow co 5.f )(lTat c 1)o(eant devia1)on Flowrat l g ntO(Table (Q5g1') l tmt)me nt (Table

(ft) (Table 5.3s) (Table 5.1s) (sand - 1.87) o" Wcs) (ftfsec:) Q/g"R.- 5.1s) T (rmin) 5.1s) (tf316)f

36 37 38 39 40 41 42 43 44 45 46 47 48
-I.-,-

0

-1

-2

-3

-4
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Piotection Measures

Exteior Site Drainage
Sedimentation - 4.00Foot Depth

10M. Bone
1/25/2008

File Name:
Calculation E.2 -Sedlmenta5on-4.00 Rev_l

CSU EQUATION FOR PIERS

Y1 flowI I I
depth _

upstream b =pier Fir=
(in) K(1 K2 K(3 K(4 wmdh(M) VI(gyft5 V V(mp) g (M/SeC2) (bY1)ef Ftas W4

58 I 59 61 62 63 64 67 68 69

20

19

18

17

16

15
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Job Title: 0
Rio Algom Mining LLC
Arroyo Del Puer•o
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1
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. 22-
23
24
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E.G.
Reach River Sta I Profile Q Total Min Ch El W.S. EIlev Crit W.S. 1 E.G. Elev Slope Vel Chnl

_ - __(cfs) (ft) (f) (ft) (ft) Of(ft) (ft)s)
-Reach #11- 21 -PF 1 M78000 6955.00 6964,88 136962.79-1 6965.56 0.001678 9.34
Re #1 20 OF1 P 780001 6953.90 6962.53 6962.531 6964.13 0.005135 14.85
Reach#1T 19 PF1 _ 78000i 6951.80 6960.41 6956.85 i 6961.1 0.001115 6.73
Reach #1 18 PFl -O1 78000j 6947.39 6959.99 6960.72 0.001152 8.94
Reach #1 17 PF 1 _ 78000 6946.27 6959.76 6960.29 0.000786 7.73
Reach #1 16 PF 1__ 78000 6945.22 6959.01 i 6959.82 0.001114 9.34

Reach #1 15 PF 1 - 78000 6944.72 6958.08 6959.18 0.001573 10.86
Reach #1 14 PF 1__ 78000 6944.22 6956.91 6958.28 0.00197 11.75
Reach #1 13 PF 1 _ 78000 6943.72 6955.95 . 6957.27 0.001988 11.51
Reach #1 1 12 PF 1 i 78000 6943.22 6955.06 ...... 6956.25 0.001938 11.12
Reach #1 11 PF 1 780001 6942.72 6953.84- .6955.18 0.002303 1-1 .62
Reach#1l_ 10 PF 1 _ __78000 6942.22 6952.54 6953.9 0.002692 11.95
Reach #1 9 PF 1 780001 6939.72 6950.36 69552.27 0.003547 14.01
Reachi #1 I 8 PFi 1 __ 78-00)- 6937.22 6M15 6950.38 0.003735 14.64

Reach-#1-' ... 7 --- PFi 780001 6934.72 6945.62 6945.62'-, 6948.22 0.004467 15.86
Rah#1' 6 ,PFI 1 780001 6929.72 6941.2569241 95.40017 189

Reach #1 ! 5 -PF 1 78000' 6924.72 6936.06 6937.971 6941.78 0.007986 21.13
Reach #1 4 PFI-i.. -_78061 - 6919.72- 693073 6932.821 6937.37 0.009374 22.44
Ri~each #1- 3- P-F1 _ 7800-01 6914.72 6926.16 ý-6928.44 I-6932.85 0.008727 22.22
Reach #1 -1 - 2 - - PF1 _ 780001 6909.72' 8921.73 6924.!3>1-6928.63 0.008114 - 2-2 -. 1 4

Reach #ij1___ P171 I1- 780001 69-04.97 6909.86 -6913.371 r 6920."69 0.037263 27.23
Reach_#1 I 0 PF I ' 78000' 6904-.07- 8910.56 69412.5615 6917.2 0.014967 -20.8-8
Reach #1 -1 1PF 78000 690.7 6904.74 66.1 699.68.22
Reach #1 _ 2 -2 PF1 -'780001-68-95.97 6901.05 6901.07 6903.57 0.007763 12.79
Reach #1 -3 IPFI1 -

7 8000B 6891.47 6896.16 6896.551 6899.13 0.010188 13.88

Reach #1 -4 PF 1 780000 6886.97 6892.05 6892.061 6894.57 0.007753 12.78

Flow Area I Top Width
S(sq ft) ft

Froude #
Chi

f • . . ..

13101.91
9475.37

12292.56
12725.3

2360.89
2551.49
1995.55
1659.05

0.52
0.89
0.41
0.45

14 97 4.8 1854.83 0.37
12395.28 1570.74 0.44
11238.67 1701.92 0.53
9631.32 1324.1 0.58

9544 1262.35 0.58
10027.57 1386.8 0.57
9206.63 1248.9 0.62
9237.21 1418.56 0.66
8344.92 1465.9 0.76
7506.16 1156.98 0.787 4 0 8041 . 5 6 .8 5

T

3
3
3
?
?
5

6168.02 1361.65
5321.44
4803.51
4632.71
- 4452

3009.44
3838.08
4314.05
6144.47

5659.59
6146.89

1-1341.31
1166.58
990.58,
921.01
653.37
647.74

1034.64
1239.47
1237.13
1239.48

0.98
1.11
1.2

1.13
2.16
1.45
1.56
1.01
1.14
1.01
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Plan: Reach #1 Reach #1 RS: 21 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(fO ) (ft) (cfs) (sq Lf) (ft) Cony Depth(ft) (ftrs)
1 LOB 1175 3350 5957.83 1634.37 538.52 7.64 3.04 3.65
2 Chan 3350 3416.67 6152.39 658.63 66.67 7.89 9.88 9.34
3 Chan 3416.67 3483.33 6152.36 658.62 66.67 7.89 9.88 9.34
4 Chan 3483.33 3550 6152.38 658.63 66.67 7.89 9.88 9.34
5 ROB 3550 5225 53585.04 9491.66 1622.73 68.7 5.85 5.65

Plan: Reach #1 Reach #1 RS: 20 Profile: PF 1 I
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq ft) (ft) Cony Depth(ft) (if/s)
1 LOB 1010 3350 26117.83 3634.75 1001.26 33.48 3.63 7.19
2 Chan 3350 3416.67 8431.73 569.1 66.72 10.81 8.54 14.82
3 Chan 3416.67 3483.33 8583.5 575.03 66.67 11 8.63 14.93
4 Chan 3483.33 3550 8416.28 568.46 66.72 10.79 8.53 14.81
5 ROB 3550 4975 26450.66 4128.03 1350.42 33.91 3.06 6.41

Plan: Reach #1 Reach #1 RS: 19 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 605 2720 1612.59 816.52 496.68 2.07 1.64 1.97
2 Chan 2720 3180 21741.39 3442.64 460.02 27.87 7.48 6.32
3 Chan 3180 3640 35982.88 3962.33 460 35.23 8.61 6.94
4 Chan 3640 4100 18387.26 3911.13 460.16 34.47 8.5 6.87
51ROB 1 4100 4875 275.88 159.93 119.18 0.35 1.34 1.72

Plan: Reach #1 Reach #1 RS: 18 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)
39 Chan 3468.45 3474.76 682.82 76.79 6.31 0.88 12.17 8.89
40 Chan 3474.76 3481.07 671.07 76 6.31 0.86 12.04 8.83
41 Chan 3481.07 3487.38 599.86 75.2 6.31 0.77 11.921 7.98
42 Chan 3487.38 3493.69 492 74.4 6.31 0.63 11.79 6.61
43 Chan 3493.69 3500 483.25 73.61 6.31 0.62 11.671 , 6.57
44 ROB 3500 4825 861.97 201.81 36.67 1.11 5.8 4.27

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

(ft) (ft) (cfs) (sq ft) (f) Cony De th ft (ft/s)
39 Chan 3468.45 3474.76 634.32 82.4 6.31 0.81 13.06 7.7
40 Chan 3474.76 3481.07 624.13 81.6 6.31 0.8 12.93 7.65
41 Chan 3481.07 3487.38 558.55 80.8 6.31 0.72 12.81 6.91
42 Chan 3487.38 3493.69 458.7 80.01 6.31 0.59 12.68 5.73
43 Chan 3493.69 3500 451.12 79.21 6.31 0.58 12.55 5.7
44 ROB 3500 3560 867.42 234.05 39.5 1.11 6.25 3.71

Plan: Reach #1 Reach #1 RS: 16 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)
39 Chan 3468.45 3474.76 784.05 84.27 6.31 1.01 13.36 9.3
40 Chan 3474.76 3481.07 771.76 83.47 6.31 0.99 13.23 9.25
41 Chan 3481.07 3487.38 690.92 82.67 6.31 0.89 13.1 8.36
42 Chan 3487.38 3493.69 567.62 81.88 6.31 0.73 12.98 6.93
43 Chan 3493.69 3500 558.45 81.08 6.31 0.72 12.85 6.89
44 ROB 3500 3560 1099.45 245.28 40.44 1.41 6.39 4.48

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

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(f) (fris)
39 Chan 3468.45 3474.76 881.98 81.53 6.31 1.13 12.92 10.82

'40 Chan 3474.76 3481.07 867.69 80.74 6.31 1.11 12.8 10.75
41 Chan 3481.07 3487.38 776.39 79.94 6.31 1 12.67 9.71
42 Chan 3487.38 3493.69 637.48 79.15 6.31 0.82 12.54 8.051
431Chan 3493.69 3500 626.83 78.35 6.31 0.8 12.421 8
44 ROB 3500 3560 1191.93 228.95 39.07 1.53 6.18 5.21
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Eiosion Protection Measures

Calculation E.2:
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

By: M. Bone
1/25/2008

File Name:
Calculation E.2 -Sedimentation-4.00_Rev_1

Plan: Reach #1 Reach #1 RS: 14 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)
39 Chan 3468.45 3474.76 903.42 77.33 6.31 1.16 12.26 11.68
40 Chan 3474.76 3481.07 887.99 76.53 6.31 1.14 12.13 11.6
41 Chan 3481.07 3487.38 793.86 75.74 6.31 1.02 12 10.48
42 Chan 3487.38 3493.69 651.19 74.94 6.31 0.83 11.88 8.69
43 Chan 3493.69 3500 639.7 74.15 6.31 0.82 11.75 8.63
44 ROB 3500 3560 1150.24 204.91 36.96 1.47 5.84 5.61

Plan: Reach #1 Reach #1 RS: 13 Profile: PF 1
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq ft) (ft) Cony Depth(f) (ft/s)4
39 Chan 3468.45 3474.76 852.16 74.46 6.31 1.09 11.8 11.44
40 Chan 3474.76 3481.07 837.05 73.66 6.31 1.07 11.67 11.36
41 Chan 3481.07 3487.38 747.82 72.86 6.31 0.96 11.55 10.26
42 Chan 3487.38 3493.69 612.99 72.07 6.31 0.79 11.42 8.51
43 Chan 3493.69 3500 601.74 71.27 6.31 0.77 11.3 8.44
44 ROB 3500 3558.1 1039.25 189.23 35.52 1.33 5.62 5.49

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

(ft) (ft) (cfs) sq ft) (ft) Conv Depth(ft) (ft/s)
39 Chan 3468.45 3474.76 795.29 71.98 6.31 1.02 11.41 11.05
40 Chan 3474.76 3481.07 780.7 71.19 6.31 1 11.28 10.97
41 Chan 3481.07 3487.38 697.05 70.39 6.31 0.89 11.16 9.9
42 Chan 3487.38 3493.69 570.99 69.59 6.31 0.73 11.03 8.2
43 Chan 3493.69 3500 560.14 68.8 6.31 0.72 10.9 8.14
44 ROB 3500 3556.3 934.7 176.48 34.32 1.2 5.42 5.3

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

(ft) (ft) (cfs) (sq ft) (ft) Cony Depth(ft) fs)
39 Chan 3468.45 3474.76 777.3 67.42 6.31 1 10.69 11.53
40 Chan 3474.76 3481.07 762.08 66.63 6.31 0.98 10.56 11.44
41 Chan 3481.07 3487.38 679.58 65.83 6.31 0.87 10.43 10.32
42 Chan 3487.38 3493.69 555.92 65.03 6.31 0.71 10.31 8.55
43 Chan 3493.69 3500 544.62 64.24 6.31 0.7 10.18 8.48
44 ROB 3500 3554.4 847.48 153.71 32.03 1.09 5.06 5.51

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

(ft) (ft) (cfs) (s ft (ft) Conv Depth(ft) (ft/s)
39 Chan 3468.45 3474.76 738.21 62.38 6.31 0.95 9.89 11.84
40 Chan 3474.76 3481.07 722.59 61.58 6.31 0.93 9.76 11.73
41 Chan 3481.07 3487.38 643.34 60.78 6.31 0.82 9.63 10.58
42 Chan 3487.38 3493.69 525.35 59.99 6.31 0.67 9.51 8.76
43 Chan 3493.69 3500 513.78 59.19 6.31 0.66 9.38 8.68
44 ROB 3500 3552.5 734.82 130.23 29.47 0.94 4.66 5.64

Plan: Reach #1 Reach #1 RS: 9 Profile: PF 1 0
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ft/s)
39 Chan 3468.45 3474.76 894.23 64.42 6.31 1.15 10.21 13.88
40 Chan 3474.76 3481.07 875.91 63.63 6.31 1.12 10.08 13.77
41 Chan 3481.07 3487.38 780.36 62.83 6.31 1 9.96 12.42
42 Chan 3487.38 3493.69 637.72 62.04 6.31 0.82 9.83 10.28
43 Chan 3493.69 3500 624.14 61.24 6.31 0.8 9.71 10.19
44 ROB 3500 3552.5 924.11 139.47 30.49 1.18 4.82 6.63

Plan: Reach #1 Reach #1 RS: 8 Profile: PF I
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) (ftls)
39 Chan 3468.45 3474.76 961.4 66.25 6.31 1.23 10.5 14.51
40 Chan 3474.76 3481.07 942.24 65.46 6.31 1.21 10.37 14.4
41 Chan 3481.07 3487.38 839.94 64.66 6.31 1.08 10.25 12.99
42 Chan 3487.38 3493.69 686.84 63.86 6.31 0.88 10.12 10.75
43 Chan 3493.69 3500 672.62 63.07 6.31 0.86 10 10.67
44 ROB 3500 3552.5 1026.12 147.97 31.41 1.32 4.97 6.93
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation E.2:
.Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

By: M. Bone
1/25/2008

File Name:
Calculation E.2-Sedimentation-4.00 Rev 1

Plan: Reach #1 Reach #1 RS: 7 Profile: PF 1 I
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr Velocity

(f) (ft) (cfs) (sq ft) (ft) Cony Depth(ft) (rds)
39 Chan 3468.45 3474.76 1038.06 66.02 6.31 1.33 10.46 15.72
40 Chan 3474.76 3481.07 1017.3 65.23 6.31 1.3 10.34 15.6
41 Chan 3481.07 3487.38 906.79 64.43 6.31 1.16 10.21 14.07
42 Chan 3487.38 3493.69 741.45 63.63 6.31 0.95 10.09 11.65
43 Chan 3493.69 3500 626.05 62.84 6.31 0.93 9.96 11.55
44 ROB 3500 3554.4 1112.63 147.05 31.32 1.43 4.95 7.57

Plan: Reach #1 Reach #1 RS: 6 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)
37 Chan 3455.83 3462.14 1172.96 71.58 6.31 1.63 11.34 19.5
38 Chan 3462.14 3468.45 932.78 70.79 6.31 1.32 11.22 17.78
39 Chan 3468.45 3474.76 913.48 69.99 6.31 1.3 11.09 14.59
40 Chan 3474.76 3481.07 894.34 69.19 6.31 1.27 10.97 14.48
41 Chan 3481.07 3487.38 875.3 68.39 6.31 1.25 10.84 14.37
42 Chan 3487.38 3493.69 856.48 67.6 6.31 1.231 10.71 14.26
43 Chan 3493.69 3500 837.77 66.8 6.31 1.21 10.59 14.15
44 ROB 3500 3556.3 1436.97 166.35 33.32 1.841 5.26 14.04

Plan: Reach #1 Reach #1 RS: 5 Profile: PF 1 8.64
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) Velocity
37 Chan 3455.83 3462.14 1082.83 70.41 6.31 1.8 11.16 21.92
38 Chan 3462.14 3468.45 1041.83 69.61 6.31 1.46 11.03 19.99
39 Chan 3468.45 3474.76 1020.14 68.82 6.31 1.44 10.91 16.4
40 Chan 3474.76 3481.07 998.62 68:02 6.31 1.41 10.78 16.28
41 Chan 3481.07 3487.38 977.23 67.22 6.31 1.38 10.65 16.15
42 Chan 3487.38 3493.69 956.08 66.43 6.31 1.35 10.53 16.02
43 Chan 3493.69 3500 935.07 65.63 6.31 1.33 10.4 15.9
44 ROB 3500 3558.1 1555.54 160.31 32.69 1.99 5.17 15.77

Plan: Reach #1 Reach #1 RS: 4 Profile: PF 1 1 1 9.7
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) Velocity
37 Chan 3455.83 3462.14 1071.11 68.34 6.31 1.86 10.83 23.29
38 Chan 3462.14 3468.45 1051.24 67.54 6.31 1.51 10.71 21.23
39 Chan 3468.45 3474.76 1028.21 66.75 6.31 1.48 10.58 17.41
40 Chan 3474.76 3481.07 1005.37 65.95 6.31 1.45 10.45 17.28
41 Chan 3481.07 3487.38 982.67 65.15 6.31 1.42 10.33 17.14
42 Chan *3487.38 3493.69 960.24 64.36 6.31 1.39 10.2 17
43 Chan 3493.69 3500 937.95 63.56 6.31 1.36 10.07 16.86
44 ROB 3500 3560 1546.72 150.32 31.66 1.98 5.01 16.72

Plan: Reach #1 Reach #1 RS: 3 Profile: PF 1 10.29
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) Velocity
37 Chan 3455.83 3462.14 1129.74 71.07 6.31 1.92 . 11.26 23.06
38 Chan 3462.14 3468.45 1112.54 70.27 6.31 1.55 11.14 21.03
39 Chan 3468.45 3474.76 1089.73 69.48 6.31 1.53 11.01 17.25
40 Chan 3474.76 3481.07 1067.09 68.68 6.31 1.5 10.89 17.12
41 Chan 3481.07 3487.38 1044.57 67.88 6.31 1.47 10.76 16.99
42 Chan 3487.38 3493.69 1022.33 67.09 6.31 1.44 10.63 16.86
43 Chan 3493.69 3500 1000.21 66.29 6.31 1.41 10.51 16.73
44 ROB 3500 3560 1670.63 163.6 33.02 2.14 5.22 16.6

Plan: Reach #1 Reach #1 RS: 2 Profile: PF 1 10.21
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) Velocity
37 Chan 3455.83 3462.14 1183.75 74.66 6.31 2.01 11.83 22.97
38 Chan 3462.14 3468.45 1154.52 73.86 .6.31 1.63 11.71 20.96
39 Chan 3468.45 3474.76 1131.77 73.06 6.31 1.6 11.58 17.2
40 Chan 3474.76 3481.07 1109.19 72.27 6.31 1.57 11.45 17.08
41 Chan 3481.07 3487.38 1086.72 71.47 6.31 1.54 11.33 16.95
42 Chan 3487.38 3493.69 1064.51 70.67 6.31 1.51 11.2 16.83
43 Chan 3493.69 3500 1042.42 69.88 6.31 1.49 11.07 16.7
44 ROB 3500 3560 1855.44 181.89 34.821 2.38 5.51 16.58
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto
Erosion Protection Measures

Calculation E.2:
Exterior Site Drainage

Sedimentation - 4.00-Foot Depth

By: M. Bone
1/25/2008

File Name:
Calculation E.2 -Sedimentation-4.00_Rev_1

Plan: Reach #1 Reach #1 RS: 1 Profile: PF 1 1 1 10.2
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) 342-5 (ft) (cfs) (sq ft) (ft) Conv Depth(ft) Velocity.
38 Chan 3425 3437.5 1683.13 61.12 12.5 2.16 4.89 27.54
39 Chan 3437.5 3450 1683.13 61.12 12.5 2.16 4.89 27.54
40 Chan 3450 3462.5 1612.01 59.56 12.5 2.07 4.77 27.54
41 Chan 3462.5 3475 1473.61 56.44 12.5 1.89 4.52 27.06
421Chan 3475 3487.51 703.13 53.31 12.5 1.61 4.27 26.11
43 Chan 3487.5 35001 570.26 50.19 12.5 1.18 4.01 23.51
44 ROB 3500 4502.11 4515.3 372.78 102.31 8.99 3.67 18.34

Plan: Reach #1 Reach #1 RS: 0 Profile: PF 1 18.82
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) (ft) (cfs) (sq ft) (ft) Cony Depth(ft) Velocity
38 Chan 3419.29 3432.74 1840.59 87.31 13.45 2.36 6.49 21.08
39 Chan .3432.74 3446.19 1840.59 87.31 13.45 2.36 6.49 21.08

7 40 Chan 3446.19 3459.64 1807.84 86.38 13.45 2.32 6.42 21.08
41 Chan 3459.64 3473.1 1688.24 82.9 13.46 2.16 6.16 20.93
42 Chan 3473.1 3486.55 1498.04 79.28 13.46 1.92 5.89 20.36
43 Chan 3486.55 3500 1101.11 75.67 13.46 1.41 5.62 18.89
44 ROB 3500 4475 427.31 49.8 33.55 0.55 1.52 14.55

Plan: Reach #1 Reach #1 RS: -1 Profile: PF 1 8.58
Pos Left Sta Right Sta :Flow Area W.P. Percent Hydr

(_ (ft) ft) (cfs) (sq ft) (t) Cony Depth(ft) Velocity
39 Chan 3655.95 3679.76 1853.52 101.28 23.81 2.38 4.25 (ftis)
40 Chan 3679.76 3703.57 1721.08 96.88 23.81 2.21 4.07 18.3
41 Chan 3703.57 3727.38 1564.33 91.48 23.81 2.01 3.84 17.77
42 Chan 3727.38 3751.19 1413.62 86.09 23.81 1.81 3.62 17.1
43 Chan 3751.19 3775 1267.44 80.63 23.81 1.62 3.39 16.42
44 ROB 3775 5025 128.76 16.06 10.35 0.17 1.64 15.72

Plan: Reach #1 Reach #1 RS: -2 Profile: PF 1 8.02
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) (ft) (cfs) (sq ft) (ft) Conv Depth(ft) Velocity
39 Chan 3832.14 3860.71 1801.21 141.9 28.57 2.31 4.97 (ft/s)
40 Chan 3860.71 3889.29 1683.83 136.28 28.571 2.16 4.77 12.69
41 Chan 3889.29 3917.86 1569.52 130.65 28.57[ 2.01 4.57 12.36
42 Chan 3917.86 3946.43 1458.4 125.02 28.57 1.87 4.38 12.01
43 Chan 3946.43 3975 1349.59 119.34 28.57 1.73 4.18 11.67
44 ROB 3975 5375 144.78 24.94 12.89 0.19 2.04 11.31

Plan: Reach #1 Reach #1 RS: -3 Profile: PF 1 5.81
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) (ft) (cfs) (sq ft) (ft) Cony Depth(ft) Velocity
39 Chan 3832.14 3860.71 1799.17 130.71 28.57 2.31 4.57 (ft/s)
40 Chan 3860.71 3889.29 1672.03 125.09 28.57 2.14 4.38 13.76
41 Chan 3889.29 3917.86 1548.53 119.46 28.57 1.99 4.18 13.37

*42 Chan 3917.86 3946.43 1428.8 113.83 28.57 1.83 3.98 12.96
43 Chan 3946.43 3975 1311.9 108.15 28.57 1.68 3.79 12.55
44 ROB 3975 5125 126.72 20.38 11.66 0.16 1.84 12.13

Plan: Reach #1 Reach #1 RS: -4 Profile: PF 1 1 6.22
Pos Left Sta Right Sta Flow Area W.P. Percent Hydr

(ft) ft) (cfs) (sq Lf) (ft) Conv Depth(ft) Velocity
39 Chan 3832.14 3860.71 1801.21 141.96 28.57 2.31 4.97 (ft/s)
40 Chan 3860.71 3889.29 1683.88 136.33 28.57 2.16 4.77 12.69
41 Chan 3889.29 3917.86 1569.62 130.71 28.57 2.01 4.57 12.35
42 Chan 3917.86 3946.43 1458.54 125.07 28.57 1.87 4.38 12.01
43 Chan 3946.43 3975 1349.77 119.39 28.57 1.73 4.18 11.66
44 ROB 3975 5025 144.91 24.97 12.9 0.19 2.04 11.31
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Job Title: *

P. AtJgom Mnrung LLC
Arroyo Det Puerto
Erosion Protection Meaoures

cw&
Exterior Site Drainag0

Sedimentation - 400Fool Depth

My MBone

1/2512008
File Name

Calculation E.2 -Sedhmentaforn-4.00 Revýy

i. PF I Plan: Reach #1 Reach #1 RS: 3 Profile: F
hannel Right OB Left OB IChannei Riht GB E.G. Elev (ft) 6932.851 Element

0.0351 0.03) 0.037 1 Vel Head (ft) 6.681 Wt. n-Val.

1634.371 1975.881 9491.661
42456.731 340B.571 934.71 1 Q Total (c/s) 1 780001 Flr

Vel Total (ft/s)
Max Chl Dpth (ft
Coon. Total (cfs)
Length Wtd. (ft)
Min Ch El (ft)
Alpha
Frcdn Loss (ft)
C & E Loss (ft)

Plan: Reach #'
E.G. Elev (ft)
Vel Head (ft)
W.S. Eleo (ft)
cdt w.s. (ft)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (1f)
Vel Total (ftIs)
Max Chl Dpth (ft
Conv. Total (cfs)
Length W0. (ft)
Min Ch El (h)
Alpha
Frctn Loss (t)
C & E Loss (ft)

Plan: Reach #I
E.G. Elev (ft)
Vel Head (ft)
W.S. Elev (ft)

9.88
Conv. (cfs) 964386.61 7

letted Per. (ft) 1 695.011

Power (Iblft s) 1 1.16
1.051 Cum Volume (acre-if) 476.41

-Loss (S) F 01 Cuoi SA (acres)

! Profile: PF 1
ement
t. n-Val.
rach Len. (ft)
OW Area (sq ft)

6955.181 Element
6.91 Wt. n-Val. 0.0351 )

0.0023031 Area (sq ft)

8.231 Ang. Vel. (fUs) 7

a Total (cfs)
Top Width (ft)
Vel Total (5/s)
Max Ch Dpth(S)
Conv. Total (cfs)

622.971 2651 33.04
Vel. II

11 Dpth (ft) 1 11.121 t

6.289
402.521 567.921 20.041 Frctn Loss (ft)

5.161 53.151 1.49

- Reachl1 Roach#l F

• Ele- (0
Head 1f

W.S. Elev.(
rit w QIt f1 816.521 11316.111 159.93

6399.231 2707.74) 130.231 1 E.G.!

. (ftus)

44.5) 623840.1 14182.6 1 Coon. Total (ds)

Q(ftSt•
525.011 102.31

) 0.11
18.49 Frctd Loss (ft) 1 7.54 (
4.2111 C & E Loss) 0.39
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Job Title: 0

Rio Algom Mining LLC

Arroyo Del Puerto
Erosion Protection Measures

Exterior Site Drainage
Sedimentation - 400-Foe Depth

By: M Beane

1/25/2008
File Name

Caculation E.2 -Sedimenlation-4.00 Rev 1

Pl-n: Reach #1 Re. l: PF I
E.G. Elev (ft)
Vel Head (it)
W.S. Elen (it)
cdt w.s. (It)
E.G. Slope (ft/ft)
Q Total (cfs)
Top Width (ft)
Vel Total (I/cs)
Max Chl Dpth (ft)
Cony. Total (do)
Length Wtd. (ft)
Min Ch El (it)
Alpha
Frutn LOSS (ft)
C & E Loss (St)

Plan: Reach #1
E.G. Elev (ft)
Vel Head (ft)
W.S. Elee (it)
Cdt w.s. (it)
E.G. Slope (i/It)
o Total (cfs)
Top Width (fIt)
Vel Total (It/s)
Max Chl Dpth (ft)
Cony. Total (cds)
Length W0t0. (it)
Min Ch El (ft)
Alpha
FrPtn Loss (ft)
C & E Loss (It)

Plan: Reach #1
E.G. Elev (it)
Vel Head (It)
W.S. Elev (It)
Cdt W.S. (It)
E.G. Slope (b/it)
0 Total (cfs)
Top Width (it)
Vot Total (fte)
Max Chi Dpth (St)
Cons. Total (cds)
Length Wtd. (It)
Min CS El (ft)

()R Channel

0.035 0.031

S I 47514
t0 (it 135C

pth (ft) E]

.851 29623.181 861.

12.01 Hydr. Del

Stream Power (lb/ft s)
Cum Volume (acre-it)
Cuor SA (acres)

17 Profile: PF 1
Element
Wt. n-Val.
Reach Len. (It)
Flow Area (sq It)

W.S. Elev (It)
Crit W.S. (ft)

E.GM Slope (SIt)
a Total (cfs)
Top Width (ft)
Vet Total (ffS)
Max Chl Dpth (ft)

Cono. Total (cfs)
Length Wtd. (It)
Min Ch El (It)
Alpha
FrcM LOss (It)
C & E Loss (It)

Plan: Reach #1
E.G. Elev (ft)
Vel Head (It)
W.S. Elev (It)
Celt W.S. (It)
E.G. Slope (b/It)
0 Total (cfs)

1465.9 "1
9.35

10.84 4
1309741 1
5tl.37 I

6.631 1 Vel Total (ft/c)

ea (sq It) 5411.661 2793.791

Min Ch El (ft) I

•t)

merit

n-Val.
iach Len. (ft)
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Introduction

This engineering report has been prepared by Maxim Technologies (Maxim) for Rio

Algom Mining Company, LLC., to evaluate the long term erosion potential for general

areas at the Aihbrosia Lake facility near Grants, New Mexico. The purpose was to use

standard methodologies to predict soil loss potential in reclaimed areas beyond the

existing reclaimed tailing ponds that could be affected by nioff and run-on from

periodic and long term storm events. In addition, the erosion potential of the land surface

of reclaimed holding ponds 4, 5 and 6 were evaluated both for short term periodic stonm

events and from a PMP event.

The following paragraphs present the accepted methodologies for predicting soil loss and

present reconmnendations for achieving stable reclamation covers and land surfaces at the

facility.

Soil Loss Prediction Methodologies

Several methodologies exist that are useful to predict erosion potential of reclamation

covers and surrounding land surfaces. Agricultural erosion has been studied for many

years resulting in the development of prediction algorithms and control procedures.

Because soil erosion and sedimentation from construction and mining activities are

similar, the procedures and algorithms developed are useful in predicting soil erosion

from these activities.

Maxim utilized two industry accepted methods for predicting soil erosion loss at the

Ambrosia Lake Facility which are preseiited in NUREG Documents CR-3199, CR-4620

and 1623. The methods are described as follows:

Universal Soil Loss Equation

The principal controlling factors affecting the erosional processes in the Universal Soil

Loss Equation model are:

- Soil particle size, density and moisture control

" Surface roughness

" Slope angle and slope length

" Vegetation/surface protection

• Climatic Variables



Both the short and long term erosional stability of slopes at this facility can be evaluated

with respect to the aforementioned variables by use of the Universal Soil Loss Equation

model.

The USLE was primarily developed for agricultural purposes but has been modified to

accormnodate mnining and construction activities in the Western United States by the Utah

Water Research Laboratory. The resuilting modified method (MUSLE) is a mathematical

model based on coefficients determined in the field and provides the most rational

approach to evaluating the potential for long term erosion on bare or vegetated land

surfaces.

The modified Universal Soil Loss Equation (MUSLE) is defined as follows:

A=R*K*(LS)*(VM) Equation 1.1

Where,

A = the computed loss per unit area in tons per calculated area units per year with

the u-its selected for K and R properly selected:

R = the rainfall factor which is the number for rainfall erosion index units plus a

factor for snowmelt, if applicable:

K = the soil erodibility factor, which is the soil loss rate per erosion index unit for

a specified soil as measured on a unit plot that is defined as a 72.6 fi length of

uniform 9% slope continuously maintained as clean tilled fallow:

LS = the topographic factor, which is the ratio of soil loss firom the field slope

length to that fiom a 72.6 ft length under otherwise identical conditions:

VM = the dinensionless erosion control factor relating to vegetative and

mechanical factors. This factor replaces the cover management factor (C) and the

support factor (P) of the original USLE.

The Rainfall and Runoff Factor (R)

The R factor is described in terms of a rainfall stoma energy (E) and the maximum 30-

minute rainfall intensity (130). Generalized R factors applicable to the interior western

United States are given in Table 1.1.



0 Table 1.1 Generalized Rainfall and Runoff (R) Values

State Eastern Third Central Third Western Third

N. Dakota 50-75 40-50 40

S. Dakota 75-100 50 40

Montana 30-40 20 20-50

Wyoming 30-50 15-30 15-25

Colorado 75-100 40-50 20-40

Utah 20-30 20-50 15-40

New Mexico 75-100 40-50 20-40

Arizona 20-50 20-50 25-40

Source: NUREG CR-4620

The Soil Erodibility Factor (K)

The soil erodibility factor (K) recognized the fact that the erodibility potential of a given

soil is dependent on its compositional makeup, which in turn reflects the grain size

distribution of the soil. To predict soil erodibility, five soil characteristics that include the

percent silt and fine sand, percent sand greater that 0.2 mrm, percent organic material,

general soil structure and general permeability are determined. The K factor is then

found by using the Wischmeier nomograph presented in Figure 1.1.

The Topographic Factor (LS)

Although the effects of both length and steepness of slope have been investigated

separately in different research efforts, it is more convenient for analytical purposes to

combine the two into one topographic factor, LS. Wischmeier and Smith (1978)

developed plots correlating the topographic factor for slopes up to 500 meters in length at

slope inclinations from 0.5% to 50%.

The equation to determine the LS factor is as follows:

LS~ =650 + 450 + 65s2 LEquatio 1.2
10,000+s2 72.6

where LS = topographic factor

L = slope length in feet
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PROCEDURE: With appropriate data, enter scale at left and proceed

to points representing the soil's % .sand (0.10-2.0mm) 1 %
organic matter, structure, and permeability, Inq that seguence.

Interpolate between plotted curves. The dotted line illustrates
procedure for a soil havinv: sl+vfs 65%, sand 6%/o, OM 2,8%/o,

structure 2, permeability 4. Solution: K =0.3L.

Fig. -j.1 Nomograph for determining soil erodibility factor K. Source: after Wischmeier et at., 1971.



S = slope steepness in percent

M = exponent dependent upon slope steepness

The slope dependent exponent m is presented in Table 1.2

Table 1.2 Slope Dependent Exponent

Slope m

s5 <1.0 0.2

1.0 < s 5 3.0 0.3

3.0 < s < 5.0 0.4

5.0 < s < 10.0 0.5

s >1.0 0.6

The VM Factor

The VM factor is the erosion control factor applied in place of the cover and erosion

control factors found ii the USLE. The erosion control factor accounts for measures

implemented at the construction site to include vegetation, mulching, chemical treatnents

and sprayed emulsions to impede or reduce erosion due to the overland flow of water.

Values of the VMT factor relative to site-specific conditions are presented in Table 1.3

The VM factor is perhaps the most sensitive factor to effect the computed erosion loss for

a given site. As shown by the values presented on Table 1.3, the development of a

perianent vegetative cover can have a significant impact in reducing the computed

erosion loss.

Permissible Velocity Approach

The erosion potential of a soil cover or land surface can be evaluated by determining the

properties of the soils and specifying a velocity criterion that will not erode the cover or

land surface and will prevent scour. Studies by the U.S. Army Corps of Engineers,

Universities and other organizations have developed permissible velocities for various

soil types obtained from experimental studies which provide a conservative estimate for

evaluating erosion potential of soil for the long tern. These permissible velocity values

h are summarized in NUREG CR-4620 and are presented in Tables 1.4 through 1.6.



Table 1.3 Typical VH Factor Values Reported in th- Lfterature.a

Condltion VM Factor

1. Bare so6l conditions

freshly disked to 6-8 inches 1.00
after one rain 0.89
loose to 12 inches smooth o.go
loose to 12 inches rough 0.80
compactad bulldozer scraped up and down 1.30

same except root raked 1.20
compacted bulldozer scraped across slope 1.20

same except root raked across 0.90
rough irregular tracked all directions 0.90)
seed and fertilizer, fresh 0.64

same after six months 0.54
seed, fertilizer, and 12 months chemical 0.38
not tilled algae crusted 0.01
tilled algae crusted 0.02
compacted fill 1.24 - 1.71
undisturbed except scraped 0.66 - 1.30
scarified only 0.76 - 1.31
sawdust Z inches deep, disked in 0.61

2. Asphalt emulsion on bare soil

1250 gallons/acre 0.02
1210 gallons/acre 0.01 - 0.019
605 gallonslacre 0.14 - 0.57
302 gallons/acre 0.23 - 0.60
151 gallons/acre 0.65 - 0.70

3. Oust binder

605 gallons/acre 1.05
1210 gallons/acre 0.29 - 0.78

4. Other chencals

1000 lb. fiber Glass RovinS with 60-150 gallons asphalt emulsion/acre 0.01 - 0.05
Aquataln 0.68
Aerospray 70, 10 percent cdver 0.94
Curasol AE 0 30 - 0.48
Petroset SB 0.40 - 0.56
PVA 0.7i - 0.90
Terra-Tack 0.66.
Wood fiber slurry, 1000 lb/acre freshb 0.05
Wood fiber slurry, 1400 lb/acre'freshb .0.01 - 0.02
Wood fiber slurry, 3500 lb/acre freshb 0.10

5. Seedings

tem~prary, 0 to 60 days 0.40
temporary, after 60 days 0.05
permanent, 0 to 60 days 0.40
permaoent, 2 to 12 months. 0.05
perianent, after 12 months 0.01

6. Brush

7. Excelsior blanket with plastic net 0.04 - 0.10

aNote the variation in values of VM factors reported by different researchers for the same
measures. References containing details of research which produced these YM values are
included in MCHRP Project 16-3 rep~rt, "Erosion Control During Highway Construction.
Vol. III. Bibliography of Water and Wind Erosion Control References," Transportation
Research Board, 2101 Constitution Avenue, Washington, DC Z0418.

bThis material is commonly referred to as hydromulch.



Table 1.4 Maximum pernmissible velocities in erodible chamnels

Water Transporting
Colloidal Silts
Velocity

Channel Material v (ft/sec)

Fine sand, colloidal 2.50
Sandy loam, non-colloidal 2.50
Silty loam, non-colloidal 3.00
Alluvial silts, non-colloidal 3.50
Firm loam 3.50
Volcanic ash 3.50
Stiff clay, colloidal 5.00
Alluvial silts, colloidal 5.00
Shales and hardpans 6.00
Fine Gravel 5.00
Graded loam to cobbles, non-colloidal 5.00
Graded Silts to cobble, colloidal 5.50
Coarse gravel, non-colloidal 6.00
Cobbles and shingles 5.50

Source: NUREG CR-4620

Table 1.5 Maximum allowable velocities in sand-based material

Velocity

(ft/sec)

Very light sand of quicksand character
Very light loose sand
Coarse sand to light sandy soil
Sandy soil
Sandy loam
Average loam, alluvial soil, volcanic ash
Firn loam, clay loam
Stiff clay soil, gravel soil
Coarse gravel, cobbles and shingles
Conglomerate, cemented gravel, soft slate,

Tough hardpan, soft sedimentary rock

0.75 to 1.00
1.00 to 1.50
1.50 to 2.00
2.00 to 2.50
2.50 to 2.75-
2.75 to 3.00
3.00 to 3.75
4.00 to 5.00
5.00 to 6.00

6.00 to 8.00

Source: NUREG CR-4620



Table 1.6 Limiting velocities in cohesive materials

Compactness of Bed

Fairly Very
Loose Compact Compact Compact

Principle Cohesive Velocity Velocity Velocity Velocity
Material (fl/sec) (ft/sec) (ft/sec) (ft/sec)

Sandy clay 1.48 2.95 4.26 5.90
Heavy clayey soils 1.31 2.79 4.10 5.58
Cla3is 1.15 2.62 3.94 5.41
Lean elayey soils 1.05 2.30 3.44 4.43

Source: NUREG CR-4620



Recommendations

General

The surface soils at the Ambrosia Lake facility consist of alluvium/colluvium which

classify primarily as very silty sands to sandy silts in the Unified Soil Classification

system. The types of soils are easily erodible under storm runoff events.

Prediction of soil loss by the Modified Universal Soil Loss equation shows that

unvegetated soils at this site will be relatively stable for slopes generally less than one

percent and not exceeding 200 feet. Predicted soil loss for this gradient and length is on

the order of one foot per 1000 years. Unvegetated slopes steeper than one percent even

for short distances will experience an unacceptable erosion rate. (See Results of MUSLE

Analysis in Tables A-1 and A-2 in the appendix.)

Soil surfaces that are sparingly to moderately vegetated will be stable at slopes up to 3

percent. Vegetated slopes at 3 percent will generally be stable up to a distance

approaching 1000 feet.

Using the "Allowabl& Velocity Approach" the surface soils at this facility will erode at

runoff velocities approaching or exceeding 2.5 ft/sec. This criterion is more conservative

than the MUSLE model and is recormnended to evaluate surface stability in sensitive

areas and from significant storm events.

Stability of Land Surface (Reclaimed Ponds 4, 5 & 6)

Ponds 4,5 & 6 are considered to be in a sensitive area because of the proximity to the

Arroyo del Puerto, and the need to apply alternative release criteria to this area. The

MUSLE model shows that a moderately vegetated surface will under go about 1/3 foot of

soil loss over a 1000 year period. Calculations of runoff from a PMP event (see

appendix) show that the runoff velocity will be on the order of 2.6 feet/se6 and the flow

depth will be on the order of 0.4 foot. Considering the above, it is reconmmended that a



rock mulch be placed over the existing reclaimed surface of Ponds 4, 5 & 6. The rock

should have a median stone diameter D50 of 0.5 inch or larger.. The stone should have a

minimunm thickness of 1.0 inch. This will more than adequately protect the land surface

in this area from the runoff originating from a PMP event.

Stability of Land Surface (Ponds 7 & 8)

The area of encompassing Ponds 7 and 8 and surrounding land is sparsely to moderately

vegetated. For this area it is reconmended that a gravel nmulch be placed on slopes

exceeding one percent. The gravel should have a median stone diameter (D5o) of 0.5

inch. The gravel may be placed in a thin layer as practicably achievable. The stone may

be placed directly on the established grasses and around shrubs. The placement of this

gravel mulch will enhance soil moisture retention, further promote re-establishnment of

the vegetative cover and enhance infiltration. Runoff velocities fromstorm events will

also be reduced, further enhancing the stability of the land surface.
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Calculations



7/2005 QL.E.xls

MODIFIED UNIVERSAL SOIL LOSS EQUATION
(MUSLE)

INPUT COMPUTED RESULTS

9 I1,PM

Figure A-1

SLOPE LENGTH (FEET)
SLOPE (%)
RAIN FALL EROSIVITY FACTOR-R
SOIL ERODIBILITY FACTOR-K
VEG MANAGEMENT FACTOR-(VM)
SOIL DENSITY (PCF)

200
3.00

30
0.55
0.25
105

TOPOGRAPHIC FACTOR 0.35

AVERAGE ANNUAL SOIL L 1.44
(TONS/ACRE/YEAR)

LOSS IN.DEPTH
(FT/1 000 YEARS)

0.63

REFERENCE NUREG/CR-4620

Page 1



Table A-1
Results of MUSLE Analysis

Predicted Soil Loss Measured in Feet/1000 years
On

Bare Land Surfaces
Ambrosia Lake Facility

Rio Algom Company, LLC

Slope Length (feet)

- 50 100 200 500 1000 2000
p, 3 1.67 2.05 2.52 3.32 4.09 5.04
0 C

Z6 2 1.17 1.44 1.77 2.33 2.87 3.53
1 0.78 0.90 1.03 !1.24 1.42 1.53

Note: All values reported in chart are in, feet/I000 years

Table A-2
Results of MUSLE Analysis

Predicted Soil Loss Measured hi Feet/I 000 Years
On

Vegetated Land Surfaces
Ambrosia Lake Facility

Rio Algom Company, LLC

Slope Length (feet)

50 100 200 500 1000 2000
3 0.42 0.51 0.63 0.83 1.02 1.26
2 0.29 0.36 0.44 0.58 0.72 0.88
1 0.19 0.22 0.26 0.31 0.35 1 0.41
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SAFAFACTORS- .xls

Figure A-2

Project: Rio Algom-Ambrosia Lake
Location: Ponds 4,5,& 6

Date 7/5/05

RIPRAP DESIGN-SAFETY FACTORS METHOD
FLOW OVER A PLANE SLOPING BED

INPUT COMPUTED RESULTS

Median Rock Diameter-(D-50)-ft
Flow Depth-Ft
Bed Slope- Ft/Ft
Angle of repose-Rock-Degrees
Unit Weight-Rock-Pcf

0.04
0.40

0.007
40.00

160.00

Design Shear-Psf

Safety Factor

0.16

1.16

Page 1
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