 APPENDIX D

CALCULATIONS FOR POND 1 CHANNEL PROTECTION
CHANNEL DESIGN CONFIGURATION CALCULATIONS
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 Task 3 Channel Design - Channel - Inputs to get channel Depth
DISCHARGE CHANNEL

1. MANNING OUTPUT
"OPEN:CHANNEL:DESIGN = STRICKLER'S/EQUATION

ASSUMPTIONS & EQUATIONS : Where K=Ave Flume Data (ACE 1984)
Mannings Value, n ~ K(D30)*0.16667
D80 of D50 = 9.2 inch Rock Particle Distribution = 12" (See Design Report For Gradation)
Note: Army Corp. of Engineers - Hydraulic Design of Flood Control Channels (1891)
CALCULATION Using Army Corp. Of Engmeers (ACE) Method (ACE 1991)
Sz Ly alisgernits pi C

% T

s D50V (o0 120 17 ciniches
2. CHANNEL DEPTH OUTPUT

WW”‘T‘? ats S Ianks Sni BB
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HEC-RAS Plan: Plan 01 River; Pond 1 Discharge Reach:| Profile: PF 1

:4.7:Q Totatt REl -, ‘Frouce.Ch. -
G T ; i ; g
498.00]  6952.00]  6653.84] 685432  6955.37
498,00 £946.00 6947.84 £948.32 69849.37 0.080015 1.36
498.00 £943.00 6944.94 §945.32 6946.37 0.060015 1.36
496.00 6941.50 6943.44 6943.82 6944.87 0.060015 1.36
498.00 6840.00 6941.75 6942.17 6943.30 0.064753 1.41
4SB.00|  603G.56|  694241| 6941.73] 694277  0.017541 077
438.00 6939.12 6841.67 6942,23 0.017576 0.77
498.00 6938.24 £940.80 6940.41 654145 0.017508 0.77
488.00 £936.49 6939.05 8238.66 6839.70 0.017508 0.77




Elevation {ft)

6960-

Pond 1 Discharge
f

Plan: Plan 01

200

Main Channel Distance ([t)

300

“Legend
EG PF1’
WS PF1
Crit PE1”
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APPENDIX E

DESIGN DRAWINGS
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v EROSION L . e s . L el

PROTECTION L
ITEM 6) ey

End Armored Discharge And
Diversion Channels NORTH

- _;4'-.9 Homeskare -New ¥
o tacrs Mine

ersion Chanmel
North Rit A

CR1 O

i
i

oo (Item 6 & 7) 1 in = 500 ft [
OSMBE Y 2 ———r 3 1— X
., RIS, > &/, ° ° i ° o CONTOUR INTERVAL = 5 FT
N i Y ° ARMORED DISCHARGH APRON |
Item 6 & 7)
r\
Start of Armored Dischza

\
\
\
\

Channel (Item 7)

Protection Apron
(Item 4) Teeaer

L’Ani:nl:s‘leu\.;;e; @/ " "
Notes:
Task 3 Consists of Seven (7) Design Items; (See Item Areas Located On This Drawing)

1.  Erosion Protection Apron Along ‘The Toe of The East Embankment of Pond 1,
(See Sheets 2 and 3)
Surface Erosion Protection For Pcnd 3, (See Sheets 2 and 4)
Erosion Protection for The East Embankment Slope for Pond 3, (See Sheets 2 and 4)
Erosion Protection Apron for The Toe of Pond 3, East Embankment, (See Sheets 2 and 5)
Surface Run-off Erosion Protecticn of The Area North of Pond 1, (See Sheets 6 and 7)
Diversion Channel Constructed Along the North Limits of Item 5 That Drains Into
The Arroyo del Puerto Channel, (3ee Sheets 6, 8 and 9) See Sheet 13 for Discharge
Apron.
7. and, Discharge Channel Construc ed From the End of The North Erosion
Protection Channel/Apron of Poni 1 For Discharging Into The Arroyo del Puerto
Channel, (See Sheets 10, 11 and 12) See Sheet 13 For Discharge Apron
Construction
Background:
The North Embankment Toe Erosion Protection Channel/Apron Was Part Of
Previous Design Work (Task 2) for The Quiviia Mill Site Erosion Protection Plan.
The Flow From This Channel Will Be Discharzed Into the Arroyo del Puerto
Channel Via An Extention Described In Item 7 Above.

The South Embankment Erosion Protection Cl annel/Apron for Pond 1 is Part of Future
Design Tasks to Prevent Erosion At the Quivira Mill Site.

The Arroyo del Puerto Armored Channel Is Pa t of Future Design Tasks For Erosion
Control at The Quivira Mill Site.

g

A\

& e B

S
——

Erosion Protection For East
Embankment
(Item 3)

¥
o

=~
o}

oo ey

South End of the East Erosion
Protection Apron
A 551159,31 (Item 1)

. /] /A AMBROSIA LAKE MILL
Approximate E KU RIO ALGOM MINING COMPANY, LLC.
e GRANTS5, NEW MEXICO

TASK 3 — GENERAL EROSION PROTECTION PLAN
PROJECT No. 1690030 -300 DRAWING BY: RLH 2/28/02

(Future Désign Task)

TECHNOLOGIES INC

SgtEEl L of 15
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Sl L B R RE—CONTOUR POND| 3 SURFACE EXTEND SLOPE EROSION PROTECTION ROCK SECTION
694500 /" (SEE| SHEET 3 OF|13 FOR DETALS) TO SLOPE EAST AT|0.3% e 6945.00

\ | / PROFILE ELEVATIONS UPDATED \ /
6940.00\[ '  WITH FIELD DATA |— SUPPLIED BY RIO ALGOM 6940.00

{ t
E}; e 4 \X_\ / POND 3 EAST SLOPE ERQSION PROTECTION
6935.00 | . i o - DETAILS} 6935.00

& A (SEE SHEET| 4 of 13 FOR

MINIMUM| START ELEVATION 5 % 7 /
6930.00 of 6,938 FT / PONpP 3 N \ 6930.00

PROVIDE A 1 TO 3% SLOPE FOR DRAINAGE
6925.00 EXISTING GRADE \ /“ ACROSS THE INTERCEPTOR TRENCH AREA 6925.00

e / SR
e AR
6920.00 s N 26 NP N6 920.00
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e L roe Erosion PRoTACTION APRON
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BY! RIO ALGOM 11+00 WILLIAM H. BUCHER DATE
6905.00 AMBROSIA LAKE MILL
P RIO ALGOM MINING COMPANY, LLC.
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6900.00 % & T & i ¢ 0 - > | |  TASK 3 EROSION PROTECTION
5 o o - o - 4 = 2 || LOCATION OF TYPICAL EROSION PROTECTION SECTIONS
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6895.00 2 o2 o 2 oA o %) g 5 % PROJECT No. 1690030-300 DRAWING BY: RLH 2/28/02 SHEET 2 Of 13
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POND 1 EROSION PROTECTION APRON

FOR RUN-OFF FROM POND 1 EMBANKMENT SLOPE ONTO POND 3 SURFACE

Typical Section

EXISTING EMBANKMENT ROCK COVER

EXISTING ROCK FILTER LAYER

FIRST LAYER OF BARRIER

EXISTING TOE, GRADE TO MINIMUM EL. 6,938 FT AT TOE

REMOVE & REPLACE EXISTING EROSION
PROTECTIN ROCK (See Note 7 Below)

S

\_SECOND BARRIER LAYER /i\\é//“\ 777\

. |1

24" Min. 9.8

SLOPE=2%

SLOPE = 0.3 TO 0.5%

ST T X"

ML X MR X MR X R

AL X MAd ]

V\ﬁﬁ%\/“ﬁﬁ .
S =y -
Y 6’ 1

V<\

NOTES:

1.

THIRD BARRIER LAYER 2 PRNE Tj “o e e dgg=1"
PLACGE NEW D_=1" FILTER f 6 FILTER SAND
ROCK LAYER 50 . BEY/anmm e S 2
9.3 7.6 4.9
PLACE FILTER SANDLAYER —
BELOW FILTER ROCK
Rock Riprap for erosion protection aprons shall be placed in conformance with Appendi; F of Design of 7. Existing erosion protection disturbed during construction of the erosion protection aprons shall be replaced

Erosion Protection for Long-Term Stabilization, U.S. Nuclear Regulatory Commission's NUREG - 1623
Draft Report unless otherwise specified in the Task 3 Erosion Control Design Report or the Design
Drawings.

Erosion protection aprons shall be sloped to the downstream edge with a minimum slope of two percent or
at a slope that matches the slope of the natural ground, should it be steeper than two percent.

Erosion protection apron excavations shall be constructed with 2H:1V slopes to permit placement of the
filter materials as shown above. 8.

The erosion protection apron shall be constructed of a rock diameter d = 7.8" conforming to the following
gradation: 50

Sieve Designation Percent Passing
12" 100
9" . : 60 -85
6" ' : 5-30
4" 0-5

Each layer of erosion protection bedding/filter material shall be placed at a minimum thickness of 6" along
the length of the apron. The bedding/filter material shall extend up the 2V:1H sides and end below the Pond
3 erosion protection rock. Bedding/filter material shall be spread and compacted in one layer.

Erosion protection apron riprap beddmg/ﬁlter material shall meet the following gradation:

Filter Gravel Filter Sand
Sieve Designation Percent Passing Sieve Designation Percent Passing
3" 100 No.4 : 100
2" 80 - 100 No. 10 80-100
34" 20-70 No. 20 36-76
3/8" 10-30 No. 40 10-20
No.4 0-10 No.100 0-10

in a manner that maintains existing slopes and riprap conditions as approved previously by the U.S. Nuclear

Regulatory Commission. Care shall be taken in removing and stockpiling the riprap such that the material is

not degraded or otherwise damaged. Rock degraded or otherwise out of conformance with the NUREG 1623
due to removal and replacement methods shall be replaced with similar approved materials. Care should be

taken so that existing tailings are not disturbed during erosion protection apron construction.

The erosion protection apron shall be constructed continuously from the north embankment erosion
protection channel/apron (north end of Pond 3) to the south embankment erosion protection channel/apron
(south end of Pond 3). (See Sheet 1 of {3 for start and ending locations).

The erosion protection apron shall be constructed level from the north end to the south end to prevent
longitudinal flows within the apron. The erosion protection apron shall be constructed such that flow from
the embankment will flow perpendiculsr to the apron and onto the Pond 3 surface where it will drain away
from the erosion protection apron.

1in =3 ft

WLLIAM H. BUCHER

\— POND 3 EROSION PROTECTION ROCK LAYER

ANBROSIA LAKE MILL
RIO ALGOM MINING COMPANY, LLC.
GRANTS, NEW MEXICO
TASK 3 EROSION PROTECTION
POND 1 TOE EROSION PROTECTION APRON

TECHNOLOG!ES INC

PROJECT No. 1690030-300 DRAWING BY: RLH 2/28/02

REVISION BY: RLH 1/8/03

AEArmGEn el e

FILE NAME: 1690030S53.0WG

SHEET 3 of 13




NOTE: SLOPE ROCK SIZED DETERMINED BY LONGITUDINAL FLOWS
FROM A PMF IN THE ARROY DEL PUERTO BASIN

POND 3 - POND SURFACE AND EAST EMBANKMENT EROSION PROTECTION
.T Typical Sections 7

SLOPE EROSION ROCK
ROCKSIZING OF D50 = 12"

POND 3 COVER MATERIAL

PROPOSED POND 3 SURFACE & SIDE SLOPE EROSION PROTECTION
PROFILE VIEW — NOT TO SCALE

FILTER/BEDDING LAYER

ROCK SIZING OF D50= 1

SIDE SLOPE EROSION PROTECTION FILTER SAND
SHALL EXTEND ONTO THE CREST
A MINIMUM OF 10 FT

POND 1 , S
POND 3 EAST SLOPE EROSION PROTECTION N
NG
~ TYPICAL SECTION — NOT TO SCALE : o~
—— e ————— pn— — . A
. \ NOTES:
PROPOSED POND 3 Al .
ROCK SURFACE POND 3 . . . . . .
(SEE INSERT FOR DETA"_S) 1. Rock Riprap for erosion protection shall be placed in conformance with Appendix F of Design of Erosion
ARROYO DEL PUERTO BASIN Protection for Long-Term Stabilization, U.S. Nuclear Regulatory Commission's NUREG - 1623 Drafl
' Report unless otherwise specified in the Task 3 Erosion Control Design Report or the Design Drawings.
EXISTING GROUND PROFILE - . § . : —10"
NOT TO SCALE . §|£p£ =170 3% . 2. Cl:;ﬁc)l:r:ilr(])n protection fo_r the ?,urfa.cc ?f Pond 3 shall be constructed of a rock diameter dSO- 1.0
; — T g 10 the following gradation:
Erosion Protection Rock
PROPOSED POND 3 EAST SLOPE - Sieve Designation Percent Passing
AND SLOPE EROSION PROTECTION 5, POND 3 SLOPE TOE EROSION -3 100
(SEE INSERT FOR DETAILS) — PROTECTION APRON LOCATION _ 2" 80-100
(SEE SHEET 6 OF 11 FOR DETAILS) B 3/4" 20-70
3/8" 10-30
No.4 0-10
) 3. Erosion protection on the cast embankment stope of Pond 3 shall be constructed of a rock diameter dgg= 12.0"
-  EXISTING INTERCEPTOR TRENCH and shall be placed on a minimum of 6" of bedding/filter rock, each conforming to the following gradations:
TO BE BACKFILLED PER RIO ALGOM Erosion Protection Rock Bedding\Filter Gravel (ds= 1.0")
Sieve Designation  Percent Passing Sicve Designation  Percent Passing
18" 100 3" 100
. 14" 60-90 2" 80-100
POND 3 SURFAC _ ‘ - 12" 25-50 3/4" 20-70
\Y E SLOPE = 0.3% —_——— ) 10" 10-30 3/8" 10-30
D) . . . : 6" 0-10 No4 0-10
, —Rock Sizing of 050 = 1.0" inches Filter Sand
3 Sieve Designation Percent Passing
' No. 4 : 100
No. 10 80-100
CA No. 20 36-76
—_— No. 40 10-20
| ’ | -No. 100 0-10
. - 4. The layer of erosion protection bedding/filter material shall be placed at a minimum thickness of 6" along
: ! | - the length of the slope. The bedding/filter material shall extend the full slope length. Bedding/filter material
. - e I— : . shall be spread and compact:d in one layer.
- L byl b . - | _
_l I l_ — POND 3 COVER MATERIAL R

" @D 3 SURFACE EROSION PROTECTION : - AMBROSIA LAKE MILL
| o | -BOFESS | RIO ALGOM MINING COMPANY, LLC.
| TYPICAL SECTION — NOT TO SCALE | GRANTS, NEW MEXICO

TASK 3 — EROSION PROTECTION

s . X
TECHNOLOGIES INC

7/2 . . POND 3 EROSION PROTECTION DETAILS
/“7( o= PROJECT Nc. 1690030-300 DRAWING BY: RLH 2/25/02

WILLIAM H. BUCHER DATE FIE NAME: 1690030S4.04G SHEET 4 of 13




POND 3 - TOE EROSION FROTECTION APRON - EAST EMBANKMENT
FOR RUN-OFF FROM POND 3 EMBANKMENT SLOPE

Typical Section

POND 3 EAST SLOPE EROSION PROTECTION
(SEE SHEET 4 OF 13 FOR DETAILS)

10.7/

SLOPE =2 %

CONTINUE 1 TO 3% SLOPE
ACROSS INTERCEPTOR
TRENCH BACKFILL

Erosion Protection for Long-Term Stabilization, U.S. Nuclear Regulatory Commission's NUREG - 1623
Draft Report unless otherwise specified in the Task 3 Erosion Control Design Report or the Design

Drawings.
2. Erosion protection aprons shall be sloped to the downstream edge with a minimum slope of two percent or
at a slope that matches the slope of the natural ground, should it be steeper than two percent.
3. Erosion protection apron excavations shall be constructed with 2H:1V slopes to permit placement of the
filter materials to the surface of the ground. 8.
4. The erosion protection apron shall be constructed of a rock diameter d _ = 12" conforming to the following
sar. 50 .
gradation:
Sieve Designation Percent Passing >
18" 100
14" 60 -90
12" 25-50
10" 10-30
6" 0-10
s Each layer of erosion protection bedding/filter material shall be placed at a minimum thickness of 6" along

the length of the apron. The bedding/filter material shall extend up the 2H:1V sides and end below the Pond

. A ~/ \) Q O( O L(/)UO DQ\—JVO‘\)QWf PO
POND 3 CLAY COVER N = O o=
RN CD w O D a2 )N g
SEE NOTE 7 BELOW 1{ e (%?48' &Q O 7
2 RN Ay
. H f.--.6“. K.\ . /\/\ . .,6.?.' 1, 1
PLACE 6" OF BEDDING FILTER ROCK 60" g fldsp=1" [ cF H . e g < |
(dg1") | 6{ FILTER SAND 2
% PLACE FILTER SAND LAYER ]
. BELOW FILTER ROCK
1.1 6.9’ 7.8
NOTES:
1. Rock Riprap for erosion protection aprons shall be placed in conformance with Appendix F of Design of 7. If the erosion protection apron is not constmicted at the time of the slope rock erosion protection placement,

the existing erosion protection disturbed dwing construction of the erosion protection aprons shall be
replaced in a manner that maintains existing slopes and riprap conditions. Care shall be taken in removing
and stockpiling the riprap such that the material is not degraded or otherwise damaged. Rock degraded or

- otherwise out of conformance with the NUREG 1623 due to removal and replacement methods shall be

replaced with similar approved materials. Care should be taken so that existing tailings are not disturbed
during erosion protection apron construction.

The erosion protection apron shall be constructed continuously from the north embankment erosion
protection channel/apron (north end of Pond 3) to the south embankment erosion protection channel/apron
(south end of Pond 3). (See Sheet 1 of 13 for start and ending locations).

The erosion protection apron shall be constucted to match the existing longitudinal slopes. Areas of
longitudinal slopes greater than 1% shall have a rock soil matrix placed within the apron. The soil for the
rock soil matrix shall be placed into the rocic voids after placement of each rock lift. The soil shall consist of
on-site silty sands.

WILLIAM H. BUCHER

3 erosion protection rock. Bedding/filter material shall be spread and compacted in one layer.

Erosion protection apron riprap bedding/filter material shall meet the following gradation:

Filter Gravel Filter Sand
Sieve Designation Percent Passing Sieve Designation Percent Passing
3" 100 No.4 100
2" 80-100 No. 10 80-100
38" 20-70 No.20 - 36-76
3/8" 10-30 No. 40 10 -20
No.4 0-10 No.100 0-10

AMBROSIA LAKE MILL
RIO ALGOM MINDING COMPANY, LLC.
GRANTS, NEW MEXICO
TASK 3 EROSION PROTECTION

™™ e ™= ] POND 3 TOE EROSION PROTECTION APRON

TECHNOLOGIES INC

1in=3ft PROJECT No. 1690030-300 DRAWING BY: RLH 1/19/02
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. ON DIVERSION CHANNEE-CONSTRUCTION a
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ARROYO DEL} PUERTO BASIN
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I
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|
!
|

. e
5 XOO < ‘l‘;‘“’ 7 e \‘\%\ \\ g/\j
/ ‘y - SGALES:
BOP = 0+00.0g G, \’ﬂ - ™ 1" = 200 HO
E = 499859,7 M,\! e '
N = 1600981.91 s . : . = a0 |
. . " e : CONTOUR INTERVALI = 5 FT
. NORTH .EROSION. PR L [
CHANNEL APRON pod o APPROXIMATE CHANNEL END
APPROXIMATE N SEE SHEET 13 OF 13 FOR
CHANNEL AR & FOR DISCHARGE APRON DETAIL
START - S
~E EOP = 27+01.39 |
| ; e E = 502591,37
= el ‘ REL o % Tl “NORTH LIMITS OF POND 3
EMBANKMEN N ~AER], RVMEK SRERIUANGOM, MININS . COMPANY, XL, £7° I
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» z I =1=%1J/ N N N LS L N o~
7020.00 - (APPROXIMATE VERTICAL LOCATION) o 2 . a2 R x 7020.00
7010.00 7010.00
.7000.00 %T\ gl =3 —8.98% 7000.00
\
6990.00 JCHANNF| INVFRT AT 35/FT [ ——+— | el 5.07% FHEKENED—EHANNEH 6290.00
6980.00 Sl Bnn gl Gl . o SECTION FOR_HYDRAULIC 6980.00
6970.00 o 1 1 1~ NP CONTROL, STA 17400 6570.00
6960.00 e I pde Rock Sizing of D_ = 2.2 Inches T / e 6260.00
6950.00 TR TR T ki 9L L - - CHANNEL_DAYLIGHTS AT ELEVATION 16926.47 FTT7 6250.00
6940.00 e {| Procn 6
i - — GRADE C 3
69350.00 - M\mvmwz SoiLS 1I e 77-/_17{”\,”:19- ,lNVE?l' AT 0.9% —m 6
6920.00 _|proPosSED NORTH AREA SURFAGE EROSION PROTECTION CHANNEL INVERT AT 3.5 F T__/ / & . 5‘ S >
Sl B b el BELOW EXISTING GRADE / ZFILL IAREA &
6900.00 1. SLdPE EROSION PROTECTION ROCK DESIGN IS BASED ON AN AVERAGE / NOTE: ELEVATIONS AT EVEN STATIONS ARE EXISING.
SLOPE OF 7.5%. / GROUND ELEVATIONS
6890.00 |2. SLOPES GREATER THAN 9% SHALL BE FLATTENED TO 7.5% OR LESS. BEGIN| DAYLIGHTING
6880.00 3. EROSION PROTECTION ROCK SHALL BE BLENDED INTO DIVERSION CHANNEL CHANNEL, INVERT ELEVATON
: AND POND 1 TOE EROSION PROTECTION CHANNEL/APRON 6935.0° FOR.A 4 F7 DEEP. _CHANNEL
4. ROCK SHALL BE PLACED CONTINUOUSLY ON SLOPES GREATER THAN
6870.00 ™ 1% WTHIN THE NORTH AREA BOUNDARY (SEE BOUNDARY ABOVE AND ON SECTION(STA 17+00) :
6860.00 SHEET 1 OF THE DESIGN DRAWINGS 7/
WILLIAM H. BUCHER
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P |= 0+00
E =J500989.9 3+70.01
N = 1601034.4 ¢ 01276.15

0040

7

O%;ALES:

1" = B0 HOR
"= 10 VR
CONTOUR INTERVAL = 5 F
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DIVERSION CHANNEL - NORTH AREA

GRADE TO DRAIN INTO CHANNEL AT 1%

EXISTING GRADE
(North of Diversion, Vegetated)

GRADE TO DRAIN INTO
CHANNEL AT 1%

RE-CONTOURED AREA
(South of Diversion, Erosion Protection Section)
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NOTES:

1.

The diversion channel shall be constructed along the existing "gully"
where erosion is occurring due to small local storms. The horizontal and
vertical location of the cross section developed for design calculations is
approximate. The diversion channel shall be "field" adjusted to the
natural flow line.

- The diversion channel shall be extended to the end of the proposed

discharge channel as shown on Sheet 1 of 13.

. The immediate surrounding arcas shall be graded such that run-off flows

into the channel. Low areas adjacent to the diversion channel shall be
regraded to provide positive drainage into the diversion channel.

. The bottom of the channel shall be constructed flat from side slope to side

slope to prevent concentrated flows.

. Rock Riprap for erosion protection shall be placed in conformance with

Appendix F of Design of Erosion Protection for Long-Term Stabilization,
U.S. Nuclear Regulatory Commission's NUREG -CR 1623 Drafi Report
unless otherwise specified in the TASK 3 Erosion Protection Report or the
included Design Drawings.

. Surface erosion protection rock placed south of the diversion shall be tied

into the south crest of the diversion channel. Areas disturbed during
construction, north of the diversion channel, shall be revegetated.

. The channel excavation shall be constructed with bottoms free of

loose debris, vegetation and muddy surfaces.

. The erosion protection bedding/filter material shall be placed ata

minimum thickness of 6" along the length of the channel. The-. . -
bedding/filter material shall extend up the 2H:1V side slopes to the
existing grade and end below the erosion protection rock layer on
the south side. Bedding/filter materials shall be spread and
compacted in one layer.

STA 9+00 TO STA 17+00 SHOWN.

s =7,
1in =

9. Existing erosion protection rock disturbed during construction of the
channel shall be replaced in a manner that maintains existing slopes
and riprap conditions as approved by the U.S. Nuclear Regulatory
Commission. Care shall be taken in removing and stockpiling the
riprap such that the material is not degraded or otherwise damaged.
Rock degraded or otherwise out of conformance with the NUREG
1623 due to removal and replacement methods shall be replaced
with similar approved materials.

10. The channel shall be constructed with a minimum rock thickness
designated in the table. The rock shall be extended up the side slopes
1o the existing grade on the exterior and interlocked with the existing
rock placed for surface erosion protection on the south side of the
diversion channel.

11. The channel erosion protection rock shall be constructed of a rock
conforming 1o the following gradations:

D50= 9.2" D50= 78

Sieve Designation Percent Passing Sieve Designation Percent Passing

4 ft

w

.

q

EROSION PROTECTION ROCK LAYER
(SEE SHEET 6 OF 13 FOR DETAILS)

=

PLACE BECDING/FILTER ROCK BELOW
EROSION PROTECTION ROCK IN CHANNEL

PLACE FILTER SAND BELOW
BEDDING/FILTER ROCK IN CHANNEL

13.  EACH CHANNEL SECTION SHALL BE CONSTRUCTED TO THE FOLLOWING DIMENSIONS. SEE SHEET 10 FOR

DETAILS ON CHANNEL SECTION STA 17+00 TO 17+25.

CHANNEL SECTION DIMENSIONS
(DIMENSIONS IN FEET)

Rock Size

CHANNEL SECTION A [B |C |D |E JF

d
G |H }I J K |L 30

STAO+00ToSTA?+00 53(7.0]31}13]3514.0

225811171521 0511.3 78

STA 9+00 To STA 17+00 571703419 ]35]200

12.1 2124 05| 1.5 9.2

SEE SHEET 1 FOR{DETAILS [ON S[FA 17+00 1O STIA 17425

STA 17+25 To STA 27+01 571801341 1.614.0] 280

15" 100 12"
12" 70-90 9"
9" 30-55 6"
6" 0-10 4"
12. The channel/apron erosion protection rock shall be constructed on
6" of bedding/filter rock and 6" of filter sand conforming 1o the
following gradations:

~-—--- Bedding/Filter Gravel (d#1.0")

100
60 -85
5-30
Q-5

Filter Sand

241 65)13.1)2934 05115 9.2

WILLIAM H. BUCHER

Sieve Designation Percent Passing  Sieve Designation Perceni Passing
3n 100 No. 4 100
2" 80-90 No. 10 80- 100
3/4" 20-70 No. 20 36- 76
3/8" 10-30 No. 40 10- 20
No.4 0-10 No. 100 0-10

RIO ALGOM MINING COMPANY, LLC.
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AMBROSIA LAKE MILL

GRANTS, NEW MEXICO

TECHNOLOGIES INC

PROJECT No. 1690030-300

FILE NAME:

DRAWING BY: RLH 2/28/02
REVISION BY: RLH 1/10/03

REVIEWED BY: WHB

SHEET 8 of 13

1690030S8.DWG




GRADE TO DRAIN INTO CHANNEL AT 1%

EXISTING GRADE
(North of Diversion, Vegetated)

—a22’ i 8.9 i 8.0’

DIVERSION CHANNEL - NORTH AREA
HYDRAULIC JUMP CONTROL SECTION

CHANNEL CROSS SECTION VIEW

FLOOD LEVEL - High Water

VARIES 20’ TO 28’ FT

GRADE TO DRAIN INTO
CHANNEL AT 1%

RE-CONTOURED AREA
(South of Diversion, Erosion Protection Section)

)

;\/ AP

EROSIJON PROTECTION ROCK LAYER X
(SEE SHEET 6 OF 13 FOR DETAILS)

PLACE BEDDING/FILTER ROCK BELOW
EROSION PROTECTION ROCK IN CHANNEL

PLACE FILTER SAND BELOW
BEDDING/FILTER ROCK IN CHANNEL
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z (N (D 1
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6 EAVAVALE A A
185 29.2'
STA 17+00 TO STA 17+25
3,
/ FLow
£ SaTur,,
GRA Dk
pd
7
A
7K
NOTES: \\//\\ \
1. This section of the diversion channel shall be constructed from STA 9. Existing crosion protection rock disturbed dur.ing _CO“SlT_U‘{ﬁO“ of the /\\ AXARR

17+00 to STA 17+25 to control the hydraulic jump that could occur at channel shall be replaced in a manner that maintains existing slopes

the transition between the grades at this location. and riprap conditions as approved by the U.S. Nuclear Regulatory d 52); 92"

- This section shall be transitioned from 20 fi wide channel botiom at STA

17400 to 28 il wide at STA 17+25.

. The immediate surrounding areas shall be graded such that run-off flows

into the channel. Low areas adjacent to the diversion channel shall be
regraded to provide positive drainage into the diversion channel.

slope to prevent concentrated flows.

. Rock Riprap for erosion protection shall be placed in conformance with

. The bottom of the channel shall be constructed flat frorh side slope to side

Appendix F of Design of Erosion Protection for Long-Term Stabilization,

U.S. Nuclear Regulatory Commission’s NUREG -CR1623 Draft Report

unless otherwise specified in the TASK 3 Erosion Protection Report or the

included Design Drawings.

. Surface erosion protection rock placed south of the diversion shall be tied
‘into the south crest of the diversion channel. Areas disturbed during

construction, north of the diversion channel, shall be revegetated.

. The channel excavation shall be constructed with bottorns free of =

. loose debris, vegetation and muddy surfaces. :

. The erosion protection bedding/filter material shal] be placed at a

minimum thickness of 6" along the length of the channel. The,, .
bedding/filter materia) shall extend up the 2H:1V side slopes (0 the,
-existing grade and end below the erosion protection rock layer on
the south side. Bedding/filter materials shall be spread and
compacted in one layer.

Commission. Care shall be taken in removing and stockpiling the
riprap such that the material is not degraded or otherwise damaged.
Rock degraded or otherwise out of conformance with the NUREG
1623 due to removal and replacement methods shall be replaced
with similar approved materials.

. The channel shall be constructed with a minimum of 51" of d 517"

rock. The rock shall be extended up the side slopes 1o the existing
grade on the exterior and interlocked with the existing rock placed for
surface erosion protection on the south side of the diversion channel.

. The channel erosion protection rock shall be constructed of a rock

diameter d50=1 7" conforming to the following gradation:

Sieve Designation Percent Passing

27" 100
18" 50- 88
14" 15-56
10" 0-15

. The channel/apron erosion protection rock shall be constructed on

6" of bedding/filter rock and 6" of filter sand conforming to the
following gradation:

Bedding/Filter Gravel (ds71.0")
Sieve Designation Percent Passing

Sieve Designation

Filter $and

PLACE d =1" BEDDING/FILTER
ROCK LAYER

PLACE FILTER SAND LAYER BELOW
BEDDING/FILTER ROCK

g

DIVERSION CHANNEL - NORTH AREA

PROFILE VIEW

CHANNEL INVERT -

TOP OF BANK

STA 17+00

25.0

{

=<
QE
5
:

{

NI—G:

DL D
(AN

5.5’

PROFILE VIEW NOT TO SCALE

WILLIAM H. BUCHER

AMBROSIA LAKE MILL
RIO ALGOM MINING COMPANY, LLC.

GRANTS, NEW MEXICO

Percent Passing

3" 100 No. 4
2" 80 - 90 No. 10
3/4" 20-70 No. 20
3/8" 10 - 30 No. 40
No 4 0-10 No. 100

100
80-100
36-76
10-20
0-10
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ROCK EROSION PROTECTION SURFACE

(SEE SHEET 6| OF 18\EOR\ DETAILS)
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DISCHARGE CHANNEL

{ ] TYPICAL SECTION

) FROM STATION 0+50 TO DISCHARGE APRON
RE-CONTOURED AREA :

(North of Discharge Channel) GRADE TO DRAIN INTO CHANNEL AT 1 %

EXISTING GRADE . GRADE TO DRAININTO
CHANNEL AT 1%

S5.7'

34/

' 8.0’ :
1 /ac) 7/
1.3 OF FIREEBOARD B B _ | 0@ & /\\\ /

FLOOD LEVEL - High Water / / /

7 LK

N

EROSION PROTECTION ROCK LAYER
(SEE SHEET 10 OF 13 FOR DETAILS)

25.0" q

1 8 8 N S N el
R O NP O A S QA L G AT &4 4 2

PLACE BEDDING/FILTER ROCK BELOW
EROSION PROTECTION ROCK IN CHANNEL

O NN N SN S .
’ PLACE FILTER SAND BELOW
108 26.2" BEDDING/FILTER ROCK IN CHANNEL

CHANNIEL DIMENSIONS
ARE SYMMETRICAL

T
v

NOTES:
1. The discharge channel shall be constructed such that it will control the 9. Existing erosion protection rock disturbed during construction of the

flows from the Pond 1 Erosion Protection Channel/Apron, starting at channel shall be replaced in a manner that maintains existing slopes
Station 16+00 of the Channel/Apron. The channel transition from the and riprap conditions as approved by the U.S. Nuclear Regulatory
Channel/Apron to the Discharge Channel configuration shall begin at Commission. Care shall be taken in removing and stockpiling the
16+00 of the Channel/ Apron and end at STA 0+25 of the Discharge riprap such that the material is not degraded or otherwise damaged.
Channel. The interior SH:1V slope of the Channel/Apron shall be Rock degraded or otherwise out of conformance with the NUREG
steepened to the 2H:1V slope of the discharge channel within the above 1623 due to removal and replacementt methods shall be replaced
noted transition section. with similar approved materials.

10. The channel shall be constructed with a minimum of 18" of d ;59.2"
rock. The rock shall be extended up the side slopes to the existing
grade on the exterior and interlocked with the existing rock placed for

2. The discharge channel shall be extended to the end of the proposed
diversion channel as shown on Sheet 10 of 13.

3. The immediate surrounding areas shall be graded such that run-off flows surface erosion protection on the north side of the discharge channel.
into the channel. Low areas adjacent to the channel shall be regraded to
provide positive drainage into the channel. 11. The channel erosion protection rock shall be constructed of a rock

4. The bottom of the channe] shall be constructed flat from side slope to side diameter d50=9.2" conforming to the following gradation:
slope to prevent concentrated flows. Sieve Designation Percent Passing

5. Rock Riprap for erosion protection shall be placed in conformance with . 15" 100 -~
Appendix F of Design of Erosion Protection for Long-Term Stabilization, 12" ) 70 - 90
U.S. Nuclear Regulatory Commission's NUREG -CR1623 Drafi Report g» 30-55
unless otherwise specified in the TASK 3 Erosion Protection Report or the 6" 0-10
incl . inps. .
included Deélgn Drawings 12. The channel/apron erosion protection rock shall be constructed on Z

6. Surface erosion protection rock placed north of the discharge channel shall 6" of bedding/filter rock and 6" of filter sand conforming to the WiLUAN H. BUCHER DATE
be tied into the north crest of the channel. T ) Tollowing gradation: - ’

7. The channel excavation shall be constructed with bottoms free of Bedding/Filter Gravel (d=1.0") Filter Sand ’ _ AMBROSIA LAKE MILL

T loose debris, vegetation and muddy surljaces. < iee -z oo . ... ...Sieve Designation Percent Passing  Sieve Designation ~ Percen Passing - - .. RIO ALGOM MINING COMPANY, LLC.
. The erosi tection bedding/fil ' - " ) - : O M U
@ ¢ e i e ; T | o SRANTS, NEW MEXICO | AR

bedding/filter material shall extend up the 2H:1V side slopes to the EEYC 20-70 No. 20 36-76 : : TECHNOLOGIES INC
existing grade and end below the erosion protection rock layer on ) 3/8" 10-30 No. 40 ) 10.20 : D|SCHARG E CHANN EL
the north side. Bedding/filter materials shall be spread and No.4 0-10 No. 100 0-10
compacted in one layer. ) PROJECT No. 1690030—300 -| DRAWING BY: RLH 2/28/02

{ FILE NAME: 1690030S9.0WC REVIEWED BY: WHB SHEET 11 of 13| .




DISCHARGE CHANNEL - NORTH AREA
gl  EROSION PROTECTION ROCK LAYER HYDRAULIC JUMP CONTROL SECTION
> (SEE SHEET 6 OF 13 FOR DETAILS) GRADE TO DRAIN INTO CHANNEL AT | % STA 0+25 TO STA 0+50
RE-CONTOURED AREA GRADE TO DRAIN INTO
(North of Discharge Channel) CHANNEL AT 1%
CHANNEL CROSS SECTION VIEW
-2.0’ i ~
P T NP FLOOD LEVEL - High Water
VARIES
25.0’ 1
207 LA AT L
o 4 o
(Y Ol YO
PLACE BEDDING/FILTER ROCK BELOW
KX XA AR AN AN AKX 7 - z
\/>\\\\/,\\ //\\ NN \\,x\ AN EROSION PROTECTION ROCK IN CHANNEL
18,5 26.2' :
PLACE FILTER SAND BELOW
BEDDING/FILTER ROCK IN CHANNEL
DIVERSION CHANNEL - NORTH AREA
PROFILE VIEW
sl
j FLL OF BANK
T oW CHANNEL INVERT —. ToP .
15 Ny Tug,
L
L SRapy l
X 4.0
Yy
NOTES: : X /\ SLOPE = 1.75% TO END ‘
NOTES: S g YRS Q7SR WA QS N
1. This section of the discharge channel shall be constructed from STA 9. Existing erosion protectiop rock disturbed dur.ing .construc_lion of the WA <D ) A0 _t
0+25 to STA 0+50 to control the hydraulic jump that could occur at the cham}el shall be. ﬁcp]aced in a manner that maintains existing slopes 4.3 A
transition between the grades at this location. and riprap conditions as approved by the U.S. Nuclear Regulatory d iy 92" , d, Oﬂ
oy . . Commission. Care shall be taken in removing and stockpiling the |
3. .Fhe immediate surrounding areas shall be grgded such that run-off flows riprap such that the material is not degraded or otherwise damaged. ) . 3 \ /}/\ Il .
into the channe]._ Low areas adjz‘icent t.o the dlsgharge channel shall be Rock degraded or otherwise out of conformance with the NUREG }{%/E?(EL%,\—(:ERBEDDING/FILTER d SE 17" 2 d»Sa 9.2
regraded to provide positive drainage into the discharge channel. 1623 due to removal and replacement methods shall be replaced STA 17400 250" STA 17425
4. T fl | i i ith simi i '
]he bimom of the cham:ellsl;a(11 be constructed flat from side slope to side with similar approved materials. PLACE FILTER SAND LAYER BELOW 26.2° : 55/
slope 1o prevent concentrated flows. ) 10. This channel section shall be constructed with a minimum of §)" of d BEDDING/FILTER ROCK .
5. Rock Riprap for erosion protection shall be placed in conformance with =17"rock. The rock shall be extended up the side slopes to the
Appendix F of Design of Erosion Protection for Long-Term Stabilization, existing grade on the exterior and interlocked with the existing rock - .
U.S. Nuclear Regulatory Commission's NUREG -CR1623 Draft Report placed for surface erosion protection on the north side of the discharge PROFILE VIEW NOT TO SCALE
uniess otherwise specified in the TASK 3 Erosion Protection Report or the channel. ) :
included Design Drawings. 11. The channel erosion protection rock shall be constructed of a rock .
6. Surface erosion protection rock placed north of the discharge channel shall diameter d5 0=17" conforming to the following gradation: . ’ _ 7if
be tied into the crest of the discharge channel. Areas disturbed during Sieve Designation . Percent Passing - 7
construction, south of the discharge channel, shall be revegetated. 27m 100
- 7. The channel excavation shall be constructed with bottoms free of 18:: - 50- 88
loose debris, vegetation and muddy surfaces. 14 - 15-56 ,
. . . ) 10" 0-15 WLz H. BUGHER
8. The erosion protection bedding/filter material shall be placed at a 12, The cf y o Drotecti k shall b ructed — S s
minimum thickness of 6" along the length of the channel. The - 7€ channel/apron erosion prolection rock shall be constructed on <
bedding/filter material shall extend up the 2H:1V side slopes to the 6" of bedding/filter rock and 6" of filter sand conforming to the RIO Aﬁ\gg& O,\‘z :,A\J | NLéKE O?\AA“FS}L‘_\NY LLC
existing grade and end below the erosion protection rock layer on . fo}_lf):vil.ng gradation: ' S Pl o ? :
the south side. Bedding/filter materials shall be spread and : Bedding/Filter Gravel (ds=1.0") . : Filter Sand GRANTS , NEW M EXICO TOAYBAAN o
compacted in one layer. _ Sieve Designation Percent Passing  Sieve Designation  Percent Passing TASK 3 EROS|ON P ROTEC'HON ' E'“c H’N OL ' o 'E < ING
3" 100 No. 4 109 ! _
2" 80-90 No.10 " 80- 100 DISCHARGE CHANNEL _NORTH AREA
4 ' 20-70 No. 20 : 36-76 PROJECT No, 1690030—302 DRAWING BY: RLH 2/28/02
3/8 10-30 No. 40 . 10-20 : SHEET 12 of 13
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DISCHARGE APRON

PLAN VIEW
| 96.0/ |
&
NATURAL GROUND £5.0’
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NOTES:

1. Rock Riprap for erosion protection shall be placed in conformance with 6. Existing erosion protection rock disturbed during construction of the
Appendix F of Design of Erosion Protection for Long-Term Siabilization,. channel shall be replaced in a manner that maintains existing slopes
U.S. Nuclcar Regulatory Commission's NUREG -CR1623 Draft Report and riprap conditions as approved by the U.S. Nuclear Regulatory
unless otherwise specified in the TASK 3 Erosion Protection Report or the Commission. Care shall be taken in removing and stockpiling the
included Design Drawings. riprap such that the material is not degraded or otherwise damaged.

. . Rock degraded or otherwise out of conformance with the NUREG

2. The bottom of the channel shall be constructed flat from side slope_to side__ 1623 due to removal-and.replacement methods shall be replaced

slope to prevent concentrated flows. with similar approved materials. ]

3. The channel excavation shaii be constructed with bottoms free of’ 7. The apron shall be constructed with a minimum of 18" of'd 56——9.2”
loose debris, vegetation and muddy surfaces. . . .rock. L. N
| 4. Apron erosion protection rock shall be tied into the diversion channeland T
6 the discharge channel rock. Areas disturbed during construction of the 8. The height of the wing wall varies from 3.5 ft at the upstream end to

apron shall be revegetated. - ) l.he ground elevation at the down stream end.

w

. The erosion protection bedding/filter material shall be placed at a
minimum thickness of 6" along the length of the apron. The
bedding/filter material shall extend up the 2H:1V side slopes to the
existing grade and end below the erosion protection rock layer on
the side slopes and crests as shown above. Bedding/filter materials
shall be spread and compacted in one layer.

DISCHARGE APRON TOE
SECTION A-A'
NOT TO SCALE

EXISTING GRADE

WORK BEDDING/FILTER ROCK
~— INTO UPPER PORTION OF ROCK
SURFACE IN APRON AREA

COMPACT NATURAL
" MATERIAL

PLACE 6" OF dSEI " BEDDING/FILTER ROCK

PLACE 6" FILTER SAND BELOW
BEDDING/FILTER ROCK

DISCHARGE APRON WING WALL
SECTION B-B'
NOT TO SCALE

- 3.0° ———41

WORK BEDDING/FILTER ROCK
INTO UPPER PORTION OF ROCK

SURFACE IN APRON AREA

. A CAN_S ) 2 VARIES
- 5 DS SN
EXISTING GRADE - < /R, S P s '\EXIST]NG GRADE

COMPACT NATURAL
MATERIAL

k..

b

PLACE 6" OF d =1" BEDDING/FILTER ROCK
50

N
/\\/'. PLACE 6" FILTER SAND BELOW
/>; ? BEDDING/FILTER ROCK
9. The channel erosion protection rock shall be constructed of a rock
diameter d50=9.2" coaforming to the following gradation:
Sieve Dcsjgmtion Percent Passing
15" 100
2" 70- 90
9" 30-55
o —=0-10 ) WILLAM H. BUCHER DATE
12. The apron erosion protection rogk shall be constructed on 6" of AM B ROS [A I—AKE M I LL
bedding/filter rock an:} 6" of filter sand conforming to the R | O ALGO M M | N | N G C O M PANY, LLC .
following gradation: Q
Bedding/Filter G:avel (d1.0") Filter Sand . GRANTS ) NEW MEXICO
Sieve Designation Percent Passing  Sieve Designation Percent Passing TAS K 3 E ROS | O N P R OTECTI O N ’
3" 10 No.4 1og DISCHARGE APRON
2" 80-90 No. 10 80- 100 )
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Calculation D.1
Rio Algom Mining LLC
Ambrosia Lake, New Mexico
Arroyo Del Puerto
Exterior Site Drainage Calculations
Design Flowrates and Erosion Protection

1. Probable Maximum Flood (PMF) Magnitude Discussion

Calculation of a PMF from a probable maximum precipitation (PMP) event requires information
on the type of storm, the geometry of the basin, the infiltration properties of the basin as well as
assumptions about the behavior of the flood peak as it travels through the basin. The number
and uncertainty of variables in the calculation can lead to greatly varying results in the
magnitude of the PMF.

Previous consultants to Rio Algom Mining LLC on the project developed a PMF value of
78,000 cfs which was approved by the NRC inprevious design documents. It has later been
suggested by the NRC that a much larger PMF value (200,000 cfs) should be used. For
purposes of the present design the PMF value of 78,000 PMF will be used without adjustment.

In a previous Maxim (Tetra Tech) design report, "Pond 3 Erosion Protection and Erosion
Protection for the Area North of Pond 1, Ambrosia Lake Mill, New Mexico (Maxim, 2002)",
a PMF value of 75,200 cfs was calculated using the HEC-1 model (U.S. Army Corps of
Engineers, 1990). The flood analysis was modeled with the following:

a) a 6-hr PMP, local storm with areal reduction - 9.2 inches

b) basin area = 57.6 square miles

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

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

The following items are noted that would suggest that the Maxim calculation of 75,200 cfs
was performed on a conservative basis.
a) A drainage basin of 57.6 sq. mi. would have an areal reduction factor of ~40% when
modeling with only one basin and at least ~80% when subbasins are modeled.
A PMP value of 9.2 inches would indicate that a reduction factor of 96% was used
which would be very conservative.
b) Modeling with only one basin instead of several subbasins would also produce a
conservative result. A more appropriate depiction of the drainage area with delineated
subbasins in shown in Worksheet Tab "PMF Drainage Area", (calc. Sheet 4 of 73)
c) It is also noted in the delineated subbasin map that Subbasin 4D (comprising 11% of the
drainage area) enters the site at Pond 9 which is below the present area of
design and therefore would ot impact the design.
d) Also the Geomorphic Report by Jerry Lindsay, Appendix E, Design Report, would
tend to suggest that due to high infiltration rates that a curve number of 73.4 might
be on the conservative side.
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. 2. Design Options

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

These options were as follows:

Option 1  Relocate the Arroyo Del puerto to its historical alignment and provide erosion protection of the channel
and the overbank areas for the PMF flood flows.

Option 2  Provide a diversion embankment/channel to route the PMF flood flows of the Arroyo del Puerto
to the northeast side of Pond areas 4, 5, & 6. Interior site drainage would be provided by a channel
located in the historical alignment of the Arroyo Del Puerto. The PMF flood flows of the Arroyo Del
Puerto would not directly impact any of the contaminated areas.

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

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

3. Diversion Embankment/Channel Design Layout

An initial design used a 15 ft high embankment with 3:1 side slopes, and a channel width of 250 ft with the bottom
sloping 1 1/2% down and away from the berm.
The final design varies the height of the embankment from a maximum of 16.62 feet down to 12.50 feet.
The embankment has 3:1 side slopes on both sides from the upstream end down to Station 27+50. From that point
until the end of the embankment at ~1+75 the diversion channel side of the embankment will transition to a 4:1 slope
that is continued to scour depth with buried rock protection.
The diversion channel width is 250 feet sloping 2% down and away from the embankment from the upstream end at
the entrance road down to Station 5+00. At this point the channel transitions to a wider cross-section. The wider
cross-section maintains the 2% downslope for 250 feet and then continues with a level channel bottom beyond this point.
This is shown in the cross-section on "Drawing Sheet 6".

. The alignment is shown on "Drawing Sheet 4",

The layout of the diversion embankment/channel is driven primarily by balancing the cut and fill, and approximately
matching the upstream and downstream existing elevations. Another consideration is matching the converging
elevations of the interior and exterior channels as they come together at the northeast corner on Pond # 9.

The slope of the diversion channel was adjusted along its course so as to best balance the cut and fill.

The geometric data and volume of cut and fill for the Diversion Embankment/Channel is shown on

Worksheet Tab "Cut-Fill Volumes", (calc. Sheets 45 thru 50 of 73).

The approximate cut and fill estimate down to the confluence area has more cut volume (330,000 cy)

than the fill volume requirements (210,000 CY).

The geometric data along with additional topography data was utilized as input into the HEC-RAS Model
(USACE, 2003) A summary of this input data is contained on Worksheet Tab "HEC-RAS Input Data",
(calc. Sheets 51 thru 56 of 73)

4, HEC-RAS Results

Continued evaluation of the HEC-RAS analysis has indicated that the flow regime transitioned from subcritical flow
to supercritical flow at approximate Statiion 27+50. This has resulted in higher velocities in the supercritical area
which promted the change to a buried 4H:1V rock protected slope within this area.

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. Sheet 5 thru 6 of 73).

The detailed results of the HEC-RAS analysis and subsequent calculations are summarized on the table of

Worksheet Tab "HEC-RAS Results", (calc. Sheets 7 thru 34 of 73). Erosion protection sizes have been estimated on
this table by the Abt and Johnson Method and then oversizing by 4% to determine the D, size rock before applying slope
correction factors. The size of rock after applying the slope factors determines whether an apron will be used

or a buried rock slope taken down past the scour depth. The scour depths along the diversion channel have also

been estimated on this table.
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The extent of the PMF is illustrated on "Drawing Sheet 3"

The extent of the PMF is also illustrated by the graphic cross-sections of the flood flow taken from the
HEC-RAS Model and shown on Worksheet Tab "PMF X-Sections”, (calc. Sheets 35 thru 43 of 73).
Also, a profile of the flow regime is shown on Worksheet Tab "PMF Profile”, (calc. Sheets 44 of 73).

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

Worksheet Tab "HEC-RAS Profile Output” Calc. Sheet 57 of 73
Worksheet Tab "HEC-RAS Flow Dist Cutput” Calc. Sheets 58 thru 61 of 73
Worksheet Tab "HEC-RAS Cross-Sect Output” Caic. Sheets 62 thru 64 of 73

4. Scour Depth Calculations

See the detailed evaluation of scour depth methods in the main report.

Thd USDOT HEC-14 method was initially used and was evaluated in more detail.

Additional methods were applied for comparison.

1. The USDOT HEC-14 equation is sensitive to the concentration of Q as in a circular small culvert. It is deemed more
reasonable in a wide open channel (similar to a wide rectangular culvert) that discharge per unit width be used in the
equation. However, since this method was originally developed for small circular culverts it is questionable
whether its use with discharge per unit width for a wide open channel is applicable.

2. The USACE Equilibrium scour depth equation was used. The value of used for grain size is sensitive. A value of very
fine sand was used. This method seems to be most appropriate for a wide open channel.

3. The CSU equation for piers was used. To make this method applicable it was assumed that one of the rocks would act
as a pier with a round nose and a zero angle of attack to the flow since the channel is primarily in a straight alignment
in the worst area of supercritical flow. The parameter that is sensitive is the width of the pier that is used.

In this evaluation the width of the 12-inch rock size was doubled to use a more conservative width of 24 inches.
This method does not seem applicable for a wide open channel with rock protection.

4. The final equation used was the USDOT HEC-18 Froelich Equation for live bed scour. For the abutment shape,
considering the rock apron or the buried rock slope, a correction factor for shape assumed a flow through abutment.
The flow area of approach cross-section obstructed by the apron or buried slope was an odd parameter to assume.

It was assumed that for the apron or the buried slope that 6 inches of the layer would be sticking up enough to impact
flows when impacted by the scour flow forces.
This method does not seem applicable for a wide open channel with rock protection.

Therefore, the USACE Equilibrium scour depth method was deemed most appropriate and was used for final design.

5. Magnitude of Rock Sizing and Scour Depth at the Right Channel and Bank Location of the Diversion Channel

Given the magnitude of the flood flow used in the HEC-RAS analysis it was expected that the rock sizing and scour depth
would have been larger that the final calculations. The effect of Manning's 'n' calculated from the rock sizes used

on the above grade slope, apron, and below grade slope appears to have a great effect on the relative values of
hydraulic depth, velocity, rock size, and scour depth at the right channel and bank location.

This effect is visually illustrated in the attached graphs of the relative data as follows:

Worksheet Tab "X-Section 8" Calc. Sheet 65 of 73
Worksheet Tab "X-Section 7" Calc. Sheet 66 of 73
Worksheet Tab "X-Section 6" Calc. Sheet 67 of 73
Worksheet Tab "X-Section 5" Calc. Sheet 68 of 73
Worksheet Tab "X-Section 4" Calc. Sheet 69 of 73
Worksheet Tab "X-Section 3" Calc. Sheet 70 0of 73
Worksheet Tab “X-Section 2" Calc. Sheet 71 0of 73
Worksheet Tab "X-Section 1" Calc. Sheet 72 of 73
Worksheet Tab "X-Section 0" Calc. Sheet 73 of 73

6 Conclusion:

The resulting rock sizes indicate Ds,=7.8-inch rock size for the 3H:1V side slopes, Ds;=12.0-inch rock size for the

aprons and 4H:1V slopes. Scour depth is less than 7.0 feet for the subcritical flow region, and less than 10.0 feet for the
supercritical flow region. Freeboard along the Diversion Embankment is primarily between 3.0 to 4.0 feet.
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Embankment Slope / Apron Ds, (inches)
T 2 3 2 F 5 5 T 7 | 8
Dso ROCK SIZE CALCULATION w/ SLOPE CORRECTION
FACTORS (inches)
2H:1V Apron | 3H:1V Siope: | 4H:1V Slope:
Abt and Slope: Abt and| Abt and Abt and
Johnson | Add Riprap| Johnson Dy, | Johnson Ds, | Johnson Dsg,
Channel X-Section Method Oversize | Slope Factor | Slope Factor | Slope Factor
River Section]  Station Position (inches) 4% 0.72) (0.88) (1.00)
21 9675
20 9175
19 8675 R. Chan. Apron 22¢ 0 288 M 800 285 233
18 8350 R. Chan. C3 3.46 3.60 5.00 4.09 3.60
R. Chan. C1 (Apron) | 3 319 443 3.62 L3
17 8000 R. Chan. C3 v e 417 3.41 ﬁ.ﬁ
R.Chan.C1(Apron) | 256 | 266 3.70 3.03 12166 -
16 7500 R. Chan. C3 372 3.86 5317 4.39 3.86
R. Chan. C1 (Apron) 3.30 3.43 4.76 3.90 3.43
15 7000 R. Chan. C3 4.73 4.92 6.83 5.59 492
R. Chan. C1 (Apron) 4.19 4.36 6.05 4.95 4.36
14 6500 R. Chan. C3 5.09 530 7.36 6.02 5.30
R. Chan. C1 (Apron) 451 4.69 6.51 5.33 4.69
13 6000 R. Chan. C3 4.80 4.99 6.93 5.67 4.99
R. Chan. C1 (Apron) 4.24 4.41 6.13 5.01 4.41
12 5500 R. Chan. C3 4.64 4.82 6.70 5.48 4.82
R _Chan.C1 (Apron) | _ 4.10 4.26 5.02 4.85 4.26
11 5000 R. Chan. C3 4.82 5.01 6.96 5.69 5.01
R. Chan. C1 (Apron) 425 442 6.14 5.03 4.42
10 4500 R. Chan. C3 4.88 5.08 705 5.77 5.08
R_Chan. C1 (Apron) 430 447 6.22 5.09 447
9 4000 R. Chan. C3 6.97 7.24 10.06 8.23 7.24
R. Chan. C1 (Apron) 6.13 6.38 8.86 725 6.38
8 3500 R. Chan. C3 6.91 7.19 998 8.17 7.18
R. Chan. C1 (Apron) 6.09 6.33 8.80 720 6.33
7 3000 R. Chan. C3 7.19 7.48 10.38 8.50 7.48
R. Chan. C1 (Apron) 6.34 6.60 9.16 1.50 6.60
6 2500 R. Chan. C7 10.24 10.65 14.79 12.10 10.65
R. Chan. C1 (Slope) 8.82 917 12.73 10.42 9.17
il 2000 R. Chan. C7 11.34 11.79 16.38 13.40 11.79
R. Chan. C1 (Slope) 10.23 10.64 14.77 12.09 10.64
4 1500 R. Chan. C7 12.15 12.63 11.55 14.36 12.63
R. Chan. C1 (Slope) 11.20 1164 16.17 13.23 11.64
3 1000 R. Chan. C7 12.29 12.78 17,78 14.52 12.78
R. Chan. C1 (Slope) 11.31 11.76 16.34 13.37 1176
2 500 R. Chan. C7 12.33 12.82 17.81 14 .57 1282
R. Chan. C1 (Slope) 11.34 11.79 16.37 13.40 11.79
1 0 R. Chan. C2 6.67 6.94 9.63 7.88 6.94
R. Chan. C1 (Slope) 5.03 5.23 7.26 5.94 523
0 -100 R. Chan. C2 6.32 6.57 9.13 7.47 6.57
R. Chan. C1 (Slope) 489 5.09 7.07 578 5.09
-1 -500
-2 -1000
-3 -1500
-4 -2000

::050 = 3.2 inch rock nominal (3.24 inch actual)
:1050 = 7.8 inch rock nominal (7.95 inch actual)
:Dso = 9.2 inch rock nominal (9.33 inch actual)
::DSD = 12 inch rock nominal (12.97 inch actual)
I:::D50 > 12.97 inch rock
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Embankment Slope / Apron Ds, (inches)
7 2 9 | 10 (R |
D50 ROCK SIZE FOR D50 ROCK SIZE FOR
BERM ABOVE GRADE BERM APRONS or
SLOPES BURIED SLOPES
Proposed
Dsg to Use
Minimum | Proposed | minimum | for Apron/ nforf
Required Dy, to Use Required Buried o
River Section Station Dsyto Use | for Slope | Do, to Use Slope o ur Dept!
21 9675
20 9175
19 8675 7 3% |- 34 43 i 4.821 5.520 46
18 8350 7.80 1297 5.0 2 5.461 5.603 4.1
.95
17 8000 7.80 12.97 4.9 5.225 5.338 5.1
7.95 ;
16 7500 7.80 12.97 53 5.655 5.484 5.6
7.80 7.95
15 7000 7.80 12.97 5.5 6.041 5.763 59
7.80 795
14 6500 7.80 12.97 55 6.132 5.938 6.0
7.80 7.95
13 6000 7.80 1297 53 5.995 5.952 5.8
7.80 7.95
12 5500 7.80 12,97 5.2 5.906 5.991 8.7
7.80 7.95
1 5000 7.80 12.97 5.1 5.925 6.161 5.7
7.80 7.95
10 4500 7.80 12.97 5.0 5.892 6.330 5.6
7.80 7.95
9 4000 12.00 12.97 55 6.526 6.825 6.3
7.80 795
8 3500 12.00 12.97 56 6.552 6.692 6.4
7.80 7.95
7 3000 12.00 12.97 58 6.650 6.616 6.5
7.80 795
6 2500 12.00 1297 6.5 7.534 6.845 75
9.20 1297
5 2000 12.00 12.97 6.5 7.862 7.082 76
12.00 1297
4 1500 12.63 12.97 6.4 8.034 7.351 7.7
12.00 1297
3 1000 12.78 12.97 6.5 8.072 1327 1.7
12.00 12.97
2 500 12.82 1297 6.6 8.112 1.2%7 78
12.00 1297
1 0 7.80 1297 286 5.031 8.717 4.4
7.80 12.97
0 -100 7.80 12.97 29 5.214 7477 4.3
7.80 12.97
-1 -500
-2 -1000
-3 -1500 e
4 -2000 e

D5 = 3.2 inch rock nominal (3.24 inch actual)

E:Dso = 7.8 inch rock nominal (7.95 inch actual)
E::Dso =9.2 inch rock nominal (9.33 inch actual)

DD“ =12 inch rock nominal (12.97 inch actual)
:Dso > 12.97 inch rock
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INPUT DATA VALUES TO HEC-RAS
Estimated Right Bank
Proposed | Freeboard on} Elevation at {Depth of Flow Rignt Bank] & Buried
Top of Berm | Diversion |Base of Right] at Base of Channel & Apron Slope Channel X-Section | Manning's n

River Section|  Station Flow (cfs) Elevation Berm Berm Right Berm | Slope (ft/ft) |Rock Sizes|Rock Sizes Position Value

1 2 3 4 5 6 1 8 9 10 1 12
21 9675 78000 No Berm N/A N/A N/A 0.0032 LOB 0 0350
L. Channel 0.0300
Main Channel 0.0300
R. Channel 0.0300
ROB 0 0350
20 9175 78000 No Berm N/A N/A N/A 0.0032 LOB 00350
L. Channel 0.0800
Main Channel 0.0300
R. Channel 0.0300
ROB 0 0350
19 8675 78000 No Berm N/A N/A N/A 0.0032 LOB 0.0300
L. Channel 0.0300
Main Channel 0.0300
32 R. Chan. Apron 0.0317
3.2 R. Bank Slope 00317
18 8350 78000 6965.00 5.43 6948.39 11.19 0.0032 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0.0368
17 8000 78000 6962.27 290 6947 .27 12.10 0.0032 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
78 R. Bank Slope 00368
16 7500 78000 6961.22 2.64 6946.22 12.36 0.001 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0 0368
15 7000 78000 6960.47 2.99 6945.72 11.76 0.001 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0 0368

SUA-1473

Docket #40-8905
Worksheet Name:

Sheet 7 of 73 HEC-RAS Results



Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto

Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage
Design Flowrates and Erosion Protection

INPUT DATA VALUES TO HEC-RAS

Estimated Right Bank|
Proposed |Freeboard on| Elevation at |Depth of Flow Right Bank| & Buned
Top of Berm | Diversion |Base of Right} at Base of Channel & Apron Slope Channel X-Section | Manning's n

River Section]  Station Flow (cfs) Elevation Berm Berm Right Berm | Slope (ft/ft) |Rock Sizes|Rock Sizes| Position Value

1 2 3 4 5 6 7 8 9 10 1 12
14 6500 78000 6959.72 3.38 694522 1112 0.001 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0 0368
13 6000 78000 6958.97 3.50 6944.72 10.76 0.001 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
78 R. Bank Slope 0 0368
12 5500 78000 6958.22 3.61 6944.22 10.39 0.001 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0.0368
11 5000 78000 6957.47 3.98 6943.72 9.77 0.001 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Siope 00368
10 4500 78000 6956.72 4.38 6943.22 9.12 0.005 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0.0368
9 4000 78000 6953.72 4.25 6940.72 8.75 0.005 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0 0368
8 3500 78000 6951.22 3.83 6938.22 917 0.005 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 00368
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INPUT DATA VALUES TO HEC-RAS

Estimated Right Bank
Proposed |Freeboard on| Elevation at |Depth of Flow Right Bank| & Buried

Top of Berm | Diversion |Base of Right] at Base of Channel & Apron Slope Channel X-Section | Manning's n

River Section|  Station Flow (cfs) Elevation Berm Berm Right Berm | Slope (ft/ft) |Rock Sizes|Rock Sizes Position Value
1 2 3 4 [ 6 7 8 9 10 11 12

7 3000 7-8000 6948.72 3.42 6935.72 9.58 0.010 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
12 R. Chan. C2 (Apron) 0.0395
12 R. Chan. C1 (Apron) 0.0395
7.8 R. Bank Slope 0 0368
6 2500 78000 6943.72 3.14 6930.72 9.86 0.010 R. Chan. C7 0.0300
12 R Chan. C6 (Slope) 0.0395
12 R. Chan. C5 (Slope) 0.0395
12 R. Chan. C4 (Slope) 0.0395
12 R. Chan. C3 (Slope) 0.0395
12 R. Chan. C2 (Slope) 0.0395
12 R. Chan. C1 (Slope) 0.0395
12 R. Bank Slope 0.0395
5 2000 78000 6938.72 3.33 6925 72 9.67 0.010 R. Chan. C7 0.0300
12 R. Chan. C6 (Slope) 0.0395
12 R. Chan. C5 (Slope) 0.0395

12 R. Chan. C4 (Slope) 0.0395 |

12 R. Chan. C3 (Slope) 0.0385 |
12 R. Chan. C2 (Slope) 0.0395
12 R. Chan. C1 (Slope) 0.0395
12 R. Bank Slope 0.0396
4 1500 78000 6933.22 3.34 6920.72 9.16 0.010 R. Chan, C7 0.0300
12 R. Chan. C6 (Slope) 0.0395
12 R. Chan. C5 (Slope) 0.0395
12 R. Chan. C4 (Slope) 0.0395
12 R. Chan. C3 (Slope) 0.0395
12 R. Chan. C2 (Slope) 0.0395
12 R. Chan. C1 (Slope) 0.0395
12 R. Bank Slope 00395
3 1000 78000 6928.22 3.19 6915.72 9.31 0.010 R. Chan. C7 0.0300
12 R. Chan. C6 (Slope) 0.0395

12 R. Chan. C5 (Slope) 00385 |
12 R. Chan. C4 (Slope) 0.0368¢
12 R. Chan. C3 (Slope) 0.039¢

12 R. Chan. C2 (Slope) 0.0395 |
12 R. Chan. C1 (Slope) 0.0395
12 R. Bank Slope 0 0395
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Job Title:
Rio Algom Mining LLC
Arroyo Del Puerto

Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage
Design Flowrates and Erosion Protection

INPUT DATA VALUES TO HEC-RAS

Estimated Right Bank
Proposed |Freeboard on| Elevation at |Depth of Flow Right Bank| & Buned
Top of Berm | Diversion |[Base of Right] at Base of Channel & Apron Slope Channel X-Section | Manning's n

River Section: Station Flow (cfs) Elevation Berm Berm Right Berm | Slope (ft/fft) JRock Sizes|Rock Sizes Position Value

1 2 3 4 & 6 7 8 9 10 11 12
2 500 78000 6923.22 2.83 6910.72 9.67 0.010 R. Chan. C7 0.0300
12 R. Chan. C6 (Slope) 0.0395
12 R. Chan. C5 (Slope) 0.0396
12 R. Chan. C4 (Slope) 0.0395
12 R. Chan. C3 (Slope) 0.0395
12 R. Chan. C2 (Slope) 0.0395
12 R. Chan. C1 (Slope) 0.0395
12 R. Bank Slope 00395
1 0 78000 No Berm N/A N/A N/A 0.009 R. Chan. C2 0.0300
12 R. Chan. C1 (Slope) 0.0395
12 R. Bank Slope 00385
0 -100 78000 No Berm N/A N/A N/A 0.008 R. Chan. C2 0.0300
12 R. Chan. C1 (Slope) 0.0395
12 R. Bank Slope 0.0395
-1 -500 78000 No Berm N/A N/A N/A 0.009 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
R. Chan. C2 0.0300
R. Chan. C1 0.0300
R. Bank Slope 0.0350
-2 -1000 78000 No Berm N/A N/A N/A 0.009 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
R. Chan. C2 0.0300
R. Chan. C1 0.0300
R. Bank Slope 0.0350
-3 -1500 78000 No Berm N/A N/A N/A 0.009 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
R. Chan. C2 0.0300
R. Chan. C1 0.0300
R. Bank Slope 0.0350
-4 -2000 78000 No Berm N/A N/A N/A 0.009 R. Chan. C5 0.0300
R. Chan. C4 0.0300
R. Chan. C3 0.0300
R. Chan. C2 0.0300
R. Chan. C1 0.0300
R. Bank Slope 0.0350
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Rio Algom Mining LLC
Arroyo Del Puerto

Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage
Design Flowrates and Erosion Protection
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HEC-RAS DATA RESULTS
Water Right Percentage
Surface E G Slope Left Station]  Station Split Section [Flow Area (sqf ~ Wetted of Hydraulic
River Section| Elevation (ft) (fufty Position (fty (ft) Flow (cfs) ft) Penmeter (ft}] Conveyance | Depth (ft) | Velocity (fts)

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

21 6964.69 0.001487 LOB 1175 3350 5158.32 1532.61 519.86 6.61 2.95 3.37
0.001487 Chan 3350 3416.67 7863.49 793.02 66.79 10.08 11.9 9.92
0.001487 Chan 3416.67 3483.33 9645.45 895.8 66.67 1237 13.44 10.77
0.001487 Chan 3483.33 3550 7547.07 773.58 66.76 9.68 11.6 9.76
0.001487 ROB 3550 5225 47785.67 9179.87 1618.88 61.26 5.67 5.21

20 6962.62 0.003442 LOB 1010 3350 22118.85 3729.76 101511 28.36 3.67 593
0.003442 Chan 3350 3416.67 10166.68 720.48 66.93 13.03 10.81 14.11
0.003442 Chan 3416.67 3483.33 13227.46 842.42 66.67 16.96 12.64 15.7
0.003442 Chan 3483.33 3550 9718.07 701.03 66.88 12.46 10.52 13.86
0.003442 ROB 3550 4975 22768.95 4256.32 1351.37 29.19 3.15 5.35

19 6960.19 0.000659 LOB 605 2720 974.44 704.66 493.06 1.25 1.43 1.38
0.000659 Chan 2720 3180 16384.05 3428 77 460.02 21.01 7.45 4.78
0.000659 Chan 3180 3640 32285.77 5151.02 460.02 41.39 112 6.27
0.000659 Chan 3640 4100 28143.84 474463 460.25 36.08 10.31 5.93
0.000659 ROB 4100 4875 211.88 137.3 81.5 0.27 1.69 1.54

18 6959.57 0.001125 Chan 3468.45 3474.76 633.37 74.11 6.31 0.81 11.756 8.55
0.001125 Chan 347476 3481.07 622.08 73.31 6.31 0.8 11.62 8.49
0.001125 Chan 3481.07 3487.38 855 72 7252 6.31 0.71 11.49 7.66
0.001125 Chan 3487.38 3493.69 455.48 i 6.31 0.58 11.37 6.35
0.001125 Chan 3493.69 3500 447.08 70.93 6.31 0.67 11.24 6.3
0.001125 ROB 3500 4825 771.37 187.3 35.33 0.99 5.59 4.12

17 6959.36 0.000788 Chan 3468.45 3474.76 600.36 79.84 6.31 0.77 12.65 7.52
0.000788 Chan 347476 3481.07 590.4 79.05 6.31 0.76 12.53 7.47
0.000788 Chan 3481.07 3487.38 528.09 78.25 6.31 0.68 12.4 6.75
0.000788 Chan 3487.38 3493.69 433.45 77.45 6.31 0.56 12.28 56
0.000788 Chan 3493.69 3500 426.05 76.66 6.31 0.55 12.15 5.56
0.000788 ROB 3500 3560 795.51 219.12 38.22 1.02 6.04 3.63

16 6958.57 0.001093 Chan 3468.45 3474.76 731.47 81.49 6.31 0.94 12.91 8.98
0.001093 Chan 3474.76 3481.07 719.61 80.69 6.31 0.92 12.79 8.92
0.001093 Chan 3481.07 3487.38 643.89 79.89 6.31 0.83 12.66 8.06
0.001093 Chan 3487.38 3493.69 528.68 791 6.31 0.68 12.54 6.68
0.001093 Chan 3493.69 3500 519.84 78.3 6.31 0.67 12.41 6.64
0.001093 ROB 3500 3560 991.55 228.66 39.04 127 6.17 434

15 6957.47 0.001635 Chan 3468.45 3474.76 826.55 77.71 6.31 1.06 12.32 10.64
0.001635 Chan 3474.76 3481.07 812.5 76.91 6.31 1.04 12.19 10.56
0.001635 Chan 3481.07 3487.38 726.43 641 6.31 0.93 12.06 9.54
0.001635 Chan 3487.38 3493.69 595.94 75.32 6.31 0.76 11.94 7.91
0.001635 Chan 3493 69 3500 585.47 74.52 6.31 0.75 11.81 7.86
0.001635 ROB 3500 3560 1062.42 207.01 37.15 1.36 5.87 513
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HEC-RAS DATA RESULTS
Water Right Percentage
Surface E G Slope Left Station Station Spiit Section |Flow Area (sqf  Wetted of Hydraulic
River Section| Elevation (ft) (fut) Position (ft) (ft) Flow (cfs) fl) Penmeter (ft}] Conveyance | Depth (1) |Velocity (fUs)

1 13 14 15 16 17 18 19 20 21 27 23

14 6956.33 0.001953 Chan 3468.45 3474.76 825.67 7-3A65 6.31 1.06 11.67 11.21
0.001953 Chan 3474.76 3481.07 810.87 72.86 6.31 1.04 11.55 11.13
0.001953 Chan 3481.07 3487.38 72429 72.06 6.31 0.93 11.42 10.05
0.001953 Chan 3487.38 3493.69 593.57 7126 6.31 0.76 11.29 8.33
0.001953 Chan 3493.69 3500 582.56 70.47 6.31 0.75 11.17 8.27
0.001953 ROB 3500 3560 999.18 184.98 35:12 1.28 5.55 54

13 6955.46 0.001872 Chan 3468.45 3474.76 766.89 71.36 6.31 0.98 11.31 10.76
0.001872 Chan 3474.76 3481.07 152.7 70.56 6.31 0.96 11.18 10.67
0.001872 Chan 3481.07 3487.38 671.94 69.76 6.31 0.86 11.06 9.63
0.001872 Chan 3487.38 3493.69 550.32 68.97 6.31 0.71 10.93 7.98
0.001872 Chan 3493.69 3500 539.77 68.17 6.31 0.69 10.8 7.92
0.001872 ROB 3500 3558.1 895.25 173.04 33.96 1.16 5.37 5.17

12 6954.6 0.001866 Chan 3468.45 3474 76 72512 69.08 6.31 0.93 10.85 10.5
0.001866 Chan 3474.76 3481.07 711.26 68.28 6.31 0.91 10.82 10.42
0.001866 Chan 3481.07 3487.38 634.56 67.49 6.31 0.81 10.7 94
0.001866 Chan 3487.38 3493 69 519.36 66.69 6.31 0.67 10.57 7.79
0.001866 Chan 3493.69 3500 509.07 65.89 6.31 0.65 10.44 7.73
0.001866 ROB 3500 3556.3 817.08 161.82 32.86 1.06 518 5.05

11 6953.48 0.002132 Chan 3468.45 3474.76 702.19 65.13 6.31 0.8 10.32 10.78
0.002132 Chan 347476 3481.07 687.96 64.34 6.31 0.88 10.2 10.69
0.002132 Chan 3481.07 3487.38 613.05 63.54 6.31 0.79 10.07 9.65
0.00213 Chan 3487.38 3493.69 501.12 62.74 6.31 0.64 9.94 7.99
0.00213 Chan 3493.69 3500 490.56 61.95 6.31 0.63 9.82 7.92
0.00213. ROB 3500 3554 .4 739.7 142.89 30.88 0.95 4.88 5.18

10 6952.33 0.002372 Chan 3468.45 3474.76 664 .48 61.04 6.31 0.85 9.67 10.89
0.002372 Chan 3474.76 3481.07 650.12 60.25 6.31 0.83 9.55 10.79
0.002372 Chan 3481.07 3487.38 578.54 59.45 6.31 0.74 9.42 9.73
0.002372 Chan 3487.38 3493.69 472.2 58.66 6.31 0.61 93 8.05
0.002372 Chan 3493.69 3500 461.56 57.86 6.31 0.59 9.17 7.98
0.002372 ROB 3500 3552.5 648.91 124.4 28.8 0.83 4.55 5.22

9 6949.46 0.004123 Chan 3468.45 3474.76 821.02 58.73 6.31 1.05 9.31 13.98
0.004123 Chan 347476 3481.07 802.57 57.93 6.31 1.03 9.18 13.85
0.004123 Chan 3481.07 3487.38 713.59 57.13 6.31 0.91 9.06 12.49
0.004123 Chan 3487.38 3493.69 581.87 56.34 6.31 0.75 8.93 10.33
0.004123 Chan 3493.69 3500 568.23 55.54 6.31 0.73 8.8 10.23
0.004123 ROB 3500 35625 766.6 114.57 27.64 0.98 4.37 6.69

8 6947.38 0.003838 Chan 3468.45 347476 853.54 61.4 6.31 1.09 9.73 13.9
0.003838 Chan 3474.76 3481.07 835.2 60.61 6.31 1.07 9.61 13.78
0.003838 Chan 3481.07 3487.38 743.33 59.81 6.31 0.95 9.48 12.43
0.003838 Chan 3487.38 3493.69 606.79 59.01 6.31 0.78 9.35 10.28
0.003838 Chan 3493.69 3500 593.2 68.22 6.31 0.76 928 10.19
0.003838 ROB 3500 3552.5 839.19 125.96 28.98 1.08 4.58 6.66
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HEC-RAS DATA RESULTS
Water Right Percentage
Surlace E G Slope Left Station}  Staton Spiit Section |Flow Area (sqf  Wetted of Hydraulic
River Section| Elevation (ft) (fvfy Position (fty () Flow (cfs) ft) Penmeter (ft)] Conveyance | Depth (ft} | Velocity (ft/s)

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

7 6945.29 0.003877 Chan 3468.45 3474.76 907.31 63.93 6.31 1.16 10.13 14.19
0.003877 Chan 3474.76 3481.07 888.58 63.14 6.31 1.14 10.01 14.07
0.003877 Chan 3481.07 3487.38 791.53 62.34 6.31 1.01 9.88 12.7
0.003877 Chan 3487.38 3493.69 646.73 61.55 6.31 0.83 9.75 10.51
0.003877 Chan 3493.69 3500 632.85 60.75 6.31 0.81 9.63 10.42
0.003877 ROB 3500 3554 4 946.67 137.37 30.28 1.21 4.78 6.89

6 6940.57 0.005996 Chan 3455.83 3462.14 1065.04 67.3 6.31 1.43 10.67 16.57
0.005996 Chan 3462.14 3468.45 903.54 66.51 6.31 1.16 10.54 13.59
0.005996 Chan 3468.45 3474.76 885.58 65.71 6.31 1.14 10.41 13.48
0.005996 Chan 3474.78 3481.07 867.77 64.91 6.31 1.1 10.29 13.37
0.005996 Chan 3481.07 3487.38 850.06 64.11 6.31 1.09 10.16 13.26
0.005996 Chan 3487.38 3493.69 832.57 63.32 6.31 1.07 10.04 13.15
0.005996 Chan 3493.69 3500 815.19 62.52 6.31 1.05 8.91 13.04
0.005996 ROB 3500 3556.3 1185.07 145.6 31.17 1.52 4.92 8.14

5 6935.38 0.007584 Chan 3455.83 3462 14 1066.49 66.1 6.31 1.56 10.48 18.4
0.007584 Chan 3462.14 3468.45 985.38 65.3 6.31 1.26 10.35 15.09
0.007584 Chan 3468.45 3474.76 965.44 64.51 6.31 1.24 10.22 14.97
0.007584 Chan 3474.76 348107 945.65 63.71 6.31 124 10.1 14.84
0.007584 Chan 3481.07 3487.38 926 62.91 6.31 1.19 9.97 14.72
0.007584 Chan 3487.38 3493.69 906.58 62.12 6.31 116 9.85 14.59
0.007584 Chan 3493.69 3500 887.29 61.32 6.31 1.14 9.72 14.47
0.007584 ROB 3500 3558.1 1263.25 139.82 30.53 1.62 4.83 9.03

4 6929.87 0.009252 Chan 3455.83 3462.14 1035.64 62.9 6.31 1.58 9.97 19.64
0.009252 Chan 3462.14 3468.45 999.83 62.1 6.31 1.28 9.84 16.1
0.009252 Chan 3468.45 3474.76 978.56 61.31 6.31 125 972 15.96
0.009252 Chan 3474.76 3481.07 957.46 60.51 6.31 1.23 9.59 15.82
0.009252 Chan 3481.07 3487.38 936.52 59.71 6.31 1.2 9.46 15.68
0.009252 Chan 3487.38 3493.69 915.83 58.92 6.31 117 9.34 15.54
0.009252 Chan 3493.69 3500 895.29 58.12 6.31 116 9.21 15.4
0.009252 ROB 3500 3560 1208.54 125.54 28.93 1.55 4.57 9.63

3 6925.02 0.009183 Chan 3455.83 3462.14 1063.18 63.87 6.31 1.62 10.12 19.78
0.009183 Chan 3462.14 3468.45 1022.46 63.07 6.31 131 10 16.21
0.009183 Chan 3468.45 3474.76 1001.03 62.27 6.31 1.28 9.87 16.07
0.009183 Chan 3474.76 3481.07 979.79 61.48 6.31 1.26 9.74 15.94
0.009183 Chan 3481.07 3487.38 958.69 60.68 6.31 1.23 9.62 15.8
0.009183 Chan 3487.38 3493.69 937.85 59.89 6.31 1.2 9.49 15.66
0.009183 Chan 3493.69 3500 917.15 59.09 6.31 118 9.36 15.52
0.009183 ROB 3500 3560 1258.6 129.78 29.41 1.61 465 9.7
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HEC-RAS DATA RESULTS
Water Rignt Percentage
Surtace E G Siope Left Station Station Split Section |Flow Area (s Wetled of Hydraulic
River Section] Elevation (ft) (tufty Posilion f) (fty Flow (cfs) 1t) Pernmeter (ft)] Conveyance | Depth (ft) | Veioaty (tt/s)

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

z 6920.38 0.008764 Chan 3455.83 3462.14 1108.34 66.12 6.31 1.68 10.48 19.79
0.008764 Chan 3462.14 3468.45 1059.79 65.32 6.31 1.36 10.35 16.22
0.008764 Chan 3468.45 3474.76 1038.35 64.53 6.31 1.33 10.23 16.09
0.008764 Chan 3474.76 3481.07 1017.08 63.73 6.31 1.3 10.1 15.96
0.008764 Chan 3481.07 3487.38 995.94 62.93 6.31 1.28 9.97 15.83
0.008764 Chan 3487.38 3493.68 975.06 62.14 6.31 1.25 9.85 15.69
0.008764 Chan 3493.69 3500 954.32 61.34 6.31 1.22 972 15.56
0.008764 ROB 3500 3560 1359.39 139.94 30.54 1.74 4.83 9.71

1 6907.16 0.039376 Chan 3475 3487.5 231.2 19.51 125 0.3 1.56 11.85
0.039376 Chan 3487.5 3500 139.66 16.38 12.5 0.18 1.31 8.52
0.039376 ROB 3500 4502.11 980.59 108.81 93.75 1.26 115 9.01

0 6906.81 0.023508 Chan 3473.1 3486.55 336.14 28.82 13.46 0.43 2.14 11.66
0.023508 Chan 3486.55 3500 212.96 252 13.46 0.27 1.87 8.45
0.023508 ROB 3500 4475 23.02 4.54 55 0.03 0.87 5.07

-1 6902.32 0.015811 Chan 3655.95 3679.76 392.8 44 .62 23.81 0.5 1.87 8.8
0.015811 Chan 3679.76 3703.57 316.89 39.23 23.81 0.41 1.65 8.08
0.015811 Chan 3703.57 3727.38 247.64 33.83 23.81 0.32 1.42 7.32
0.015811 Chan 3727.38 375119 185.38 28.44 23.81 0.24 1.19 6.52
0.015811 Chan 3751.19 3775 12997 22.98 23.81 0.17 0.97 5.66
0.015811 ROB 3775 5025 3.16 1.08 2.69 0 0.43 2.91

-2 6898.51 0.007777 Chan 3832.14 3860.71 516.64 69.48 28.57 0.66 2.43 7.44
0.007777 Chan 3860.71 3889.29 448.86 63.86 28.57 0.58 2.24 7.03
0.007777 Chan 3889.29 917.86 384.87 58.23 28.57 0.49 2.04 6.61
0.007777 Chan 3917.86 946 43 324.87 52.6 28.57 0.42 1.84 6.18
0.007777 Chan 3946.43 3975 2685 46.92 28.57 0.34 1.64 5.72
0.007777 ROB 3975 5375 10.84 357 4.88 0.01 0.77 3.04

-3 6893 62 0.010203 Chan 3832.14 3860.71 436.46 58.26 28.57 0.56 2.04 7.49
0.010203 Chan 3860.71 3889.29 368.53 52.63 28.57 0.47 1.84 7.00
0.010203 Chan 3889.29 3917.86 305.21 47 28.57 0.39 1.65 6.49
0.010203 Chan 3917.86 3946.43 246.74 41.37 28.57 0.32 1.45 5.96
0.010203 Chan 3946.43 3975 192.87 35.69 28.57 0.25 1.256 54
0.010203 ROB 3975 5125 5.67 1.98 3.63 0.01 0.57 2.86

-4 6889.52 0.007742 Chan 3832.14 3860.71 517.97 69.68 28.57 0.66 2.44 7.43
0.007742 Chan 3860.71 3889.29 450.2 64.06 28.57 0.58 2.24 7.03
0.007742 Chan 3889.29 3917.86 386.21 58.43 28.57 0.5 2.04 6.61
0.007742 Chan 3917.86 3946.43 326.19 52.8 28.57 0.42 1.85 6.18
0.007742 Chan 3946.43 3975 2698 47.11 28.57 0.35 1.65 5.73
0.007742 ROB 3975 5025 10.95 3.6 4.9 0.01 0.77 0
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Dso ROCK SIZE CALCULATION w/ SLOPE CORRECTION | genw suovegrane | oemm aoniaed on
FACTORS (inches) SLOPES BURIED SLOPES
2H:1V Apron | 3H:1V Slope: | 4H:1V Slope: Proposed
Abt and Add |Slope: Abt and| Abt and Abt and Dy to Use
Johnson Riprap | Johnson Dsy, | Johnson Des, | Johnson Dsos | Minimum | Proposed | minmum | for Apror
Channel X-Section Method Oversize | Slope Factor | Slope Factor | Slope Factor | Required | Dsoto Use | Required Buned
River Section Position (inches) 4% (0.72) (0.88) (1.00) Dy to Use | for Slope | Dy to Use Slope
1 25 26 27 28 29 30 31 32 33 34
21 LOB
L. Channel
Main Channel
R. Channel
ROB 2.12 2.20 3.06 2.50 220
20 LOB
L. Channel
Main Channel
R. Channel
ROB 222 231 321 2.62 2.31
19 LOB
L. Channel
Main Channel
R. Chan. Apron 224 233 SERCYTY
R. Bank Slope 0.38 0.40
18 R. Chan. C5 3.73 .88 .
R. Chan. C4 3.69 .84 .84
R. Chan. C3 3.46 60 .60 A X
R. Chan. C2 (Apron) .10 22 .22
R. Chan. C1 (Apron) .07 .18 319
R. Bank Slope .59 .65 1865
17 R. Chan. C5 3.10 .23 .23
R. Chan. C4 .07 .20 .20
R. Chan. C3 .89 00 .00 ST
R. Chan. C2 (Apron) .59 .69 .69
R. Chan. C1 (Apron) .56 .66 .66 e T e AR
R. Bank Slope 23 .38 .38
16 R. Chan. C5 .99 4.15 415
R. Chan. C4 .95 4.11 4.11
R. Chan. C3 7, .86
R. Chan. C2 (Apron) .82 .46
R. Chan. C1 (Apron) .30 .4
R. Bank Slope 171 17
15 R. Chan. C5 5.08 528
R. Chan. C4 5.03 ¥ 5.23
R.Chan. C3 473 4 52 TRReT |
R. Chan. C2 (Apron) 4.2
R. Chan. C1 (Apron) 4.18
R. Bank Slope 2t
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Job Title:

Rio Algom Mining LLC
Arroyo Del Puerto

Erosion Protection Measures

Calculation D.1:
Exterior Site Drainage

Design Flowrates and Erosion Protection

Dso ROCK SIZE CALCULATION w/ SLOPE CORRECTION | pomne aumve e | CopocK SiZE FOR
FACTORS (inches) SLOPES BURIED SLOPES
2H:1V Apron | 3H:1V Slope: | 4H:1V Slope: Proposed
Abt and Add |Slope: Abt and Abt and Abt and Dg to Use
Johnson Riprap | Johnson Dsg, | Johnson Dsg, | Johnson Dsg/ | Minimum | Proposed | minimum | for Apron’
Channel X-Section Method Oversize | Slope Factor | Slope Factor | Slope Factor | Required | Do toUse | Required Buned
River Section Position (inches) 4% (0.72) (0.88) (1.00) Dso to Use | for Slope | Dy, to Use Slope
1 25 26 27 28 29 30 31 32 33 34
S
14 R. Chan. C5 5.48 .70 7.92 5.48 5.70
R. Chan. C4 5.4¢ .64 7.84 .41 5.64
R. Chan. C3 5.0¢ .30 5.30
R. Chan. C2 (Apron) 4.56 4.74 474
R. Chan. C1 (Apron) 4.5 4.69 4.
R. Bank Slope 2.3 243
13 R. Chan. C5 5.1 5.37
R. Chan. C4 5. 5.32
R. Chan. C3 4.80 4.99
R. Chan. C2 (Apron) 4.2¢ 4.46
R. Chan. C1 (Apron) 4.24 4.41
R. Bank Siope 2.1€ .28
12 R. Chan. C5 5.00 .20
R. Chan. C4 4.94 .14
R. Chan. C3 4.64 4.82
R. Chan. C2 (Apron) 4.15 4.
R. Chan. C1 (Apron) 4.10 4.26
R. Bank Slope 2.12 2.21
1l R. Chan. C5 820 541
R. Chan. C4 514 5.34
R. Chan. C3 4.82 5.01
R. Chan. C2 (Apron) 4.30 4.48
R. Chan. C1 (Apron) 4.25 442
R. Bank Siope .20 ¥
10 R. Chan. C5 .28 .4
R. Chan. C4 .21 54
R. Chan. C3 4.88 5.08
R. Chan. C2 (Apron) 4.36 4.53
R. Chan. C1 (Apron) 4.30 447
R. Bank Slope 223 2.
9 R. Chan. C5 7.53 7.84
R. Chan. C4 7.44 7.74
R. Chan. C3 .97 7.24
R. Chan. C2 (Apron) .21 .46
R. Chan. C1 (Apron) .13 .38
R. Bank Slope .17 .30 A
8 R. Chan. C5 47 Aok 1.77
R. Chan. C4 7.38 7.67 7.67
R. Chan. C3 6.91 7.19 1.3 i
R. Chan. C2 (Apron) 6.17 6.41 4
R. Chan. C1 (Apron) 6.09 6.33 .38 Hhende E
R. Bank Slope 16 3.28 .2
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Dso ROCK SIZE CALCULATION w/ SLOPE CORRECTION | ey suove ararc | oot asacns o
FACTORS (inches) SLOPES BURIED SLOPES
2H:1V Apron | 3H:1V Siope: | 4H:1V Slope: Proposed
Abt and Add | Slope: Abt and Abt and Abt and D to Use
Johnson Riprap | Johnson Ds;, | Johnson Ds, | Johnson Dy, | Minimum | Proposed | minmum | for Apron
Channel X-Section Method | Oversize | Slope Factor | Slope Factor | Slope Factor | Required | DwotoUse | Requred | Buned
River Section Position (inches) 4% 0.72) (0.88) (1.00) Dg to Use | for Slope | Dy, to Use Slope
1 25 26 27 28 29 30 31 32 33 34
e S
e R. Chan. C5 7.76 8.07 11.21 9.17 8.07
R. Chan. C4 7.67 7.98 11.08 06 7.98
R. Chan. C3 7.19 7.48
R. Chan. C2 (Apron) 42 68| .27
R. Chan. C1 (Apron) .34 G_l_) .16
R. Bank Slope .30 43 7
6 R. Chan. C7 10.24 10.65 14.79
R. Chan. C6 (Slope) .34 9.71 .46
R. Chan. C5 (Slope) .23 9.60 .34
R. Chan. C4 (Slope) .13 .50 19
R. Chan. C3 (Slope) .03 39 13.04
R-Chan. C2 (Slope) 92 28 12,89
R. Chan. C1 (Slope) .82 A7 12.73
R. Bank Slope 444 4.62 6.42
5 R. Chan. C7 1.34 .79 16.38
R. Chan. C6 (Slope) 0.85 28 15.67
R. Chan. C5 (Slope) 0.72 16 5.49
R. Chan. C4 (Slope) 0.60 .02 53
R. Chan. C3 (Slope) 0.47 0.89 5.13
R. Chan. C2 (Slope) 10.35 10.77 14.95
R. Chan. C1 (Slope) 10.23 10.64 14.77
R. Bank Slope 5.16 5.36 7.45
4 R. Chan. C7 2.1 12.83 17.65
R. Chan. C6 (Siope) 9 12.39 17.20
R. Chan. C5 (Slope) 1.77 24 17.00
R. Chan. C4 (Slope) 1.63 .09 16.79
R. Chan. C3 (Slope) 4E 94 16.59
R. Chan. C2 (Slope) 11,34 1.79 16.38
R. Chan. C1 (Slope) 11.20 1.64 16.17
R. Bank Slope 5.65 5.87 8.15
3 R Chan. C7 29 12.78 .7
R. Chan. C6 (Slope) 2.02 .50 7.3¢
R. Chan. C5 (Slope) .88 .36 7.1
R. Chan. C4 (Slope) 74 A .96
R. Chan. C3 (Slope) .80 12.0€ 75
R. Chan. C2 (Slope) A8 11.9 .54
R. Chan. C1 (Slope) 3 11.76 .34
R. Bank Slope 570 593 8.24
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Dso ROCK SIZE CALCULATION w/ SLOPE CORRECTION | gaw aumvecmri | om0
FACTORS (inches) SLOPES BURIED SLOPES
2H:1V Apron | 3H:1V Siope: | 4H 1V Siope. Proposed
Abt and Add |Slope: Abt and Abt and Abt and Ds to Use
Johnson Riprap | Johnson Dsy, | Johnson Dsy, | Johnson Dso, | Minimum Minimum | for Apron/
Channel X-Section Method Oversize | Slope Factor | Slope Factor | Slope Factor | Required | Dsoto Use | Required Buried
River Section Position (inches) 4% (0.72) (0.88) (1.00) DgtoUse | for Slope | Dy to Use Slope
1 25 26 27 28 29 30 31 32 33 34
2 R. Chan. C7 12.33 12.82 17.81 14.57
R. Chan. C6 (Slope) 12.02 .50 17.36 14.21 g
R. Chan. C5 (Slope) 11.89 .36 1747 14.05 12.3¢
R. Chan. C4 (Slope) 11.75 .22 16.97 13.88 12.22
R. Chan. C3 (Slope) 11.61 2.08 16.77 13.72 12.0¢
R. Chan. C2 (Slope) 11.47 9 16.57 13.56 11.93 ol
R. Chan. C1 (Slope) 11.34 76 16.37 13.40 AR 120
R. Bank Slope 8713 .94 8.25 6.75
1 R. Chan. C2 6.67 .94 9.63 7.88
R. Chan. C1 (Slope) 5.03 .23 7.26 594
R. Bank Slope 4.85 5.04 7.00 573
0 R. Chan. C2 6.3z 6.57 8.13 7.47 BEES T
R. Chan. C1 (Slope) 4.89 5.09 7.07 578 500 78 12.97
R. Bank Slope 2.3 2.42 3.36 275 2.42
-1 R. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. C2
R. Chan. C1
R. Bank Slope
-2 R. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. C2
R. Chan. C1
R. Bank Slope
-3 R. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. C2
R. Chan. C1
R. Bank Slope
-4 R. Chan. C5
R. Chan. C4
R. Chan. C3
R. Chan. C2
R. Chan. C1
R. Bank Slope
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USACE EQUILBRIUM SCOUR DEPTH
= Ss= de = median)
equilibrium Sediment { grain-size
discharge g Specific | diameter
(cfs/ft) (f'sec’) | Gravity (mm) | 0234°ge™| o(Ss-1) |ig(Ss-1)*®*] de'®
50 51 52 53 54 55 56 a7
61.1 322 2.65 0.074 9.060 53.130. 5.845 0.420
57 32.2 2.65 0.074 1.099 53.130 5.845 0.420
83.7 322 2.65 0.074 11.975) 53.130 5845 0.420
102.0 32.2 2.65 0.074 14.282 53,130 5.845 0.420
115.1 32.2 2.65 0.074 15.899 63.130 5.845 0.420
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USACE EQUILBRIUM SCOUR DEPTH
= Ss = de = median
| equilibrium Sediment | grain-size
discharge g Specific diameter
(cfs/ft) (f/sec?) Gravity (mm) | 0234%qe®| g(Ss-1) |lo(Ss-1]*®] de'™
50 51 52 53 54 55 56 57
114.8 32.2 265 0.074 15.857| _ 63.130 5.845 0.420|
1065 322 265 0.074 14834 53130 5.845] 0,420
100.6 322 265 0.074 14.098] 53130 5845 0420
97.2 322 265 0.074 13673] _ 53.130 5.845 0.420
917 322 2.65 0.074 12.986]  53.130 5845 0.420
113.1 322 265 0.074 15:649]  53.130 5.845 0420
117.8 322 2.65 0.074 16.227] _ 53.130 5845 0.420
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USACE EQUILBRIUM SCOUR DEPTH
qe = Ss = de = median)
equilibrium Sediment | grain-size
§ i g Specific diameter
River Section| | (cfs/) {fisec’) | Gravity (mm) ] 0234'qe®®| g(Ss-1) |foSs-1)]®] de™”
1 49 50 51 52 53 54 55 56 a7
125.4 322 2.65 0.074 17.159 53.130 5.845 0.420
6 168.8 322 2.65 0.074 22.339 53.130 5.845 0.420
g 169.0 322 2.65 0.074 22.366 53.130 5.845 0.420]
4 164.1 32.2 2.65 0.074 21.790 53.130 5.845 0.420]
3 168.5 322 2.65 0.074 22.305 53.130 5.845] 0.420]
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qe = Ss = de = median|
. equilibrium Sediment | grain-size
Scou discharge g Specific diameter
River Sectionf (cfs/ft) (fsec?) Gravity (mm) | 0.234%qe®*®| g(Ss-1) |lo(Ss-1]*®] de'™
1 50 51 52 53 54 58 56 57
175.6 322 2.65 0.074 23.145 53.130 5.845 0.420
1 18.5 322 2.65 0.074 3.130 53.130 5.845 0.420
0 25.0 322 2.65 0.074 4.087 53.130 5845 0.420
-1
2
= 3
Es
i
i
i
-4 b
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USDOT HEC-14 DEPTH OF SCOUR
o=
(D84/D16)0.5,
iR, = hydrauli| C.= slope material 8= 6=

radius = correction a= standard Q4 = Design coeeficie o coeeficie

depth of flow efici fi deviat Flowrate g nt (Table | (@0"*R*] = time | nt (Table
(ft) (Table 5.3%) | (Table 5.1% | (sand = 1.87) oa® (cfs) (ft'sec’) Qig"*R,*? 5.1%) b (min) 5.1% | (w31e)°

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

10.31 1.0048 27 187 123 81,1 322 0.032 039 | 0250866 30 0.06 | 0.8683
11.49 1.0048 227 187 123 88.1 322 0.035 039 | 0.269549] 30 0.06 | 0.8683
124 1.0048 227 1.87 1.23 83.7 322 0.027 039 | 0245316 30 0.06_ | 08683
12.66 1.0015 227 187 123 102.0 322 0.032 039 | 0250729] 30 0.06 | 0.6683
12.06 1.0015 221 1.87 1.23 115.1 32.2 0.040 0.39 0.285436 30 0.06 0.8683
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USDOT HEC-14 DEPTH OF SCOUR

o=
(D84/D16)0.5,
Ry = hydrauli C. = slope material 8= 8=
radius = correction o standard Qq = Design coeeficie i coeeficie
depth of flow fici fici deviati Flowrate g nt (Table | (Vg"*R*| ¢ = time | nt (Table
(ft) (Table 5.3% | (Table 5.1% | (sand = 1.87) o {cfs) (f/sec?) Qig'?R,*? 5.1% o (min) 51% | (318)®
36 37 38 39 40 41 42 43 44 45 46 47 48
11.42 10015 227 187 123 114.8 322 0.046 039 | 0300676] 30 0.06 08683 |
11.06 10015 2.27 187 1.23 106.6 32.2 0.046 039 |0301268] 30 0.06 0.8683
10.7 1.0015 2.27 1.87 123 100.6 322 0.047 0.39 | 0304279] 30 0.06 0.8663
10.07 1.0015 227 187 123 97.2 322 0.053 039 |0318512] 30 0.06 0.8683
542 1.0075 227 1.87 1.23 61.7 322 0.059 039 |0332328| 30 0.06 0.8683
9.06 1.0075 227 187 123 1131 322 0.081 0.39 |0374629] 30 0.06 0.8683
948 1.0075 227 1.87 123 117.8 32.0 0.075 0.39 | 0.364191 30 0.06 0.8683
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alculation D.1:

Exterior Site Drainage

USDOT HEC-14 DEPTH OF SCOUR

' =
: (D84/D16)0.5,
Ry = hydraulic] C.= slope material B= o=
radius = correction am standard Qq = Design coeeficie Y coeeficie
‘ depth of flow fici fici devi Flowrate g nt (Table |(Qg"*Rs*] ¢ = time | nt (Table
River Section 1t (ft) (Table 5.3% | (Table 5.1% | (sand = 1.87) o” (cfs) (f'sec?) Q'R ¥ 5.1% o (min) 51% | (v31e)’
1 35 36 37 38 39 40 41 42 43 44 45 46 47 48
‘7 48
e 588 1.0150 250 187 1.23 125.4 322 0.072 039 | 0356485] 30 006 | 0.8668
6 10.67 17,0160 2.27 187 125 168.6 322 0.080 039 | 0.373396] 30 0.06 | 0.8683
5 10.48 10150 227 187 128 169.0 32.2 0.084 039 |0.380196] 30 0.06 | 0.8683
3 10 1.0150 227 187 123 164.1 322 0.091 039 |0303449] 30 0.06 | 08683
3 70.12 1.0150 227 187 123 168.5 322 0.001 0.39 | 03929 30 006 | 0.8683
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