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SPILLWAY RIPRAP DESIGN 1I$Zao<_m<<

100—-YR/24HR PEAK DESIGN FLOW — 5.01 CFS

Height of flow (Broad Crested Weir) — H=(Q/CL)"2/3

For C = 2.84, Q = 5.01 cfs, L = 84 in

H = 4.79 in, Spillway Elevation @ 5941.75, Crest @ 5943.0

RIPRAP DESIGN — FROM PAP-0790 — SIMPLIFIED DESIGN GUIDELINES
FOR RIPRAP SUBJECTED TO OVERTOPPING FLOW (BuRec, CSU)

D50 Cu™/4=0.55(qf"0.52/S"3/4)(sin a/(Gs cos a—1)(cos a tan phi—sin a))™1.11
D50=(0.55(qf"0.52/S"3/4)(sin a/(Gc cos a—1)(cos a tan phi—sin a))"1.11)/Cu™1 /4

FOR SOUTH POND -
D50 = median stone size (m)

Cu = coefficient of uniformity = 1.95, gf = unit discharge (m3/m/s) = 0.066
S = embankment slope (unitless) = 0.333, a = embankment slope (degrees) = 18.43
Gs = specific gravity of riprap = 2.24, phi = angle of repose of the riprap = 42

D30 = 0.126M or 5.0in

DIVERSION DIKE

100—YR/24HR PEAK DESIGN FLOW — 5.01 CFS

=~ _ DIVERSION| Channel Data Maximum Minimum
SIoOpE i, 0.1155 ft/ft - 0.025 ft/ft
: : 3 P
4 7 /I,..-1:;.,Jli_.,|a*.dw.Ad._.i._.f._.,.-_ Manning’s n ....cceeeeee 0.0280
5.2 — all Height .....ccoooiiiiiiiinn 24.0 in
- . Width ... 62.0 in 0.0 in
mm.O._._n.uZ BB Left SIOPE ovvrerereenn.. 0.333 ft/ft (V/H) — 0.052 ft/ft
=20 Right SIOPE «veevene.. 0.050 ft/ft (V/H) — 0.333 ft/ft
SOUTH DETENTION Computed Results:
m = = : . Depth .ocoiiiiiiiiiiiiiinn, 1.91 in - 4.8 in
| [~ DuMP 10-YR. W.S.EL. - VElOCIty wveeeereeeneanen. 4.54 fps - 2.8 fps
EXISTING 5941.75 CREST @ Percent full .............. 79 % - 19.9 %
GROUND 5943.0

DETENTION POND 10-YR/24 HR DESIGN VOLUME -

BASN AREA  CN D10 VOLUME
SECTION A-A | PA-S 1749 89  1.003 6,369
f=200  VOLUME PROVIDED @ ELEVATION (MODIFIED SPILLWAY) —
CREST -_ ELEV AREA CONIC
5943.0 ™ :
WSEL — . 5943.0 8304.86 15,000.2 RECEIVED
5941.75 & 5942.0 5973.22 7.902.1
mf 5941.75 5520.33 65177  JUN 2 8 2012
R T 5941.0 3897.19 3,003.7
P \ = - Y ]
e e s, | 6.00 5940.0 2191.55 0.0 SRAND JUNCHON FIELD OFFICE
A Lk a R Ly RE MINI
oy G  CFOTENTIE | DETENTION POND 100—YR/24 HR DESIGR WOLUME "o & SAFETY
MIRAF 1120N OR
8IN D50 RIPRAP VR B ' BASIN AREA  CN D100 VOLUME
ALTERNATE RIPRAP FILTER — PA-S 1749 89  1.873 11,890

6—inch LAYER OF GRAVEL WITH A MAX DIA OF 2-inch
A D50 OF NO.4, AND A MIN. OF NO. 100.

. mmO._._m\umz .ﬁImc SPILLWAY
For interstitial flow, Vi (flow velocity) = (gD50)"0.5*2.48s70.58*CU"-2.22
where s = slope in ft per ft = 0.333

Vi = (32.16x(5/12))70.5x(2.48x(0.333)70.58)x(1.957—-2.22) = 1.090 fps
Average velocity is the interstitial velocity multiplied by the porosity

(Np) of the riprap — Vav = Vi x Np.

NOTE -
for Np = 0.45, Vav = 1.090x0.45 = 0.49 fps.
Depth of flow is the flow quantity divided by the average velocity — SEE SHEET U-5 FOR TYPICAL
Y = Q/Vav, Y = (5.01/7ft.)/0.49fps = 1.46 ft. or 17.5 in., using SETIONS (LATERAL) THRU SPILLWAY.

an integer multiple of D50 for thickness gives 4xD50 for 20 inches
of 5 in. D50 riprap.

To provide a safety factor use a riprap with a D30 RIMROCK EXPLORATION & DEVELOPMENT

f 7.5 in. % 2
o i PRINCE ALBERT MINE - 110D PERMIT APPLICATION
Vi = (32.16x(7.5/12))°0.5x(2.48x(0.333)"0.58) EXHIBIT U-2 - STRUCTURES
x(1.95%—2.22) = 1.33 fps Surface Water Control and Containment Facilities
Vav = 1.19x0.45 = 0.60 fps. DATE: 6/14/12 JAMES C. PIERCE, JR.

Y = (5.01cfs/7ft) /0.60fps = 1.19 ft or 14.3 in, using .
an integer multiple of D50 for thickness gives 2xD50 DRAWN BY: _JCP, JR. zc0r>_u%0rw%mn>wnwu 81424

for 15 inches of 7.5 in D30 riprap. SHEET _2 OF 5 (970) 864-7455




DETENTION POND 10-YR/24 HR DESIGN VOLUME -

VOLUME PROVIDED @ ELEVATION 5922.0 — 5837 CU.FT.

BASIN AREA  CN pio  voume RECEIVED ELEV AREA VOL (CONIC)
PA—-C 1.277 90 1.069 4,650 D wmww.m wmmm mmwﬂw
% DETENTION POND 100-YR/24 HR DESIGN VOLUMEJUN 2 8 2012 5921.0 2459 1888.3
GRAND JUNC [10s r1c. 5920.0 1370 0.0
BASIN AREA  CN D10 VOLUME DVISIONGF 10
PA—C 1.277 90 1.957 8,681 RECLAMATION MINING & SAFETY CENTRAL DETENTION
/% CENTRAL DETENTION POND  OVERFLOW
7/, | 10 YR WSEL — DUMP—, | OVERFLOW — puMP
5922.0 "\ N 1] CHANNEL
_ N - m e |
e ..le.l...ll....lll..o!.i.xlii.lt.l:ﬁ«li«.:....x.\:AN... f _ " —
Tqu_oZ D-D D | B ey
=20 2 SECTION E-E |
DETENTION POND 24 HR/10/100 — YR DESIGN VQ T =20
=% y]00-YR PEAK DESIGN FLOW — 3.82 CFS
< d 7 BASIN AREA  CN D10 VOLUME -
e >mwrwmm Y. PA-1  0.365 92 1.210 Channel Data
Y AN FIOWrate .vevveveevereeveneenan. 3.82 cfs
L BASIN.  AREA  CN D100 VOLUME SIOPE cvevevierrereieieieainens 0.095 ft/ft
OREPAD DETENTION PA-1 0365 92 2133 HEIGHt wvvveoeseesreereenens. 18.0 in
Gz o) Bottom Width .............. 42.0 in
| D VOLUME PROVIDED —
DECLINE — 10 YR WSEL CREST — 5927 . . ELEY SEEA Left SIOpe ...cocovcvicrnen 0.33 ft/ft (V/H)
ﬁommmq 6525.5 %Nm.m/wmomoox N S e e B £996.0 hoas 78 9755 R Right SIOpe ...oocccveeve 0.33 ft/ft (V/H)
[ - 34 v q 2 L. 3 _ R Y2 5925.5 1616.33 1800.9 Manning's n ..c.coeeeeenne. 0.0MmO
m e . A [ | jultl..:li y*\ 5925.0 1234.64 1090.3 UO@M*_JOO; ........................ Nh ﬁwu_—.d._nﬁVm
_SECTIONC-C I | [SECTION Z-Z 5924.0 952.06 0-0 Percent ull 876 %
T=20 _ T =10" SEE SHEET U—5 FOR CALCULATIONS
.Qo\_\cw“v% : > 7 . /// f 50'—{ {= DIVERSION — —pUMP
\ . ¥ 6—inch LAYER OF uuio\omo N EAST RUN ON | ‘ | _ HISE 3 |
- L2 RIPRAP AS~VELOCITY REDUGER: \ 7 DIVERSION ﬁzhwps\ 1313 |
\ A i ~e SR C R
CHANNEL .~ SWALE f |
. ~——_— ___—TDISCHNARGE N T | in -
B ] mes——— = OSORRE N\ s _®  SECTIONE-E
~ T \ 1/. Vo~ 47%20 T =20
- . 9-inch~ D50 CHECK DAM | PERMIT BOUNDARY
= RIPRAP. — ™ r=4 - -
= 1.5" THICK -
- STRIP TOPSOIL TO.BEDROCK (0—8 IN.) ~~ 20 PERMIT - \\\)//
— \ L ADD 'RIPRAP~(3+=incties BF1-1/2-inch omow m>m BOUNDARY. AN _ N 1 W«\ Amﬂu
e N NECESSARY TO FILL VOIDS IN"TRAVEL SURFACE > . \ > SNy N — |\ 2o .
100—YR PEAK DESIGN FLOW — RUN ON DIVERsIoN — PLAN VIEW DISCHARGE POINT RIPRAP PROTECTION SIZING — 4 IN DSO w ECTION E-E
SECTION Y=Y SECTION E—~E T =40 SECTION F-F SIOPE woveieeeieeeeireeenen 0.05 ft/ft COBBLE =20 —
Flow .ooiiiiiiiiinis, 8.35 cfs 8.35 cfs - 11.31 cfs Manning’s N ..cccceeeeeeenen. o.o.umm
SIOPE vereeereeeeeerrerenenn 0.089 ft/ft 0.195 ft/ft = 0.020 ft/ft wm_nﬁ ........................... m.ww _M RIMROCK EXPLORATION & DEVELOPMENT
i (0104 1 6 . S
e o i 5o i . . socty P PRINCE ALBERT MINE - 110D PERMIT APPLICATION
Bottom width ......cceenniill. 60.0 in 60.0 in 60.0 in
_ Using the Shear Stress design formula — EXHIBIT U-3 - STRUCTURES 2
Left SIOPE wovovevreerereerenen 0.33 ft/ft (V/H  0.33 ft/ft (V/H) 0.33 ft/ft (V/H) 9 9 .
Right SIOPE .eevevereeveenae. 0.133 ft/ft (V/H) 0.133 ft/ft (V/H) — 0.33 ft/ft (V/H) ST=62.4xdxs, ,w,im_‘o d is depth Qﬁv. and s is Surface Water Control and Containment Facilities
Manning’s N weeeeeeeeenn.. 0.0390 0.0350 - 0.028 slope (ft/ft) yields a ST of 1.4 which equates DATE: _6/14/12 JAMES C. PIERCE, JR.
_UOU.HJ ........................... u.mN mj N.mﬂ .__J - m.m m_J ﬁo a mI_Dﬁmj. Qwo m__nvmspv. . U”}éz m*. LO—U Lm v.o- wox .—oo
Velocity .occoeiiiiiiiiiniinns 4.34 fps 6.10 fps - 4.0 fps >m.03 Qaa_ﬁ_ODQ_.moﬁmﬁv\ dﬂ.ooﬁoﬂ upsize to a E NUCLA, COLORADO 81424
Percent full .....ccceene.. 19.6 % 14.8 % - 32.8 % 9—inch DS30. Thickness is 2 x d50 or 1.5 ft. SHEET 3 OF 5 (970) 864-7455
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SPILLWAY RIPRAP DESIGN PLAN VIEW ; | 2 _ !
100-YR/24HR PEAK DESIGN FLOW — 6.58 CFS - 1" = 40 7 /
SUM N1+N2+C i y \\
Height of flow (Broad Crested Weir) — H=(Q/CL)"2/3 H— xmur/ )
|
For C = 2.84, Q = 6.58 cfs, L = 84 in 1 | r/ 8
L Y ~
H = 5.75 in, Spillway Elevation @ 5941.75, Crest @ 5943.0 / /m_/u_. -. 89
RIPRAP DESIGN — FROM PAP—0790 — SIMPLIFIED DESIGN GUIDELINES / S |

FOR RIPRAP SUBJECTED TO OVERTOPPING FLOW (BuRec, CSU)

D50 Cu”™1/4=0.55(qf"0.52/S"3/4)(sin a/(Gs cos a—1)
(cos a tan phi—sin a))™1.11
D50=(0.55(qf~0.52/S"3/4)(sin a/(Gc cos a—1)
(cos a tan phi—sin a))™1.11)/Cu™1/4

7

FOR NORTH POND -
D50 = median stone size (m)

J/ ‘ m\ \NL__

Y/
z_oz_._.OKL

// \ﬂm Lk
\

100—YR PEAK DESIGN FLOW

WEST DIVERSION mi?m SUB—BASIN PA—N1 — 1.13 CFS

Channel Data:

VI
| EXISTING o Flowrate .coccevveve... 113 cfs
| ﬁocz__u GROUND | =35 Manning's n ..... 0.0280
3 | =25 SIOPE rverreereeerean. 0.0663 ft/ft
o= N3y _Lm Height ...ooeveeenenee. 24.0 in
# T rsean|  Left slope ... 0.33 ft/ft (V/H
) Right slope ............ 0.33 ft/ft (V/H)
' - Depth woveeeeeeerinan 3.76 in
- 2mﬂﬂ0w_w_..02 G-G VeloCity woveeereenennne, 3.83 fps
= Percent full ..., Aaww
ﬂ ~ SLOPE | RECE
/N!OCZ_U VARIES EXISTING
S 3 3l 13 Homoczo | JUN 2 8 2012
e )
_v th s e _— Bt - S s e 1...I...|.r|.:— ogzof_czc._.—h—ﬁ:oﬁﬂ_rc OFFICE
| DVIS
Immo._._oz IlII ~ — RECLAMATION MINING & SAFETY
| ¥=200 .
ALTERNATE RIPRAP FILTER —
A%_qw__ﬂ%m . 6—inch LAYER OF GRAVEL WITH A NOTE -
~ MAX DIA OF 2—inch, A D50 OF
RIPRAP | - N | SEE SHEET U-5

T NO.4, AND A MIN. OF NO. 100.
50’ | FOR TYPICAL

s : Tl ..r.ﬂ.ﬂ!d.lr..lulrla !I@....O.@“... .

e 8 T,
—_— T

/ ;

GEOTEXTILE — MIRAFI jmozl\
OR EQUIVALENT

. DETAIL THRU SPILLWAY
1/8" =71

RNV G

10 YR WSEL -

Cu = coefficient of uniformity = 1.95,

gf = unit discharge (m3/m/s) = 0.087

S = embankment slope (unitless) = 0.333,
a = embankment slope (degrees) = 18.43
Gs = specific gravity of riprap = 2.24,

phi = angle of repose of the riprap = 42

D50 = 0.145M use 6.0in

For interstitial flow, Vi (flow velocity) = (gD50)"0.5%2.48s"0.58*CU"—2.22
where s = slope in ft per ft = 0.333

Vi = (32.16x(6/12))70.5x(2.48x(0.333)70.58)x(1.95%-2.22) 1.194 fps
Average velocity is the interstitial velocity muitiplied by the porosity

(Np) of the riprap — Vav = Vi x Np.

for Np = 0.45, Vav = 1.194x0.45 = 0.537 fps.

Depth of flow is the flow quantity divided by the average velocity —
Y = Q/Vav, Y = (6.58/7ft.)/0.537fps = 1.75 ft. or 21.0 in., using
an integer multiple of D50 for thickness gives 4xD50 for 24 inches
of 6 in. D50 riprap.

To provide a safety factor use a riprap with a D50 of 9.0 i

Vi = (32.16x(9/12))70.5x(2.48x(0.333)70.58)x(1.957—2.22) = 1.46 fps
Vav = 1.46x0.45 = 0.66 fps.
Y = (6.58cfs/7ft)/0.66fps = 1.43 ft or 17.15 in, using an integer
multiple of D50 for thickness gives 2xD50 for 18

DETENTION POND 10 YR/24—HR DESIGN VOLUME —

VOLUME
1,402

BASIN  AREA CN D10
PA—N1 0.41 88 0.941

PA—-N2  0.56 89 1.003
VOLUME PROVIDED @ ELEVATION 5908.75 — 3926.5

DETENTION POND 100 YR/24—HR DESIGN VOLUME -

(RAISED SPILLWAY)

inches of 9 in D50 riprap.

2,039 TOTAL — 3,441

DUMP
Af ...... wwom.wwl/ mmgo.Wbl_.. ._Alm.m.
TN
~ SECTION H .
20 NORTH DETENTION

NORTH DETENTION POND DESIGN VOLUMES -

ELEVATION AREA VOLUME (CONIC)
5909.33 4506.63 6370.0
5909.0 4221.22 4915.6
5808.75 3697.25 3926.5
5908.0 2371.78 1668.9
5907.0 1053.97 0.0

RIMROCK EXPLORATION & DEVELOPMENT

PRINCE ALBERT MINE - 110D PERMIT APPLICATION
EXHIBIT U-4 - STRUCTURES 3
Surface Water Control and Containment Facilities

BASIN AREA CN D10 VOLUME DATE: 6/14/12

PA—N1 0.41 88 1.792 2,666 CRAWN BY: JCP. JR .._>§mm_u%.wwv_nmd_w%m. JR.
PA—N2  0.56 89 1.873 3,807 TOTAL — 6,473 Po_Jblh, JiR. NUGCLA, COLORADO 81424
VOLUME PROVIDED @ ELEVATION 5909.33 — 6370.0 SHEET 4 OF 5 (970) 864-7455



/ _— _
62.00 CR , e = VENT BORE HOLE DETENTION DESIGN VOLUME OREPAD POND OVERFLOW TO PORTAL
_A / - 7 BASIN AREA C10 D10 VOLUME Given Input Data:
\ ._/U\M_m\_.vo_._mOm_mum / 7 PA—V 0.010 0.63 197 46.6 Flowrate .....ccceeveveeeernnnen 1.11 cfs
X & \ LE=== } % | VOLUME PROVIDED @ ELEVATION - m_onm. NTR—G— o.omwwmm:
"\«. \\WOZ._MP_ZZ A\/_._|\ \\ 22 BERM W m ELEVATION AREA VOLUME IM__J@ﬂ_N_M._OMD ..... 6.0 _3
\f ——V - o_<mmw_.ozw \ - PROPOSED / &|3 (SF) (CF) Bottom width ...ccooevenvnnne. 96.0 in
1 ‘ BERM A \ P /\T-.l VENT HOLE - d|m 5961.5 3920 4110 Left SIOpe w.oveocurreeeecnnen. 0.50 ft/ft (V/H)
‘ / . . ! Right slope ....ccceoeenvveenne 0.50 ft/ft (V/H)
” \ SECTONK-K 2% 327 33
“ s =20 Computed Results:
62:60 CR / DEPth vvevrrreerieennnn. 1.72 in
- / WATER TANK BASIN 10-YR/24 HR VeloCity eeeeveeeverereeenenns 0.93 fps
62.00 CR \\\ < DESIGN VOLUME — Percent full .o..occoereneuas 28.70 %
/ \ BASIN AREA C10 D10 VOLUME
/ / PA-T  0.016 0.63 1.97 74.3 LINE SPILLWAY THROUGH
R _ . DAM WITH STONE OR SUITABLE
i N \\ ™ / o~ PERMIT | VOLUME PROVIDED @ ELEVATION - BLOCK TO PROVIDE VERTICAL
- — - BOUNDARIES
N 2 i 4 WATER TANK ELEVATION AREA  VOLUME CHANNEL WALL 2
/ / : 4 / oo LOCATION = (FT) (SF) (CF) x«. _® L
) R \ _ it 5975.5 321.2 194.4 +— Varies
% \( F i ' 5975.0 143.9 81.1 — =
\ [ o
/ 7\_ s/ : T ..W_%uz__l L —5974.5 93.7 22.1 I e
CONTAINMENT/' / / W\ v 5974.0 9.4 0.0 MIRAFI 1120N
o_<mﬂmm_mn & > WATER TRUCK DUMP STATION 10-YR/24 OR EQUIVALENT
N / 81.00 HR DESIGN VOLUME —
NN A \ CONTAINMENT/
7N N \.\m "m_m,wm_oz BASIN AREA C10 D10  VOLUME
e S % =0 —
g S PATWT 0.009 063 18T LATERAL SPILLWAY SECTION
N\ L ; 81.00 - o ~ VOLUME PROVIDED @ ELEVATION —
44 CR o PERMIT © | (typ.) 1/&4-=1
N\ . £ _ = _ R V
-l . ° %.%o R M SWm%%_oqw_w_mm | ELEVATION  AREA o%zm LINE SPILLWAY DOWN FACE OF
. 2 (FT) (SF) (CF) EMBANKMENT WITH STONE OR
- ~ 1.~ UNLOADING A 5981.0 369.00 :
/ L [P : T 5980.5 938 . SUITABLE BLOCK TO PROVIDE
/ N ! Soa0 0 o ae VERTICAL CHANNEL WALLS
g 00/ /T CR T =00 - 5979.5 5.90 ® 2
\\\ \\ o ._‘
; RIPRAP SPECIFICATION — >
/ N R PLAN VIEW =
e - T =20 1. Riprap is to be well cemented sandstone or congian
%mmIO_lm\mmmSOm DROP Um._.mz._._OZ\_U_<mmm_OZ with a minimum Specific Gravity of 2.24 (139 pcf). % M«M@)@o&)@o@mﬂ_m WTl
> @| 2. Riprap will be free of shale or shale inclusions or visible fractures. &7
@ — 3 L MIRAFI 1120N OR EQUIVALENT
== ommmmm%m =|Z| 3. Maximum riprap stone size will be 2xDS50. LATERAL SPILLWAY SECTION
= O | WATER WO ‘ . . AT TOE (typ.) V4 =1
CONTAINMENT BERM H|R WATER 21 TRUCK _. _ 4. For riprap embankment protection the porosity of the ’
MAIN CREST — 5975.75 ipll I G | layer will be 0.45.
PERMIT ; RECEIVED . . . RIMROCK EXPLORATION & DEVELOPMENT
POUNDARY SWVELD | 5. Riprop shall be ongular with approximately [ PRINGE ALBERT MINE - TI0D PERMIT APPLIGATION
equal Length, Width, and Depth dimensions — EXHIBIT U-5 - STRUCTURES 4
T JUN 2 8 2012 maximum ratio % ony dimension to another Surface Water Control and Containment Facilitie
GRAND JUNCTI0r F1ELD OFFICE shall not exceed 3.0. urrace iities
_,,.mo;za_w%mﬁﬁmmai 6. St lected for ri ill prod ring 2L 212 JAMES C. PIERCE, JR.
. ones selected for riprap will produce a ring )
- o B mmo._-_oz Llr% _ | when struck by a hammer, break with difficulty, DRAWN BY: _JCP, JR. zc0r>_u%0_.m%mn>%% 81424
T =20 ~ and have a dense appearance. SHEET 5 OF 5 ..owov 864-7455




