Department of Energy
Albuquerque Field Office
P.O. Box 5400
Albuquerque, New Mexico 87185-5400
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Mr. Joseph J. Holonich, Acting Chief

Uranium Recovery Branch

Division of Low-Level Waste ) e
Management and Decommissioning H 7‘

Office of Nuclear Materials Safety
and Safeguards

Mail Stop SE-4 OWFN

U.S. Nuclear Regulatory Commission

Washington, DC 20555

Dear Mr. Holonich:

Please find enclosed three (3) copies each of Project Interface Documents (PID), 09-§-
20, and 09-S-21 for the Mexican Hat, Utah, Uranium Mill Tailings disposal cell
design. These PID's address design changes relating to erosion protection and
bedding gradations respectively.

Should you or your staff have any questions, please call Russel Edge at (505) 845-
6130.

Sincerely,

Albert R. Chernotf Y’

Project Manager

Uranium Mill Tailings Remedial Action
Project Office
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ENVIRONMENTAL SERVICES
PROJECT INTERFACE DOCUMENT (PID)

Site Date PID No. Site Na. Vic. Prop. Ko.
HAT /MON 01/18/%4 09-5-21 09
Originator and Location Phone Organization Answer By: References:
R F. Claire, SF 415/442-7596 WS Subcontract -

: . 3 Subcontract No:
subject Bedding Material Gradation
Description of Problem and Recommended Sclution

O Clarification ® Change

PROBLEM:
A lot of wastage occurs when processing th
gradations, specifically for the material finer than No. 4 sieve.

e bedding material at the Bluff gravel source to meet the specified
Placement of bedding material would also be

Facilitated and a better surface obtained if the material contained more fine sand fhew—b=abeve There will be less

wastage and better production if the gradation limits were modified to increase the amount of fine sand.

SOLUTION:

Ammend the gradat\on requirements for the bedding material as follows: change percentage passing the No. 4 sieve

from

“15 - 30" passing to "10 - 30" passing. In addition, change percentage passing the No. 30 s ?Iom - 5"
i Originator @/ 4" /"# ,,

[Continued on the following sheet]

u'e Date
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RAC Engineering/Design .) 1 , /,ﬂ
Class I RAC Construction Engi l Z’fbj’
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%‘ ;Z/ND /q_"\' Requirements A o/kl/#
Dﬂf Site Ma Date Signature Date
Distribution Location Name Location Cost/Time Est.
RAC Site Mgr. RAC Const. Engr. Mgr.
O Attached
DOt Proj. Engr. RAC Qual. Mgr.
TAC Site Mgr. Other [0 Mot Required
RAC Site Qual. Engr.
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SOLUTION: (Cont’d)

passing to "0 - 10" passing. In addition, a new sieve size, 5% passing the No. 100 sieve, should be added to the
requirements to ensure that less than 5% passes the No. 200 sieve.

The proposed changes comply with the calculated gradation limits (see Attached Figure 1).

In Specification Section 02278, Article 2.4.B.2, the gradation specified for the bedding material will be revised to read
as follows:

"U.S. Standard

Sieve Size Percent Passing
(Square Openings) {by weight)
3-inch 100 |
1-1/2-inch 50 - 100 :
I-inch 35 - 76 :
No. 4 10 - 30 g
No. 30 0 - 10 |
No. 100 0- 5" |

:
\
!
__i



PERCENT RETAINED BY WEIGHT

2
[
e & P 8 % 8 3 & 8 8 % g
— 1 ﬂ 1 ﬂ AJ 1 1 ﬁﬁ i 1 2 il 1 .w m”
ml 3
- i 0
v .!.w mmmumu : o T
! — 5 vl 33~ %8
= 1 & < ¢ 3% 2 3
—-M;L por - . J vW. "p & nm
= Tl.u @ (i 4 -~ L
> 1m mmmmu s |[V]]¥ eft
m ﬁ - & wva
= . E &5F &
; - K
i - - -] 1% mm. .
1&&mma.xm vl 18 . % .
® EEEE . s 3l i3
oy m wum . e
. b _wcwl. & Q
w— b - - - - - R e Tl it T - . - T, T s R - e Pyt
®
}w ‘‘‘‘‘ T S I I ST S P LT - YIN| w
. . =
! v
B [ | glF
nst \ W e
ﬁ S O e e b - - - - - - - - b= - " M -
b £ .\ W
Sm e | \k wm m
mm ..... be = - = b o - - TS JAM G
quiw ...... i - j -
b 0 w { “
n N
> 38 o
el R B | i
Z <%
A!AWI,'- T M.w '}
.ql _(v l
W L
> 0 T 4
E, ﬁ €
 ains. L, £ R b = > - - o b \nl -~ - ool o - - - - - - B e o
C\V!AU r \\\ - W, mww
b s - .
L b g apeoatoas e == LA | By
@ il - T B il ST B i it e e RER
Z : _ | @33
§ =3 A v 2| | 233
1 - ool T B Bl | 2%
o { " ) Badd
w ] = .
R i .
ma ' o o n
w 0
m el & ..ﬁ - & e e e b o ol * o . R o P PR b o W
MQ.M..‘nz adtE B S LR S S i ok Sl PR LS bl m
- ! a i
" AT R R 3ty e mocr e S K 0 PR
8.4 _ M _ll =
wh i A B T A - plh» 1o @ Ww
m 3 g 3 3 Z E 8 & » ® w 2
IHOI3M A8 ONISSYd ANIDdES
>

<

s



@ MORRISON g(ENUDSEN %'?RPORATION UMTRA PROJECT J:\UMTRA\HAEAS'IEQO?Q fl-i9

ENVinunmEn 1AL SERVICES DiVIS
PROJECT INTERFACE DOCUMENT (PID)
Site Date PID No. Site No. Vic. Prop. No.
HAT/MON 12/10/93 09-5-20 09

Originator and location Phone Organization Answer By: References:
R. F. Claire, SF 415/442-7596 MKES Subcontract:

subject Revise Grading and Erosion Protection Plan for the Tailings Embankment Final ST
Configuration and Add Requirements for Test Section and Source for Type Bl Riprap.

Description of Problem and Recommended Solution
£ Clarification ® Change

PROBLEM 1:
Based on the actual quantities of contaminated materials placed to date and the estimated quantities of the remaining

contaminated materials to be placed in Mexican Hat tailings embankment, the final topslope elevation of the tailings
embankment upon completion is anticipated to be about 10 feet lower than the design elevation. This wiil regquire
additional regrading and revision of the erosion protection along the south edge of the pile.

SOLUTION 1:
Revise final grading plan of the topslopes anc the southwest sideslopes of the tailings embankment as shown on

Sketch 1 and corresponding markups of Subcontract Drawings H/M-DS-10-0212 to H/M-DS-10-0214, as attached. The extent
[Continued on the following sheet] Originator __M‘A_ﬁy s =-s0-23
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SOLUTION 1: (Cont’d)

of the Type Bl riprap to be placed and the erosion protection plan and details along the south edge of the tailings
embankment shall also be revised as shown on Sketch 2 and corresponding markups of Subcontract Drawings H/M-DS-10-0213,
-0215, -0216 and -0219 as attached. The calculation for the proposed erosion protection design is attached (Calculation

No. 9-418-14-00).

PROBLEM 2:

The Subcontract Documents, in Specification Section 02278, Article 1.7, require that, for placenent control purpeses, a test
section be constructed for Riprap Types A and B. A test section should also be required for Riprap Type Bl.

SOLUTION 2:

In Specification Section 02278, Article 1.7, revise the first sentence to read as follows: “For placement control purposes,
one test section for each of Riprap Types A, Bl, and B shall be constructed.”

PROBLEM 3.

The Subcontract Documents, in Specification Section 02278, Article 2.1.A, require that the Bluff Gravel Quarry is the
approved source for Type A and B erosion protection and bedding materials. The Bluff Gravel Quarry should also be the

approved source for Riprap Type Bl.

SOLUTION 3:

In specification Section 02278, Article 2.1.A, revise the second sentence to read as follows: "The apnroved source for Type
A, Bl, and B erosion protection and bedding materials is the Bluff Gravel Quarry near Bluff, Utah, located approximately

30 miles northeast of the tailings site."
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1.0 Introduction and Purpose

Based on the actual quantities of contaminated materials removed at the
Monument Valley processing site to date and the estimated remaining quantities,
the final disposal embankment (cell) topslope elevation at UMTRA - Mexican Hat
site is anticipated to be about 11 feet lower than the current design elevation .
Hence the cell configuration has been changed accordingly as shown on sheet 4.
This calculation is to perform the erosion protection design for this latest cell
configuration. In addition, there is a concern that the approved Bluff borrow
source may not have sufficient quantity of material available to meet all the project
needs for riprap Type B. Theretore a new Type B1 riprap will be introduced to
reduce the wastage and to optimize the volume of raw material to be processed
in the Bluff source.

The scope of work in this calculation will include the following:

Evaluate the stability of Type A (Dy, = 1.7") riprap to be placed on the 2%
cell top slopes.

Evaluate the stability and the extent of Type B1 (Dy, = 3.0") and Type B (Dy,
= 4.4") ripraps to be placed on the 20% or flatter embankment side slopes.

Design the erosion protection along the south edge of the celi. Areas where
Type BI1, Type B, or Type C (Dy, = 6.9") ripraps shall be placed will be
determined.

The latest cell configuration is anticipated to have no or insignificant adverse effect
on the following previously submitted calculations in erosion protection design:

Calculation No. 9-418-08-00 : erosion protection design along the cell
sideslope toe apron (Ref. 1).

Calculation No. 9-418-05-01 : oversizing, gradation, and thickness for different
types of erosion protection materials (Ref. 2).

F\BYW\HAT\TEXT\PID20 @
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2.0 Results

» 2 Percent Top Slope

The required min. Dy, for the top slope is 0.8 inches (see sheet 12) based on the
longest critical flow length of 1420 feet. Type A rock, a round river cobble from the
Bluff source (Ref. 13), with a min. Dy, of 1.7 inches (Ref. 2), will be used for the top
slope. The average rock quality scores from the Bluff source is greater than 80% and
no oversizing is required (Ref. 13).

e  Side Siope

Both Type Bl (Dyype, = 37) and Type B (Dygppm = 4.4") rocks will be placed on the
side slope. The smaller Type B1 rock with a layer thickness of 12 inches can be
placed on the southern portions of the embankment side slopes which have shorter
flow lengths (see sheet 4). The gradation requirements were included in Appendix
B. The Type B rock should be placed on the northern parts of the embankment side
slopes which have longer flow lengths (see sheet 4). Both Type B1 and Type B rocks
will also come from the Bluff source, and no oversizing is required.

w South-Edge Upslope Area

1) Type B! rock will be placed on the slope areas with a slope no steeper than
7(h):1(v) along the western portion of the south-edge upslope area (between
points "A" 7 .+ "B" as shown on sheet 4). A 10-foor wide transition area of
about 53 . slope with Type Bl rock will be provided between the
approximately 7:1 slope area and the 2% top slope. The layer thickness on
the upstream apron of the approx. 7:1 slope area should be at least 1 foot
deep to protect from local scouring when the existing haul road does not lie
on the erosion resistant rock. Otherwise, the upstream portion of the approx.
7:1 rock cover shall tie-in to the erosion resistant rock of the roadway.

2) Type B rock or larger shall be placed along the upstream side of the existing
haul road between points "H" and "C" to resist the impact of flow from the
short steep upslope ridge (see sheet 4). This area will be graded to drain the
runoff across the roadway.

3) A min. 10-foot wide apron consisting of Type B rock connecting the natural
ground below the roadway and the 2 % top slope will be placed between
points "B" and "C" (see sheet 4). The slope of the apron will be about 5.3 %
and the apron will be 12 inches thick at the upstream end.

F-\BYW\HAT\TEXT\PID20 @
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4) Either Type B rock on a 2.5(h):1(v) slope or Type C rock on a 2(h) 1(v) slope
should be provided to backfill an existing gully between points "C" and "D"
(see sheet 4). The angular Type C rock shall be from the potential borrow
source at Sugar Loaf quarry. The Dy, Of the Type C rock is 6.9 inches with
a 15% oversizing factor.

S) A min. 10-foot wide apron consisting of Type B rock connecting the short
steep south ridge and the 2% top slope will be placed between points "D" and
"E" (see sheet 4). The slope of the apron is about 5.3 % and the apron shall
be at least 12 inches thick at the upstream end.

6) The erosion protection plan and typical sections revised to incorporate the
changes due to a predicted 11-foot lower embankment are shown on sheet S.

F:\BYW\HAT\TEXT\PID20 @
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3.0 Methods

All the riprap sizing on the upslope toe/apron area in this calcuiation are based on
sheet flow conditions under PMP storms. Thus, measures shall be provided to

assure that sheet flow conditions can be achieved for surface flow onto the
embankment top slope.

3.1 Top And Side Slopes

The required min. Dy, will be determined using the computer program
"RPRP/SFST" developed by MKES (Ref. 4).

The Safety Factor method (Ref. 5) is used for the slope less than 10 % (Ref.
7), and Stephenson's Method (Ref. 6 ) is used for the slope greater than or
equal to 10 % (Ref. 7).

e Safetv Factor Method (Ref. 5)

On a plane slope, the equation is as follows:

3 217

il 1 1 tan@
G-1 g {1 _tané
[( =1) v, cos ST tan¢”

where:

S.F.= safety factor = 1.0 for PMP condition
¢ = angle of repose (in degree) of rock

# = angle of the plane slope

r = shear stress (psf)

Yo = 62.4 pcf

G, = specific gravity

e Stephenson’s Method (Ref. 6)

7 1
D = | q (tang)® (P)x ,
C g’[(l-p) (G,-1) cosh (tamb-tant))]"J
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where:

p = porosity = 0.33
C = empirical factor
= (.22 for rounded rock
= (.27 for angular rock
other parameters are previously defined.

3.2 South-Edge Upsl Area

The critical peak PMP discharge at each different locations along the south-
edge area will be estimated from the Rational Formula, Q = C 1 A (Ref. 8).
For a sheet flow condition, the length of the slope will be used to represent the

area (i.e. A = length x 1 foot strip.) The longest slope length will be chosen
for the design peak discharge.

Stable rock size, Dy(min), on the upslope apron will be estimated by the
appropriate methods such as the U.S. Army Corps of Engineer’s Stilling Basin
Method (Ref. 9), Stephenson’s Method (Ref. 6), and the Safety Factor Method
(Ref. 5). The equations and criteria are described below:

3.2.1 Flow Characteristics (Manning’s and other equations)

Based on Manning's Formula and a sheet flow conditions, the flow
churacteristics (i.e. flow depth, flow velocity, etc ...) are computed with:

5 1 0.6
y e 1486 y¥s? or y= [__.n_.g_.] (Ref. 10)

vei;., Fre e~ ., roq.ys (Ref. 10)

=
]

0.0456 (D, 5)*'** for slopes > 10% and Dy, in inches (Ref.11),
or
y i6

(23.85 + 21.95 log(y/Dyy))

for slopes = 10% and D, in feet (Ref.7)

where, q = flow per unit width (cfs/ft)
y = flow depth (ft)
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v = flow velocity (fps)

s = energy slope (approximated as side slope)
n = Manning's roughness coeff.

Dy, = Median diameter of riprap

Fr = Froude number

§ = tan'(s) = slope angle

g = acceleration of gravity (ft/sec’)

3.2.2 Riprap Sizing for Erosion Protection

The Safety Factor Method and Stephenson Method are the same as described
in Sec. 3.1 above. The U.S. Army Corps of Engineers Stilling Basin Method

(Ref. 9) is presented below:

g8
Dy, =
E? 2 g (G,-1)(cos6 -sind)

where:
v = minimum velocity to move the Dy, rock
(The velocity on the steeper slope will be used.)
E = Empirical constant

= (.86 for high turbulence

= 1.20 for low turbulence
# = slope of the apron
G, = Specific gravity of the rock

F.\BYW\HAT\TEXT\PID20
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4.0 C lati

4.1 Top and Side Slopes
The calculations were either performed using the computer program "RPRY/SFST"

(Ref. 4) or by hand computation. The various assumptions and input parameters
used are presented below:

1)  PMP rainfall intensity-duration regression equation (Ref. 12 and see sheet A-1)
constants are:

[ =109 -8tingT)?
G=1797; H=0307;, and Z=1.816

2)  Specific gravities of the rocks are 2.64 for rounded rock from Bluff source (Ref.
13) and 2.70 for angular rock from Sugar Loaf source

3) Coefficient in Stephenson’s equation C = 0.22 for rounded rock and 0.27 for
angular rock.

4) Factor of Safety =1.0

5) No flow through the rock pores is considered (a conservative assumption)
6) Porosity of the rock = 0.30 (assumed)

7)  Rock friction angle- estimated from sheet A-2 (Ref. 3)

The rock source for Type A, B, and B1 rocks will be from Bluff source. These rocks
will consist of rounded river cobbles with rock quality scores greater than 80%.
Therefore no oversizing is required (Ref. 3).
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4.1.1 Top Slope

The longest/critical flow length was determined to be line T-T (at point ¢,) as
shown on sheet 4.

L, = 150 8,
L, = 12700 s,

0.4
0.02

LU |

Total L = L, + L, = 1420

Based on computer output (see sheets 11 and 12) and using the round rocks,
the required Dy, is 0.8 inches.

Hence Type A rock is stable on the 2% top slope.

" "

At point "¢,",

il

Iy
y

nE

o

28.3 in/hr, q = 0.92 cfs/ft, |
18, v = 43 fps,n = 0026 (see sheet 13)
|
|
\
|
|

FABYW\HAT\TEXT\PID20 @




@MORRISON KNUDSEN CORPORATION

Sheet 11
ENVWO TAL SEONCES ONO LS =
Project “UEJE‘BLHAUMON Contract No.__2885-5%  File No.

Feature___ ERQSION PROTECTION ____ Designed BYW Date 11-18-93
item___EMBANKMENT AND SQUTH-EDGE AREAS _ Checked____ %4/ Date 114393

HATSPS. OUT 11/12/93

CEINPUT FILE PRINTOUT®®

TP ScofE
UMTRA/M/N - SiBE SLOPE,ZERO PORE FLOW (FILE:WATSPS.OUT)

HAT  FHW  11-12 1993
1.797 307 1.816 2.640 220 1 .062 1.0
2 Q
0 0
3
urs 150.0 40,0 .30 35.0 s7
0P peRes Rl 30 3.0 IS
L5000 1.0 .0004%
0250 1.0 .00065

PR RN AR END INPUTDATA ® * # 2 2 2 s 2 9 o #

UMTRA/M/H - SIDE SLOPE,2ERO PORE FLOW (FILE:HATSPB.OUT)
UMTRA/HAT RUN 1.D.=FHW DATE=11-12 1993

SAISAFETY FACTOR/STEPHENSON METHOD FOR EMBANKMENT EROSION PROTECTION***

A SRR NN UDUT DATA * * & % & S A A e e e

COEFFICIENTS FOR INKTENSITY DURATION CURVE -
IPMP=10** (G- H*(LOGT)**2):

6= 1.797 ¥= 307 z=1.81%
RIPRAP STONE SP.GRAVITY= 2,64 € IN STEPHENSONS EQN= .22

© = = CMBANKMENT = » -«
AREA

(LOCATION SEGMEWT LENGTH SLOPE POROSITY FRICTION
IN PLAN) {F1) x) ANGLE

(DEG)
1 uPs 150. 40, .50 35. STEPHENSONS
1 100 1270, B .30 37. SAFETY FACTOR

PR RS0 END INPUTDATA ® * 9 8 ¢ w0 2 9 o &
wode: Fuud dTi feve o3 Fhs Ser) @ far avdaid eu
shae? 12

®




@MORRISON KNUDSEN CORPORATION

Dm0 Sheet 11
8 anoLw B
Project mu“M'&“ WMATI MON Contract No.__3885-5F  FileNo.___ —
Feature EBQSQQ PROTECTION Designed BYW Date 11-18-93
ftem A UTH-EDGE AREAS _ Checked s Date 11~/9-93
HATSPS.OUT 11/12/93 Page 1

CCIRPUT FILE PRINTOUTH®

TP sLofL
UMTRA/N/N - SBE SLOPE,2ERD PORE FLOW (FILE:HATSPS.OUT)

HAT  FHW  11-12 1993
1.797 307 1.816 2.640 .220 1,002 1.0

woNn

0
0
25
ups 150.0 40.0 .30 35.0 &1
ToP wwee 28 30 D70 I8
L5000 1.0 .00065

L0250 1.0 .0006S

TR R AN R SR SEND INPUT DATA ® & # % & 5 8 8 % ¢ u

UKTRA/M/K - SIDE SLOPE,ZERO PORE FLOW (FILE:KATSPB.OUT)
UMTRA /HAT RUN 1.D.=FHW DATE=11-12 1993

#HASAFETY FACTOR/STEPHENSON METHUD FOR EMBANKMENT EROSION PROTECTION***

FEANES NS NN NPUTDATA Y 2 S @ s R e 2 s s @
COEFFICIENTS FOR INTENSITY DURATION CURVE -
IPMP=50%* (G- H* (LOGT)**2):
G= 1.797 M= 307 2=1.816

RIPRAP STONE SP.GRAVITY= 2.84 C IN STEPHENSONS EQN= .22

= =+ EMBANKMENT « - -
AREA
(LOCAYION SEGMENT LENGTH SLOPE POROSITY FRICYION
I¥ PLAN) {FT) (X AVGLE
{DEG)
1 uesg 150. 40, .30 35, STEFPHENSONS
1 ToP 1270. 2. .30 37, SAFETY FACTOR

..'.."....5“0INN‘DAYA'.'.'..'Q.Q
rp e Lf/t«/c’sfa fere o3 Fds SHher) @aret fox ot o
shaed 12~

®
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RO NMINT AL BERACES ROUP Sheet 12
Project ____UMTRA - HAT/MON Contract No.__ 3885 2% File No.___~
Feature __ERQSION PROTECTION Designed BYW Date 11:18-93
tem_ N H- A Checked Ao Date i/ =/9-93
HATSPS. OUY 11712/93 Page 2
mg SLorE DETAILED CALC TABLE WITH FINAL ROCK S12E
SEGMENT=TOP LENGTH=1270, FT, SLOPE= 2.%
ASSUMED DSO= ,O0673FT. AT D/S END OF SEGMENT

CORRESPONDING Q=

JO9BCFS/FT AT SEGMENT END BY FS METHOO

SLOPED seewnf L OUS(CFS/FT)***® VEL, DEPTH MANNING TIME OF
DISTANGE  ALLOC. PORES ROCK (FPS) (FT) L} CONC(MIN)
FROM TO INT. TOTAL
(FT) (FT)

0. 50. ,03§ 000 .03S 62 .06 203 1.34 1.34
50. 100. 070 000 .070 1.08 .07 137 .79 2.13
100, 150. 105 .000 L1058 1.42 .07 .15 .59 T

0. %, 61 L0000 L1410 1,62 .09 025 .52 3.2
51. 102. ATT 000 .t77 1.80 .10 .025 .47 3.7
102. 152. 212 .000 .212 1.96 .11 026 .43 4.0
152. 203. 248 .000 .248 2,11 12 026 4D 4.54
208, 2%6. 284 .000 .28 2.26 .13 024 .38 LW
254, 305. 319 000 319 2.36 % .023 .36 5.28
305. 3%6. 355,000 .355 2.47 .16 .023 .34 5.82
356. 406. 391 000 .391 2.58 .15 .023 .33 5.95
L0&. 457. 427 000 427 2.68 .16 023 .32 6.26
457. S08. 462 .000 462 2.78 .17 .023 .30 6.57
508. 559. 408 L0000 .498 2.87 .17 .023 .29 6.86
$59. 610, 53 000 .53 2.96 .18 0238 .29 7.15
610. 660, 569 000 .569 3.05 .19 023 .28 7.43
660, T11. 605 .000 .05 3.13 .19 022 .27 T.70
T, 762. 641 .000 .64 3.2 .20 .022 .26 7.9
T62. 813, A7 000 .676 3.29 .21 .02 .26 8.2
813. 864, 712 000 712 337 .21 022 .25 8.7
Bbk, 94, 748 000 748 3.4k .22 022 .25 8.2
914, 965, 783,000 .783 3.51 .22 .02 .26 B.%
965.1016. 819 000 .B19 3.58 .23 022 .26 9.19

1016.1067. JBSS  .000 .85% 3.6 .23 022 .23 9.43
1067. 1118, 890 .000 .8%0 3.7 .26 .022 .23 9.65
1118.1168. 926 .000 926 3.77 .25 .02 .22 9.88
1168.1219. 962 .000 .962 3.8 .25 .022 .22 10.10
1219.1270. 998 .000 .98 3.90 .26 022 .22 10.32

RAINFALL INTENSITY
THAT ASSUMED BSO

CAN WITHSTAND BASED
ON THE EON 12Q/CA=

RAINFALL INTENSITY
BASED ON CALOULATED

TIRE OF CONC.AND USING

INTERPOLATING FUNCTION

(43560%Q)/L 1210%* (G- K2 ((LOGT)**2))
(INCH/HR) CINCH/HR)
30.60 30.37 !
I
.‘.I....Ewl‘s sm.'...'... A'EA.‘ I
SEGMENT LENGTH SLOPE D50 Q At e STARTING METHOD OF
(F1)  (X) (INCK) D/S END (MINUTES) ROCK D50 CALC.
(CPS/FT) (1HCH)
uPs 150, 40.0 6. .23 2.5 6.00 STEPHENSON
100 1279. 2.0 (8 .998 10.3 .30 SAFETY FACTOR

T_ 2, (4 ,edw,w-(




@MORRISON KNUDSEN CORPORATION

ENVIRONMENT AL BEFOAC LS GmOLw

Sheet 13
Project UMTRA - HAT/MON _ Contract No. 388542 File No.____ = =
Feature___ EROSION PROTECTION Designed__BYW Date 11-18-93
item A ¥ Checked e Date L=y 993
SLOPED esnws L OUS(CFS/FT)*™*® VEL, UDEPTH MAKNING TIME OF
DISTANCE ALLOC. +ORES ROCK (FPS) (FY) ~ CONC{MIN)
FROM 10 INT, TOTAL
(F1) (FT)
0. S0. 032 .000 .0%2 .58 .06 2090 1.43 1.43
s0. 100.  .065 .000 085 1.00 .06 145 .83 2.26
100. 150.  .097 .000 .097 1.3& .07 .18 .62 2.89
0. $1. .130 .000 .130 1.38 .09 .032 .81 3.50
§1. 102.  .163 .000 .163 1.5 .11 031 .55 4.(S
192, 152. .196 .000 .196 1.6 .12 .030 .50 4.55
152, 203.  .229 .000 .229 1.80 .13 030 .47 5.02
203, 256.  .262 .000 .262 1.92 % .029 .4k 5.4
264. 305,  .295 .000 .295 2.03 .15 .029 .42 5.68
305, 356. .328 000 328 2.13 .15 028 .40 6.28
356, 406,  .361 .000 .361 2.22 .16 028 .38 6.66
L06. 457. .39 .000 .39 2.32 .17 .028 .36 7.02
457. SOB, .27 000 427 2.41 .18 .028 .35 7.38
S08. 559.  .460 000 460 2.49 .18 .027 .34 7.72
$59. 610.  .493 .000 .493 2.57 .19 027 .33 8.04
610. 660.  .526 .000 .526 2.65 .20 .027 .32 8.36
&0. 711.  .S59 .000 .359 2.72 .21 .07 .31 8.67
711, 762.  .592 .000 .592 2.80 .21 .027 .30 B.98
762. B13. .62 .000 .625 2.8 .22 .027 .30 9.27
813, 864,  .458 .000 .658 2.93 .22 .026 .29 9.56
864, 914.  .691 .000 .691 3.00 .23 .026 .28 9.8
914, 965.  .T24 D00 .726 3.06 .26 .026 .28 10.12
965.1016.  .757 .000 .757 3.12 .2 026 .27 10.39
1016.1067. .79 .000 .790 3.18 .25 .026 .27 10.66
1067.1118.  .82% 000 .B23 3.24 .25 .026 .26 10.92
1118.1168.  .856 .000 .856 3.30 .26 .026 .26 11.18
1168.1219. .89 .000 .B89 3.36 .27 .026 .25 11.43
12191270, (922) .000  .922 3.4 .27 026 .25 1.68 «— Actisd flot Condhtrom o7 Eud
0. 1. .922 .000 .92 5.07 .18 .0&2 .00 11.88 f T Sope pr By »l5
1. 1. .923 .006 .923 5.07 .18 .04 .00 11.68 Jor A perad feuy #h o’
RAINFALL INTENSITY RAINFALL INTENSITY /1$0 71370 = 1934 JE
THAT ASSUMED DSO EASED ON CALCULATED
CAN WITHSTAND BASED TIME OF CONC.AND USING
ON THE EGN 12Q/CA= INTERPOLATING FUNCTION
(43560%Q) /L 1=10%*(G-H*((LOGT)**2))
CINCH/HR) CINCH/HR) Note s+ Fapes? o2 m‘f“"""/"“/“/,““/
28.29 28.27 iy lon Ta Aefind dole. e JAUL 1/
SeesantBESULTS SUMMARY®**%#%% AREA=1 .e;;z':: aift‘?n:'n) f/.:z;(
", /‘ *’“"‘f-
SEGMENT LENGTN SLOPE D50 o AT 1 STARTING METHOD OF /7/,‘;,4& vl 2,;.4....7'_'
(FT) (%) (INCK) D/S END (MINUTES) ROCK DSO CALC.
(CFS/FT) (INCH)
uprs 150, 40.0 6.0 235 2.5 6.00 STEPHENSON
top  1270. 2.0 1.8 2.52™/ 7.0 1.50 SAFETY FACTOR
wpo®* 1, 200 4.2 923 1.7 .30 STEPHENSON

fromarf + #l 7o B < Hhe Lagad Fou AHat e 2 vk
Bp 278" Cam Sustiin Aetust Haw Bl 0 432 f%
A5 shown o9 Gbave Take (under/ieal
#2 7o vy Shnd Ayporhericad S5pinond <5 added] 4 ords

Lo AGVE O 4070rt b (om de?ans Cormpurid as Shsuin B
abone vable Lundensined)
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ENVIRONMENTAL SERVICES GROUP Sheet 14

Project UMTRA - HAT/MON Contract No.__3885-58 File No.___~

Feature __ EROSION PROTECTION Designed 8YW Date 11-29-93

ltem__EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30-93
4.1.2 Side Slope

Required rock sizes on the embankment side slopes at different locations were
evaluated to determine the areas where Type B1 rock can be used to sustain
the PMP flow condition and to check the stability of Type B rock at the
remainder of the side slope areas.

1) Between "a" and "b" (see sheet 4)

There is no flow contribution from the top slope. Flow is only from the
5:1 side slope iiself.

The longest flow length is at "b" with L = 350

By Kirpich equation (Ref. 8),

T, {time of concentration) = 0.0078 L>7 / s = 1.3 min, for s=0.20
use minimum T, = 2.5 min, hence I, = 53.5 in/hr, (see sheet A-1)
q=CIL /43560 = 1.0 (53.5) (350) / 43560 = 0.43 cfs/ft

By Stephenson Method:

# = side slope = 11.31°
For rounded rock, use ¢ = 37° (see sheet A-2)

Then Dy, = (0.22049 q)** = 0.21' = 2.5"
This required rock size is less than 3 inches, so use Tvpe B1 rock.

The critical ¢ and longest flow length that the type B1 rock can sustain the
PMP flow on the 5:1 side slope alone can be determined as follows:

q = Dy'* / 0.22049

For Dy, = 3", q, = 0.57 cfs/ft.
: q. = CIL, /43560

Assume T, = 2.5 min,, ;s = 53.5 in/hr. (see sheet A-1)

FABYW\HAT\TEXT\PID20 @



@ MORRISON KNUDSEN CORPORATION

ENVIRONMENTAL SERVICES GROUP

Sheet

15

Project ___ UMTRA - HAT/MON Contract No.__3885-58 File No. -
Feature ION P TION Designed BYw Date 11-29-93
ltem___ EMBANKMENT AN TH- AREA Checked FHW Date 11-30-93
Hence, L, = 43560 (0.57) / 53.5 = 468 ft.
Check T, = 0.0078 L°7 / s°*% = 1.6 min < 2.5 min O.K.
2) Between "b" and "¢" (see sheet 4)
This area will have combined flows from 2% top slope and 5:1 side slope.
Flow length combination of top and side slopes that will have stable rock
size of Type B1 (Dy, = 3") under PMP sheet flow condition are as follows:
Top Slope 600" | 550" | 500" | 420" | 330" | 180" | 100’
Side Slope 20 | 50 100" | 150" | 200" | 350" | 400
Total Length | 620° | 600" | 600' | 570" | 530" | 530" | 500
Based on these results, the approximate boundary, where Type B1 rock
(Dg = 3") is stable on the 5:1 side slope between points "b" and "¢" under
PMP conditions, is shown on sheet 4.
Output for the "RPRP/SFST" computer runs are presented in Appendix
R
3) Between "¢", "¢, " and "d" (see sheet 4)
This is the area where Type B rock is required on the 5:1 side slope. A
check is made to see if Type B rock is stable on the 5:1 side slope under
PMP conditions. Several combined top slope and side slope flow lengths
were tested, and the most critical condition is at point "¢,. (flow line T-T):
L, = 150 s = 04
L, = 1270 s = 0.02
L, = 100 s = 0.2
Total length = 1520’
The required rock size (Dy,) is 4.3". Hence Type B rock, Dy, = 44" is
stable. Output from the "RPRP/SFST" computer runs are presented on
sheets 16 to 18.
At point "¢,",
Ie = 27.6 in/hr, q = 0.96 cfs/ft, n=0.043
y = 0.19,v = 5.1 fps (see sheet 18)
FABYW\HAT\TEXT\PID20
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DORONMENTAL §EVAC T8 GROUP ] Sheet 18
Project ___UMTRA - HAT/MON Contract No.__3885-53 File No.___ -
Feature___ ERQSION PROTECTION Designed BYW Date__ 11-18-92
ltem___EMBANKMENT AND SQUTH-EDGE AREAS __ Checked FHW Date 11:19-93

fir Side sfope

HATSPT. QUT 11/12/93% Page
SOINPUT FILE PRINTOUT®®
UNTRA/M/M + SIDE SLOPE, 26RO PORE FLOW (FILEINATSP.OUT)

HAT v 11412 1993
1797 307 1.816 2.640 220 1 .002 1.0

t
2
urs 150.0 40,0 .30 35.0 s¢
100 fade 20 30 OB
SI10E 100.0 20.0 .30 37.0 &7

$
0
3

300

5000 1.0 .0004S
250 1.0 00065
0250 1.0 00065

AN SRR A e END [NPUT DATA ® # & % & % & 2 % & »

UMTRA/M/N - SIDE SLOPE,2ERO PORE FLOW (FILE:HATSP OUT)
UMTRA/HAY RUM 1.0, =FHW DATE=11-12 1993

SUSSAFETY FACTOR/STEPHENSON METHOD FOR EMBANKMENT EROSION PROTECTIONM*®

AR e e NPUT DATA Y R 0 S e e ek e
COEFFICIENTS FOR INTENSITY DURATION CURVE -
IPMP=10%* (G- H*(LOGT)**2):
Ge 1,797 N+ 307 17-1.818
RIPRAP STONE SP.GRAVIYY® 2,464 C IN STEPHEWNSONS EQN= .22

+ o+« EMBANKMENT = « »

AREA
(LOCATION SEGMENT LENGTH SLOPE POROSITY FRICTION
IN PLAN) (FN) (%) ANGLE
(DEG)
1 urs 150, 40, .30 35, STEPMENSOMS
1 oe 270, 2. .30 37, SAFETY FACTOR
1 SIDE 100. 20, .50 37. STEPHENSONS

.Q...l..‘..!"bl"pu!o‘,‘..........'

wote: Zup) doth s 745 Sheal A€ for efod” &
Shee) ? 7.

®



@ MORRISON KNUDSEN CORPORATION

ENVVIRONMENT AL SERACES GROUS

Sheet 17
Project UMTRA - HAT/MON 4 Contract No. _3885-7.° File No.__ -
Feature __ ERQOSION PROTECTION Designea _ BYW Date 11-18-93
ltem____EMBANKMENT AND SCUTH-EDGE AREAS Checked FHW Date 11-19-93

for Side Slome © siopmn  seesspLoNS(CES/FII®eS VEL. DEPTH WANNING TIME OF
DISTANCE  ALLOC. PORES ROCK (FPS) (FT) N CONCCNIN)

FROM 1O INT. TOTAL
(FT) (FT)

0. 50. 032 .000 .032 57 .06 211 146 V.46
50. 100, 063 .000 063 99 .06 .17 85 2.
100. 150, 09% 000 .095 1.32 .07 .119 .63 2.%

0. 5%, .12r  .000 127 137 .09 .032 .62 3.5
$1. 102. L160 000  .160 1.52 .10 .03 .56 4.12
102, 152. 192 000 .192 1.67 .12 .030 .51 &.63
152. 2083, 226 000 L2264 1,78 .13 030 4T S5.10
203, 254. 256 .000 .296 1.9 .13 .029 .45 5.55
254, 308, 289,000 .289 2.01 %% .029 .42 5.97
308. 356, 321 000 .321 2.1 .15 .028 .40 6.37
156. 406, 353 .000 353 2.20 .16 .028 .38 6.76
L0b, 457, 385 .000 .38 2.30 .17 .028 .37 7.12
57, . 8, 418 000 418 2.38 .18 028 .34 7.48
508, . 450 000 450 2.47 .08 027 3 7.82
559. 610, 482 000 (482 2.%5 .19 .027 .33 B.15
610. 660, S 000 .S%  2.62 .20 027 .32 8.48
860, 711, 547 000 547 2.70 .20 .027 .31 8.7
., 762. 579 000 579 2.7 .21 027 .31 9.10
762, 813, 611 000 L6117 2.84 .22 .027 .30 9.40
813, 8564, 543 000 .83 2,90 .22 027 .29 9.69
86k, 914, 676 000 676 2.97 .23 .026 .29 9.97
Pi6. 965, .708 .000 .708 3.03 .23 026 .28 10.25
965.1016. J60 000 740 3,00 .26 .026 .27 10.53

1016.1067. J7?2 0 .000 772 3.1 .25 .02 .27 10.80
1067.1118, -805 .0CO .BOS 3.21 .25 .026 .26 11.06
1118. 1168, 837 000 837 3.27 .28 .026 .26 11.32
1168.1219. 869 000 849 3.32 .26 .026 .25 11.57
1219.1270. 901,000 901 3.38 .27 026 .25 11.82

0. So. 933 000 .933 S5.06 .18 .043 .16 11.99
30, 100. 965 000 .965 S5.16 .19 (043 .16 12.15

RAIRFALL INTENSITY RAIMFALL INTENSITY

THAT ASSUMED D50 BASED ON CALCULATED

CAN WITHSTAND BASED TIME OF COMC.AND USING

OM THE EQN 1=Q/CA= INTERPOLATING FUNCTION

(A3560%a) /L 1=10**(C-H* ((LOGT)**2))
(INCH/HR) CINCH/HR)
27.65 27.62

."".'RE SULTS SUMMARY"®=eese AREA=21Y

SEGMENT LENGTM SLOPE DSO QO Al ic STARTING METHOD OF
(FT) (X) CINCK) D/S END (MINUTES) ROCK DSO CALC.
(CFS/FT) (INCH)
urs 150. «0.0 6.0 7 2.3 6.00 CTYEPHENSON
ToP 1270. 2.0 1.5 » 2.°24% 7.0 1.50 SAFETY FACTOR
SIDE 100. 20.0 c\i_l‘/h 565 o 1 .30 STEPHENSON

T L lmen) rzfuzua/ ;
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DNVINO NMENT AL SEACER GROUP Sheet 18
Project ___UMTRA - HAT/MON Contract No. __3885-(# File No.___ -
Faature ERQSION PHOTECTION Designed BYW Date 11-18-93
tem__ EMBANKMENT AND SQUTH-EDGE AREAS = Checked FHW Date 11-19-93
for Sde }‘/;,ae 5
LOPED seeser ONSICFS/FT)***% VEL. DEPTH MANNING TIME OF
DISTANCE ALLOC. PORES ROCK (FPS) (FT) 1] CONC(MIN)
fROM 1O INT, TOTAL
(FT) (FT)
6. 0. .032 .000 .032 .57 .06 .211 1.46 1.4
s0. 100, .043 .000 043 .98 .06 .17 .85 2.3
100. 150. 095 .000 .095 1.32 .07 .19 .63 2.9%
0. S\, 27 000 TM27 V.37 .09 .032 .62 3.5
§1. 102.  .160 .000 .160 1.52 .10 .031 .56 &.12
102. 152.  .192 .000 .i92 1.66 .12 .030 .51 .63
152. 203. 226 000 .224 1.78 .13 .030 .47 S5.10
203, 25,  .2% .000 .256 1.90 .13 029 .45 5.55
25, 305, .288 .000 .288 2.01 .1 .29 .42 5.97
305, 3%. 321 .000 321 2.11 .15 028 .40 6.37
356. 406,  .353 .000 .353 2.20 .16 .028 .38 6.76
406, 457.  .385 .000 .385 2.30 .17 .028 .37 7.13
457, S08.  .417  .000 .417 2.38 .18 .02 .36 7.48
$08. S59.  .450 .000 .450 2.47 .18 .027 .34 7.83
559, 610.  .482 .000 .482 2.55 .19 027 .33 B.16
610. 680. .51 .000 .51& 2.62 .20 .027 .32 8.48
660. 711.  .S46 .000 .546 2.69 .20 .027 .31 .79
711, 762. .ST9 000 .S79 2.77 .21 .07 .31 %.00
762. 813, 611 000 .611 2.88 .22 .027 .30 9.40
813, Bbk. .63  .000 .43 2.90 .22 .027 .29 9.89
Boh. 94, 675 000 .67S 2.97 .23 .026 .29 9.98
914. 965.  .707 .00G .707 3.08 .23 .026 .28 10.26
065.1016.  .740 .000 .70 3.09 .26 026 .27 10.53
1016. 1067, R .000 772 3.15 .25 .026 .27 10.80
1067.1118.  .804 .000 .804 3.21 .25 026 .26 V1.ué
11181168, 838 .000 .836 3.26 .26 .026 .26 11.32
1168.1219. 849  ,000 .869 3.32 .26 .026 .26 11.58
1219.1270.  .901 .000 .901 3.37 .27 .026 .25 1.8
0. S0. .932 .000 .932 S.02 .19 .043 .17 1.9
S0 100, 96 000 96 $.10 19 043 .16 12,164~ Acrvsl Pl Comndt Vsv
0. 1. .95 .000 .965 S.14 .19 .03 .00 1296 aleus of i) Hope
RAINFALL INTENSITY RAINFALL INTENSITY Pont Co o shesf 4,
THAT ASSUMED D50 BASED OM CALCULATED fo1 R Ferel fons feng 74 o’
CAN MITHSTAND BASED TIME OF CONC.AND USING I8z A
ON THE EQN 120/CAs INTERPOLATING FUNCTION
(43560%0) /L 1=10%% (G- K*( (LOGT)**2))
Aore Iv/x../ Ool ot 4o claded
CINCH/HR) CINCH/KR) LT Bwstie B 2 Lol o
27.83 27.60 55 > ua/f asspuiny
CHRANREPECUL TS SUMMARY®#EeRRe Jprasd 3-/; Y ¥ d” P 7'/’ “ S
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SIDE 100, 200 4.4 1.007%  11.9  4.40 STEPHENSON
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4) Between "d" and "e"

At point "d", where Type B1 rock becomes stable on the side slope, was
determined by trial-and-error computation.

At point "d,",

L, = 100 Ah = 4410-4360 = 50 s, = 50/100 = 0.5

L, =50 Ah =10 s, = 0.1

L, = 230 s; = 1/7 = 0.14286

L, = 480 s, = 0.02

L = 115( 6.2(h):1(v) side slope) s = 18.5/115 = 1/6.2 = 0.1613

Let part of the length, L, of the 6.2(h):1(v) side slope which Type B1 rock
can sustain the PMP flow be: L, = 60"

Therefore Total length = 100+ 50+230+480+60 = 930

T, = 0.0078 ( 100°7 / 0.5%% + S0°7 / 0.1°%% + 230°7 / 0.14286°**
+ 480°7 / 0.02°%% + 60°7 / 0.1613°**) = 6.3 min

(note: assumed T, is approximately the sum of T, from each flow length
segments using Kirpich equation)

Using T, = 6.3, I, = 39.5 in/hr.
q = 1.0 (39.5) (930) / 43560 = 0.84 cfs/ft

By Stephenson Method:
Use ¢ = 37° 8 = tan'’(1/6.2) = 9.16°, p = 03,C = 022, G, = 2.64

Then Dy, = (0.15156 q)*? = 3.0" (Type Bl rock)

At point "d,",

L, =100s =05

L, =50 s =01

L, = 230 s, = 0.14286

L, = 460 s, = 0.02

Ly = 125 s = 1:6.5 = (,15385 (side slope)

Therefore Total length = 100+ 50+ 230+460+ 125 = 965
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T, = 6.3 min, I, = 39.5 in/hr.

q = 1.0 (39.5) (965) / 43560 = 0.88 cfs/ft

By Stephenson Method:

Use ¢ = 37° 6 = tan’(1/6.5) = 8.75°, p = 03,C = 0.22, G, = 2.64
Then Dy, = (0.1402 @)** = 3.0" (use Type Bl rock)

Based on these computations, the approximate boundary of Type B1 rock
for side slope on the west side of the embankment is shown an sheet 4.

4.2 South-Edge Upslope Area

4.2.1 Area below haul road between points "A" and "B" with approx.7:1 slope (see
sheet 4)

This is the area where 2% top slope will not extend to the existing roadway.
A rock cover with slope no steeper than 7(h):1(v) will be provided as transition
between the 29 top slope and the roadway.

Based on field investigations and the geology report (Ref. 15), the roadway in
this area lies on an erosion resistant rock which can sustain and resist the
erosive force of flow from the steep upland area. Thus the roadway can serve
as an energy dissipator and disperse the flow downstream; this approximately
creates a sheet flow condition downstream of the roadway. Additionally, most
of the runoff from the upland in this area will be drained along the upstream
side of the roadway and diverted through an open cut area (east of point "H",
see sheet 4) toward south-east away from the disposai cell.

Since gullies currently exist below the roadway, the apron area between the 2%
top slope and the roadway will be graded with a maximum slope of about 7:1

and armored with Type B1 riprap (if feasible) to further promote evenly
distributed flow.

1) Peak discharge

The longest and most critical flow length is selected as the critical
conditicn for the designed peak discharge. The following is a summary

table of the condition along this flow path. A profile is also shown on
sheet 21.
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e e e e e amm
location’ Elev. = al. aH aH/al siope [ ! q
{rmin) {in/hr) | (cfs/f)
1 4415 0
2 4370 70 70 as 0.643 1.8:1 0.24
3 4356 100 an 14 0.47 2111 040 | 535" | 012
4 4356 150 50 0 0 u
5 4328 380 230 28 | 0.145° 7:1 150 | s535** | 047
g= 4327.47 | 390 10 053 | 00833 | 18751 | 170 | 535* | 048
e SR e
. To be conservative, neglect the T, for this section.
b Use a minimum T, = 2.5 minutes.
L Slope downstream of location #6 is 2% (embankment top slope).
+ Actual siope is milder, bir use 7:1 slope.
# See flow-path K-K on sheet 4.
Ml Elesr7
£/ 4328
7 La3p _2 % 7 shpe
| 5T 26
-t | 2.,/ y |
p! 7o R A Y 220" | s07
t g
|

2) Flow characteristics at different slope locations

® At Jocation #3 - upstream side of roadway

= 4/ (approximate upstream slope), § = 25.2°

q = 0.12 cfs/ft (see table above)
5
let n = 0.05 for jagged and irregular rock cut condition (Ref.

10)
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0.6
y= |—3_| <0046
1.486 s *
v=3 226 fps, fir & mcnsas 425
y ygycosé

Hydraulic jump occurs at point no. 3

LR (‘/1+8F3—1) =27, (Ref. 10) y, = 0.13'
Yy

2
v, = 4 =096 fps
Y2

2

Length of jump = Sy, = 0.7 (Ref. 10)

Hence, the 25 to 35 feet wide roadway is long enough to spread the flow
from the upland slope.

e At location #5 - upstream end of 5.33% transition slope

q = 0.47 cfs/ft (see sheet 21)

On upstream 7:1 slope
s = (.1429 and § = 8.13°

n = 0.0456 (D, 5)°™* = 0.04 for Dy, = 3.0"

then,y, = 0.13’, v = 3.6 fps and Fr = 1.8
r=x,ys = 096 Ib/f’

On 5.33% slope
s = 0.0583, 8 = 3.05°% usc & = 0,037

then,y, = 0.17’, v = 2.8 fps and Fr
r=+,ys = 056 Ib/ft?

1.20

,V e

check n = = 0.037 OK.

2385 + 2195 « log(——
g(D )

30
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e At location #6 - upstream end of 2% top slope

q = 0.48 cfs/ft (see sheet 21)

On_upstream 5.33% slope

s = 0.0533 (8 = 3.05°)
use n = 0.037

then,y = 0.17', v = 2.8 fps, Fr = 1.2
T=v,¥s = 057 psf

L]

check n = y =0037 OK (D
2385 + 2195 = 1og(5"_)

50

= 3.0 in.)

50

On 2% slope

s =002 (8 = 1.146°)
use n = (.035

then,y = 0.22', v = 2.2 fps, Fr = 0.82
T=v,Yy8 = 027 psf

16
check n = Y =0035 OK
23.85 + 21.95 = log(g__)

50

So, hydraulic jump occurs on the 2% slope :
e
y, 2 \v'1+8F2-1) = 1.27

v, = 127y, = 1.27 (0.17) = 022

Length of jump = Sy, = 5 (0.22) = 1 ft (insignificant).
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3) Regquired riprap sizing
a) At Location #4: upstream of 7:1 slope (see sheet 21).
e Required Rock Size:

| = 150, use T, = 2.5 min, I, = 53.5 in/hr

g = 1.0 (53.5) (150) / 43560 = 0.184 cfs/ft

Assume no erosion resistant rock exists at this location.
Assume flow concentration factor (FCF) = 3.0,

Then, g = 3 (0.184) = 0.55 cfs/ft
Using a slope of s = 0.04 across the roadway,
y = [nq /(1486 s°%) I°% use n = 0.04
Then,y = (.21, v = 2.6 fps, r = 0.52 Ib/ft’
Required rock size on 7:1 slope (By Stephenson’s Method):
using q = 0.55 cfs and slope of 7:1, 6 = 8.13°
G, = 2.64, ¢ = 37° (see sheet A-2), C = 0.22 for round rock
Dy, = (0.12443 q)°% = 2.0" (Type Bl rock is O.K.)
e Estimate of local scour depth at location #4: (Assuming no erosion
resistant rock exists at this location):

Depth of apron upstream of 7:1 slope at location #4 will be at least equal
to the local scour due to the PMP. Local scour was estimated below:

Using the DOT empirical equation for scour below culvert outlet (Ref 16):

4
(t)', where
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D, = depth of scour in feet

y. = flow depth or equivalent flow depth in feet

Q = peak flow rate in cfs (for sheet flows, Q=q in cfs per unit width)

t = duration in min with peak flow rate, use 30 min.

a, ¥, 8, and § are empirical parameters, and the following values are used:
a=082p8=037560=01andy = 1.0 (Ref. 10)

Hence fory, = 021, Q = q = 0.55 cfs/ft

0.55

D, = 0.82 (0210 | =2
(0.21)"

0.373
] (30)°1 = 0 B4ft.

Using Lacey’s regime equation (Ref. 17)

i

3
R =09 .q_f_ 3, q =055 (FCF = 3), where

R = hydraulic radius in feet,
q = cfs/ft

f = Lacey’s silt factor = 1.76 \/Dso(min)

Assume for very fine sand, D, (min) = 1.0 mm, then f = 1.76
2 1
R =09 [232]3 .05
1.76

Depth of scour below water surface = y R
(x = 175 to 2.25, to be conservative use y

225 (0.5) = 113 fi
2.25)

L

.. Depth of scour below apron = 1.13 - 021 = (.9 ft.

Using the Tractive Force Method (Ref. 10)

It is conservarively assumed that the road surface has the equivalent soil
condition as firm loam; thus the critical tractive force is 0.075 Ib/ft* (Ref.
10). Under the existing slope of 0.04, with n = 0.04, q = 0.55 (FCF = 3)
r = 052 Ib/ft? (see sheet 24) > 0.075

Thus, local scour will reduce the slope until the shear stress is less than
0.075 1b/ft*:
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5 0.6
a4 000y e [ 200 K B33 - 052 fi

b)

1.486 (0.002)°
r = 0.064 Ib/ft? < 0075 ok

Therefore, instantaneous local scour = 0.52 - 0.21 = .31 ft.
Based on the above estimate, local scour upstream of the 7:1 slope is

within 1 foot, and the upstream apron for the 7:1 slope rock cover will be
set at 1 foot.

At Location #5; downstream of 7:1 slope and upstream of the transition
slope (5.33%) where the shear stress is most critical (see sheet 21).

Based on the COE Stilling Basin Equation (Ref. 9):

D,, - 5
®  E*2g (G,-1) (cosé-sinf)

use velocity from the 7:1 slope; v = 3.6 fps (see sheet 22)
E = 0.86 (high turbulence) (Ref. 9)

To be conservative, use 7:1 slope, § = tan’(1/7) = 8.13°
G, = 2.64 for round rock (Ref. 10), then

Dy = 0015 v = 020" = 2.3"

Based on Stephenson’s equation

7 1
B T q (tan)® (p)®

50 1 b

Cg? [(l—p) (G,-1) cosb (tan¢-tan8)]’

use upland slope of 7:1, § = 8.13°

p =03, q = 047 cfs (see sheet 21)

G, = 264, ¢ = 37° (see sheet A-2), C = 0.22
Dy, = (0.12443 g)°%" = 0.15' = LR"

Therefore, Type B1 riprap, Dy(min) = 3.0” shall be used for area below

the roadway and above the 2% top slope (i.e. between points #4 and #6
as shown on sheet 21)
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4) Check stability of Type A rock at upstream end of 2% top slope
e Safety Factor Method on a plan slope
2
D,, = e 2
I(G -1) 5, cosd - 500 ”
tang
|
use r = 0.57 psf from the upstream 5.33% slope (see sheet 23)
On the 2% slope, § = tan’(0.02) = 1.146°
¢ = 35° (see sheet A-2)
G, = 2,64 (rounded rock, Ref. 13)
SF. =
then Dy, = 02113 7 = 0.12' = 15" (D, for Type A rock) O.K
5) Check required rock size between points "H" and "C" on upstream side of

Roadway. The most critical location is at point "G" or point 3 (see sheet
4):

Point | Location AL ¥ Al Ah / Al
EL.
1 4391.6
2 4370.0 75 75 0.288
3 4340.0 30 105 1.000
s iy - P e ey e ey e e mcemses ——— —— |

At point 3 (see sheet 4),

Use T, = 2.5 min, I,y = 535 in/hr, 1 = 75+30 = 10§

q = (53.5) (105) / 43560 = 0.129 cfs/ft

use FCF = 3.0, q = 0.129 x 3 = 0.39 cfs/ft

use n = 0,05, s = 1.0, and assumme Manmng Formula can be applied:
= [nq/ (1486 5%%) ]% = 0.074

therefore, v = 5.2 fps
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Using COE Stilling Basin Method

® E?*2 g (G,-1) (cosf-sind)

where § = 2.29° (s = 0.04) , G, = 2.64, and v = 5.2 fps

DSO - 0.01335 V: = 0_37’ = 4.4n

Thus, use at least Tvpe B rock with Dy, = 4.4" or any larger rock size
along this area.

422 Area between points B & C

In this area, the 2% top slope will intercept the existing ground below the haul
road (about 8 % slope) with a 10-foot long, 5.33 % slope transition apron. The
stable rock size for erosion protection will be estimated based on the most
critical flow length as shown on sheet 4.

Required riprap at the most critical location(i.e. at the upstream end of the
5.33% transition slope) will be sized as below:

1) Peak discharge and flow characteristics

Longest flow length at upstream end of 5.3 % slope is 210 feet.
From Kirpich's equation:

T, = 14 min, use T, = 25 min, and I = 53.5 in/hr.
q = 53.5 (210) / 43560 = 0.26 cfs/ft

use FCF = 3, then q = 3 (.26) = 0.78 cfs/ft,
use n = 0.04, and use upstream slope S = 0.08, then

[ (0.04 x 0.78) / (1.486 x 0.08°%) ]°¢ = 0.21'
37fps, 7 = 4, ys = 105 Ib/ft?

y

v

it
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2) Required riprap sizing

Using the Safety Factor Method for a Plane Slope

Use r = 1.05 ib/ft* from the upstream 8 % slope to act on the 5.33%
slope.

8 = 3.05° (5.33% slope)
For rounded rock, G, = 2.64, use ¢ = 38° (see sheet A-2)

Dy, = 0221 7 = 0.23' = 28"

Therefore, the use of Type B riprap, Dy, = 4.4”, will be stable on the 10-
foot long transition zone between the natural ground and the upstream
end of the 2% top slope.

Estimate of local scour depth at upstream end of 5.3 % slope:

Using the DOT empirical equation for scour below culvert outlet (Ref 16):

D, =ay (tf, where

y 25

D, = depth of scour in feet

Y. = flow depth or equivalent flow depth in feet

Q = peak flow rate in cfs (for sheet flows, Q=q in cfs per unit width)

t = duration in min with peak flow rate, use 30 min.

@, v, B, and @ are empirical parameters, and the following values are used:
a=082p8=037560=0landy = 1.0 (Ref. 10)

Hence fory, = 021, Q = q = 0.78 cfs/ft (use FCF = 3)

0.78
(0.21)**

0.375
D, = 0.82 (0.21)' [ ] (30)°" = 0.84ft.
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Using Lacev’s regime equation (Ref. 17)

2 E
R =09 9?. I, q =078 (FCF =3), where

R = hydraulic radius in feet,
q = cfs/ft

f = Lacey's silt factor = 1.76 D, (min)

Assume for very fine sand, D (min) « 1.0 mm, then f = 1.76
0.78?) 1
R+ 08 | e = .63 ft
1.76
Depth of scour below water surface = y R = 2.25 (0.63) = 1.42 ft
{(x = L75 to 2.25, to be conservative use x = 2.25)

.. Depth of scour below apron = 142 - 021 = 1.2 ft.

Using the Tractive Force Method (Ref, 10)

It is assumed that the natural ground surface has the equivalent soil
condition as firm loam; thus the critical tractive force is 0.075 1b/ft* (Ref.
10). Under the existing slope of 0.08, with n = 0.04, q = 0.78 (FCF = 3)

r = 1.05 Ib/ft? (see sheet 29) > 0.075

Thus, local scour will reduce the slope until the shear stress is less than

0.075 1b/ft:

Try s = 0.0015, theny = 0.69, r = 0.065 Ib/fti* < 0.075
Depth of scour = 0.69 - 0.21 = 048

Hence local scour depth upstream of the 5.3 % slope is about 1 foot, and
the upstream apron for the 5.3 % transition slope rock cover will be set

at 1 foot,
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3) Check Stability of Type A rock at Upstream End of 2 % Slope

® Flow characteristics at end of 5.33 9 transition zone

L =210+ 10 = 220’

q=CIL /43560 = 1.0 (53.5) (220) / 43560 = 0.27 cfs/ft
s = (.0533

use n = (.049

then,y = 0.142', v = 1.9 fps, and Fr = 0.89
T=y,ySs = 047 psf

v 18
check n = z

= 0049 OK. (D, =44 in)
23.85 + 21.95 » 1og(_6>i_)

30

& Rock size required on 2% top slope

Use Safety Factor Method (see sheet 6 for equation)

T

0

0.47 psf from the 5.33% transition slope
tan(0.02) = 1.146°, G, = 2.64 (Ref. 13), ¢ = 35° (see sheet A-2)

o

then D, = 0211 7 = 0.099' = 1.2" < Type A rock, Dy, = 1.5" O.K

423 Area between points C & D

The upslope area between C and D (see sheet 5) will be regraded in 2.5:1 slope
(s = 0.4) or 2:1 (§=0.5) slope and backfilled with riprap in order to promote
sheet flow. The 2.5:1/2:1 slope will intercept the 2% embankment top slope
with a 10-foot long transition apron. The stable rock size for erosion protection
will be estimated based on the most critical flow length as shown on sheet 4.

Required riprap at the most critical location (i.e at the downstream end of 2.5:1
slope and at the upstream end of the 5.33% transition slope) will be sized as
below:
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1) Peak Discharge

Longest flow length on the 2.5/2.0 :1 slopes is 150 feet.
From Kirpich’s equation:

1 . 00078 (150)°7
o (0_4)0.3&5

= (.5 mun

Since T, < 2.5 min, use T, = 2.5 min, and I = 53.5 in/hr.

q = 53.5 (150) / 43560 = 0.18 cfs/ft

2) Riprap sizing for 2.5:1 slope

® Flow Characteristics:

Fors = 04 (6 = 21.8°),

n = 0.0456 (Dy, 5)*'* = 0.05 for slopes > 10%
and Dy, = 4.4" for Type B rock

y = [ (0.05 x 0.18) / (1.486 x 0.4°%) ]*¢ = 0.06’
v =209 fps, and Fr = 2.1

r=v,¥s = 150 Ib/fi?

it

The hydraulic jump occurs at the 5.33% transition slope apron:

(‘/1+8Ff—l) =25y, =018

Therefore, transition length required = Sy, = 1 ft.
Use 10 feet, to be conservative.

Y _

ta| —

Yy

e Riprap Sizing:
The critical location is at junction of 2.5:1 slope and 5.33% transition slope

Rounded rock with the following parameters will be used:
G, =264,¢c=022,p203,¢ =38°0 = 218° (s = 04 or 2.5:1 slope)
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3)

Using Stephenson’s Method
Dy, = (1.009 q)*%" = 3.8" forq = 0.18 cfs/ft

Using the COE Stilling Basin Method

E = 0.86 (high turbulence)
G, = 264,00 = 21.8°

Dy, = 00230 v* = 23" forv = 2.9 fps

Using the Safetv Factor Method for a Plane Slope

Use 7 = 150 Ib/ft? from 2.5:1 slope to act on the 5.33% slope.

f = 3.05° (5.33% slope)
For rounded rock, G, = 2.64, use ¢ = 38° (see sheet A-2)

Dy

i

0221 7 = 0.33' = 4.0"

Therefore, Type B riprap, Dy, = 4.4”, shall be used on the 2.5:1 slope and
on the 10-foot long transition ..one at the upstream end of the 2% top
slope.

Riprap sizing for 2:1 slope

Flow characteristics:

q = 0.18 cfs/ft (see sheet 32)

Fors = 0.5 (§ = 26.57°)
n = 0.0456 (Dy, 5)°"** = 0,054 for Dy, =6" (Type C rock)

y = [nq /(1486 5°%) ]°* = 0.06', v = 3.0 fps
r=vyys = 187 Ib/f

Fr =23

%o LUTER-1 - 277, g, = 0166

b 74

Length of the hydraulic jump = Sy, = 1"
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Use a transition length of 10 feet, to be conservative.

e  Riprap Sizing:

Critical location is at junction of 2:1 slope and 5.33% transition zone

Using Stephenson Method (for angular rock - Type C)

G, = 2.7 (Ref. 14), C = 027, p = 0.3, ¢ = 40° (see sheet A-2),

and 6 = 26.57° (2:1 slope)

then, Dy, = (1.30 q)** = 4.6" for q = 0.18 cfs/ft

Do equres = 4.6 x 1,15 = 52" with 15 % oversizing factor (Ref. 14).

Using the Safety Factor Method

r = 1.87 Ib/ft* from the 2:1 slope to act on the 5.33% transition slope.

# = 3.05° (5.33% slope)
For angular rock, G, = 2.7, use ¢ = 40°.
Dg = 02117 7 = 04" = 48"

Dy equies = 4.8 x 115 = 55" with 15 % oversizing factor.

Using the COE Stilling Basin Method

E = 0.86 (high turbulence), G, = 2.7, 8 = 26.57 (2:1)
v = 3 fps from 2:1 slope

Dy, = 00276 v* = 0.249' = 3"

Dyo reques = 3.0 x 115 = with 15 % oversizing factor.

34"

Hence use Type C rock, Dy, = 6" (before oversizing)
= 6.9" (with 15% oversizing factor).

F\BYW\HAT\TEXT\PID20



@ MORRISON KNUDSEN CORPORATION

ENVIRONMENTAL SERVICES GROUP Sheet 35
Project UMTRA - HAT/MON Contract No.__ 3885-58 File No. -
Feature _ EROSION PROTECTION Designed BYW Date 11-29-93
ltem__ EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30-93

4)  Check stability of Type A rock at upstream end of 2% top slope

Flow characteristics on 3.33% transition zone

L = 150 + 10 = 160’

g = CIL /43560 = 1.0 (53.5) (160) / 43560 = 0.20 cfs/ft
s = 00533

use n = 0.053

then, y = 0.124', v = 1.6 fps, and Fr = 0.81
7 =v,Yy$ = 041 psf
assume Type B rock, Dy, = 4.4 in.

16
y

check n = = 0,053 O.K.

23.85 + 2195 = log(ﬁy—)

50

Rock size required on 2% top slope

Use Safety Factor Method (see sheet 3 for equation)

T

6

0.41 psf from the 5.33% transition slope
tan(0.02) = 1.146°, G, = 2.64 (Ref. 13}, ¢ = 35° (see sheet A-2)

[

then Dy, = 0.211 7 = 0.09" = 1.0” < Type A rock, Dy, = 1.5 O.K

4.2.4 Typical transition to 2% slope between points D and E

-
-

As shown on sheet 4, the areas near the east part of the upslopes will not be
regraded, and the 2% slope will intercept the existing ground with a 10-foot

long 5.33% transition apron. Rock size for this transition apron is determined
below.

1) Required transition length

The most critical flow length is, L. = 50’ at location F (see sheet 4).
The existing slope is about 48% (aH/L = 048, § = 25.6°).

T, = 021 min < 2.5 min, so use I = 53.5 in/hr

S.oq=CIL /43560 = 1.0 (53.5) (50) / 43560 = 0.06 cfs/ft
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By Mannings Formula,

n = 0.05 for jagged and irregular rock cut condition (Ref. 10)
y = 003" v = 20 fps, Fr = 2.1

r=vys = 090 lb/ft’

The hydraulic jump occurs on the 5.33% slope:

Y2 ! /" """" /
J LV (ATEETY 1) - 256, - 0.08
003 3 W8T -1 %2

Therefore, transition length required = 5 y, = 04 ft; and using a
transition length of 10 feet is conservative.

2) Riprap sizing at intersection of 48% (existing) and 5.33% slope

e  Stephenson’'s Method
Based on the ¢8% slope, 8 = 25.64°, q = 0.06 cfs/ft
ljo& ;oundcd rock, C = 022, G, = 2.64, and ¢ = 38° (Type B riprap), p
then Dy, = (1.94 q )°%" = 0.24' = 2.9"
Use Type B rock, Dy, = 44"
The critical q for Dy, = 44" to remain stable would be:

44" /12 = (194 1.)°%, . g, = 0.115 cfs/ft

This is equivalent to a flow concentration factor, FCF, of q, / q = 19

e Safety Factor Method

Assume shear stress acting on the 48% slope will act on the 5.33%
transition slope.

r = 0.90 Ib/f, § = 3.05° (s = 0.0533), ¢ = 38°
G, = 2.64

Then, Dy, = 0220 7 = 0.2" = 24"
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For Type B rock, 7, = Dy, / 0.22 = 1.67
Y. =1./vs = 167 /(624 x 048) = 0.0556
g, = 1.486 / 0.05 (0.0556)*? (0.48)'? = ().167 cfs/ft

FCF = q./q = 28

e COE Stilling Basin Method

G, = 2.64, 8 = slope of apron = 3.05° (s = 0.0533)
E = 0.86 (high turbulence)

then, Dy, = 0.01354 v*
for q = 0.06 cfs/ft, v = 2.0 fps, Dy, = 0.7"

For Dy, = 44" (Type B rock),

v, = [ (4.4/12) / 0.01354 1°* = 5.2 fps, v.=1.486/n * y** * 57,

Hence, y,=(n v,/ 1.486 §'%)'4$=(.127, q.=v, y.=0.66, FCF=q,/q=11
Hence, the use of Type B rock can sustain a flow concentration factor of
210 11,

3) Estimate local scour depth

Assume FCF = 3.0,q = 006 x 3 = 0.18 cfs/ft, s = 048
use n = 0.05,y = [nq / (1.486 5°°) |°* = 0.06'
v=311fps,r=+ys=1241b/ft’

®  Using the DOT empirical equation (Ref. 16)

4

Q (t)'. where

2.5
[

D =ay

Fory, = 0.06", Q = q = 0.18 cfs/ft

0.375
D, = 0.82 (0.06)"° [(0"6:’8 ] (30)°" = 051

)25

®  Using the Tractive Force Method (Ref. 10)
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Use critical shear, r, = 0.075 Ib/ft?

q = 0.18 cfs/ft (FCF = 3), n

0.05
Try s = 0.004, theny = 0.24, r= 0.061 < r, = 0.075 OK
D, = 024-006 = 0.2

e Using the Lacey's Regime Equation

Assume for very fine sand, D, (min) = 1.0 mm, then f = 1.76

2 ‘
R =09 l.‘.’l_ﬁ‘.] T =024 ft

)
D, = yR-y, = 225 (0.24) - 0.06 = 0.5’

Hence scour depth is approximately 0.5 ft, use a depth of at least 1 ft for
the rock cover along the edge of the apron.
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Appendix B -Type B1 Riprap Gradation

1.0 Gradation Requirements:

Dg(min) = 3 " (Bluff source with round rock, and no oversizing required, (Ref.13))

D,g(max) = 1.71 * Dy(min) = 51" = 5.0 " (Ref. 7)
D p(min) = 1.26 * Dy(min) = 3.8" = 4.0" (Ref. 7)
D,(min) = 0.68 * Dy(min) = 2.0" (Ref. 7)

Based on above values, the upper and lower bounds of gradation curves for the Type
B1 rock are developed as shown on sheet B2.

The gradation limits are given below:

U.S. Standard % Passing
Sieve Opening By Weight

g* 100
4" 0 - 100
3" 0- 50
2" 0- 23
#4 0- 5

20  Layer Thickness:
a. T (min) 2 1.9 * Dy(min) = 57" (Ref. 7)
b. T (min) = 1.5 * Dy(max) = 1.5*45 = 7" (Ref. 7)
¢. T(min) =2 12" (Ref. 7)

Thus use the layer thickness = 12"

30  Bedding Layer:

Bedding materials determined in Ref. 2 for all Type A, Type B, Type C rocks can
also be used for Type B1 rock since Type B1 rock size is between Type A and Type
B rocks.
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NATSPY oY 11711793 Page !
UMTRA/R/N - SIDE SLOPE,ZERD PORE FLOV (F1LEINATSP OUT)
UMIRA/MATY BUN 1.D, %Ik DATEsYY- 1Y 1993

SARSATETY FACTOR/STEFNENSON METHOD FOR EMBANKMENT EROSION PROTECTION®®*
B e e e AR e KPUT DATA R P R s e e e

COEFFICIENTS FOR IMTENSITY DURATION CURVE -
IPMP=I0** (G- WO LLOGT)**2):
Ge 1.797 we 307 2=1.B%

RIPRAP STONE SP.GRAVITY= 2,64

C IN STEPMENSONS EoN= .22

« <« EMBANKMENT - « -

AREA
(LOCATION SECMENT LENGTH SLOPE POROSITY FRICTION
1N PLAN) (o (X) ANGLE

(DEG)

1 Jop 600, 2 .30 35. SAFETY FACTOR

1 SIDE 20, 2%, 30 37. STEPHENSONS

1 HYPO 1. 20, .30 37, STEPHENSONS
0""......‘“0l“N]oA{‘.l'...l'...

DETATLED CALC TABLE WITH FINAL ROCK SIZE

SEGMENT=HYPO LENGTH= 1,

ASSUMED DSO=
CORRESPONDING Q=

FT. SLOPEx 20.%

J2S35FT. AT D/5 END OF SEGMENT
JSTPCFS/FT AT SEGMEN

JAD-BY STEPHENSONS METHOD

SLOPED St Fl OWS(CFS/FI)**** VEL, DEPTH MANNING TIME OF
UDISTANCE  ALLOC. PORES  ROCK  (fPS) (FT) . CONC{MIN)
fROR 1O INT. TOTAL
(1) (1)

b, $0. 04T 000 047 83 .06 038 1.00 1.00
%0. 100, 093 .000 .093 147 .08 .03 .7 1.7
100, 150, LD 000 L1400 1,43 100 032 .58 2.30
150, 200, 18 000 .18 1.6 .1 030 .51 2B
200, 250. ,233 000 233 .82 .13 .029 .48 327
250. 300. L280 000 .280 V.98 % 29 2 380
300. 3%0. J326  .000 326 212 .15 028 .39 4,08
350, 400, A3 000 373 2.2 .16 028 37 4,45
400, 450. 419,000 419 2,39 .18 028 .35 4.%0
450, 500. 466 000 466 2.%Y Y% 027 .33 5.3
500, 550. 513 000 L5\ 2.2 20 027 .32 %45
550, &00. 559 L0000 .559 2. - .21 027 .3\ DS

0. 20. 578 000 578 433 .13 040 :

0. 1. 579 000 579 434 13 00 D0 5.8

RAINFALL INTENSITY

THAT ASSUMED DSO

CAN WITHSTAND BASED

ON THE EQN 1»Q/CA=
(43540%*Q)/L

CINCH/HR)
40.60

RAINFALL INTENSITY

BASED ON CALCULATED

TINE OF CONC.AND USING
INTERPOLATING FUNCTION

1=10%* (G- K*((LOGT)**2))

{INCR/MHR)
«0.53

eesReRESULTS SUMMARY®*®anes 4pfaay

LENGTH SLOPE D50
(FT) (X (INCH)

SEGMENT

o 600, . 2.0 1.5

JSi0€ 20 200 3.0 _ JS78.

KTPO ) (% 20.0 3.0

2.9
5.8 1.50 STEPHENSON
5 5.8 L30  STEPHENSON

Q AT 1€ STARTING METHOD OF
D/S END (MINUTES) ROCK D50 CALC.
(CIS/FTY (RL 1% ]

2.51% 1.50 SAFETY FACTOR

®
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KATRAO, QT 8/4/9) Page 1\

Eradiopsrng o £ /(%/vl«’ e

MEXICAN AT < 10 A4D SIDE SLOPES 20R0 PORE FLON, R2UNDED RO }rff,_ff
UMTRA/HAT LIS I R DATE=07/28 1998
PURSATETY FACTOM/STEPHEMSON METWOD 1OR [MEANKMENT EROSION PRGTECT jOM**®

S8 6 0 B e AP RPUT DATA Y Y T P e s e e e
COLFFICIENTS FOR INTENSITY DURATION CURVE -
IPHP 10" (L N (LOGT)* D)
Gs 1.7%7 W= 307 2:1.8%8
RIPRAP STONE SP GRAVITY® 2. 64 € IN STEPAENSONS EONe 22

= r - EMBANEKMENT « - -

AREA
(LOCATION SEGMENT LENGTH SLOPE POROSITY FRICTION
IN PLAN) (N (x) ANGLE
(DEG)
1 Toe 5§50, 2. .30 35, SAFETY facTOR
1 5108 50, 20. -30 37. STEPHENSONS
1 sive 350. 20, .30 38, STEPHENSONS

DETAILED CALC TABLE WiTh FINAL ROCK $)28
SEGMENT=SIDE LENGTH= 350. §Y. SLOPE: 20X

ASSUNED D50= . 2978FT1. AT D/S END OF SEGMENT
CORRESPONDING Q= T99CFS/FT AT SEGMENT EvD-BY S)EPHENSONS METHOD

SLOPED SACCCELOMS(CES/FT %% VEL, DEPTH MANNING TIME OF
DISTANCE  ALLOC, PURES  ROCK (FPS) ($7) L] CONC(MIN)

ROM 10 INT. TOTAL
(FT) (FT)

0. %0, 062 000 042 J9 05 039 1.06 1.06
S0, 100, 086 000 084 1.92 .08 .03 .75 1M
100, 150. A% 000 126 1.% .09 .032 B 2.42
150, 200, &8 000 188 1.5 .11 .03t .53 2.9%
200, 250. L2100 000 210 .73 .12 030 .48 3.4}
250. 300, 252 000  .252 1.88 .13 029 .4 3.8
3oc. 350, 29 000 295 2,03 .15 029 .41 4.9
350. 4«00, 337 000 337 2.1 .16 028 .39 4,47
400, 450. A7 000 3 2.8 .17 028 .37 5.0k
450, 500. A21 000 421 2,39 .18 028 .35 5.3
500. $50. L83 000 463 250 19 027 .33 s

0. 350, 505 000 505 406 .12 041 .21 5.93

0. S0, ST 000 U547 4,06 W 066 .2Y 6.13
50. 100. 589 000 589 4,19 1% 043 .20 .33
100, 1%0. A31 000 637 4.3 15 043 Y9 6.52
150, 200. A73 000 873 L.4% Y8 042 .19 &
200. 250. s .000 A8 .83 A5 062 A8 6.89
250. 300. 57 000 757 &.77 18 04 N7 7.07
300, 350, J99 0 000 (799 4.9 16 041 17 7.

RAINFALL INTENSITY RAIRFALL INTENSITY

THAT ASSUMED DSO BASED ON CALCULATED

CAN WITHSTAND BASED TIME OF CONC.AND USING

ON THE EON 1:Q/CA= INTERPOLATING FUNCT |ON

(&3580%0) /L I=10°* (G- ROCOLOGT )*02))
{INCE/RR) (INCH/HR)
3L 66 36.63
!‘0!!0"[;0&’5 SM.,C'.C.!' “c‘,‘
SECMENT LENGTN SLOPE SO 0 Al ic STARVING MEIwiD OF
(k1) (%)  C(INCH) D/% IND (MiNUTES) ROCK D50 CALC,
(LIS/81) CINCH)
0P $50. 2.0 1.% 2,518 2.6 1.50 SAFETY FACTOR
SIDE 50. 20.0 3.0 570 5.6 J30  STEPHENSON
S10€ 350, 20.0 3.8 i 7.2 30 STEPMENSON @
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KATRAZ OUT B/6/93 Page v 2480 8T
NCXICAN WAT © 100 AMD S1OF SLOPES,2URO PORE FLONW, ROUNDED RO
DNTRA; MAT BN 1.0 etw DATES07/28 19%)

STRSATEIY FACTOR/STEPNENSON METHOD FOR [MBANEMEN! LROSION PROTECTION**®

Linfusime off Tyt 87 70K _

fr e e b n e a2 UL DATA * Y A s s s
COLYFICIENTS FOR INTENSITY DURATION CURVE -
IPRPAI0* (G N (LOGT )**2):
Gs 1,797 Ms 307 241,808
RIPRAP SIONE SP.GRAVITYs 2.84 € IW STEPAEWSONS EQN: .22
+ ¢ EMBANKMINT -

AREA

(LOCATION SECMENT LENGIN SLOPE POROSITY FRICTION

N PLAN) (F1) %) AMCLE
] 108 500, 2. 30 35, SAFETY TACIOR
1 SiDeE 100, 20. 30 37. STEPHENSONS
1 $10€ 440, 20. 30 38, SIEPHENSONS

DETAILED CALC TABLE WiTh FINAL ROCK S12¢
SEGMENT=SIDE LENGTH= 460, FT. SLOPE= 20.X

ASSUMED DSO= . 3153F7. AT D/S END OF SEGMENT
CORRESPONDING Q= ATACFS/FT AT SEGMENT END-BY STEPHKENSONS METHOD

SLOPED WARSSFLONS(CES/RT ) " VEL, DEPIN MANNING TIME OF
DISTANCE  ALLOC. PORES  ROCK (FPS) (F1) L} CONC(MIN)

fROM 10 INT, TOTAL
(FT3  (FY)

0. 50. 04y 000 040 L7808 039 1.07 1.07
$0. 100. .082 .000 .082 1,10 .07 .03& .76 1.83
100, 150. A28 000 123 136 0% 032 .62 2.45
150, 200, 86 000 164 1% 1Y 03 LS4 2.9
200. 250. 205 000 L2085 V.72 .12 030 .49 3.7
250, 300, 247 000 247 1.8 13 029 45 3w
300, 350. 288 000 .28 2,00 % 029 .62 .34
350. 400, 329 .000 329 2,13 1% 028 .37 W73
400, 450, A7 000 370 2.2% .16 .028 .37 5.1 i
450, 500, AN 000 411 237 97 028 L3S 5.48

0. S0, 452 000 452 3. Y2 02 22 5.7
50. 100, 493 B8 493 4,00 17 .06 Y 5.8

0. 48, S5 531 3% ' 06 20 6.07
b, . 569 569 405 LW 048 19 6.26
92. 138, 807 H07  A19 1 06e 18 6.4k

138, 18, JB44
184, 230, 682
230, 276, 720
276. 322, W58
122. 368, 796

Bhh 432 18 0k 18 6.82
’ 445 15 063 17 679
J20 4.58 16 063 17 6.9
758 L7000 N6 062 18 7.N2
J9% 4.8 A7 062 Y6 7.28

$88888388
g

168, V4, A33 000 833 493 A7 042 Y6 7.4k
14, 460, A7V 000 B7TY 5,06 A7 D&Y Y5 7.59
RAINFALL INTENS)TY RAINFALL INTENSITY
THAT ASSUMED D50 BASED ON CALCULAIED
CAN WITHSTAND BASED TiME OF CONC AND USING
ON THE EON 1:=Q/CAs INTERPOLATING FUNCTION
(&3560'0Nn =10 (G A ((LOGT ) 2))
CINCH/HR) (INCH/NR)
35.81 5.7
SHRACCIRESULTS SUMMARYS®#®aAe 2pFAsY
SEGMENT LENGTM SLOPE 050 QA 1c STARTING METHID OF
(k1) (X)  (INCH) D/S END  (MIMOIES) ROCK DSO  CALC.
(Crs/ety (INCN)
o $00, 2.0 1.5 2.51% 2.5 1.50 SAFETY FACTOR
_S1DE 100. 20.0 3.0 Sn 5.4 .30 STLPHENSON
S$10€ 460, 70.0 3.8

an 1.6 .30 STLPRENSON @



@MORRISON KNUDSEN CORPORATION

DOVIRONMEINT AL SICACES GROUP Sheet <
Project__ UMTRA - HAT/MON Contract No.__3885-£f  File No.___ —~
Feature_ ERQSION PRQTECTION Designed BYW Date 11-29-93
ftem _EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30-93

WALRTG OUY B/4/93 Page 1
REXICAN NAT - T0P AND S1DC SLOPES 20RO PORE FLON, ROUKDED R0
UMIRA/RAT RUN 1D, e Hw DATE=D7/28 199}

CVOSATETY FACIOR/STEPHENSON METNDD FOR (MBANEMENT [ROSION PROTECT|ON®*®
Eiuf s o 7 seckh.
e R

L Y DATA * * ¢ ¢ % ¢ v 0 ¢ @ LR J
COEFFICIENTS FOR INTENSITY DURATION CuRVE -
IEMP= 10 (G K (LOGT)**2):
Ge 1,797 W= 307 2s).8%€
RIPRAP STOME SP.CRAVITY= 2,64 € IN STEPHENSONS EQN= .22

© o EMBANKMENT - - -
AREA
(LOCATION SECMENT L(ENGTN SLOPE PORCSITY FRICTION
IX PLAN) i’ () 49 ANGLE
(DEG)
1 TP 420, - 30 35, SAFETY facTOm
1 Siot 150, 20. 30 37. STEPHENSONS
1 S10€ 320. 20. .30 38, STEPHENSONS

DETAILED CALC TABLE WITH FINAL ROCK SIZE
SEGMENT=SIDE LENGTN 370, §1. S1OPE= 20.X
ASSUMED 050 ,3010f7. AT D/S END Of SEGMEN?
CORRESPONDING Q= CBYICHS/FY AT SECMENT END-BY STEPRENSONS METROD

SLOPED FRANSFELOMS(CES/ZFT)**"® VEL. DEPTN MANNING TINE OF

DISTANCE  ALLOC, PORES ROCK (FPS) (FY) L] CONC(MIN)
FROM 10 INT. TOTAL
(F1) (FT)

0, 47. 040 060 A7 0,05 039 1,01 100

&7, 94, 081
93, 140, mral
140, 187, L1861
187. 233. 202
233, 280. 262
280. 327. 282

.08 109 67 034 7Y VN2
A2 133 09 032 .58 .Y
61 1,58 1 0%t 5 2B
202 V700 12 e300 &6 327
L02 V.85 0 3 029 42 3.9
282 L9 W% 029 .39 .08

327. 373, S8 323 2.0 % 028 .37 448
373. 420. 383 363 223 .18 028 35 L.80
0. 50. 406 406 384 Y1 043 .23 5.03

0. 100, 450
100, 150. 493
0. #2. 54é
62. 123, 59
123, 185. 653
185, 247, 706
267. 308, 759
108, 370. 813

4S50  3.83 .12 .0k2 .22 3.3
493 400 12 04 21 548
ke 402 1 L0k 26 5.
S99 422 M 043 26 595
853 440 05 (043 .23 619
J06 459 .15 k2 22 44
759 478 16 (D4t (22 603
813 492 7 kY L2 b8

.

g8882883888¢88888838

RAINFALL INTERSITY RAINTALL INTENSITY
THAT ASSUMED DSO BASED ON CALCULATED
CAN WITHSETAND BASEDR TIME OF CONC.AND USING
ON THE EQON 1=Q0/CA= INTERPOLATING FUNCTION
(R3562 )N 1210°* (0 K L(LOGT)**2))
(INCH/NR) (INCH/HR)
37.86 37.65

CRRORINRERLL T4 SUMMARY®Preees sREgs]

SLGMENT LINGTM SLOPE DSO o a1 ic STARTING METHOD OF
{F1) (%)  (INCN) D/S END  (MINUIES) ROCK 050 CALC.
(crazen) (I1NCK)Y
108 420, 2.8 15, 251 2.% 1.50 SATETY FACTOR
TIDE | 150. 0.0 3.0 .53 5.1 30 SIEPHENSON
S1DE 370. 20,0 1.6 813 6.8 .30 SILPNENSON

®






@Moamsou KNUDSEN CORPORATION

DOVIRONMIXTAL STPACES GROUP Sheet o é
Project _ UMTRA - HAT/MON Contract No.__3885-5 ¢ File No.___ - ‘
Feature___ EROSION PRQTECTION Designed BYW / . Date 11-29-93
item__EMBANKMENT AND SOUTH-EDGE AREAS _ Checked _ FHW Date____ 11-30-93 |
HATRAT Ut B/4/9% Page
MOXICAN MAT « 10P AND SIDE SLOPES, 20R0 PORE FLOW, ROUNDED RO
LTRA/MAT RUN 1D, sfmy PATE=D7/28 199) ‘

SEREATETY FACTOR/STEPKENSON METWOD FOR EMEANEMENT EROSION PROVECTION®*®

{'g/g/.af-ﬁw o2 A 2ok _ ]

.'....'. o."".l..l......

IPMP=I0%* (G- W (LOGT)**2);
G: 1,797 W= 307 251,818
RIPRAP STONE SP.GRAVITY: 2,66 € IN STEPHENSONS EON: .22 |

|

COEFFICIENTS FOR INTENSITY DURATION CURVE -
!

= EMBANKMENT « - » |

AREA ”
(LOCATION SEGMENY LENGTK SLOPE POROSITY FRICTION d
IN PLAN) 4N ANGLE H

(DEG) ‘

1 108 180. 2. .30 35, SAFETY FACTOR |

1 1€ 350, 20, .30 37, STEPHENSONS

1 $1D€ 70. 29. .30 38. STEPRENSONS
L

...I..’.’("O‘NW]U‘T"...'.C.I"

DETAILED CALC TABLE WiTK FINAL ROCK Si2E
SEGMERTSSIDE LENGTN= 7D, FT1., SLOPEz 20.%

ASSUMED ©50= . 2529F1., AT D/5 END OF SEGMENT
CORRESPONDING Q= A26CFS/FT AV SEGMENT END-BY STEPHENSONS METROD

SLOPED eeaeeFIOUS(CES/FTI* %Y VEL. DEPTH MANNING TIME Of
DISTANCE  ALLOC, PORES ROCK (FPS) (F13 W CONC (MIN)
FRON 1O INT. TOTAL
(FT)  (F1)
0. &5, 047 200 047 .83 .06 038 .90 .9
5. 90, L0946 000 0% 1.18 .08 036 66 1,54
90. 138, LY 000 14 1,43 000 (032 .52 2.0
135, 180,  .188 000 .188 1.6 11 030 .46 2.52
0. $%0. 260 000 240 2,76 .09 .08 .30 2.2
$0. 100. 292 000 .292 3.08 .10 048 .27 310
100, 150, 46 000 346 333 100 046 .25 3.3
150, 200. 396 000 .39 1.58 1 043 .23 3.58
200, 2%0. AR 000 448 3.82 12 042 22 LB |
250, 300, JS00 000 500 4,04 12 06y L2 L00 |
300, 3%0. L8583 000 553 4.8 13 040 20 4.20 [
0, . .&26 000 826 4.5 .1 .40 .26 4.46 ‘
RAINFALL INTENSITY RAINFALL INTEMSITY ‘
TKAT ASSUNED D3D BASED ON CALCULATED !
CAN WITHSTAND BASED TIME OF CONC.AND USING |
ON THE EON 1=Q/CA= INTERPOLATING FUNETION |
(£3560%8)/L 15468 (G- o ( LLOGTI**2)) |
(INCH/KR) {INCH/KR) |
“% .42 45.39 |
TEVTSARESIN TS SUMMARYSveen e aREAzx) L
‘f
SEGMENT LENGTH SLOPE DSO o AT It STARTING METHOO OF
(kN (%)  (INCHY DJ/S END  (MINUTES) ROCE 0SO CAL .
(CES/81) {INCH)
ToP 80, 2.0 1.8 2.51% 2.5 1.50 SATETY FACTOR
5108 330, 200 30, 570 4.9 .30 STEPHINSON
sip€ 70, ¢0.0 3.0 626 4.5 30 STEPHENSON
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TEaT] 00N

el

RIPRAP TYPE B OR LARGER
(SEE NOTE 1)

EROSION PROTECTION PLAN

NOT TO SCALE

RIPRAP TYPE A
(8" THICK) e

BEDOING LAYER
16" THICK)

R BARR (ER

RiFRa® TYPE B

10' -0
112* nucn-\_.‘ r ".""

A0t 5.0.04 ’/
JORIES e
'
A N
T EXCAVATE 10 EROSION
SISTANT ROCK
ROCKF ILL 10 B

SELECTED 8Y CONTRACTOR

EXISTING CROUND SURF ACE
(PRE-DBI”

s SUBCONYRACT ) —\ 5"02
Y

- ¥ N
! //
CONTAMINATED MATERIAL ———-——/

<L

T
WT 10 SCACE




- GLY 2

»

EXISTING AR ROAD

Ty

EXISTING GROUND D
SURS ACE Y EXISTING HALL ROAD NOTES:

J 10 BE PLACID N

/--mmp TYPE @

= RALY 3

— L AL

(6 THEX)
s BEUONG LAYTR
(6" THICK)

e RADUN BARRER
(24" THCX)

GB
‘0'-0|

e Y foon g hhos R QAL B A5 ORECTED BY THE CONTRACTOR

(8° THICK) L

e RADON BARR (ER g émmr TYPE 8 T
124" THICK) DR LARGER

c8 EROS 1IN (SEE WOTE 1)
10" 0 g RESISTANT ROCK
l | Ly L REMOVE OVERBURDEN
l -—-'i—-.-—_:z:

T CONTAMMNATED MATERIAL

T REMOVE  OVERBURDEN

TYP. SECTION N CUT
NOT 10 SUALE

s

Ly SOOI

I
ORECTED
L

!
£R0S 10M RES 15 TANT
ROV OVERIROEN

COMTAMMATED WATERMAL

SECTION
W1 1O SCALE

Ja
N—

el

T CONTAMINATED NATERIA

EX[STING GROUMD
AR ME

10 = - FXISTING HAL RUAD o
-~ REMOVE
OVERSLRDEN
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DWG. Wa-08-10-0218 APPLES WHERE THE EMBANKMENT TOP SLOPE
COMES M COMTACTY WiTH GROUND SURFACE

SECTION £ APPLIES WHEREVER THERE (3 A TRANSITION
BETWEEN ERCSION PROTECTION AND COMMOM FILL BETWEEN
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