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2 Albuquerque Field Office*

ri ? # P.O. Box 5400
Albuquerque, New Mexico 87185-5400,
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Mr. Joseph J. IIolonich, Acting Chief
Uranium Recovery Branch
Division of Low-Level Waste y
Management and Decommissioning v[]p

Office of Nuclear Materials Safety
and Safeguards

Mail Stop 5E-4 OWFN -

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Ilolonich:

Please find enclosed three (3) copics each of Project Interface Documents (PID),09-S-
20, and 09-S-21 for the Mexican llat, 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,

hdk
Albert R. Chernoff (Project Manager ,

Uranium Mill Tailings Remedial Action
Project Office
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C. Smythe, UMTRA
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PROJECT INTERFACE DOCUMENT (PID)

site Date PID No. site No. Vic. Prop. No.

HAT / MON 01/18/94 09-S-21 09

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

subcontract No:
subject Bedding Material Gradation
Description of Problem and Recomended Solution

O Clarification B Change

PROBLEM:
A lot of wastage occurs when processing the bedding material at the Bluff gravel source to meet the specified
gradations, specifically for the material finer than No. 4 sieve. Placement of bedding material would also be
facilitated and a better surface obtained if the material contained more fine sand.' t . . m . c. ) , There will be less"

wastage and better production if the gradation limits were modified to increase the amount of fine sand.D
SOLUTION:
Ammend the gradation 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 si ve om "O - 5"

A8-8[ Continued on the following sheet] Originator

, Sigmture Date

Disposition O Approved O Disapproved (ApprovedasNoted RAC Site Manager h |-2l-M

Criteria Change? S Yes O No RAC Project Control te'& [ - L /"9 '/
((If Yes, DOE approval required)

Class I RAC Construction Engineer f/ h I"b h

D| |Y ufr_ "~ " l

DOE Site Manager Aphroval Date Signature' Date

Distribution Name location Name Location cost / Time Est.

RAC site Mgr. RAC Const. Engr. Mgr.
O Attached

DOE Proj. Engr. RAC Qual. Mgr.
,

,

O Not RequiredTAC Site Mgr. Other
{
' RAC Site Qual. Engr.

O DOE Approval Req.

RAC HS&E Mgr.
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; . SOLUTION: (Cont'd)
't

passing to "O - 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).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

(Souare Openings) (by weicht)

3-inch 100

1-1/2-inch 50 - 100
1-inch 35 - 70
No. 4 10 - 30 ,

No. 30 0 - 10 _;

No. 100 0 - 5"

,

|

i

i

!
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ENVtHOneviENTAL SERVICES D4VistON

PROJECT INTERFACE DOCUMENT (PID)

site Date PID No. Site No. Vic. Prop. No.

HAT / MON 12/10/93 09-S-20 09

Originator and location Phone organization Answer By: References:
Subcontract:

8. F. Claire, $F 415/442-7596 HKES
5"" "*'*** "

Revise Grading and Erosion Protection Plan for the Tailings Embankment Finalsubject
Configuration and Add Requirements for Test Section and Source for Type 81 Riprap.
Description of Problem and Recommended Solution

O Clarification 3 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 will require

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 I and corresponding markups of Subcontract Drawings H/M-DS-10-0212 to H/M-DS-10-0214, as attached. The extent

,,/ & 4 g;r_c a _ fe _p3
[ Continued on the following sheet] originator

V $i_gnature V Date

Disposition O Approved O Disapproved O Approved as Noted RAC Site Manager h d[f k h yfA /7 - /3 C) )

ll'/3 '93
Criteria Change? E Yes O No RAC Project Control

(If Yes, DOE approval required)

RAC Construction Engineer
Class I

' ' /ZY1h&h u Os{
~ Date_{ Signature

00E' Site Manager Apfioval Date
Name Location Cost / Time Est.

Distribution Name location

RAC Const. Engr. Mgr.RAC Site Mgr. O Attached
RAC Qual . Hgr.CDE Proj. Engr.

O Not RequiredotherTAC Site Mgr.

RAC Site Qual. Engr. O doe Approval Req.

RAC HS&E Mgr.
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SOLUT10N'l: (Cont'd) :

of the Type B1 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 placer,:ent control purposes, 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, B1, and B shall be constructed."

PROBLEM 3:
4

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:
i

In specification Section 02278, Article 2.1.A, revise the second sentence to read as follows: "The aonroved source for Type
A, B1, and B erosion protection and bedding materials is the Bluff Gravel Quarry near Bluff, Utah, located approximately
130 miles northeast of the tailings site." ,

,

.m
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Project UMTRA - HAT / MON Contract No. 3885-58 File No. -

Feature EROSION PROTECTION Designed BYW Date 11-29-93
Item EMBANKMENT AND SOUTH EDGE AREAS Checked FHW Date 11-30-e3

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. Therefore 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 (D50 = 1.7") riprap to be placed on the 2%-

cell top slopes.

Evaluate the stability and the extent of Type B1 (D a = 3.0") and Type B (D o-

3 3

= 4.4") ripraps to be placed on the 20% or flatter embankment side slopes.

Design the erosion protection along the south edge of the ceh, Areas where-

Type B1, Type B, or Type C (D a = 6.9") ripraps shall be placed will be3

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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Project UMTRA - H AT/ 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 _ _

2.0 Results

e 2 Percent Top Slope

The required min. D a for the top slope is 0.8 inches (see sheet 12) based on the3

longest critical flow length of 1420 feet. Type A rock, a round river cobble from the
Bluff source (Ref.13), with a min. D o of 1.7 inches (Ref. 2), will be used for the top5

slope. The average rock quality scores from the Bluff source is greater than 80% and
no oversizing b required (Ref.13).

* Side Slope

Both Type B1 (D = 3") and Type B (D5m&, = 4.4") rocks will be placed on the5mei
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.

e South Edge Upslope Area

1) Type B1 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" r a ' "B" as shown on sheet 4). A 10-foot wide transition area of
about 5.3 .., slope with Type B1 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. ,

1

2) Type B rock or larger shall be placed along the upstream side of the existing l
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. j

l

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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Feature EROSION PROTECTION Designed BYW Date 11-29-93
,

item EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW D-te 11-30-93 |

|
1

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 D% of the Type C rock is 6.9 inches with
a 15% oversizing factor.

5) 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 5.

_

.
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3.0 Methods
!

All the riprap sizing on the upslope toe / apron area in this calculation 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. D o will be determined using the computer program |3

"RPRP/SFST' developed by MKES (Ref. 4), l

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).

I* Safety Factor Method (Ref. 5)

1

On a plane slope, the equation is as follows:

217D =

(G-1) y" cos6 - tan 0 ' ~
S.F. tan 4

-

'

. .

where:
S.F.= safety factor = 1.0 for PMP condition
4 = angle of repose (in degree) of rock
0 = angle of the plane slope
r = shear stress (psf)
7 = 62.4 pcf
G, = specific gravity

e Stephenson's Method (Ref. 6)

. _ 2

7 1 7

q (tan 0)3 (p)5D =
50 g 3

_ C g [(1-p) (G,-1) cos6 (tan 6-tand){
2
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where:
p = porosity A 0.33
C = empirical factor

= 0.22 for rounded rock
= 0.27 for angular rock

other parameters are previously defined.

3.2 South-Edge Upslope Area

The critical peak PMP discharge at each different locations along the south-
edge area will be estimated from the Rational Formula, O = C I 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, D (min), on the upslope apron will be estimated by the5o

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
ch1racteristics (i.e. flow depth, flow velocity, etc ...) are computed with:

y$ s ,
~

1.486 "9
'

or y= (Ref.10) .q=
n ! !

. 1.486 s'. :

v = 3, Fr =
[g _y, _"c_o_se_ , r = y, y s(Ref.10)

Y

n = 0.0456 (D s) "' for slopes > 10% and D,, in inches (Ref.11),50

or l
1/6 I

Y 'for slopes s; 10% and D' in feet (Ref.7)n-
(23.85 + 21.95 log (y/D )) '

30

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

F:\BYW\ HAT \ TEXT \PID20
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v = flow velocity (fps)
s = energy slope (approximated as side slope)
n = Manning's roughness coeff,
D a = Median diameter of riprap

3,

Fr = Froude number
0 = tan-1(s) = slope angle
g = acceleration of gravity (ft/sec )

3.2.2 Ripran Sizine 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:

"
D,n =

E 2 2 g (G,-1)(cos0-sin 6)

where:
v = minimum velocity to move the D50 rock
(The velocity on the steeper slope will be used.)
E = Empirical constant

= 0.86 for high turbulence
= 1.20 for low turbulence

0 = slope of the apron
G, = Specific gravity of the rock

F:\BYW\ HAT \ TEXT \PID20
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4.0 Calculations

4.1 Top and Side Slopes

The calculations were either performed using the cornputer program "RPRP/SFST*
(Ref. 4) or by hand computation. The various assumptions and input parameters
used are presented below:

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

I = 10 - H ( log T P

G = 1.797; H=0.307; 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).

;

1

|
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4.1.1 Top Slope

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

L = 150' s = 0.4
i i

L: = 1270' s2 = 0.02

Total L = L + In = 1420'i

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

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

At point "c ",
i

I,y, = 28.3 in/hr, q = 0.92 cfs/ft,
y = 0.18', v = 4.3 fps, n = 0.026 (see sheet 13)

_
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-. - - _ _ _ . . _

NAf sP S.0VT 11/12/93 Page 1

**IhPUT FILE PRlWTOUT**

7?f ff.W4
UMTRA/M/N SIM SLOPE,2ERO PORE FLOW (FILE: HAT $P8.0UT)

HAT FHW 11 12 1993
1.797 .307 1.816 2.640 .220 1 .002 1.0
2 0

0 0

3 25
UPs 150.0 40.0 .30 35.0 $T
TOP ""* 2.0 .30 37.0 Fs

.5000 1.0 .00065

.0250 1.0 .00065

. . . . . . e . * * * E ko I NPUT D AT A * * * * * * * * * * *

UMTRA/M/H - $1DE SLOPE,ZERO PORE FLOW (FILE:HATSP8.0UT)

UMTRA/NAT RUN 1.D.=FHV DATE=11 12 1993

*** SAFETY FACTOR /STEPHENSON METHC0 FOR EMBANKMENT EROS!ON PROTECTION ***

* * * * * * * * * * * I NPU T D A T A * * * * * * * * * * * * * --

COEFFICIENTS FOR INTENSITY DURATION CURVE -

IPMP.10**(C H*(LOGT)**2):

Cs 1.797 H= .307 Z=1.816

RIPRAP STONE SP.CRAVITY= 2.64 C IN STEPHENSONS ECN= .22

- EMBANKMENT -

AREA

(LOCAfl0N $ECMCMT LENGTH SLOPE POR051TY FRICil0N
IN PLAN) (FT) ..(%) ANGLE

(DEG)
1 UPs 150. 40 .30 35. STEPHENS0NS
1- TOP 1270. 2. .30 37. . SAFETY FACTOR

. . . . . . . . . . . EN0 n PUT 0AT, . . . . . . . . . . .
.

.
. .

xote: ny ) Ari k n M r.d d < < A & ~
>J.u f"/ &

@
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Feature EROSION PROTECTION Designed BYW - Date 11-18-93 ,
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:.,;,_ -. .

NATSP8.0UT 11/12/93 Page 1

"IkPUT FILE PRINTOUT **

7?f' f/- W A-
UMTRA/M/N Gl6E SLOPE,2ERO PORE FLOW (FILE:HATSP8. CUT)

HAT THW 11 12 1993
1.797 .307 1.816 2.640 .220' 1 .002 1.0
2 0 ',
0 0 '

3 25 '

UPS 150.0- 40.0 .30 35.0 ST
TOP ""* 2.0 .30 37.0 FS

.5000 1.0 .00065
,

.0250 1.0 .00065

'

. . . . * . . . * . E ND I NPUT D AT A * * * * * * * . . o

UMTRA/M/H SIDE SLOPE,2ERO PORE FLOW (FILE:HATSP8.0UT)

UMTRA/ MAT RUN 1.D.=FHW DATE=11 12 1993

"* SAFETY FACTOR /STEPHENSON METHOD FOR EMBANKMENT EROS!ON PROTECTION ***

...........iNeuTDAu.............
_

.

COEFFICIENTS FOR INTENSITY OURATION CURVE -

IPMP=10"(G-H*(LOGT)**2):

G= 1.797 H= .307 2=1.816

RIPRAP STONE SP. GRAVITY = 2.64 C IN STEPHENSONS ECN= .22 -

- - EMBANKMENT -.-

AREA

(LOCATION SEGMENT LENGTH SLOPE POROSITYL FRICTICW
IN PLAN) (PT) (%) ANGLE

(DEG)
1 UPS 150. 40. .30 35. STEPHENS0NS
1 TOP 1270. 2. .30 37. SAFETT FACTOR

. . . . . . . . . . . EN0 lNPuT 0A u . . . . . . . . . . .
nte: .r,g 4ti hu n r'kr SM & 4 "& *"

JAW / &

@
. .
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Feature EROSION PROTECTION Designed BYW Date 11-18-93

Item - EMBANKMENT AND SOUTH-EDGE AREAS Checked m u/ Date // -/M3

MATSPS. CUT 11/12/93 Page 2

DETAILED CALC TABLE W11H FINAL ROCK SIZE7pp f /off

SEGMENTS 10P LENGTHS 1270. FT. SLOPES 2.1

ASSUMED D50s .0673FT. AT D/S END OF SECMENT

CORRESPONDING Cs .998CFS/FT AT SEGMENT END BY FS METHOD

SLOPED *""F LOWS (CF S/ F T )*"* VEL. DEPTH MANNING TIME OF

DISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)

INT. TOT ALFRCH TO

(FT) (FT)
0. 50. .035 .000 .035 .62 .06 203 1.34 1.34

50. 100. .070 .000 .070 1.05 .07 .137 .79 2.13
100. 150. .105 .000 .105 1.42 .07 .115 59 2.72

0. 51. .141 .000 .141 1.62 .09 .025 .52 3.24
51. 102. .177 .000 .177 1.80 .10 .025 47 3.71

102. 152. .212 .000 .212 1.96 11 ,024 43 4.14
152. 203. .248 .000 .248 2.11 .12 024 40 4.54

203. 254. .284 .000 .284 2.24 .13 .024 .38 4.92
254, 305. .319 .000 .319 2.36 14 .023 .36 5.28 ,

305. 356. .355 .000 .355 2.47 14 .023 .34 5.62
356. 406. .391 .000 .391 2.58 .15 .023 .33 5.95
406. 457. 427 .000 .427 2.68 .16 .023 .32 6.26
457. 508. 462 ,000 .462 2.78 .17 .023 .30 6.57
508. 559. 498 .000 498 2.87 .17 .023 .29 6.86

559. 610. .534 000 .534 2.96 18 .023 .29 7.15
610, 660. .569 .000 .569 3.05 .19 .023 .28 7.43
660. 711. 605 .000 .605 3,13 .19 .022 .27 7.70
711. 762. .641 000 .641 3.21 .20 .022 .26 7.96
762. 813. .676 .000 .676 3.29 .21 .022 .26 8.22
813, 864 .712 .000 .712 3.37 .21 .022 .25 8.47
864. 914. .748 .000 748 3.44 .22 .022 .25 8.72
914. 965. .783 000 .7a3 3.51- .22 022 .24 - 8.96

965.1016. .819 .000 819 3.58 .23 .022 .24 9.19
1016.1067. .855 .000 855 3.65 .23 .022 .23 9.43
1067.1118. .890 000 .890 3.71 .24 .022 .23 9.65
1118.1168. .926 .000 926 3.77 .25 .022 .22 9.88
1168.1219. .962 000 962 3.84 .25 .022 .22 10.10

1219.1270. .998 .000 .998 3.90 .26 .022 .22 10.32

RAlkFALL INTENSITY ILAINFALL INTENSITY

THAT ASSUMED C50 BASED ON CALCULATED

CAN WITHSTAND BASED TIME OF CONC.AND USING

ON THE EON IrQ/CAs INTERPOLATING FUNCTION

(43560'Q)/L !=10"(G k+((LOGT)**2))

(INCH /HR) (INCH /HR)

30.60 30.37

**""*RESULTS SUMMARY"**"* AREAS 1

SECMENT LENGTH SLOPE 050 0 AT TC STARTING METHOD OF

(FT) (%) (INCH) D/S END (MINUTES) ROCC D50 CALC.
(CFS/FT). (INCH)

UPS 150. 40.0 6.0 .235 2.5 6.00 StEPHENSON

TOP 1270. 2.0 h .998 10.3 .30 SAFETY FACTOR._

t - p; n..) q&
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avmowam mmeu mow Sheet 13

Project UMTRA - HAT / MON Contract No.__ 3885 f8 Flie No. -

Feature _ EROSION PROTECTION Designed BYW Date 11-18 93
ltem EMBANKMENT AND SOUTH. EDGE AREAS - Checked 48 Date / /-/ f-95

SLOPED ***** FLOWS (CFS/FT)**** VEL. OEPTH MANNING TIME OF

DISTANCE ALLOC. iORES ROCK (FPS) (FT) N CONC (HIN)

INT. TOTALFROM TO

(FT) (FT)
0. 50. .032 .000 .032 .58 .06 .209 1,43 1.43

50. 100. .065 .000 .065 1.00 .06 145 .83 2.26
100. 150. .097 .000 .097 1.34 .07 .118 .62 2.89

I
0. 51. .130 .000 .130 1,38 .09 .032 .61 3.50 '

51. 102. .163 .000 .163 1.54 .11 .031 .55 4.05
102. 152. .196 .000 .196 1.63 .12 .030 .50 4.55
152. 203. .229 .000 .229 1.80 .13 .030 47 5.02

203. 254. .262 .000 .262 1.92 .14 .029 .44 5.46
254. 305. .295 .000 .295 2.03 .15 .029 .42 5.88 ;

305. 356. .328 .000 328 2.13 .15 .028 40 6.28
356. 406. .361 .000 .361 2.22 .16 .028 .38 6.66
406. 457. .394 .000 .394 2.32 .17 .028 .36 7.02
457. 508, 427 .000 427 2.41 .18 .028 .35 7.38
508, 559. 460 .000 460 2.49 .18 027 .34 7.72
559. 610. .493 .000 493 2.57 .19 027 .33 8.04
610. 660. .526 .000 .526 2.65 .20 .027 .32 8.36
660. 711. .559 .000 .559 2.72 .21 .027 .31 8.67
711. 762. .592 .000 .592 2.80 .21 .027 .30 8.98
762. 813. .625 .000 625 2.86 .22 .027 .30 9.27 .

813. 864 .658 .000 .658 2.93 .22 .026 .29 9.56
|

864. 914. .691 .000 .691 3.00 .23 .026 .28 9.84
914. 965. .724 .000 .724 3.06 .24 .026 .28 10.12

965.1016. .757 .000 .757 3.12 .24 026 .27 10.39

1016.1067. .790 .000 .790 3.18 .25 .026 .27 10.66

1067.1118. .823 .000 .823 3.24 .25 .026 .26 10.92

1118.1168. .856 .000 .856 3.30 .26 .026 .26 11.18

1168.1219. .889 .000 .889 3.36 .2? .026 .25 11.43

1219.1270. M .000 .922 3.41 .27 .026 .25 11.68 e-- A er4 d M #

0. 1. .922 .000 .922 5.07 .18 .042 .00 11.68 </ 7'ef 5/cp h & *A I
g j gys A.,7pg v/ _1. 1. .923 .000 .923 5.07 .18 .042 .00 11.68

'
RAINFALL INTENSITY RAINFALL INTENSITY

THAT ASSUMED D50 BASED ON CALCULATED

CAN WITHSTAND BASED TIME OF CONC.AND USING

ON THE ECM !=Q/CA= !NTERPOLATING FUNCTION

(43560*Q)/L !=10**(G-H*((LOGT)**2))

'
/

(INCH /HR) (INCH /HR) ' WW & |W||28.29 28.27 f/ W | x *de t *f
7 * /= f" **'texcep/ m hpe p

|f Sb 8 mf Mj #&,,p 4*******RESULTS SUMMARY ******* AREA =1 f
.

p

//d /e'c*I fef4.edSECHENT LENGTH SLOPE 050 0 AT TC STARTING METHOD OF

(FT) (%) (INCH) D/S END (MINUTES) ROCK 050 CALC.
(CFS/FT) (INCH)

UPS 150. 40.0 6.0 .235 2.5 6.00 STEPHENSON

TOP 1270. 2.0 1.5 2.524*/ 7.0 1.50 SAFETY FACTOR

HYPor2 1. 20.0 4.2 923 11.7 .30 STEPHENSON

/Yem'rk : ft7A" h $ .0 ;6/* |u f k wf Yd ff/A/nh
P.tv */ V' Ca- .runitM- deM E.w JM tb a f z &
af dowir nr aJwe nJ/e 6mbdwed)

n ru my sad 4,w%-wed top-*J .a a&g a o,A,
'd4 )GVe rWe Affad & + 44 * WW Ao Jdhva 6so
dew AJ/e %a% bod)
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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 itself.

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

By Kirpich equation (Ref. 8),

T, (time of concentration) = 0.0078 L " / s ''' = 1.3 min, for s=0.20

use minimum T, = 2.5 min., hence I,y, = 53.5 in/hr. (see sheet A-1)

q = C I L / 43560 = 1.0 (53.5) (350) / 43560 = 0.43 cfs/ft

By Stephenson Method:

0 = side slope = 11.31*
For rounded rock, use 4 a 37* (see sheet A-2)

Then D a = (0.22049 q)2'' = 0.21' = 2.5"5

This required rock size is less than 3 inches, so use Tvne B1 rock.

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

q, = D " / 0.220493a

For D a = 3", q, = 0.57 cfs/ft.5

q, = C I L, / 43560.

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

F:\BYW\ HAT \ TEXT \PID20
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Hence, L, = 43560 (0.57) / 53.5 = 465 ft.

Check T, = 0.0078 L'" / s 355 = 1.6 min < 2.5 min O.K.

2) Between "b" and "c" (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 (D3a = 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
(D3a = 3") is stable on the 5:1 side slope between points "b" and "c" under
PMP conditions, is shown on sheet 4.

Output for the "RPRP/SFST' computer runs are presented in Appendix
C.

3) Between "c", "c " and "d" (see sheet 4)i

_ 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 "c (flow line T-T):2

L = 150' s = 0.4i
L = 1270' s = 0.022

L, = 100' s = 0.2
Total length = 1520'

The required rock size (D o) is 4.3". Hence Type B rock, D3a = 4.4" is3

stable. Output from the "RPRP/SFST' computer runs are presented on
sheets 16 to 18.

At point "c:",
I,, = 27.6 in/hr, q = 0.96 cfs/ft, n =0.043
y = 0.19', v = 5.1 fps (see sheet 18)

F:\BYW\ HAT \ TEXT \PID20
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Feature EROSION PROTECTION Designed BYW Date 11 18-9)
Item EMBANKMENT AND SOUTREDGE AREAS Checked FHW Date 11-19 93

5 S/ h Sk y -
MATSPT. CUT 11/12/93 Pese 1

"lWPUT Fitt PRINf0VT"

UNIRA/M/N SIDE $ tope,2ERO PORE FLOW (FILE HAlsP. CUT)

HAT FMV 11 12 1993
1.797 .307 1.816 2.640 .220 1 .002 1.0
1 0

0 0 6

3 25 2

UPS 150.0 40.0 .30 35.0 ST
10P "*" 2.0 .30 37.0 FS
$10E 100.0 20.0 .30 37.0 ST

.5000 1.0 .00065

.1250 1.0 .00065

.0250 1.0 .00065

e e e e e e e * * * * END IkPUT DATA * * * * * * * * * * *

UMTRA/H/N $1DE $t0PE,2ER0 PORE FLOW (FILE:HATSP.0)1)

UMTRA/ MAT RUN l.0.*FHW DATE=11 12 1993

***$AFETY FACTOR /STEPHENSON METHCO FOR EMBANGENT ERO$10N PR01ECT10E*"

_

e e e e e e e e e e * INPUT DATA * * * * * * * * * * * * *

COEfflCIENTS FOR INTENS11Y DURATION CURVE *

IFMP=10"(G N*(LOGT)**23:

C= 1.797 He .307 2=1.816

RlPRAP STONE $P.GRAVITTs 2.64 C IN STEPHEN 50NS EcN .22

EMBAk OENT -

AREA

(LOCAi!ON $ECHENT LENGTH $ LOPE POROSITT FRIC1104
IN PLAN) (71) (%) ANGLE

(DEG)

1 UPS 150. 40. .30 35. $1EPHEN$0NS
1 TOP 1270. 2. .30 37. $AfETT FACTOR

'

1 $10E 100. 20 .30 37. STEPHENSONS

. . . . . . . . e . * EWo input oATA * * * * * * * * * * *

Jg 44 on $$,y fled Ast* $1 &W ''1Mote:

JAuf / 7

@
- - - -
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-
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Feature EROSION PROTECTION Designed BYW Date ~ 11-18-93
Item EMBANKMENT AND SOUTH. EDGE AREAS ' Checked FHW Date 11-19-93 ~

h I/d f SLOPED ""* FLOWS (CF S/F T )"** YEL. DEPTH MANNING .IlME OF
#

DISTANCE ALLOC. PCRES ROCK (FPS) (ff) N CONC (MIN)
FROM To INT. TOTAL
(FT) (ff)

0. 50. .032 .000 .032 .57 .06 .211 1.46 1,46

50. 100 .063 .000 .063 .99 .06 .147 .85 2.31
100. 150. .095 .000 .095 1.32 .07 .119 .63 2.94

0, 51. .127 .000 .127 1.37 09 .032 .62 3.56
51. 102. .160 . 000 .160 1.52 .10 .031 .56 4.12

102. 152. .192 .000 .192 1.67 .12 .030 .51 4.63 ;

152. 203. .224 .000 .224 1.78 .13 .030 47 5.10
203. 254 .256 .000 .256 1.90 .13 .029 45 5.55
254. 305. .289 .000 .289 2.01 .14 .029 42 5.97
305. 356. .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 7.1%
457. ~., 8 .418 .000 418 2.38 .18- .028 .36 7.48
508. 450 .000 450 2.47 .18 .027 .34 7.82..

559. 610. 482 .000 .482 2.55 .19 .027 .33 8.15
610. 660. .514 .000 .514 2.62- .20 .027 .32 8.48
660. 711. .547 .000 .547 2.70 .20 .027 .31 8.79
711. 762. .579 .000 .579 2.77 .21 .027 .31 9.10
762. 813. .611 .000 .611 2.84 .22 .027 .30.9.40
813. 864. .643 .000 .643 2.90 .22 .027 .29 9.69
864. 914 .676 .000 .676 2.97 .23 .026. .29 9.97
914. 965. .708 .000 .708 3.03 .23 .026 .28 10.25 ' .j
% 5.1016. .740 .000 .740 3.09 .24 .026 .27 10.53- '

1016.1067. .772 .000 .772 .3.15 .25 .026 .27 10.80
1067.1118. .805 .0C0 .805 3.21 .25 .026 .26 11.06
1118.1168. .537 .000 .837 3.27 .26 .026 .26 11.32
1168.1219. .869 .000 .869 3.32 .26 .026 .25 11.57
1219.1270. .901 .000 .901 3.38 .27 - .026 .25 11.82

0. 50. .933 .000 .933 5.06 .18 .043 .16 11.99
50. 100. .965 .000 .965 5.14 .19 043 .16 12.15 |

RAINFALL INTENSITT RAINFALL INTENSITY
TKAT ASSUME 0 050 BASED CN CALCULATED

CAN VITHSTAND BASED TIME OF CONC.AhD USING
ON THE ECN is0/CA= INTERPOLATING FUNCTION

(43560'Q)/L !=10**(G N'((LOGT)"Z))

(INCH /HR) (INCH /HR)

27.65 27.62

"""* RESULT S SUMMARY"""* AREA =1

SECMENT LENGTH SLOPE 050 0 AT TC STARTING - PETHOD OF
(FT) (%) (INCH) D/S END (HINUTES) ROCK 050 CALC.

(CFS/FT) (!NCH)

UPS 150. 40.0 6.0 .275 2.5 6.00 STEPHENSON |
TOP 1270. 2.0 1.5 e 2.",24 7.0 1.50 SAFETY FACTOR j

h 'SIDE 100. 20.0 .965 '2.2 .30 STEPHENSON

wn g.,4,

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ .
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Featuro EROSION PHOTECTION Designed BYW Dato 11-18-93

ltem EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Dato 11 19-93

i r A4 //pe 'G
SLOPE 0 **"* FLCNS(CF S/F T)"" WL . DEPTH MANWlWG TIME OF
DISTANCE ALLOC. PoeES ROCK (FPS) (FT) N CONC (Mlu)

FRCH TO lWT. TOTAL

(IT) (FT)
0. 50. .032 .000 .032 .57 .06 .211 1.46 1,46

50. 100. .063 .000 .063 .98 .06 .147 .85 2.31
100. 150. .095 .000 .095 1.32 .07 .119 63 2.94

0. 51. .127 .000 , N27 1.37 .09 .032 .62 3.56
51. 102. .160 .000 .160 1.52 .10 .031 .56 4.12

102. 152. .192 .000 .192 1,66 .12 .030 .51 4.63
152. 203. .224 .000 .224 1.78 .13 .030 .47 5.10
203. 254. .256 .000 .256 1.90 .13 .029 45 5.55
254. 305. .288 .000 .288 2.01 .14 029 42 5.97
305. 356. .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. 508. .417 .000 417 2.38 .18 .028 .36 7.48
508. 559. 450 .000 .450 2.47 .18 .027 .34 7.83
559, 610. 482 .000 482 2.55 .19 .027 .33 8.16
610. 660. .514 .000 .514 2.62 .20 .027 .32 8.48
660. 711. .546 .000 .546 2.69 .20 .027 .31 8.79
711, 762. .579 .000 .579 2.77 .21 .027 .31 9.10
762. 813. .611 .000 .611 2.83 .22 .027 .30 9.40
813. 864. .643 .000 .643 2.90 .22 .027 .29 9.69
864. 914. .675 .000 .675 2.97 .23 026 .29 9.98
914, 965. .707 .000 .707 3.03 .23 .026 .28 10.26

965.1016. .740 .000 .740 3.09 .24 .026 .27 10.53

1016.1067. .772 .000 .772 3.15 .25 .026 .27 10.80

1067.1118. .804 .000 .804 3.21 .25 .026 .26 11.t>6

1118.1168. .836 .000 .836 3.26 .26 .026 .26 11.32
1168.1219. .869 .000 .869 3.32 .26 .026 .26 11.58

1219.1270. .901 .000 .901 3.37 .27 .026 .25 11.83
0. 50. .932 .000 .932 5.02 .19 .043 .17 11.99
50, 100. .964 .000 .964 5.10 .19 .043 16 12.16 M or d 8#w/ h M
0. 1. .965 .000 .965 5.14 .19 043 .00 12.16 .27eng efd J':/ //v/d.

(/m 6 ~ rA<4 %).
RAINFALL INTENSITY RAlktALL INTENSITY

[7 +T 7*far#N Mg/h#

THAT ASSUMED 050 BASED ON CALCULATED
dCAN WITMSTAND SASED TIME OF CONC.AND USING /fy f [,

ON THE ECN !=0/CA= INTERPOLAtlNG FUNCTION

(43560*Q)/L !=10"(G N'((LOGT )"2))
glo/e : hjid d$ %s& tbtbY i

(INCH /HR) (INCH /HR) p ,4 L g MA
' '' ' ** stigcm,.eamy 9

#'>''/f*Y N F A* k##J"*""RESUL15 SUMMARY""*" AREA =1
S|cjz Q Aff e A $

SECMENT LENGTH SLOPE 050 o AT TC STARTING METHC0 of f g /ggy,/ pp. #
(FT) (%) (INCH) D/S END (MINU1ES) POCK 050 CALC. // /

(CFS/FT) (INCH)

UPS 150. 40.0 6.0 .235 2.5 6.00 91EPHENSON

TOP 1270. 2.0 1.5 2.524 7.0 1.50 SAFETY FACTOR
N

SIDE 100. 20.0 4.4 1.007 11.9 4.40 STEPHENSON

HYPO 1. 20.0 4.3 .965 12.2 .30 STEPHENSON

$ S lb! Wyfl kDgp = p'(s * Ca fa $,& _ /fr/ue/ b.</ N =U AYNok : F/
x san n h ee m t w,d a ) Oak. $ | W " W * ,

97 meh-6 &> add 4f .d.t' 2 Ay)'ot)t Nr /
adit 4 Ab od'sts &$ 414 S//dtt/** pu
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Feature EROSION PROTECTION Designed BYW Date 11-29-93
Item EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30-93

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 ",i

L = 100 Ah = 4410-4360 = 50 st = 50/100 = 0.5i

L = 50 Ah = 10 s2 = 0.12

L = 230 s3 = 1/7 = 0.142863

L = 480 s, = 0.02
L = 115( 6.2(h):1(v) side slope) s3 = 18.5/115 = 1/6.2 = 0.16135

Let part of the length, L of the 6.2(h):1(v) side slope which Type B1 rock5

can sustain the PMP flow be: L, = 60'.
'

Therefore Totallength = 100+50+230+480+60 = 930

T, = 0.0078 ( 100 " / 0.5 3" + 50 " / 0.1 3" + 230 " / 0.14286 3"
+ 480*" / 0.02 3" + 60 " / 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,,.o, = 39.5 in/hr.

q = 1.0 (39.5) (930) / 43560 = 0.84 cfs/ft

By Stephenson Method:
8Use & = 37*, 6 = tarr (1/6.2) = 9.16*, p = 0.3, C = 0.22, G, = 2.64

Then D3o = (0.15156 q)~d' = 3.0" (Type B1 rock)

At point "d ",

L = 100 si = 0.5i

L = 50 s2 = 0.1
L, = 230 s3 = 0.14286
L = 460 s, = 0.02
L = 125 s3 = 1:6.5 = 0.15385 (side slope)5

Therefore Total length = 100 + 50 + 230 + 460 + 125 = 965

F;\BYW\ HAT \ TEXT \PID20
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Feature EROSION PROTECTION Designed BYW Date 11-29-93 j

_
ltem EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30-93

T, = 6.3 min, Ipy, = 39.5 in/hr.

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

By Stephenson . Method:

Use c = 37",0 = tan (1/6.5) = 8.75a, p = 0.3, C = 0.22, G, = 2.64d

3 = (0.1402 q)" = 3,,.0", (use Type B1 rock)0Then D

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

4.2 South-Edce 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 2% top slope and the roadway.

Based on Seld 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 disposal cell.

Since gullies curTently 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 discharce

The longest and most critical flow length is selected as the critical
condition 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.

F:\BYW\ HAT \ TEXT \PID20
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. - . .- ._ - -

location' Elev. L al aH aH/6L slope T, i q

(min) (in/hr) (cfs/ft)

1 4415 0

2 4370 70 70 45 0.643 1.6:1 0.24

3 4356 100 30 14 0.47 2.1:1 0.40 53.5 " 0.12

4 4356 150 50 0 0 *

5 4328 380 230 28 0.145' 7:1 1.50 53.5 " 0.47

6*" 4327.47 390 10 0.53 0.0533 18.75:1 1.70 53.5 " 0.48

To be conservative, neglect the T for this section.*
e

Use a minimum T, = 2.5 minutes.**

Slope downstream of location #6 is 2% (embankment top slope).***

+ Actual slope is milder, bin use 7:1 slope.
# See flow-path K-K on sheet 4.

dI E/do/7

I

[E/. G570
t.6

( EA M '1u.,

i -

"| * st. nzf:

bCff2 f_7 e

ar n,

7# 50 ' f*0 ' 2%' _p', :
1

.) ;

2) Flow characteristics at different slope locations

e At location #3 - upstream side of roadway

q = 0.12 cfs/ft (see table above)
s = 0.47 (approximate upstream slope),6 = 25.2"
let n = 0.05 for jagged and irregular rock cut condition (Ref.10)

I

F:\BYW\ HAT \ TEXT \PID20
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"9y= = 0.046'

1.486 s 7

v = $. = 2.6 fps, "Fr = = 2.3
Y Ecos6

Hydraulic jump occurs at point no. 3

b = f hl+8F,2-1 = 2.7, (Ref.10) y2 = 0.13'
y, -

v, = _9 - 0.96 fps
y2

Length of jump e 5 y2 = 0.7' (Ref.10)

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

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

q = 0.47 cfs/ft (see sheet 21)

On upstream 7:1 slope
s = 0.1429 and 6 = 8.13"
n = 0.0456 (D50 s) 25' = 0.04 for D o = 3.0"3

_

then, yi = 0.13', v = 3.6 fps and Fr = 1.8
27 = y, y s = 0.96 lb/ft

On 5.33% slope
s = 0.053, 6 = 3.05*; use n = 0.037

then, y2 = 0.17', v = 2.8 fps and Fr = 1.20
27 = y, y s = 0.56 lb/ft

, 1/6

check n = ! = 0.037 O.K.
,

Y

23.85 + 21.95 - log ( D,o)
|

'

|

1
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1
,

i

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

q = 0.48 cfs/ft (see sheet 21) I

i

On upstream 5.33% slope

s = 0.0533 (6 = 3.05 ) I

use n = 0.037

then, y = 0.17', v = 2.8 fps, Fr = 1.2
7 = y, y s = 0.57 psf

check n = Y = 0.037 O.K. (D,, = 3.0 in.)
,

Y

23.85 + 21.95 - log ( D >)
5r

.

On 2% slope

s = 0.02 (0 = 1.146 )
use n = 0.035

then, y = 0.22', v = 2.2 fps, Fr = 0.82
r = y, y s = 0.27 psf

check n = Y = 0.035 O.K.
,

Y

23.85 + 21.95 * log ( D,o)

So, hydraulic jump occurs on the 2% slope :

Y 1 / t2

{ " 3 Q1+8F,2-1| = 1.27

y, = 1.27 yi = 1.27 (0.17) = 0.22'

Length of jump = 5 y2 = 5 (0.22) = 1 ft (insignificant).

F:\BYW\ HAT \ TEXT \PID20
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I

3) Reauired riprap sizine

a) At Location #4: upstream of 7:1 slope (see sheet 21). <

Required Rock Size:e

1 = 150', use T, = 2.5 min, I , = 53.5 in/hrp

q = 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, q = 3 (0.184) = 0.55 cfs/ft

Using a slope of s = 0.04 across the roadway,

y = [n q / (1.486 s 5) ] 4, use n = 0.04

2Then, y = C.21', y = 2.6 fps, r = 0.52 lb/ft

Required rock size on 7:1 slope (By Stephenson's Method):

using q = 0.55 cfs and slope of 7:1,0 = 8.13*

G, = 2.64, 4 = 37' (see sheet A-2), C = 0.22 for round rock

D50 = (0.12443 q) "7 = 2.0" (Type B1 rock is O.K.)

Estimate of local scour depth at location #4: (Assuming no erosione

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:

Usine the DOT empirical eauntion for scour below culvert outlet (Ref 16):

,e

D, = a y| 9 (t)', where
y;,

.
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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, y, S, and e are empirical parameters, and the following values are used:

a = 0.82, s = 0.375, 0 = 0.1 and y = 1.0 (Ref.10)

Hence for y, = 0.21', O = q = 0.55 cfs/ft

0.55 373

D = 0.82 (0.21)'- (30)" = 0.84ft.'

_(0.21)2a_

Usine Lacev's recime eauation (Ref.17)

- 2- i
9R = 0.9 -_ 7, q = 0.55 (FCF = 3), where
f

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

f = Lacey's silt factor = 1.76 /D (min)5o

Assume for very fine sand, D (min) e 1.0 mm, then f = 1.76
5o

'0.552' } = 0.5 ftR = 0.9
1.76

-

-

Depth of scour below water surface = x R = 2.25 (0.5) = 1.13 ft
(x = 1.75 to 2.25, to be conservative use x = 2.25)

J. Depth of scour below apron = 1.13 - 0.21 = 0.9 ft.

Usine the Tractive Force Method (Ref.10)

It is conservat vely assumed that the road surface has the equivalent soili
2condition as firm loam; thus the critical tractive force is 0.075 lb/ft (Ref.

10). Under the existing slope of 0.04, with n = 0.04, q = 0.55 (FCF = 3)
2

r = 0.52 lb/ft (see sheet 24) > 0.075

Thus, local scour will reduce the slope until the shear stress is less than
20.075 lb/ft

F:\B fW\ HAT \ TEXT \PID20
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*0.04 x 0.55at s = 0.002, y = = 0.52 ft
1.486 (0.002).5 '

ok= 0'.064 lb/ft 2 < 0.0757

Therefore, instantaneous local scour = 0.52 - 0.21 = 0.31 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.

b) 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 Stilline Basin Eauation (Ref. 9):

V
D

5
E2 2 g (G,-1) (cos0-sin 0)

use velocity from the 7:1 slope; y = 3.6 fps (see sheet 22)
E = 0.86 (high turbulence) (Ref. 9)
To be conservative, use 7:1 slope, 0 = tan- (1/7) =' 8.13
G, = 2.64 for round rock (Ref.10), then
D50 = 0.015 v2 = 0.20' = 2.3"

.

Based on Stephenson's eauation

_2
7 1 7

q (tan 0)3 (p)3
D'* = ' s

_
2 [(1-p) (G,-1) cose (tand-tan 0)]3 _Cg

use upland slope of 7:1,0 = 8.13
p e 0.3, q = 0.47 cfs (see sheet 21)
G, = 2.64, 4 = 37' (see sheet A-2), C = 0.22
D a = (0.12443 q)"7 = 0.15' = g5

Therefore, Type B1 riprap, D c(min) = 3.0" shall be used for area below5

the roadway and above the 2% top slope (i.e. between points #4 and #6
as shown on sheet 21)

F:\BYW\ HAT \ TEXT \PID20
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|

l

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

e Safety Factor Method on a plan slope

217D,= _
,3

(G -1) y" cos6 - tane,I
'

S.F.
_

tan 4 ,

use r = 0.57 psf from the upstream 5.33% slope (see sheet 23)

On the 2% slope, 6 = tan' (0.02) = 1.146*

4 = 35' (see sheet A-2)
G, = 2.64 (rounded rock, Ref.13)
S.F. = 1.0

then D3a = 0.2113 7 = 0.12' = 1.5" (D3a for Type A rock) 0.K.

5) Check required rock size between points "H" and "C" on upstream side of
Roadway. The most criticallocation is at point "G" or point 3 (see sheet
4):

Point Location AL E Al Ah / Al
EL

1 4391.6

2 4370.0 75 75 0.288

3 4340.0 30 105 1.000

At point 3 (see sheet 4),

Use T, = 2.5 min, In.u, = 53.5 in/hr,1 = 75 +30 = 105'

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 assume Manning Formula can be applied;

y = { n q / (1.486 sa5) ] " = 0.074'

therefore, v = 5.2 fps

F.\BYW\ HAT \ TEXT \PID20
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Usine COE Stilline Basin Method
J

"
D'

E 2 2 g (G,-1) (cos0-sin 6)

where 6 = 2.29' (s = 0.04) , G, = 2.64, and v = 5.2 fps

D a = 0.01335 v2 = 0.37' = 4.4"3

Thus, use at least Type B rock with D a = 4.4" or any larger rock size3

along this area.

4.2.2 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 discharce and flow characteristics

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

T, = 1.4 min, use T, = 2.5 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

y = [ (0.04 x 0.78) / (1.486 x 0.08 5) ]" = 0.21'
2v = 3.7 fps, r = y , y s = 1.05 lb/ft

;

F:\BYW\ HAT \ TEXT \PID20
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2) Reauired riorap sizing

Using the Safety Factor Method for a Plane Slope

Use r = 1.05 lb/ft2 from the upstream 8 % slope to act on the 5.33%
slope.

0 = 3.05* (5.33% slope)
For rounded rock, G, = 2.64, use 4 = 38 (see sheet A-2)

D a = 0.221 7 = 0.23' = 2.8"3

Therefore, the use of Type B riprap, D50 = 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:*

Usina the DOT empirical eauation for scour below culvert outlet (Ref 16h

a

QD, = a y| (t)', where
Y,
..

D, = depth of scour in feet
y, = flow depth or equivalent flow depth in feet
O = 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, y, S, and 6 are empirical parameters, and the following values are used:

a = 0.82, s = 0.375, 0 = 0.1 and y = 1.0 (Ref.10)

Hence for y, = 0.21', O = q = 0.78 cfs/ft (use FCF = 3)

0.78 ~ '75

D = 0.82 (0.21) - (30) - = 0.84ft.'

. (0.21)2.3
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Usine Lacev's regime equation (Ref.17)

R = 0.9 I , q = 0.78 (FCF = 3), where
f

R = hydraulic radius in feet,
q = cfs/ft
f = 12cey's silt factor = 1.76 /D (min)3o

Assume for very fine sand, D (min) & 1.0 mm, then f = 1.76
5a

0.7 82 - j
R 0.9 0.63 ft

1.76
.

Depth of scour below water surface = x R = 2.25 (0.63) = 1.42 ft
(x = 1.75 to 2.25, to be conservative use x = 2.25)

/. Depth of scour below apron = 1.42 - 0.21 = 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 lb/ft: (Ref.
10). Under the existing slope of 0.08, with n = 0.04, q = 0.78 (FCF = 3)

27= 1.05 lb/ft (see sheet 29) > 0.075

Thus, local scour will reduce the slope until the shear stress is less than
2

0.075 lb/ft :

Try s = 0.0015, then y = 0.69', r = 0.065 lb/ft2 < 0.075
Depth of scour = 0.69 - 0.21 = 0.48'

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 j
at 1 foot. i
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3) Check Stability of Tvpe A rock at Upstream End of 2 % Slope

e Flow characteristics at end of 5.33 % transition zone

L = 210 + 10 = 220'
q = C I L / 43560 = 1.0 (53.5) (220) / 43560 = 0.27 cfs/ft
s = 0.0533
use n = 0.049

;

then, y = 0.142', v = 1.9 fps, and Fr = 0.89
7 = w y s = 0.47 psf

check n = Y = 0.049 0.K. (D " 4 4 I"-)50,

Y23.85 + 21.95
log ( D,n)

.

* Rock size required on 2% top slope

Use Safety Factor Method (see sheet 6 for equation)

r = 0.47 psf from the 5.33% transition slope
40 = tan (0.02) = 1.146*, G, = 2.64 (Ref.13), 4 = 35" (see sheet A-2)

then D,o = 0.211 7 = 0.099' = 1.2" < Type A rock, D50 = 1.5 " O.K.
_

4.2.3 Area between points C & D
l

The upslope area between C and D (see sheet 5) will be regraded in 2.5:1 slope !

(s = 0.4) or 2:1 (S=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 shmvn 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:

T = 0.0078 (150) 77 = 0.5 min*
( 0 . 4 ) o 3 55

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 sizine for 2.5:1 slope

e Flow Characteristics:

For s = 0.4 (0 = 21.8*),
3a ) "" = 0.05 for slopes > 10%n = 0.0456 (D s

and D a = 4.4" for Type B rock3

y = { (0.05 x 0.18) / (1.486 x 0.4 5) ]" = 0.06'
v = 2.9 fps, and Fr = 2.1
7 = w y s = 1.50 lb/ft'

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

hl+8F,2-1 - 2.5, y, = 0.15'=

Therefore, transition length required = 5 y2 = 1 ft.
Use 10 feet, to be conservative.

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, = 2.64, c = 0.22, p a 0.3, 4 = 38*, 0 = 21.8* (s = 0.4 or 2.5:1 slope)

F:\BYW\ HAT \ TEXT \PID20
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Usine Stephenson's Method

D3a = (1.009 q) "7 = 3.8" for q = 0.18 cfs/ft

Usine the COE Stilline Basin Method

E = 0.86 (high turbulence)
G, = 2.64, 0 = 21.8*

D50 = 0.0230 v2 = 2.3 " for v = 2.9 fps

Usine the Safety Factor Method for a Plane Slope

2Use r = 1.50 lb/ft from 2.5:1 slope to act on the 5.33% slope.

0 = 3.05* (5.33% slope)
For rounded rock, G, = 2.64, use 6 = 38* (see sheet A-2)

D o = 0.2217 = 0.33' = 4.0"5

Therefore, Type B riprap, D a = 4.4", shall be used on the 2.5:1 slope and5

on the 10-foot long transition one at the upstream end of the 2% top
slope.

3) Rioran sizine for 2:1 slope

e Flow characteristics:

q = 0.18 cfs/ft (see sheet 32)

For s = 0.5 (0 = 26.57*)
n = 0.0456 (D a s) "" = 0.054 for D50 =6" (Type C rock)3

y = [n q / (1.486 s 8) ]" = 0.06', v = 3.0 fps
2r = y y s = 1.87 lb/ft

Fr = 2.3

h = hl+8F,2 -1= 2.77, y, = 0.166'
S -i

Length of the hydraulic jump = 5 y2 = 1'
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Use a transition length of 10 feet, to be conservative.

Riprap Sizing:*

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

Usine Stephenson Method (for angular rock - Type C)

G, = 2.7 (Ref.14), C = 0.27, p = 0.3, 4 = 40 (see sheet A-2),
and 0 = 26.57" (2:1 slope)

(1.30 q) #7 = 4.6" for q = 0.18 cfs/ftthen, D a =
5

D o,,, = 4.6 x 1.15 = 5.2" with 15 % oversizing factor (Ref.14).
3

Usine the Safety Factor Method

1.87 lb/ft from the 2:1 slope to act on the 5.33% transition slope.27=

0 = 3.05* (5.33% slope)

For angular rock, G, = 2.7, use 4 = 40 .

D3o = 0.2117 7 = 0.4' = 4.8"

D .wu = 4.8 x 1.15 = 52 with 15 % oversizing factor.50

Usine the COE Stilline Basin Method

E = 0.86 (high turbulence), G, = 2.7, 0 = 26.57 (2:1)
v = 3 fps from 2:1 slope

2D50 = 0.0276 v = 0.249' = 3"

D ,,m = 3.0 x 1.15 = 3,;}" with 15 % oversizing factor.30

l.

!
Hence use Tvne C rock. Du = 6" (before oversizing)

= 6.9" (with 15% oversizing factor).

|

i
|
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ltem EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW . Date 11-30-93- I

:

0 Check stability.of Type A rock at upstream end of 2% top slope ]
:

Flow characteristics on 5.33% transition zone.
L = 150 + 10 = 160'
q = C I L / 43560 = 1.0 (53.5) (160) / 43560 = 0.20 cfs/ft
s = 0.0533
use n = 0.053

then, y = 0.124', v = 1.6 fps, and Fr = 0.81
7 = y,, y s u 0.41 psf

assume Type B rock, D50 = 4.4 in,

check n - Y - 0.053 O.K.

Y

23.85 + 21.95 * log ( D,,)
.

.

Rock size reauired on 2% too slope

1

Use Safety Factor Method (see sheet 3 for equation)

7 = 0.41 psf from the 5.33% transition slope
0 = tan '(0.02) = 1.146*, G, = 2.64 (Ref.13),4 = 35' (see sheet A-2) ,

then D o = 0.211 7 = 0.09' = 1.0" < Type A rock, D o = 1.5" O.K.5 3

4.2.4 Tvoical 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) Reauired transition length

The most critical flow length is, L = 50' at location F (see sheet 4).
'

The existing slope is about 48% (AH/L = 0.48,0 = 25.6*).

T = 0.21 min < 2.5 min, so use I = 53.5 in/hr

/. q = C I L / 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 = 0.03', v = 2.0 fps, Fr = 2.1
7 = y y s = 0.90 lb/ft:

The hydraulic jump occurs on the 5.33% slope:

2 (ft;8(i.I)2_1) = 2.56,
Y 1 ~

2
, y2 - 0.08',

O.03

0.4 ft; and using aTherefore, transition length required = 5 y2 =

transition length of 10 feet is conservative.

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

Stephenson's Methode

Based on the 48% slope,0 = 25.64a, q = 0.06 cfs/ft
For rounded rock, C = 0.22, G, = 2.64, and 4 = 38 (Type B riprap), p
A 0.3

then D3a = (1.94 q ) "' = 0.24' = 2.9"

Use Type B rock, D3o = 4.4" -

The critical q for D50 = 4.4" to remain stable would be:

4.4" / 12 = (1.94 g) "', . . q, = 0.115 cfs/ft

This is equivalent to a flow concentration factor, FCF, of q, / q = M
l
i

Safety Factor Method !e
|

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

transition slope.
1

7 = 0.90 lb/ft', 6 = 3.05 (s = 0.0533), 6 = 38 |
'

G, = 2.64

Then, D5o = 0.220 7 = 0.2' = 2.4" ;
1
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For Type B rock, r, = D a / 0.22 = 1.675

y, = r, / y s = 1.67 / (62.4 x 0.48) = 0.0556 i

q, = 1.486 / 0.05 (0.0556)5'' (0.48)ir2 = 0.167 cfs/ft ;

FCF = q, / q = M

!

COE Stilling Basin Method*

G, = 2.64, 0 = slope of apron = 3.05* (s = 0.0533)
E = 0.86 (high turbulence)

2then, D3a = 0.01354 v |
for q = 0.06 cfs/ft, v = 2.0 fps, D3a = 0.7" '

,

For D o = 4.4" (Type B rock), !3

v, = [ (4.4/12) / 0.01354 ]" = 5.2 fos, v,= 1.486/n * y ' * s , j2i ii2

Hence, y,=(n v,/ 1.486 sir 2)i.5 = 0.127, q, = v, y, = 0.66, FCF = q,/q = 11
.

Hence, the use of Type B rock can sustain a flow concentration factor of I
2 to 11. I

|

|

|

3) Estimate local scour depth

_ l

Assume FCF = 3.0, q = 0.06 x 3 = 0.18 cfs/ft, s = 0.48
use n = 0.05, y = [n q / (1.486 s") ]" = 0.06' |

2v = 3.1 fps, 7 = y y s = 1.24 lb/ft
|

Using the DOT empirical equation (Ref.16)*
.

o-

D, = a y,' (t)', where
y, ,

For y, = 0.06', O = q = 0.18 cfs/ft

u?5- 0.18
D = 0.82 (0.06)'- (30)" = 0.51ft.'

. (0.06)2.5-

Using the Tractive Force Method (Ref.10)e
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-

2Use critical shear, r, = 0.075 lb/ft
.

.i
q = 0.18 cfs/ft (FCF = 3), n = 0.05 ,

Try s = 0.004, then y = 0.24, r= 0.061 < r, = 0.075 . O.K. |

D, = 0.24 - 0.06 = 0.2'

Using the Lacey's Regime Equation 'e

Assume for very fine sand, D (min) e 1.0 mm, then f = 1.76
5o

0.18r } = 0.24 ftR = 0.9
1.76

D, = y R - y, = 2.25 (0.24) - 0.06 = g ,

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.

_

,

i

|

|

l
! l

I
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I

o

APPENDIX A
;

REFERENCE CHARTS I
)

;

_

d
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Feature EROSION PROTECTION - Designed BYW Date 11-29-93
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APPENDIX B

GRADATION OF TYPE .B1 ROCK
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hMORRISON KNUDSEN CORPORATION
ENVIRONMENTAL SGVICES GROUP Sheet B-1

Project UMTRA - HAT / MON Contract No. 3885-58 File No. -

Feature EROSlON PROTECTION Designed BYW Date 11-29-93

_ ltem EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date_ 11-30-93

Appendix B -Type B1 Riprap Gradation

1.0 Gradation Requirements:

D c(min) = 3 " (Bluff source with round rock, and no oversizing required, (Ref.13))5

D oo(max) = 1.71 * D (min) = 5.1 " = 5.0 " (Ref. 7)i 5o

Dioo(min) = 1.26 * D (min) = 3.8 " = 4.0 " (Ref. 7)5o

D,3(min) = 0.68 * D a(min) = 2.0 " (Ref. 7)3

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 Openine Bv Weicht

5" 100
4" 0 - 100
3" 0- 50
2" 0- 25
#4 0- 5

2.0 Laver Thickness:

a. T (min) 2 1.9 * D (min) = 5.7 " (Ref. 7)3a

b. T (min) 2 1.5 * D (max) = 1.5'4.5 = 7 " (Ref. 7)3o

c. T (min) 2 12 " (Ref. 7)

Thus use the layer thickness = 12 ".

3.0 Beddine Laver:

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.

F:\BYW\ HAT \ TEXT \PIO20
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APPENDIX C

COMPUTER OUTPUT FROM RPRP/SFST FOR
TYPE B1 ROCK EVALUATION ON Tim EAST SIDE

OF Tim EMBANKMENT
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hMORRISON KNUDSEN CORPORATION I
Sheet d-/ !two-Yu .mvic u mour

Project UMTRA - H AT/ MON Contract No. 3885- T E File No. - |

Feature EROSION PROTECTION Designed BYW Date 11 29-93 |

Ite m EMDANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11 30-93 ;

._ - _
MAISP1.0UT 11/11/93 Page 1 __

UNTRA/M/W 510E $ LOPE 2ERO FORE FLOW (FitE!NAf 5P.QJ1)

Uhf R A/ MAT RUN l.0.*FWW DAlts11 11 1993

*"$Af E1T I AC10R/51EPHENSON Mt.1NCD FOR [*B ANKMEh! ERO110N PRQ1E C110N'"
tkpyt gAtA e e e e e. .e ee ee eeeeee e e ee e e

i

'

COEFFICIEN11 FOR INTENS11Y DURA 110N CURVE

IPMPs10"(C N'(LOG 1)"2):
G 1.797 M= .307 2=1.816-.,

AlPRAP $10NE SP.CRAViffs 2.64 C Ik $1EPHEN50N$ ECNs .22
EMBANKMEk1 * * -. .

AREA

(LOCATION SECMENT LENGTH SLOPE POR0511Y FRICTION
IN PLAN) (FT) (%) ANGLE

(CEG)

1 10P 600. 2. .30 35. 1AFETY FACTOR

1 $1DE 20. 20. .30 37 STEPHENSONS

1 NYPO 1. 20. .30 37. STEPHENSON$

* EkD INPU1 CATA * * * * * * * * * * *e eeee ee e e e

DETAILED CALC 1A8tE WITH FINAL ROCK $12E

$EGMENisNYPO LENGTH. 1. FT. SLOPE 20,%

ASSUME 0 D50= .2535FT. Al D/S END OF SEGMENT

CORRESPokDING Q= .579CFS/FT At SE0 MEN. Idb BY $1EPHENSONS ME!NCO

SLOPED "*" F LCVS (CF S/ F T )*"* Vit . CEPTN MANNING TIME OF

DisiAhCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)

fRCM 10 INT. 101AL

(FT) (PT)
0, 50. .047 .000 .047 .83 .06 .038 1.00 1.00

50. 100. .093 .000 .093 1.17 .08 .034 .71 1.71
100. 150. .140 .000 .140 1.43 .10 .032 .58 2.30
150, 200. .186 .000 .186 1.64 .11 .030 .51 2.81
200. 250. .233 .000 .233 1.82 .13 .029 46 3.27
250, 300. .280 .000 .280 1.98 .14 '29 42 3.69
300. 350. .326 .000 .326 2.12 .15 .028 .39 4.08
350. 400. .373 .000 .373 2.26 .16 .028 .37 4.45
400. 450. 419 .000 .419 2.39 .18 .028 .35 4.80
450. 500. 466 000 466 2.51 .19 .027 .33 5.13
500. 550. .513 .000 .513 2.62 .20 .027 .32 1.45
550, 600. .559 .000 .559 2.72 * .21 .027 .31 5.75

0. 20. .575 .000 .578 4.33 .13 .040 .08 5.83
0. 1. .579 .000 .579 4.34 .13 .040 00 5.84

RAlufALL INTENSITY RAINFALL |WTEN$lTY

THAT ASSUMED D50 SA$ED CM CALCULATED

CAN WifN51AND BASED 11ME OF CONC.AWD USING

ON THE EON l*S/CAs INTERPOLAT|NG FUNCTION

(43560*c)/L !=10**(G n*((LOGT)"2))

(INCH /HR) (!NCH/HR)
40.60 40.53

* **""R E SUL T S SUMMAR Y **""* AR E A*1

$ECNENT LENG1H SLOPE 050 0 At TC $1 arf!NG METHco 0F

(FT) (%) (INCH) D/S END (M1NUf ES) ROCK 050 CALC.
(CF5/F1) (INCH)

102, 600. 2.0 1.5 2.515 2.9 1.50 SAFETY FACTOR

J DE 20, 20.0 3.0 .571 5.5 1.50 stEPHENSON

MYPD 1. 20.0 3.0 .579 5.8 .30 $1EPHEk$04

@



hMORRISON KNUDSEN CORPORATION Sheet c- 2imomuo.ut mvicuom.

Project UMTR A - H AT/MQN Contract No. 3885 5'E File No. -

Feature EROSION PROTECTION Designed DYW Date 11 2_R3
Item EMBANKMENT AND SQl)TH-EDGE AREAS Checked FHW Date 11 30-93

nAlt10.0UT 8/4/93 Pate 1~

/~/Afp? g pf NjN N }DY
Mts!CAN hat . IC# A40 $10( SLOP [5.7(R0 PCWE FLDW, t0040(D 20 Jfff.g
LkttA/kAt IVW l.0.afWW CA1(*01/28 1993

*"$4f tlf F AC1Ct/$1[PM(W$0h M(inCO 804 (PlantM(al (205104 Pacit tilC4"'

ee e e eoeeee* thPyl 041A e e e e ee e e a e ee e

C0(f fIClf k15 f 04 1h1(#5111 DutAllow Ct;avt .

IPMPalC**(G M*(LOGt )* '2):
Gs 1.197 N= .301 2s1.816

, t!PRAP $10k[ $P.CRAVlITs 2.64 C lh $1(P4(k$0NS (CWs .22

.. (MBAuktNT . .

AREA

(LOCAll0N $(CM(Ni L(wGTN $ LOPE PCdos11Y falC110N
IN PLAN) (71) (1) .AWGLE

(DEG)
1 TT 550. 2. .30 35. SAftTY FACfot
1 510E 50. 20. .30 37 $1(PHEW 50N5
1 $1DE 350, 20. .30 38. STEPHENSONS

DETAILED CALC TABLE WITH f!WAL ROCK Sill
SIGMENT* SIDE L t wat W e 350. ft. SLOPts 20.%

ASSUMfD 050s .297871. A10/5 Eko of StGMENT
CORattPCNDihG 08 .799CFS/f1 At SECMENT (wo BY $1FPHENSCNS Mf1HCC

$ LOPED ""* f LOWS (Cf 5/ f f )"" Vf L. C(PIM MANWING 11ME Of
015fAhCf ALLOC. PORES ROCK (FPS) (ff) W CONC (MIN)
FRCH 10 Int. TOTAL
(II) (ff)

0. 50. .042 .000 .042 .79 .05 .039 1.06 1.06
50, 100. .CS4 .000 .084 1.12 .08 .034 .75 1.81

100. 150. .126 .000 126 1.36 .09 .032 .61 2.42
150. 200. .168 .000 168 1.56 .11 .031 .53 2.95
200. 250. .210 .000 .210 1.73 12 .030 48 3.43
250. 300. .252 .000 .252 1.88 .13 .029 .44 3.88
300. 350 .295 000 .295 2.03 .15 .029 .41 4.29
350. 400. .337 .%0 .337 2.15 .16 028 .39 4.67

~

400. 450. .379 .000 .379 2.28 .17 .028 .37 5.04
450. 500. 421 .000 421 2.39 18 .028 .35 5.39
500. 550. 463 .000 463 2.50 .19 .027 .33 5.72

0. 50. .505 .000 .505 4.06 .12 .041 .21 5.93
0, 50. .547 .000 .547 4.04 .14 .044 .21 6.13

50. 100. .589 .000 .589 4.19 .14 .043 .20 6.33
100. 150. .631 .000 .631 4.34 .15 .043 .19 6.52
150. 200. .673 .000 .6 73 4.49 .15 .042 .19 6.71
200. 250. .715 .000 .715 4.63 .15 .042 18 6.89
250. 300. .75 7 ,000 .75 7 4.77 16 .041 .17 7.07
300, 350. .799 .000 .799 4.90 .16 .041 .17 7.24

RAINFALL INI[W$117 RAlkf ALL IN1[k$1ly

TRA1 ASSUMED 050 B ASED CM CALCVLA1ED

CAN WifkSTAND BA$tD 11Mt Of CONC.AkD USING
CN Th( EON 180/CAs in1ERPOLAfthG FUNCfjON

(43560*o)/L ! =10"(G N'((L OG1)"2))
1

(INCK/NR) ( t hch/ht)
i

36.66 36.63 I

|
" * * * * * R( $UL I S SUMMAR I' * * * * * * A tf A 31 i

SECMtWi L(W;1N SLOPE 050 0 At TC 51At!!wG M(inco of '

(ft) (%) (lhCM) 0/$ (WD (pt wuf E S) ROCK D50 C AL C.

(Cf5/f1) (INCH)
TOP 550. 2.0 1.5 2.515 2.6 1.50 SAftfi FAC10e |

51DE 50. 20.0 3.0_ . 5 70 5.6 .30 sitPHENs0N I
9

slot 350. 20.0 3.6 .799 7.2 .30 51tPh(N50N *

1



h"twnowoaueumc4oaoupMORRISON KNUDSEN CORPORATION
Sheet C-3

Project _ UMTRA - H ATLMON Contract No. 3885-56 Filo No. -

Featufe EROSION PROTECTION Designed BYW Date 11-29 93

Item EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30 93

. MA1R12.OUT 8/4/93 Page 1 f f ff: f["" - - -

NintCAu HA1 10P AND $10( SLOP (1,7(R0 POR( FLOW. ROAC(0 RO
L,h1 R A/ MA1 RUN 1.0.sfWV CAlt:07/28 1993
*'$AILIT f AC10R/11(P%[M$0N M(INCO f 0R IMB AktMiht [RO510N PR01(C110h"*

$ W4,4/pe */ 7 W"/ $| NY
ae e ee eeae4* lhPUI 0A1A * * e e oeee e ae e e
COCFilCl[ Nil f 0R IN1[htlif DUR A110N CURV! -

IPMPa10"(G N'(LOGT )"2):
G8 1. 79 7 Ms .307 2s1.816

RIPRAP 510nt SP.citAvl1Ya 2.64 C IN $1[PMEh50W5 Ecks .22
(MSAk%M(N1 * -*-

ARCA

(LOCA110N SICH(M1 [[MGIN SLOPE POR0511T IRIC110N
IN PLAN) (f1) (%) ANCLE

1 10P 500, 2. .30 35. SAf t1T f AC1C4
1 SIDE 100. 20. .30 37. $1(PHEN 50N$
1 510( 460. 20. .30 38. sitPutNS0Ws

ot1 AllE0 CALC 1 A9tt W11H flh4L ROCK SIZE
STGMEN1=510E LthG1He 460. 71. SLOPES 20.%

ASSUMED 050= .3153fl. At 0/$ Eko Of stGMENT
CORRESPCkDING Q= .571CFS/F1 A1 SEGMEh1 END lf 51EPhEN50NS HEINCO

5 TOPED *"" Flows (CF 5/f i)* * " VEL. OLPfM MANNING llME Of
Ol$1ANCE Alt 0C. PORES ROCK (FPS) (f1) N CONC (MIN)

IRCH 10 lhi, 101AL

(fi) (ff)

0. 50. .041 .000 .041 78 .05 .039 1.07 1.07
50. 100. .082 .000 082 1.10 .07 .034 .76 1.83

100. 150. .123 .000 .123 1.34 .09 .032 .62 2.45
150. 200. 164 .000 .164 1.54 .11 .031 .54 2.99
200. 250. .205 .000 .205 1.72 .12 .030 49 3.47
250, 300. .247 .000 .247 1.86 .13 029 45 3.92
300. 350. .288 .000 .288 2.00 .14 .029 42 4.34
350. 400. .329 .000 .329 2.13 .15 .028 .39 4.73
400. 450. .370 .000 .370 2.25 16 .028 .37 5.10 i

450. 500. .411 .000 .411 S.37 .17 .028 .35 5.45
0. 50. 452 .000 452 3.64 12 .042 .22 5.67

50. 100. 493 3 00 493 4.00 12 .041 .21 5.88
0. 46. .531 .000 .531 3.91 .1= .045 .20 6.07
46. 92. .569 .000 .569 4.05 14 .045 .19 6.26
92. 138. .607 .000 .607 4.19 .14 .044 18 6.44

138. 184. .644 .000 . 644 4.32 .15 .044 18 6.62
184. 230. .682 .000 .682 4.45 .15 .043 17 6.79
230. 276. 720 .000 .720 4.58 16 .043 .17 6.96
276. 322. .758 .000 .758 4.70 16 .042 .16 1.12

,

322. 368. .796 .000 .796 4.81 .17 .042 16 7.28 j
368. 414. .833 .000 .833 4.93 .17 .042 16 7.44 ,

414, 460. .471 000 .871 5.04 .17 .041 .15 7.59 .

RAINFALL 1MIEW$11Y RAINFALL Ik1[W$l11

1 HAT A$5Le to 050 sasED ON CALCULAlt0u
CAN WlikSTAND BA$f0 ilMi Of CONC.AND USING

ON int ECW 1=0/CAs |W1(RPOLAllNG FUNC1]ON

(43560* o)/t is10"(G H'((LOG 1)**2)) j

(ikC N/ NR ) (INCH /nt)
35.81 35.76

" * * * " RE SUL 15 $UMMAR T * "" * * AR E As1

StGMEN! LENG1H SL OP( 050 Q A1 1C STARilWC ME T HC0 Of

(fi) (%) (lWCH) 0/$ (WD (MINU1(S) ROCK D50 CALC.
(Cf5/ft) (thCM)

10P 500, 2.0 1.5 2.515 2.5 1.50 talt1T IAC10R
_ SIDE 100. 20.0 3.0 .577 5.4 .30 SitPNENSON
slot 460, 20.0 3.8 ,871 7.6 .30 sitPHENSON



hMORRISON KNUDSEN CORPORATION
anaowomt nueu oMou. Sheet d

Project UMTR A - HAT / MON Contract No._ 3885-fS Fife No. -

Feature EROSlQN PROTECTION Designed BYW _ Date 11-29-93
Item EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30-93

k Al t 14.QJT "
- 8/4/93 Page 1 - ~ " - -

htXICAN MAT 10P AwD SIDE SLOPt5,ltRO PORE 8t0W. ROUkDip to
UMIRA/hti RUN 1.0.sf t(V D A1E * 07/ 28 1993

'*$Al(if T AC104/$1(PH(N$04 MLIN00 f 08 (MBAkrM(NT EROSION Pt01(C110N'"

hkdm. . e e e * 7&r/ // 2r dof C' INPV1 CATA * * * * ****** **e e e

Colf FlCitN11 f 08 !N1(N511T DURA 110N Cutyt .

IPMP=10"(G h*(10G1)"2):
Ga 1.797 p= .307 2=1.816

BlPRAP 510ht $P. CRAW 11Ys 2.64 C lh $1(PM[N50NS (ONs .22
- [MBAhKMENT

AREA

(LOCAll0N f(GM(NT ((NGIN SLOPE pot 051TY FRICTION

IN PLAN) (ff) (%) ANGtt-

(DEG)
1 10P 420. 2. .30 35. SAFETY FACTOR
1 SIDE 150, 20. .30 37. STEPN(N$04$
1 SIDE 370. 20. .30 38, sitPMEN50NS

DETAll[0 CALC TA8tf VITN FINAL RDCE SIZE
$EGMENT=$10( LENGINe 370. II. SLOPg. 20.%

A500MED 050s .3010Fi. AT D/5 (No of SECMENT
CORR (SPON0!kG 0: .813CF1/F1 At SEGMEki ENC BY S1IPHENSONS METHOD

SLOPED ""* FLCV5(Cf 5/f f )"'' VEL . 0(PTN MAkNING 11Mi of
D151ANCE Att0C. PC#ES ROCK (FPS) (ff) N CONC (MIN)

FRCM 10 thi. 101AL
(fi) (f1)

0. 47. .040 .000 .040 .77 .05 .039 1.01 1.01
47. 93. .081 .000 .081 1.09 .07 .034 .71 1.72
93. 140. .121 .000 121 1.33 .09 .032 .58 2.31

140, 187 .161 .000 ,161 1.53 .11 .031 .51 2.81
187, 233. .202 .000 .202 1.70 .12 .030 46 3.27
233, 280. .242 .000 .242 1.85 .13 .029 42 3.69
280. 327. .282 .000 .282 1.99 14 .029 .39 4.08
327. 373. .323 .000 .323 2.11 .15 .028 .37 4.45
373. 420. .363 .000 .363 2.23 .16 .028 .35 4.80

_ 0. 50. 406 000 406 3.64 .11 .043 .23 5.03
50. 100. ,450 .000 450 3.83 .12 .042 .22 5.25

100. 150. 493 .000 493 4.01 .12 041 .21 5.46
0. 62. .546 .000 .546 4.02 .14 .044 .26 5.71

62, 123. .599 .000 .599 4.22 14 .043 .24 5.95 |
123. 185. .653 .000 .653 4.41 .15 .043 .23 6.19
185. 247. .706 .000 .706 4.59 .15 .042 .22 6.41
247. 308. .759 .000 . 75 9 4.76 16 .041 .22 6.63
308. 370. .813 .000 .813 4.92 .17 .041 .21 6.84

1

RAthFALL lhf[hilTY RAINFatt INTENSITY
THAT AS$UMED 050 Ba5ED ON CALCULATED

CAN W11HS1 Ak0 BASED 11Mt OF C0kt.AND USING

ON THE (CM !=0/CAs 1NilRPOLAllhG FUNC110N
(4356C'03/t I s10"(G M* ((t 0GT )"2 ))

(IECH/FR) (thCH/NR)
37.66 37.65

aseeeeegggy(tg gyg g gyees. n o Aggg.g

$lGMiki ([NGIM $t0PE D50 Q Af IC 51AtilhG PL1H00 0F
(F1) (1) (INCN) D/S END (MINUTE $) ROCK 050 Calc.

(CF1/F1) (lkCN)
10P 420. 2.0 1.5_ ?.515 2.5 1.50 5AIETY T ACica
slot 150. 70.0 LL .563 5.1 .30 51(PNE N 50N
slDE 370. 20.0 3,6 .813 6.8 .30 51LPHE NSON

'

@



hMORRISON KNUDSEN CORPORATION Sheet C-5twownlu mmeu anou,

Project UMTRA - H AT/ MON Contract No._ 3885-JF Filr No. -
_

Featuro EROSION PROTECTION Designed BYW _ _ DZto 11-29-93

Item EMBANKMENT AND SOUTH. EDGE AREAS Checked FHW Da'e 11-30 93-

~~ -

MAIR16.0U1 $/4/93 Page 1
- ~' -

M[IlCAN hat * 10P AWD $101 St0Pt$.2(80 PCat flow, eCx) wet 0 to

imi t A/ M AT Rt/N l.0.sfkW DA1(s07/28 1993
'"$AILIT F AC1Ct/51tPM(N50N ML1hCO FOR (MB AMM(k1 (80$30N P R OI E C1106'"

$Yah Y NYNNeeeee/lhPUI 041A * * * * e e a e e e e e ee e e e e

C0Cf flCitht$ ICA IN1[N$11Y OURAllDe CURV( .
IPMPs1C"(G N'(tog 1)"2):
Ga 1.797 Na .307 Z:1.816

RIPRAF $10wt $P.CRAV!11s 2.64 C lh $1tPMikS0k$ IQhe .22

(H8AWKM[N1 **.

ARIA

(LOCA110N $fGMEN1 t[hGIN $ LOPE PO*C$lti FRIC110N
IN PLAN) (f1) (%) AWCLE

(DEG)

1 10P 330. 2. .30 35. $Af(IY FAC104
1 $10( 200, 20. .30 37. $1tPHENs0Ns
1 $10E 300. 20. .30 38. 51tPutus0Ns

DET AllED CALC 1 Apt ( W11H flhAt ROCK $12I

SICMC41sS10E LENGTHS 300. f t. $LOPD 20.%

A$5UMED 050s .2900fl. At 0/5 END Of 5(CM(N1
CCRRISPCW0lWC Cs .768Cfi/f t At st0 MEN 1 (N0 SY StEPH(WSONS MElko0

SLOFID ''"f LOWS (Cf 5/f t)"" VE L . OtP1H mat.W I NG 11ME of
Di$1ANCE ALLOC. PCRE S ROCK (IP$) (ff) N CONC (MIN)

f ROI 10 IW1. TOTAL

(71) (f1)
0, 55. .051 .000 .051 .87 .06 .037 1.06 1.06

55. 110. .102 .000 102 1.23 .08 .033 .75 1.80
110. 165. .153 .000 .153 1.49 10 .031 .62 2.42
165. 220. .204 .000 .204 1.71 .12 .030 .54 2.96
220. 275. .255 .000 .255 1.89 13 .029 48 3.44
275. 330. .305 .000 .305 2,06 .15 .029 45 3.89

0. 50. .352 .000 .352 3.39 10 .044 .25 4.13
50, 100. .398 .000 .398 3.61 _ .11 .043 .23 4.36

100. 150. .444 .000 444 3.82 .12 .042 .22 4.58
150, 200. 491 .000 491 4.02 .12 .041 .21 4.79

0. 50. .537 .000 .537 4.03 13 .043 .21 4.99
50. 100. .583 .000 .$83 4.20 .14 .043 .20 5.19

100. 150. .629 .000 .629 4.37 14 .042 .19 5.38
150. 200. .676 .000 .676 4.53 .15 .042 .18 5.57
200, 250. .722 .000 .722 4.68 15 .041 18 5. 75

250. 300. .768 .000 .768 4.83 16 .061 .17 5.92

RAlkfALL Iklik$11Y RAlkfALL JW1(#$11Y

1MAI Assume 0 050 BASED ON C AL CUL AT ED

CAN WilkS1AND lA$(0 llME Of 00ht.Ako U$1NG

CN Tkt ICN !=0/CA= Ik1LRPotAtlkG FLkC110N

(43560'Q)/t ! = 10"(G H'(( L OG1 )" 2 ))

(INCH /ht) (jNCH/HI)

40.32 40.27 q

**es***RESUL15 $UMMA11'**' '' AREAS 1

StGMENT LEkG1H SLOPE 050 0 At IC 51AR11kG MtthoD of

(71) (%) (INCH) 0/5 (WD (MikU1t s) R0ct 050 CALC.
(Cis/ft) (lNCM)

TOP 330 2.0 1.5 2.515 2.5 1.50 5AftlY FAC10R

sict 200. 20.0 2 . 9 .. .550 4.5 .30 51(PMtwsCN

SIDE 300. 20.0 3.5 .768 5.9 .30 SitPHINSON

@
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hMORRISON KNUDSEN CORPORATION
omno umt AA mmeu anov, Sheet C-[

Project UMTRA . HAT / MON Contract No. 388586 File No. -

Feature EROstON PROTECTION Designed BYW / _. Date 11-29 9)
Item EMBANKMENT AND SOUTH. EDGE AREAS Checked FHW Date 11-30 93

_ _ _ .. _ ~ ~

M A l t 17.0U1 ~ 8/4/93 Page 1 ~ '~

k(ElCAN MAT . ICP AND SIDE SLOPE S,2(R0 POat Ftw, touN (0 to
W itA/MAI RUN l.D.sfMW CA1(*07/28 1993
"*$Alltf F AC10t/51(PNCk50s >(1w(c 80a (M6AhrM(k1 (a05:0N Pa01(c110n u.

F. u. V. . . .n. . s./. l ufo A, A . . . od. . . . . . . . .% 7 &p
.

C0(f flCIEk15 FOR INf th511V DUR All0N CURVE .
IPMPs10"(G N'(tog 1)"2):

-

G 1.797 us .307 281.816
RIPRAP $10k! $P.GRAvlif. 2.64 C |N $1(PM(WSONS EON 8 .22

. . . (MBANKM(NT . . .
AREA

(toCAtlON SEGMEh! L(hGTH SLOPE POA0511Y fatti10N
IN PLAN) (ff) (%) ANGL E

(DEC)
1 10P 180. 2. .30 35. SAFE 1T FAC10R
1 SIDE 350. 20. .30 37 SIEPHths0NS
1 $10( 70. 20. .30 38. $1(PM(k$0N$

. ..e . . . e e . . * [ ND I NPUT D A T A * * * * * * * * * * *

DETAILED CALC 1A8it WifM F1kAL ROCK SIZE
SE GME Nis S IDt LEWGINs 70. Ff. $LOPts 20.%

ASSUMED c50s .252971. Al D/S (WD Of SIGMEhi
COsatsPONDlWG Gs .626CF5/f1 Al SE CMENT [kO* BY $1(PHf 4 SONS METHOD

SLOPED " * " f LCVS(C F S/ f t )* "* VE L . DEPf M - MA%NikG 11ME Of
DISTANCE ALLOC. PORES ROCK (FPS) (71) N CONC (MIN)

fRCH 10 lhi. lofAL
(FT) (fi)

0. 45. .047 .000 .047 .83 .06 .038 .90 .90
45, 90. .094 .000 .094 1.18 .08 ,034 .64 1.54
90. 135. 141 .000 .141 1.43 .10 .032 .52 2.06

135. 180. .183 .000 .188 1.64 11 .030 46 2.52
0. 50. .240 .000 .240 2.74 .09 .04 8 .30 2.82

50. 100. .292 .000 .292 3.05 10 046 .27_ 3.10
100. 150. .344 .000 .344 3.33 .10 .044 .25 3.35
150, 200. .396 .000 .396 3.58 .11 .043 .23 3.58
200. 250. 448 .000 443 3.82 .12 .042 .22 3.80
250, 300. ,500 .000 .500 4.04 .12 .041 .21 4.00
300. 350. .553 .000 .553 4.25 .13 .040 .20 4.20

0. 70, .626 .000 .626 4.51 .14 . 040 .26 4.46

RA!WFAtt INTENS11T RAINFALL IN1(NS1IT
fMA1 A$$UNED 050 BA$fD ON CALCULA1(0
CAN WITH$TAND BASED 1]M{ Of CONC.AND USING'
ON TH( [CW 1*Q/CAs ik1(RPOLAflhG TUNC1104

(43560*0)/L 1:10**(G h*((t0Gi>**21)
(INCH /MR) (INCN/MA)

45.42 45.39

l

* * * ' * * R E SUL T S SUM- At v * * * * * * * A R E A s 1

SECMiki LENGTM SLOPE 050 0 Af IC stAa114G MtipOO of

(ff) (%) (ikCN) D/S Eko (MINult s) ROCK 050 C Ali .
(Cf S/f1) (IkCN)

Top 180. 2.0 1.j, 2.515 2.5 1.50 SAiE1T (ACICR
SIDE 350, 20.0 UL .570 4.1 .30 sitPMEkSON
SIDE 70. 20.0 3.0 .626 4.5 .30 ST(PNCNSON

@
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hMORRISON KNUDSEN CORPORATION
imo.~o.m erweis onoup Sheet C-7

Project UMTRA - HAT / MON Contract No. 3885JF File No. ~

Featufe EROSION PROTECTION Designed DYW , Date_ 11 29-93
,

Item EMBANKMENT AND SOUTH-EDGE AREAS Checked FHW Date 11-30 93
_ ___ _ - .- - - - . . . . - - -

M A11P .CRJT 11/11/93 Page 1
LMIRA/M/M SIDE SLOPE.2ERO PORE FLOW (FILE:M A T SP .CRJ1)

UMTRA/MAY RUN 1.0.sFMW DATES 11 11 1993

*'$AFETY F ACTOR /STEPMEWSON METHOD FCR EMBAhrJ8ENT EROSION PROT E C110N"*

*
. ee e e ee e e.. IkPUT DATA * * * * * * * * * * * * *

COEFFICIEhl$ f 0R lh1EN1tiY DURATION CURVE -

IP MP s 10"(G + M*(L OGT )"2 ):

Gs 1.797 N= .307 2=1.816

RlPRAP STONE $P.CRAVITYa 2.64 C IN STEPHEN $0NS EQNs .22

- EMBAhrMENT * *

AREA

(LOCAi!ON SECMENT LEWGTN SLOPE POROSlff FRICTION
IN PLAh) (FI) (%) AhCLE

(DEG)
1 TOP 100. 2. .30 35. SAFETY FACTOR
1 STOE 400. 20. .30 37, sfEPHENSONS
1 HYPO 1. 20. .30 37. sfEPHENSONS

.....eee . . * EWO INPUT DATA * * * * * * * * * * *

DETAILED CALC TABLE VITh FldAL ROCK SIZE
SEGMEhtHTP0 LENGTHS 1. F1 SLOPts 20.%

ASSUMED C50s .249681. AT D/S END OF SECMENT
CORRESPONDING Q .56eCF5/FT Af SE(. MENT END BT $fEPHEN$045 METHOD

$ LOPED '""FL OWS(CF S/F T )*"* YE L. DEPTH MANN!WG 11ME OF
DISTANCE ALLOC. PORES SOCK (FPS) (Fis N CONC (Mlk)
FRCM 10 Iki. TOTAL
(PT) (PT)

0, 50. .056 .000 .056 .91 .06 .037 .91 .91
$0. 100. .113 .000 .113 1.29 .09 .033 .65 1.56
0. 50. .169 .000 .169 2.27 .07 .053 .37 1.93

50. 100. .226 A0 .226 2.66 .08 .049 .31 2.24
100. 150. .282 .D00 .282 3.00 .09 .046 .28 2.52
150, 200. .339 .000 .339 3.30 .10 .044 .?5 2.77
200. 250. .395 .000 .395 3.58 .11 .043 .23 3.00
250. 300. 452 .000 .452 3.84 12 .042 .22 3.22
300. 350. .508 .000 .503 4.06 .12 .041 .20 3.42
350. 400 .564 .000 .564 4.30 .13 .040 .19 3.62

0. 1. .566 .000 .566 4.30 .13 .040 .00 3.62

RAINFALL INTENsilf RAINFALL tuTENstTY
INAT ASSUMED 050 BASED ON CALCULATED

CAN VlfM$1AWD BASED TIME OF CONC.Ako U$1NG

ON THE EON !s0/CAs INTERPOLAT hG FUNCTION

(43560'Q)/L !=10"(G N*((LOGT)"2))

(INCN/MR) (lkCN/HR)
49.17 49.01

'"""RE SUL T5 SUMMARY *""" ARE A=1
SEGMENT LENGIN $ LOPE 050 0 AT TC STARiihG METMCD OF

(PT) (1) (INCH) 0/5 END (MlWUTES) ROCK 050 CALC.
(CFS/FT) (INCH)

TOP 100, 2.0 1.5 2.515 2.5 1.50 sAFEff FACIOR
SIDE 400, ?0.0 3A .565 3.6 1.50 $1EPHEW10N
MYPO 1. 20.0 3.0 .566 3.6 .30 STEPHEWSON

@
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