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PARTIAL RESPONSE TO NUCLEAR REGULATORY COMMISSION
REQUEST FOR INFORMATION

| ENCLOSURE 2 - OTHER CONSIDERATIONS
RECLAMATION PLAN !

URANIUM MILL TAILINGS SITEI MOAB, UTAH

I
INTRODUCTION

Canonie Environmental Services Corp. (Canonie) has prepared a response to the
Nuclear Regulatory Commission's (NRC's) request for information in its letter dated

November 29,1993. This response is a partial response to the information requested
in Enclosure 2 of this letter. The Enclosure 2 request for information relates to erosion,

protection, radon attenuation, construction specifications and settlement
considerations at Atlas Corporations's (Atlas') Moab site. This partial responseI addresses erosion protection at Moab Wash and the Lower impoundment Drainage
Channel, construction specifications, and settlement. The responses to Enclosure 1

(November 29,1993 request for information) and the remainder of the respanses to
Enclosure 2 will be submitted on March 29,1994. A response to the Ja,1uary 3,*

|
1994 request for information will also be submitted on March 29,1E94. The

*

Enclosure provided with the January 3,1994 letter presents additional questions and
comments concerning surface water hydrology and erosion protection. In the.

i following pages, each request for information is restated verbatim and a response for
each request is provided. ,

A. EROSION PROTECTION

! Comment

I
2. Along with the question on the effect of floods in Moab Wash on the

tailings pile, previously transmitted by our letter of April 20,1993, it
appears that the erosion protection for the Lower impoundment Drainage
Channel could also be affected by Moab Wash. If Moab Wash were to

I :

,

CanOH10EnVlronmental ;I-
n - o m m ew - w u m .. ..y

!



.I
I 2

migrate and/or erode a channei near the proposed outlet of this channel, the

i erosion protection design proposed for the channel may not be adequate to

accommodate the flow velocities and shear forces in Moab Wash.
Therefore, you should substantiate that the erosion protection is adequate
to resist the velocities in Moab Wash, or revise the design accordingly, and
submit for our review and approval.

I
Resoonse

.

| The erosion protection for the Lower impoundment Drainage Channelis not expected
: to be affected by flows from Moab Wash if Moab Wash were to migrate and/or erode
,d a channel near the outlet of the propose Lc wer impoundment Drainage Channel.
: Canonie (Response to NRC Comments, Apoi 1993) presented a design for a buried
i rock cutoff wall at the outlet of the Lower impoundment Drainage Channel. The rock

cutoff wall design calculations previously submitted in April 1993 have been included
in Appendix A of this document. Enclosed in Appendix B of this document are

,

calculations for a buried rock wall along the base of the northern regraded tailings
j embankment (10H:3V slope) designed to protect the embankment from encroachment

by Moab Wash. Sheet 4 of 10 and sheet 7 of 10 of the drawings have been revised
,

to reflect this buried rock wall. These figures are included in this document. The rock

cutoff wall at the outlet of the Lower impoundment Drainage Channel was designedf

to withstand a greater velocity, greater shear, and larger depth of scour than what is
expected under a Probable Maximum Flood (PMF) event in Moab Wash (when Moab

Wash inner channel has migrated near the proposed outlet of the Lower impoundment

Drainage Channel). Therefore, the Lower impoundment Drainage Channel is not
expected to be affected by Moab Wash flows. A summary of the design calculations
presented in Appendices A and B of this document is provided below.

The rock cutoff wall at the outlet of the Lower impoundment Drainage Channel wasI designed to accommodate a depth of scour of 8 feet. A 26-inch riprap layer thickness

of 17.4-inch D50 (median stone size) was designed for the Lower impoundment
Channel (including the rock cutoff wall) to withstand an average velocity of 13 feet

per second (fps) and an average local boundary shear of 4.6 pounds per square
foot (psf).4
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- With respect to Moab Wash in the vicinity of the Lower impoundment Drainage

L Channel and to the east [ sections L-L', M-M' and N-N' on Drawing No. 88-067-E66
(Sheet 4 of 10)], design calculations submitted in Appendix B of this document

L indicate that 9-inch D50 rock wall is required to protect the embankment from
encroachment by Moab Wash. The 9-inch rock wall at Sections L-L', M-M' and N-N'

{ were designed to withstand a velocity of 11.7 fps, local boundary shear of 2.4 psf
and depth of scour of 6.7 feet. The riprap for Moab Wash and the rock cutoff wall
at the outlet of the Lower Impoundment Drainage Channel was sized based on the

PMF event in Moab Wash using the U.S. Army Corps of Engineers (allowable local

shear stress) method. Toe protection for the channel bank protection and scour depth
were considered in the calculations. Based on this analysis, erosion protection is
adequate to resist the velr cities in Moab Wash.

_

C. CONSTRUCTION SPEUFICATIONS

Comment

1. The quality control program for placement depths of the clay and sandy soil
layers which comprise the radon barrier sets tolerances at plus or minus 0.1
foot as measured on a 200-foot grid system. (Reference Specification
Sections 5.3.2, June 4,1992, and Section 5.3.4, April 14,1993.) The

b depths associated with the radon barrier may not be less than the design i

depth. Accordingly, justify the proposed specification or modify . the

[ specification accordingly.

{ Bgsnonse

- The sentences indicating the clay and sandy soil layer thickness tolerance of * 0.1
- foot will be eliminated from Section 5.3.2 and 5.3.4 of the Specifications.

Comment

[ 2. The specifications indicate that the bulk specific gravity should be determined

by ASTM C 97. This ASTM designation is incorrect; the bulk specific gravity

[ CanonieEnvironmental_ ..., _ ,,, ~ .. ..e
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of the rock should be determined by ASTM C 127. Modify the specification
to the correct reference.

Resoonse

The Specifications will be modified to indicate that ASTM: C 127-88. Test Method

for Soecific Gravity and Absorotion of Coarse Aaaregate will be used to determine
bulk specific gravity.

Comment

,

3. Durability testing of the rock in the rock / soil matrix is not specified. The
testing of the rock portion of the soil / rock matrix should be performed at the
same frequency as that specified for riprap in Section 9.3.4.1 of the
specifications dated April 14,1993. Modify the specifications accordingly or
justify the lack of durability testing for the rock portion of the rock / soil matrix.

Resoonse

Section 9.3.5, Soil / Rock Matrix Placement, Compaction, and Testing, will be modified

to include the rock durability testing requirements in accordance with NRC's August
1990 STP requirements. The durability testing frequency will include a minimum of

initial testing before use as indicated in Section 6.3.1 and testing for each additional
10,000 cubic yards of rock from a particular source. Additional tests will be
conducted more frequently than every 10,000 cubic yards when the rock
characteristics (i.e., color, texture) in the rock borrow source vary significantly from
the rock that was previously tested.

D. SETTLEMENT

Comment

1. Based on its continuing review of the geotechnical engineering design, the
staff has determined that a quantitative estimate of potential embankment

CanOnl66T'ilT)n17191Ma}amwas ce7octosun.Tx1 i;.n. 2s. iee4:
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I settlement should be made. Settlement estimates could be based on a field
program including soil test borings and/or piezocones, with soil laboratory

- testing as appropriate. Alternatively, the Licensee may base its estimates on [
observational methods. If the Licensee used observational methods to verify
that settlements will be controlled, then r>rocedures for monitoring settlement
and criteria for assessing attainment of adequate settlement should be-
provided.

Based on the results of the test drilling / laboratory programs, or the alternativeI observational approach, the Licensee should confirm that excess settlement
,

resulting in cover cracking or other modes of instability will not occur with the

given design. It is understood that the tailings may be highly stratified, and
that modeling will be subject to interpretation of the geotechnical engineer.
For this reason, a justification for any simplifying assumptions should be
included in the submittal.

I
Respongg

I Section 9.3.1 of the Specifications discusses the execution of settlement monitoring.
Settlement monitoring will be initiated immediately upon completion of regrading andI material placement (i.e., windblown tailings, affected soils, and ore). The monitoring,
involving elevation readings of the settlement monitoring platforms, will continue until

primary consolidation has occurred. Magnitude of settlement versus logarithm of time

plots will be generated during the monitoring period. When 90 percent of primary
consolidation has occurred the final soil cover placement will begin. To supplement'

the settlement monitoring data, in-situ testing will be performed to provide additional
data from which to perform settlement estimates prior to final cover placement.
Piezocone measurements will be performed in the vicinity of the settlement monitoring
platforms to obtain results on shear strength and hydraulic and consolidationI parameters. Atlas will determine when primary consolidation is complete, as approved

.
by the NRC. The spec;fications will be modified to discuss in-situ testing and
settlement estimates of the tailings embankment prior to final cover placement.
During and following final soil cover placement, settlement will be monitored on a
weekly basis.

CanonteEnvironmentalg
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h PURPOSE:

Two surface water management channels will be
L constructed at the Atlas Corporation Moab, Utah mill to ]

manage runoff from the reclaimed tailings impoundment. '

These channels are named as follows:

Impoundment Drainage Channel'

*

Southwest Runoff Drainage Channel*

The outlets of these channels must be protected from
headcutting that may result from scour and propagate
upstream, potentially impinging on tailings or buried
debris. These outlets will be protected by rock cutoff

,i walls. The purpose of this calculation brief is to
state the design criteria and document the design
procedures for the rock cutoff walls.

I
i

DESIGN CRITERIA:
1

The cutoff walls will be designed as follows: !

A buried cutoff wall constructed of riprap will be*

installed at the outlet of each channel. The total
depth of flow will be managed in each channel until the
point where the buried cutoff wall starts.

.

1

Engineering controls end at the beginning of the*

buried cutoff wall. The depth of flow will no longer ;

be maintained at this point.

The design depth of the cutoff wall is equal to the*

calculated depth of scour. The wall will be u

constructed of riprap. The riprap will be placed at or |
less than the angle of repose for the riprap so that if .)

.

a scour hole develops, the riprap will remain in-place-
'

(i.e not cave-in) and maintain protection against
headcutting.

|

The design width of the cut-off wall will be as wide*

as the calculated width of scour, or at least as wide !

as the plan view width of the channel. |

|.

- _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ -
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N
L The nominal size (D50) of the riprap in each of the*

outlet channels will be maintained throughout each rock
cutoff wall, respectively.

PROCEDURE:

The dimensions of the Lower Impoundment Drainage
Channel and the Lower Southwest Runoff Channel were

[ previously determined using either the Corp of
Engineer's Method or the Safety Factor Method. ForL

clarity, these spreadsheets have been enclosed as
sheets 5 and 6 of 30. The peak flow and cross-r

( sectional area of flow from these spreadsheets are used
in the scour calculation.

( The grain size distribution of the Moab Wash soil is
also needed to calculate scour. The grain size
distributions of the Clean and Affected Moab Wash soils

[ generated for radon barrier design were used to
determine average gradation information.

Based on the configuration of each channel outlet and
the gradation of the soil into which the channel
discharges, the depth and width of scour can be
calculated. The method used is documented on pages V-1
to V-11 of the Federal Highway Administration's
(September 1983) " Hydraulic Design of Energy
Dissipators for Culverts and Channels" (see Attachment
A to this Calc. Brief) . This method is recommended by
NRC on page D-17 of the NRC's Staff Technical Position
(see Reference #2).

h The design depth and width of the buried cut-off wall
is equal to the depth and width of scour calculated by
the Federal Highway Administration's method. If design

( width is less than the channel plan view width, th;i
the channel plan view width will be used to determine
the width of the cutoff wall.

-

.

w

_ - - _ _ - _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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r
l

Results:
,

TABLE 1
(
L Sunmary of Channel Outlet and Rock Cutoff Wall Characteristics

-

Channel Outlet Characteristics Rock Cutoff Wall
Characteristics

Channel /
Reach Bottom Depth x-sect Plan Phi Depth Width

Width of Area Width") Angle: og of23

(ft) Flow of of of Scour") Scour"3
[ (ft) Flow Channel Riprap (ft) (ft)

2
(ft ) (ft) (o)

Impoundment
Drainage 25 3.53 125.63 46.18 42 8 48
Channel

(Lower Reach)

Southwest
Runoff 50 2.25 127.69 63.5 42 8 64
Drainage
Channel

(Lower Reach)

"8 Plan view width of channel is equal to bottom width plus six
times depth of flow for a channel with 3H:1V sideslopes.

") Riprap Angle of Repose (phi) was taken from Surface Water
Control Ditch Design Calculation, Atlas Minerals, by Canonie,
5/21/92 (submitted in the June 4, 1992 revised Atlas Reclamation
Plan. Cutoff wall will be constructed at an angle less than this
phi angle (approximately 40 degrees) to avoid collapse of the
wall should a scour hole develop adjacent to the wall.

"8 Depth of Scour and Width of Scour calculated by the Federal
Highway Administration Method were rounded up to the nearest foot
to determine the dimensions of the wall. If the calculated width

I of scour was le.ss than the width of the channel outlet, the width ..

of the channel outlet was used.
.

}

k

. _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ _ . _ _ _ . _ _ _ - _ _ _ _ - . _ _ _ - . _ _ _ - . _ _ - _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ . _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _ _ _ - _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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[ Channel Characteristics at the
Outlet of the

Impoundment Drainage Channel and
the Southwest Runoff Channel

Using Safety Factor's Method or
Corp of Engineer's Method
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RIPRAP SIZE AND CHANNEL CONFIGURATION DESIGN BY CORPS. OF ENGINEERS METH

PROJECT: Atlas Minerals
PROJECT /: 88-067-08

e LOCATION: LOWER IMPOUNDMENT DRAINAGE CHANNEL

INPUT PARAMETERS
****************

1640 CFSQ(input) =

25 FTBOTTOM WIDTH =

3 (ZH:1V)Z (SIDE SLOPE) =

0.0370 FT/FTCHANNEL SLOPE =

,- CHANNEL LENGTH = 997 FT
1 FTFREEBOARD =

2.47RIPRAP S.G. =

RIPRAP DENSITY = 154.1 LB/FT^3
42.00 DegreesTHETA =

18.43 DegreesPHI =

2.12 DegreesALFA =

1.42 FT <-D50 (ASSUMED) =

17.04 IN
0.042n =

= 3.53 FT < - -d (ASSUMED)
125.63 FT^2A =

2.65 FTR =

1644.1 CFS Q(INPUT) 1640.0Q (CALC) =

ITERATE UNTIL Q(CALC) = Q(INPUT)
..

. ACTUAL AVERAGE SHEAR STRESS ON RIPRAP
__________________________________

AVG VEL OF FLOW = 13.09 FPS
4.58AVERAGE SHEAR =

ALLOWABLE RIPRAP SHEAR STRESS
__________________________________

BOTTOM = 5.21
SIDES = 4.59

WN

.

.

&

:
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ . . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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.....dilIE AND CHANNEL CdNFIGURATION DESIGN BY SAFETT FACTOR METHODL50CSF50.WR1 fd

3R0]ECf: AtlasMinerals 19-May-92

PROJECT 4: 88-067-08 07:05 PM

' 0 CATION: LowerSouthwestRunoffOrainageChannel
.

INPUT FARAMETERS

12833135tittttti

: 1723 CFSa(inset)
BOTTOMWIDTH : 50 FT

I (510E SLOPE) 3 (IM:1V)
CHANNEL SLOPE 0.0750 FT/FT

CHANNEL LENGTH : Y W FT
,

2.4781PRAP 5.6. =

= 0.75 (See Reference: Figure 3.16, p.192)COEF FOR t

42.00 Degrees (See Reference; figure 3.14, p.187)ohi :

s SAFETT FACTORS METHOD

titttttttttttttttttti
s

Alska 18.43 Degrees=

Theta 4.29 Degrees=

.ELBOTTOM CHANNEL $1DE SLOPES j

050 I ASSUMED) = 2.65 FT (3:n D50 ( ASSUMED) = 2.65 FT Avg.Riprapsize (:::
n 0.046 n= 0.046 Manningsn

2.25FT Depthofflow (z::d ( ASSUMED) : 2.25 FT ( :: d ( ASSUPID) =

'27.69 FT*2 A 127.69 FT"2 AreaofflowA =
R 1.99 F1 R 1.99 Fi HydraulicRadius

1784.8 CFS 0 (CALC) = 1784.8 CFS Check against O(input)0(CALC) :

v i 13.98 FPS v 13.98 FPS Velocity

t : 10.53 PSF tMAI 7.90 PSF Shear stress
nu o 0.910 nu s 0.68 SeeReference

42.08 Degrees SeeReferenceBeta a

nu' = 0.59 SeeReference

Sr (Dottes) : 1.00 SF (sideslope): 1.12 SafetyFactor

<

*
...............

SEFERENCE: 'Appliec Mydrology and Sedisentology for Disturced Areas *, ;:ss. 185-194,8arfield,Warrier,andHaan

*( : ' denotesvariableparaseters
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i

Compute Scour Dimensions
|

In order to determine the dimensions of scour by using the U.S. l
Federal Highway Administration (USFHA) method, coefficients of |
scour must be chosen using Table V-1 from page V-11 of Reference '

#1. These coefficients are chosen based on the gradation of the
soil at the outlet of the channels (i.e., the material that is
subject to scour) .

I

A summary of the grain size distribution for the Moab Wash " Clean"
and "Affected" soil are shown on sheets 14 and 15 of 30. These
figures represent the average of all samples taken, and indicate
95% confidence intervals, maximums, and minimums. These figures
were previously submitted in the Radon Barrier Cover Design
Calculation, Appendix B (Sheet B-99) of the June 4, 1992 revised
Atlas Reclamation Plan.

The following equation, take'n from page V-2 of Reference #1, is
used to assess whether the soil is uniform or graded: |

S.D. = (d84/d16)^0.5, where S.D. is the standard deviation,
d84, d16 are extracted from the
grain size distribution.

If S.D. < 1.5, then material is uniform.

If S.D. > 1. 5, then material is graded.

For the Moab Wash Clean and Affected soil, the average values of
d84 and d16 are determined by interpolating from the plotted grain
size distributions enclosed:

Clean soil: d84 (ave) = 0.51 mm
d16(ave) = 0.06 mm

Affected Soil: d84 (ave) = 1.35 mm
d16(ave) = 0.06 mm

Therefore, using the USFHA equation above,

(0. 51/0. 06) ^0.5 = 2.9S.D.(Clean soil) =

(1.35/0.06)^0.5 = 4.7S.D. (Affected soil) =

.
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Since S.D. is greater than 1.5, the Moab Wash soil is considered

I graded by the USEIA definition. The d50 (median grain size) of
the Moab Wash Clean and Affected soil were also interpolated from
the enclosed grain size distributions. d50 is fairly consistent
between the Clean and Affected Moab Wash soils, and isI interpolated to be 0.16 to 0.18 mm.

t

Given the properties of the Moab Wash soil as discussed above, the
'

I coefficients of scour are selected from Table V-1 of Reference #1.
Given the catagories on Table V-1, the coefficients of scour for a
graded sand with a d50 of 2.0mm best represent the Moab Wash soil.

I These coefficients will be used to compute the scour dimensions.
The coefficients of scour are summarized in Table 3 on the
following page.

A spreadsheet has been developed to calculate the scour dimensions
based on the Federal Highway Administration Method in Reference
#1. These spreadsheets are enclosed as Sheets 11 and 12 of 30,

I and indicate the calculated scour dimensions for each outlet.

A copy of Section V of the USFHA September 1983 document

I (Reference #1) has been enclosed as an attachment to this
calculation brief. ,

i

I

I

I !
;

I !

I

|
1 -

I
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TABLE 3

Coefficients of Scour.

1

! ']
Alpha (e) Beta Theta 1

,

Depth of Scour 0.75 0.85 0.07
.

! Width of Scour 4.78 0.76 0.06

[ Length of Scour 12.62 0.41 0.04

[. Volume of Scour 12.94 2.09 0.19

! Given the coefficients of scour from Table 3 and the
configuration of the end of the apron (see sheets 5 and 6 of 30),;

.

the dimensions of scour at this location are calculated using a
,

spreadsheet. The results of these calculations are shown on
i sheet 11 of 30 for the Lower Impoundment Drainage Channel and

Sheet 12 of 30 for the Lower Reach of the Southwest Runoff;

; Drainage Channel.

| t

i.
,

4

:
, .

)

!
t
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SCOUR CALCU1ATIONS USING METHOD PRESF,NTED IN CHAPTCR V
f

' of U,3.0.0.7 's HYDRAULIC CIRCULAR NO. 14 = HYDRAULIC
DESIGN OF ENERCY DIS 3!PATORJ FOR CULVERTS AND CMANNtt$ -

(p
/

(SEPTEMBER 1983)

[
' AS3UMt MON-CIRCULAR CULVERT (CMANNEL) WITH COHt310NLt.33 MATERIAL

AT END OF CULVtPT (l.a. LOCATION OF 3COUR)

| ATLAS - PoA3, UTAH MILL IMPoUnitMENT DRAINAGE CHANNf.L OUTLET

|

1) INPUT PARAMETERSt

1640 CF3 (From H2C-1 Analysis of Channel)PMF Flow (Q) =

125.63 FT*2 (From Ditch Design spreadsheet)AAtA OF F14W (A) =

30 MINUTES (Per eethod, assume 30 if not specified)PtAK F14W DURATION (t!) =

316 MINUTES (Per method, assume 316 If not specified)SA3E TIME (to) =

2) CALCULATED PARAMETERSt

7.9 FT Ye = (A/2)^0.5tQU! VALENT DEPTH (Ye) =

1.63 D! = Q/((g)*0.S*(Ye)*2.5)DISCMAJtGE INTENSITY (DI) =

(where g = acceleration of gravity)

3) SELECT COEFFICitNTS OF SCOUR FROM TABLE V-1, (REFERENCE 1)

for a Graded Sand, d50 OF 2.Onsa - coefficients of Scour are

Alpnatei beta ineta

ULPTH of SCuvM u 16 4.85 0.01

vil DTM Of SCOUR 4.78 0.16 0.s6 (FROM TABLE V-1,
REFERENCE $1)

LthGIM of SCOUR li.62 0.41 0.04

WVLUME Of SCOU A li.94 i.09 0.19

4) CAlfULATE ScoUp DiMEN$1ONSI

7.7 FT Disnensions calculated by the formulasDEPTH (Hs) =

41.8 77 DLeension = alpha *(DI)^ beta *(tt/t0)* thetaWIDTH (Ws) =

re
111.3 FT by entering appropriateLENGTH (Ls) =

scour coefficients.

11497.4 FT*3VOLUME (Vs) =

44.5 FT DOWN3TRI.AM OF THE END OF THE CHANNELLOCATION OF MMIMUM 3COUR =

(Location = 0.4*Ls)

.

- - - _ _ _ __ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _
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SCOUR CALCULATIONS USING METHOD PR13tNTED IN CMAPTER V
0F U.S.D.O.T.*3 NYDAAULIC CIRCULAR NO. 14 - NYDRAULIC
DESIGN OF ENERGY DIS $1PATORS FOR CVLVERTS AND CHANNELS -
(SEFTtMBER 1983)

ASSUME NON-CIRCVIAA CULVERT (CRunitL) WITH COME310MLL53 MATERIAL r

AT END OF CULVERT (i.e. LOCATION OF SCOUR)

ATLAS - MOAS, UTAN MILL SOUTHWEST RUNOFF DRAINAGE CMANNEL OUTLET

|

1) INPUT PARAMETERS: |

1723 CF3 (From HECal Analysis of Channel)PMF FIDW (Q) =

121.69 FT'2 (Frees Ditch Design Spreadsheet) |AAEA OF FLOW (A) =

|

30 MINUTES (Per method, assumus 30 if not specified)PEAK FIDW DURATION (tt) =

316 MINUTES (Per method, a s s wee 316 if not specifted)SA3E TIME (to) =

21 CAlcVLAft0 PARAMETERS:

8.0 FT Ya = (A/2)*0.5EQUIVALENT DEPTH (Ye) =

1.68 D! = Q/((g)*C.S*(Ye)*2,$)DISCHAAGE INTtNSITY (01) =

(eehere g = acceleration of gravity)

3) SELtO? COEFFIC!tNTS or Scoum rpoM TAstt V-1, (REFERENet 1)

For a Graded Sand, d50 OF 2.Onon - Coef ficients of Scour are

Alpnates bete Tneta

UEFTH uf SGuvA w.1) 0.db 4.07

WIDTH OF Scovk 4.78 0.16 0.0e (FAOM TABLE V-1,
REFERENCE 4 3 )

LLNOTH OF SOQUR 12.62 0.44 0.04

VOLUMI OF 3COVA 12. 94 2.09 0.19

4) CAI/*U1ME SCOUR OfMEN$10N$t

1.9 FT Dimensions calculated by the formulaiDCPTH (Hs) =

49.2 FT Dimension = alpha * (DI)* bet a * (t 1/ t 0) *t hetaWil?fN (Ws) =

se

113.6 FT by entering approptiateLtNCTH (La) =

scour coefficients.

12519.0 FT*3VOLUME (vs) =

45.4 FT DOHN3TREAM OF THE END OF THE CHANNEL1DCAT10N OF MAKIMUM Scour =

(Loestloa = 0.4*Ls)

e
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CHAPTER v

fi ESTIMATING EROSION AT CULYFRT CUTLETS ,

's !
. Estimating erosion at cul'<ert outlets is difficult because of the many complex |
I factors affecting erosion, Some of these factors are the diccharge, culvert'

i
' '

diameter, soil type, duration of flow and teilwater depth. In addition, the
nagnitude of the total erosion can consist of local scour and channel ;

| degradation, the two types of erorion discussed in Chapter II.B. Maintenance'
! history, site reconnaissance and data on soils, flows and flow duration provide

the best estimate of the potential erosion hazard at a culvert outlet.

| The objective of this chapter is to present a method for predicting local scout,

at the outlet of -tructures based on soll and flow data and culvert geometry.!

This scour prediction is intended to serve together with the maintenance history-

'

. and site reconnaissance information for determining energy dissipator needs.
4

Investigations (1), (3), indicate that the scour hole geometry varies with
I tallwater conditions with the maximura scour geometry occuring at tallwater

depths less than half the culvert diameter (1); and that the maximum depth of
scour (h ) occurs at a locsLion approximately 0.4 Ls downstream of thei g

culvert outlet (3) where La is the length of scour. '

'

Empirical equations defining the relationship between the culvert discharge
l intensity, time, end the length, width, depth, and volume of scour hole sre a

I presented for the maximu:s or extreme scour case. , ,

!

f ,, Cohesionless Material

The general expression for determinino ocour geometry in a cohecionless soll for1

a circular pipe flowing full is j
i, <

l| 6 8
3

.

Dimensionless Scour Cecinetry a a Q t (y.1)
g05/ tot

*

|' fwhere: '

i
j

'

5
Dimensionless Scour Georeetry is ge ge * Of g ,

gm
,

:* h W la, and Vs are depth, width, length and volume of scourar se 1
,respectively.
!

' i

f iD 12 the diameter of the culvert J
'*
.

j

I i
'i Q la the discharge, g is the seceleration of gravity

,

e,

! -'
.

;
-

\

, ,

h' >

| |,)
| , |

V-1 I
'

!. !
-
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t is the time in minutes
~

t

o la a base time used in the experiments to derive coefficients
(316 miMtes unless specified otherwise)..=

i

l

l ~" for noncircular or part full culverto, the dieneter D can be replaced by a n {
equivalent depth ye, where ye is defined as

a

;
- ye n (A/2)

end A is the cross sectional area of flow.
-

the equivelent deptn resulta in the general expression. Modifying Equation (V-1) to include

8 9-

Dimensionless Scour Coometry , a, Q (y-2)

", : 0.63 5 8-12 for h , W , and L,e

"e 2 a 0.63 5 8-3 j2 for Vs '

3 The values of the coefficients o,, 8, and 6 1

in Table V-1. in Equations V-1 and V-2 are given

,Credation ;

.,

.I uniform (U) or graded (C).Tha cohensionless bed materials presented in Table V-1 are categorized as either
performing a sieve analysia (ASTM DA22 63).The grain size distribution is determined by

The standard deviation (a) le
"
computed a::

*

|

|_ distribution.th2re the values of dgg and d16 are extracted from the grain size "/* <

.P.hn material is classified as graded.If < 1.5, the material is considered to be uniform; if > 1.5,
/

!

~ 1

"p

Joh2sive Soils
'

,,,

M

niversity by Abt et al (8), Equation (V-1) or (V-2) and the appropriatef the cohesive soll is a sandy clay similar to the one tested at Colorado Stata
I 7.oefficiente in Table V-1 can be used te estimate the accur hole dimenalona.Tha sandy clay tested had 58 percent aand, 27 percent clay,15 percent silt and

-

^

I 21dex, PI, of 15. percent organic matter; had a mean grain size of 0.15 me and had a plasticity
.,

V-2

b|1 *

..

I-
. ,/. '

-

_ _
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) $1nce Equations V-1 and V-2 rin not include soil characterisites, they can orly
.

; be used for soils similar to the ones tested. Shear number expres3 ions, thatI

related scour to the critical shear stress of the soll, were derived to have a~

"
) wider range of applicability for conesive soils besides the one specific sendy '

i

j
, clay that was tested. The stocar number expressions for circular culverts are:

ig 8 6
.]*

[h , W , Ls, or Y ) : a 0 [b (V-3)s 3 s,

- D T \ 'c , to)
;

a ' and for other shaped culverts:
S 9;

}
-

a, oV2) 't h (V-4)s se lse of Y )[h , W :s

\9 5)Ye ye Ye Ye

3i;I
.; where: o[ is the modified shear number.,

te
j,

W V z outlet mean velocity : \
Te = critical tractive shear stress

| 45 0 fluid density
1
8{' e3 ao for h , W , and Ls

""37 }3

Q a for Ve a s

(.63)J

The values of the coefficients a, 8, 0, and Ge in Equations V-4 and V-5 are
*

!

I- presented in Table V-1. The critical tractive shear stress (2) la defined as
,

' 8 Je = 0.0001 (Sy + 180) tan (30 * 1.73 PI) (V-5) !
T '

'

, I
',,where Sy is the saturated r. hear strength in pounds per square inch and PI la,,

'

the Plasticity Incex from the Atterberg 1.imits. ' -
.

It is recommended that Equations V-3 and V-4 be limited to sandy clay soils witha plasticity index of 5-16.,

Time of Scour
j

The time of scour is estimated based upon c knowledge of ration.
a

>

I" Lacking this knowledge, it is recommended that a time minutes th uaed inEquations V-1, V-2, V-3, and V-4. The tests indicate approximatfly2/3to I

3/4 of the maximum accur occurs in the first 30 minuteWM th- fl W duration.,

N'

~

V-3
,

l } ~

.

. _ .J

. s

- _ _ _ _ _
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It should be noted that the esponents for the time parameter in Table V-1 reflect;
'

i

the relatively flat part of the scour. time telstionship and are not applicablefor the first 30 minutes of the scour process,
.

Headwalls

4

Installation of headwalls (6) flush with the culvert outlet moves the scourhole downstreen.i|- ' sssentially the same as for the case without the headwall.However, the magnitude of the scour geometries remain'W If the culvert is-installed with a headwoll, the headwall should extend to a depth equal to the
-

'marlaua depth of scour.
(

SUMMARY

'The prediction equations presented in this chapter are Intended to serve ali 3
di=$taatar* **c"2'''' a"t2*t=-alth field reconnaissance as guidance for determining the need for energyong

15 -

inot include long-term channel degradation of the downstreme char.nel.2 t *^a"2d **r***"** *** that th' 'au*t2=a= d
equations are based on tests which were conducted to determine maximus scour for

The,gi

the given condition and therefore represent what might be termed worst case3 scour geometries.

of Engineers (1), and Colorado State University (5), (6), (7), (8) and (9).The equations were derived from tests conducted by the Corps
4
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| } Design Procedure
"

1. Perform a hydrologic analysis of the drainage in which the culvert islocated or to be placed..1

Estimate the magnitude and duration of the peakI discharge.
Ls Express the discharge in efs and the durction in minutes.

The dlscharge intensity is t

<

D.I. 0 for Wrcular culverts flowing full 'm -

R D5/2 <

D.I. = 0
k- for other shapes

8 ye /25

wnere ye = 1/2

FOR COHESTONLESS MATERIALS, OR THE 0.15mm SMOY CLAY
.,

2. Compute the discharge intensity when the culvert is flowing at the

IT /
peak discharge. f

<

3.
Q Determine scour coefficients from Table V-1.

~

-

4 Compete the scour hole dimensions. from -; ,

j-
8 6

' " .
.

W[ hse se ls Of :

a(% D /2 '

0 t (V.1) 5""6 7 1 D 5 316
.

~
'

I~' '
B e

Ih e W 1Ls, or Y ) =s se s o O N t (y-2)e*= Ye Ye Ye Ye 6 ye /2) 3165
,

|.- ,

,

FOR OTHER COHESIvt MATERIALS WI'iH PI FROM 5 TO 16 . .
a. ,

Compute the culvert outlet velocity in feet /sec.
*

-

s.
,

b. Obtain a soil sample at the proposed culvert location.
.

c. Perform Atterberg limits tests and determine the plastitity index, PI
(ASTM D423- %).

''

h
I g

*

.. ,

s
Y

|
V-5

< -

i; *

I)
,
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. .

if ,
'.

3d.
Saturate a sample and perform an unconfined compressive test ( ASTMd

i- D211-66-76)
to determiie the saturated shear stress, Sv, in pounds perg square inch.

I!'i Compute the critical tractive shear st..:ngth, t
e.

e, from equation Y-5.
:4 f. Compute the modtfled shear number D2V

-

Tel[' 3.
b Determine scour coefficients from Table V-1.

4
Compute the desired scout hole dimensions from

I-'
[h

S 0a
W

se se I.e CF Y ] V2s :a t0 '"6 ~6 ~6 e' W_
t

for circular culvert
< .

or,,,

0 0

[h.ie b e ble 3 e
te ye 7e Ye

s e s ,

for nonciscular culverts.

Cxample Problem Cohesionless Material
-,

I- 4

Determine the scour geometry--maximun depth, width, length and volume of a

scour--for a proposed circular 30-inch C.M.P. discharging an estimated 50 iI-t when flowing full. cfs i

I- The downstream channel is cor.9,osed of a graded gravelmaterial.
; i

1.
The .luration of the pesk disch r.)e of 50 efs is net known 1"'

Therefore, a peak flow duration of 30 minutes will be estimated |

|

.

.2.
The circular, 30-inch C.M.P. at 50 efs at.1 have a discharge intensit {

y of i
-

! '

I )
D.I. : 30

'
<

50 = 0.89-

4 (30)5/2 (5.67)(2.5)5/2 !

i

!

.

I- |

!
>

sI" .~

g2
.

-

I
.

_
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3d
3.

ine coerrietents of scour obtained from Table V-1 are:
, a 3 9

Depth or Secur 1.49 .50 .03

Width of Scour 8.76 U.89 10

Length of Secur- 13.09 0.ei2 .07
-

Volune of Scour 42.31 2.28 .17

. 4 Scour hole dimensions:
1

8 0depth: h -

I D \ g D = 5, f[t
3 = a 0 \

'
2

j
.,

1.49 (0.89)0.50 (0.09).03; hs = 3.27 ft=

width:
8.76(0.89)0.89 (,09).10; W=

3= 15.5 f t
y

I* Length: La = 13.09(0.89)0.62 (,09).07; Ls = 25.72 ft
f ~D
L...

Volumet Vs = 42.31(0.89)2 28 (.09) 17; Ys = 335.79 ft3I 3
5. The lecction of the maximum scour (Figure V-2)wt

5 0.4 (Ls) = .4 (25.72) = 10.3 ft downstream of the culvert outlet.
-

I- ~

..

I-
"

g _I

f.
m,

l

l' ~

| 3.
'

5\
'

|h . . ,.., a . m w 4 = w c s & % i C R $ * 0 * & =..
- - -
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- Is w li Problem Cohesive H,aterial j
[-

1

f Determine the crour geometry-maximum depth, width, length aisc volt,me of scour
for an ettstang carrular 24-inch C.M.P. discharging an estimated 40 ers when, y) flowing full. The downstreem channel is composed of a sandy-clay material.]

. 3
"

1 The durat ten of the peak discharr;e of 40 ers is not known. Therefore, a
6 peak flow durat ion of 30 minute 4 will t,e estimated.

2. a. ine avertr,e velocity at the Culvert outlet ist 1_g

_
'

V: 0: 40.0 12.74 fps
- A ).14

- b-e. Ine sandy-clay material was tested and found to have a Plastielty Index
I,- (PII of 12 and a saturat.ed shear st.rength (Sv) of 240 psi.

The critical tractive shear can be estimated by substituting into
E:aation V-I T-
'

e: 0.001 (240 + 180) tan (30 + *.73(12)) '

,

w
0.001,'420) tan (50.76) = 0.51 lb/f t2

f. The modirtec shear number S z ( ) istDmod
9 T

Is
c

5 5 19 (12 7 )0 mod = 617.4

I 0.51

3. The eveerimental coef fleients o, 8 and e frna Table V-1 are
m *

, y e /--

Depth .86 .18 .10w

Imi .

Width 3.55 .17 .07
:

I l']
Length 2.82 .33 .09

Volume .62 .93 .23 *
-

\.,
I!

n

I *{f

.k
V4

i

E,
-

: *
.

he

*

, ,. . . ~'**%- /,, * ,Y -

'
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The scour hole dimensions are:
3

h 0 /oV2 /t3

b / h)
-

i

.86(617.4).18 (.09).10 5: 2.14 X 2 3 4.30 ft
a

W : 3.55(617.4) 17 ' n9).07 W a 8.94 X 2 27.9 ft:
. ,s ,

L 2.82(617.4) 3},a (.09).09; t, , 13,92 X 2 37.8 ft

F
.u V, .62(617.4) 93 (.09).23: V,

=
a 140.3 X 23 1122.5 ft3? 5E'

L,
5.

Location of maximus depth of scou* (Figure V-2)
'

O.4 L, 3 0.4(37.8)
15.1 ft dowristrees of culvert outlet,

g. '

_.

s

V*

w I

e'

Er1 .

.

I: i
|

I-
._

-
!

~V-9

1 e,2 ;
-

1

*e
h

'
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. '- ss i z -; -.
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'

( Purpose and Background. The purpose of this calculation brief is to determine the size

and quantity of riprap to protect the tailings embankment of the Atlas Uranium

Tailings impoundment in Moab Utah from a potential encroachment by the Moab

Wash. Figure 1 (sheet 2Y) shows a plan view of the Tailings impoundment and

( Moab Wash at the Atlas Site in Moab, Utah. Figure 2 shows several cross sections

along the Moab Wash.

[
|Also, as part of this calculation brief, erosion protection will be designed for the ;

Northeast Debris Pit located adjacent to the toe of the reclaimed disposal area. |
Erosion protection will be designed to protect the pit from Moab Wash flows and from

runoff from the 10:3 embankment outslope.

4

The U.S. Nuclear Regulatory Commission (NRC) believes that the inner channel of the

Moab Wash may meander over to the base of the 10:3 slope of the tailing's

embankment during the 1000 year design period as indicated on the sketch in Figure

3. To prevent encroachment upon the tailings from scouring of the Moab Wash,

additional riprap protection along the southern bank of the Moab Wash at the edge of

the tailings embankment will be designed as shown on Figure 3.

Riprap to protect the Northeast debris pit from the Moab Wash flows will be placed

at the end of 1 % slope as indicated on Figure 4. To protect the pit from runoff from

the 10:3 embankment, riprap will be placed on top of the debris pit from the base of

the 10:3 slope to the start of the 3:1 slope as indicated on Figure 4.

Important assumptions in the design calculations that follow are:

)
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The meandered channel configuration as sketched on the cross sections

.

in Figure 2 has the same channelinvert elevation, Probable Maximum

Flow (PMF), Depth at PMF, and channel width as the original channel.

I
Additionally, as seen from Figure 1, encroachment of the Moab Wash upon the

tailing's embankment is most likely from section L-L' to N-N' because the cutting edge

(outside bank of a bend) of Moab Wash is towards the tailings. However, after

section N-N', the Moab Wash and the impoundment are configured such that the

erosion will occur on the opposite side of the Moab Wash channel. Conversely,
deposition will occur along the tailings impoundment east of section N-N'. As a

precautionary measure, riprap protection will be extended past section N-N' to the

limits of the reconfigured Moab Wash and then along the 3:1 side slope of the Moab

Wash limit to the end of the Northeast Debris Pit as indicated on Figure 1. However,

the remaining portion of the tailings will not be projected, and the analysis of potential

erosion of the east bank of the impoundment by the Colorado River and the Moab

5
Wash provided in the Atlas Corp. Reclamation Plan (Canonie,1992) remains valid.

(SWcrli)
Results.

B
Table 7a summarizes scour depth, riprap invert elevation ,and riprap top

elevation for the Moab Wash Channel Bank protection. Table 7b (sheet 22 )
summarizes the riprap width, riprap length, riprap mean grain size, riprap layer

thickness, volume of riprap, and volume of filter material for the Moab Wash channel

bank protection and Northeast debris pit erosion protection. Figure 3 shows the Moab

Wash channel bank protection for the riprap placed at the base of the regraded tailings

10:3 embankment from section L-L' to the beginning of the Northeast Debris pit as
shown on Figure 1. Figure 4 shows the Northeast Debris pit riprap for erosion

protection from runoff from the 10:3 embankment slope and from Moab Warh flows.

'I

I
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Metho . The method for determining the size of the riprap protection to protect the

embankment from Moab Wash flows, the method for determining the riprap to protect

the Northeast debris pit, and the method for determining the depth of scour and

required volume of riprap are discussed below, in summary, the following approach;
^

will be used:

Riprap Dso size required to protect against Moab Wash PMF flows are*

.

determined based on hydraulic properties at rections L-L', M-M', N-N',

and P-P' (See Figure 1) using the Corp of Engineers (allowable local shear

stress) method. Conservative assumptions are used such as average,

'

channel velocities (in lieu of channel bank velocities) and supercritical
flow conditions (resulting in higher velocities).

Riprap gradation and filter requirements are determinec' from the D*

3a

sizes calculated.

Protection of the impounament toe and Moab Wash Channel toe is*

evaluated.

Overland flow analysis is performed to determine required riprap over the
*

proposed Northeast Debris pit to protect from runoff from the 10:3
embankment.

Scour depth is evaluated at the impoundment toe at sections L-L', M-M',
*

N-N', and P-P' (See Figure 1).
* The configuration of the Moab Wash / Impoundment toe erosion

protection is determined by:

extending a buried rock wall to the maximum depth of scour, and*

completing the wall at 1.0' above Moab Wash subcritical

(conservative) PMF water elevation. (see Figures 3 and 4)

Providing additional protection of the impoundment toe by*

designing a horizontal component at the base of the buried rock

wall.

The volume of Moab Wash and Northeast debris pit riprap protection is*

determined.

. - _ _ _ - _ _ _ _ - _ - _ _ _ - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _
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I
.I

1. Channel Bank Riorao. To determine the size of riprap required to protect the

tailings from Moab wash flows, the Corps of Engineers (COE) method (EM-11' 0-2-

1601,1970) is used to size the riprap. Attachment A (Sheet 30) contains excerpts

from EM-1110-2-1601. The COE method compares the local shear stress over a

channel cross section to an allowable channel bottom shear stress and an allowable
channel side shear stress. The local shear, r., is:

-

yy2

I (32.6 LOG 12.2 D )2
E

io
3a

where

V = Avg. local velocity, ft/s.
8 Y = depth of flow, ft.

Dso = Riprap mean grain size diameter, ft.
8 3

The equations describing the allowable bcttom and side shear are:

T=a(y, y)D j3o

1=r(1_ sin %)o.s/

|
.

2sin e
.

where
i

r = bottom shear stress, psf
1

I !

-
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{ r' = side shear stress, psf
'

a = constant = 0.04

y, = unit weight of riprap, = 154.1 pcf, using specific gravity of 2.47

y, = unit weight of water = 62.4 pcf

= side slope angle of channel = tand (3/10) = 16.7' (10:3 slope)
6 = angle of repose of riprap = 42*

For specific gravity and riprap repose angle reference see Surface Water Control

Calculations, Atlas Corporation Reclamation Plan (Canonie, June 1992), Appendix D.

For a given channel configuration, a Dso (mean grain size) is chosen and the shear

stress equations are solved. A new Dso is chosen until the actual shear stress is less

than the allowable shear stress. Table 1 (sheet 6) presents the results from COE

method for sections L-L', M-M', N-N', and P-P' along the Moab Wash. Depth of flow

and main channel velocity (taken as the average local velocity) are from the HEC-2

Moab Wash supercritical run performed for the Atlas Corporation Reclamstion Plan

(Canonie, June 1992). The output from the Moab Wash HEC-2 supercritical run has

been included as Attachment B. Sections L-L', M-M', N-N', and P-P' roughly

correspond to sections 6, 5, 4, and 2 respectively in the HEC-2 run provided in
Attachment B. Supercritical velocities are greater than subcritical velocities and I

'

supercritical depths are slightly smaller than subcritical depths resulting in a greater

local shear stress and more conservative Dso size. Figure 1 shows the location of the
' approximate sections.

A. Riorao Gradation Analysis

The Dso sizes range from 2.4" to 8.8". These are raw Dso (not oversized) and need

to be oversized for durability by 2 % (see Rock Quality - Assessment of Oversizing

Requirements Atlas Corp. Reclamation Plan (Canonie, June 1992), Appendix E).|
/

_ _ _ _ _ _ _ _ _ -
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Moab Wash Sectionsl-L', M-M', and N-N'. To minimize the number of riprap

gradations, the riprap for the Moab Wash channel bank protection for sections L-L', f
i

|
i

M M, and N-N' will be grouped into one single gradation with a largest raw Dso of 8.8" |
| calculated for section L-L'. With 2% oversizing, the necessary dso for the gradation

|

is:
'

1.02 x 8.8" = 9.0 inches.

Since no riprap gradations exist for a Dso of 9" in the reclamation design submitted

in the Atlas Corp. Rec. Plan (Canonie, June 1992), a new riprap gradation must be

developed. The same procedure followed in the Atlas Corp. Rec. Plan (Canonie, June

) 1992) will be followed to develop the gradation. The D sizes for the Moab Washso
!

sections were designed under supercritical conditions (i.e. Froude Number > 1).
1'

Therefore, according to Simons (1982):

Dmax = 1.25 x Dso = 1.25 x 9 = 11.25 "
D Dso/2 = 4.5"=

20

D a = Dso/3 = 3"3

i

Using these values, a lower limit riprap gradation curve is developed (see Figure 5 l

(sheet N)). To provide flexibility during construction, a range of particle sizes for the
! gradation is developed by sketching an upperlimit curve. NUREG 4651 recommends

that the uniformity coefficient, C , of the riprap envelope be 21.75 to maintain a wello

graded riprap layer. The upper limit curve is sketched on Figure 5 and the gradation
requirement is summarized on Table 2 (sheet / h ). The thickness of this riprap
layer is:

1.5 x Dso = 13s 5" (NRC, Final STP,1990 for Dso > 8")

Moab Wash Section P-P'. For riprap designed according to section P-P' (see Figure

1 for the location of this riprap), with a raw Dso of 2.4" , alluvial cobbles will be used
4

because the raw Dso is less than 3". Riprap from the rock borrow source of the

alluvial cobbles must be oversized 15% for durability and 20 % for roundness (see
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Atlas Corp. Rec. Plan (Canonie, June 1992), Appendix E for oversizing specifications).

The necessary D a is therefore:3

2.4" (1.15) x (1.20) = .33"

To limit the number of riprap gradations, the riprap gradation developed in the Atlas

Corp. Rec. Plan (Canonie, June 1992) for the Collection Ditches,10:3 Embankment,

and 10:1 Embankment with a necessary Dso 4.1 inches will be used for section P-P'.

The gradation requirement is summarized in Table 2. The riprap layer thickness is:

I
| 2xDo 4/ B" (NRC,1990 for D o < 8")

! This riprap is designed to protect the Northeast Debris Pit from Moab Wash Flows.

See item 2 below for the design of riprap protection from runoff from the 10:3
I embankment.

I
I B. Toe Protection

To provide additional protection at the toe of the channel protection frcm Moab Wa. ''.
I

flows, riprap is extended 5 times the riprap layer thickness horizontally from the base
F of the channel protection. This distance from the toe is recommended in EM-1110-2-

1601 (US COE,1991) (See Attachment A for excerpts). For Moab Wash riprap

protection corresponding to sections L-L', M M', and N-N', which have a riprap layer

thickness of 13.5 inches, the distance extended horizontally from the toe is:

5 x 13.5" = 67.5"(say f_fL

For the Moab Wash riprap corresponding to section P-P', which has a riprap layer

thickness of 8" (see Table 2), the distance extended horizontal from the toe is:

5 x 8" = 40" sav 3.5')

_
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C. Filter Reauirements

The same filter rock gradations as developed in the Atlas Corp. Reclamation Plan

(Canonie, June 1992) will be placed under the Moab Wash riprap. Both Filter I and {

Filter 11 are required beneath the Moab Wash riprap (to prevent fine,IC-k; w)ils fromSfcric.dS L-L 1
grained so !p

migrating into the 9" D riprap layer as shown by the following calculations:5o

From upper limit curve on Figure 5, D s iprap = 6.4"* r
i

Minimum D s Filter with respect to riprap = 0,5 riprap /5 (NUREG 4620)*
e

or D,3 filter = 6.4/5 = 1.28 "
|

From Atlas Corp. Rec. Plan (Canonie,1992 Appendix E) , Minimum D,3
|

*

Filter with respect to soil base = 0.92" which is less than 1.28"

( therefore, a second filter is required.

For the smaller riprap size of section P-P' (See Figure 1 for location) which

corresponds the 4.1" D e riprap gradtion developed in the Atlas Corp. Rec. Plan I5

(Canonie,1992), only Filter I is required. Refer to Rock Quality - Assessment of

Oversizing Requirernents Atlas Corp. Reclamation Plan (Canonie, June 1992),

Appendix E for detailed discussion of filter design requirements.

2. Northeast Debris Pit Riorao. The riprap required to protect the Northeast Debris

Pit from runoff from the 10:3 embankment is designed considering overland flow
erosion. Riprap protection for overland flow erosion is designed using the

Stephensen's method for slopes greater than 10 percent and the safety factors

method for slopes less than 10 percent. These methods are outlined in the NRC

NUREG-4620 and NUREG-4651 and in Appendix C of the Atlas Corp. Reclamation

Plan (Canonie, June 1992).

Peak discharge on the 10:3 embankment and on the 1% slope over the debris pit

(refer to Figure 4 for a profile of the 10:3 and 1 % slopes and Northeast Debris Pit) are

added together to determine the Dso size. In Appendix C of the Atlas Corp.

f

_



:

E
|
|

5 Canonie Environmental
By JWS Date7/13/93 SubjectMoab Wash / North East Debris PitSheet f of M.
Chkd Byp_Datep/fJ Erosion Protection. Atlas Coro. Proj No- 88-067-10

Reclamation Plan (Canonie, June 1992), riprap protection was designed for the 10:3

embankment areas. Table 3 (sheet lY ) (taken from Appendix C of the Atlas Corp.

Reclamation Plan (Canonie, June 1992)) shows the results from for the 10:3

embankment area immediately adjacent to the debris pit as computed using

Stephensen's method. The peak discharge on the 10:3 slope assuming a unit width
4

is 0.374 cfs. Table 4 (sheet .g_) shows the overland flow calculations using the

Safety Factors method for the 1% slope. The peak discharge on the 1% alone is

0.188 cfs. The total discharge on the 1% slope is therefore, 0.374 + 0.188 =

0.562 cfs. Using this combined discharge, the required D on the 1 % slope over the,

3a

debris pit is computed. The results using the Safety Factors method are displayed on

Table 5 (sheet li ). A D of 0.4 inches on the 1 % slope is required. This is a raw3o

D and must be oversized 15% for durability and 20% for roundness. The necessary3o

0.4" x 1.15 x 1.20 = 0.55 "

The 1" Rock Mulch Gradation (1.3" Oso) developed in the Atlas Corp. Rec. Plan

(Canonie, June 1992) will be used for the erosion protection over the northeast debris

|5
pit area. This riprap gradation is repeated in Table 2 as the riprap required to protect

'

the Northeast debris pit from runoff from tb 10:3 embankment.

To prevent the developing of scour holes 7,,ng the toe of the 10:3 embankment and

possible undercutting of the riprap over .e Northeast Debris pit, the 4.1" D riprapi

| 3o
'

is extended 3 ft, out from the toe. Based on the toe protection methods presented

in " Erosion Protection of Uranium Tailings impoundments" (NRC,1986) (See

Attachment A for excerpts), riprap should be extended at a minimum of 1.5 x the

depth of scour. From Appendix D of the Atlas Corp. Response to NRC Comments

(Canonie, April 1993) report, the worst case depth of scour at the toe of the 10:3

embankment was determined as 0.92 ft. Therefore, extending the 4.1" D a riprap3

protection 3 feet is conservative (1.5 x 0.92' = 1.4' < 3').

I

- - - - - - _ _ - - - - - - -_
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'

3. Scour Death. To determine scour depth resulting from Moab Wash flows, the

applicable methods listed in Pemberton (1984) (see Attachment C for excerpts) will

be used. Specifically, equations for riprap bank slope protection will be appiied.

Velocities from the HEC-2 supercritical run (see Attachment B) are greater than the

| subcritical velocities and will be used to compute the depth of scour. The depth of

scour methods are summarized below:

| Method 1. Field Measurement of Scour.

d, = K (q) 2* (eq. 24 in Attachment C)

I K = 2.45 (constant)

q = discharge (ft /s) / topwidth of channel flow (ft). Total PMF discharge in
I Moab Wash Channel (see Attachment B) is 16,129 cfs. Topwidth of channel

flow for the sections along Moab Wash are given as part of the HEC-2 output
I in Attachment B.

I
Method 2. Regime Equation by field measurement

l a. Lacey Empirical Equation:

d, = 0.47 (Q/f)" (eq. 26 in Attachment C)
'

Q = design discharge, cfs

f = Lacey silt factor = 1.76 D, n2 where D = mean grain size of bed

material = 0.16 mm as shown on Figure 6.

d, = Z d, where Z = .25 straight bends,0.5 moderate bends, and 0.75

for severe bends (see table 7 in Attachment C)
b. Plench Equation for zero bed factor.

d,, = (q,)2/afp,,na (eq. 27 in Attachment C)
'

d,, = depth for zero bed sediment transport, ft

q, = design flood discharge per unit width (same as q in method 1)
F,, = Blench's zero bed factor in ft/s'. From Attachment C
(sheet f 3 ) using D = 0.16 mm, F = 0.8 ft/s 2

3

. _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _
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d, = z d,, where z = 0.6 for straight, moderate, and severe bends.

Method 3. Mean Velocity Method from field measurements:

d , = d ,Z

d, = mean channel depth [ft = area of flow (ft )/topwidth of flow (ft)2

z
z = defined above as for method 2a. I

1

Method 4. Competent or limiting control to scour method:

d, = d (V,/V, - 1) (eg. 32 Attc;hment C)

where

d, = scour depth, ft |

d, = mean depth, ft = area /topwidth

V, = mean velocity, ft/s = O/A

V, = competent velocity, ft/s = 2 ft/s (6Nf67 63 Attachment. C using
lowest bed material size on figure and depth of flow of 5 ft.)

Calculations for sections L-L', M-M', N-N' and P-P' are summarized in Table 6. The

final scoor depth is computed by averaging scour depths from each of the methods.

From the literature supplied in Attachment C, method 1 and 4 presented above may

not be entirely applicable because these methods are more applicable with coarser bed

size material. However, by using these methods, the final averaged scour depth result

is slightly more conservative.

From the depth of scour the width of riprap along the Moab Channel bank is

determined as using the equations for width shown in Figure 3 and 4. Flow, area,

channel topwidth, and depth of flow values in Table 6 are from the Moab Wash HEC-

2 supercritical run found in Attachment B and appendix G of the Atlas Corp. Rec. Plan
(Canonie, June 1992).

r

_ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ - _ _ - - - - - - - - - - - - - - - -
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4. Volume of Riorao. The volume of required riprap is computed from the width of

riprap, length of riprap along the channel bank, and layer thickness. Table 7b (sheet

42) provides a summary of the riprap length, riprap mean grain size, riprap layer

thickness, required volume of riprap, and required volume of filter material for the

| Moab Wash Channel bank protection and for the Northeast Debris pit riprap

protection. Table 7a summarizes the scour depth, invert elevation of riprap and top

| of riprap elevation for the Moab Wash Channel Bank protection.
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By JWS _D te7/13/93,SubjectMoab Wash / North East Debris PitSheet ofChkd By# Date /J Erosion Protection. Atlas Corn. Proj No 88-067-1Q
:
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Table 1.

Summary of Corps of Engineers Method for Riprap L,
Moab Wash Realignment [[

Riprap Minimum Mean Allowable
Depth of Main Channel Grain Size (2) Local Bottom Allowable Side
Flow (1) Velocity (1), (D50) Shear (2) Shear (2) Shear (2)

Section ft ft/s ft in osf osf osf
L-L' 3.99 11.72 0.73 8.8 2.42 2.68 2.42

M-M' 4.70 10.52 0.45 5.4 1.47 1.65 1.49
N-N' 4.61 11.08 0.55 6.6 1.78 2.02 1.82
P-P' 2.31 6.83 0.20 2.4 0.59 0.73 0.66

Notes:
(1) From HEC-2 Moab Wash Supercritical Run.(see Attachment B)
(2) Calculated using Corp of Engineers Method.

.

.

1

I

4
|

I
1
)
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TABLE 2

SUMMARY OF RIPRAP GRADATION REQUIREMENTS
(Allowable Percent Passing Given Dimension)

Necessary Actual Riprep Layer
DSO to) D50 Thickness

Location (inches) (inches t (inches) 54' 48' 36* 24* 20* 15* 12" 10' 6* 4" 3* 2* 1* 3/4" 1/2* 3 /8 * No.4 Type (b)
Sieve Rock

Lowsr Southwest 32.4 32.4 49 100 42-80 ?6-34 10-26 4-16 0-12Dreiruge Channel CD

Low:r impoundment 17.1 17.1 26 100 54-70 30 40 16-31 8-25 0-12Drainage Channel CD

Mo b Wish Channel 9.0 9.0 13.5 100 38-64 12-30 0 18 O-10-B:nk (sec. L-L' to N N*) CD

Uppzr Southwest 4.9
Drainage Channel CD

4.9 to 100 46-60 20-40 6-28 O-14Upptr impoundment 4.3
Drainege Channel CD

CoffIction Ditches 3.3

10:3 Embankment 4.1 4.1 8 100 34-48 18-32 2-19 O-3 CD
10:1 Embankment 2.7

Moab Wash 3.3
(Sic P-P')

Northe:st Debris Pit 0.55 1.3 3
100 82-100 50-78 18-35 8 23 0-12 RA

(1)
N c=sery riprep D50 based on design requirements and irdudes oversinng for rock durebihty end roundness tes necessary). See Arpendoc E.

(b) Gredition requiremente are based on rock durab9ity retings for particular meterief: 'CD* denotes crushed diorite rock type.
(c) Grad: tion requirements are based on rock durability retings for particuter meterial: "RA* denotes round e!!uvist cobbles.
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E
OVERLNG FLOW CALQAATIO6 #O RIlHAP SHIfG LSIE THE STEfHEN5[N'S ttETKDDVERSTEP.ElFCR SLOP 5185 m (REATER /.| Cl$ % 7 / f)

'2Huy-92
07:27 mg

PROJECT: Atlas 88-467-88 O
*

'

LumTICN: A7 - tr,*3 Jl!![ sd #UflW "' g
g

(7AM M He~ /M C -fosc 9Z A'cc. Pas.g
DVERL#0 F10W CALDAATIG6 (MREG-4629. Piet%blogies for Evaluating Long-Terup, , (_ g)\"

Stabilization Designs of Uranium Ptill Tailings Impounaments. Sections 2.1.2 and 4.8)

INRIT PARN1ETERS CALDAATED PARNIETERS

. SID5LDPE LBETH: 300 FT CRAINAGE ARfA (Aw):8.806 AmES
SIDES!DPE: 0.3 FT/R Tc(cale):1.842ftIN REF.: E MREG 4620 p 'd.T '-

REilRN PERICD: PMP

14R PPT #11NT: 8.25 I n ts RATIO TO 1-fR PPT: 0.11 TABLE 2.1 tRC RREE 4629;g
RLNNTCDEFF(C): 1.80 Intro. Hydr RAIWALL DEPTH: 0.91 DDES.; E

FLOW CDC: 1.00 tRC Rec. INTB6ITY (1): 54.44 DOES/MIR
Valse

| PEE DISDNGE (q):8.374 CF5/FT q = C*1% FCR LNIT WIDTH #ML.
A

4

j TABLE 2.1 2 0 R RED 4620

!E
; RAIWALL PERCENT IATERPG.ATED

'

OLRATICN 1 MIR VALUE

(MIN) 79f' Fm Tc

g t, . . . 11.,
j 3 23 27.5

'

/ 18 62'

15 74

82

30 IB
: 45 95

|g RIf9AP SIIItG CALDAATIDS (RREL-4528. Methodologies for Evaluating Long-Tern
;E Stabilization Designs of Uranium P3.1.1 Tailings Impoundsents. Section 4.2.2.2) ,

'

1

i INRIT PMAMETERS:

5

Acceleration of Gravity (g): 32.2 FT/S C 2 Constant
Riprap Friction Angle (phi): 42.00 degrees "#Q .

t
Riprap Relative Density (s): 2.47 MEARRED M*#

Riprap Porosity (n): 0.45 ASR MED American Water Resources Association
;

)Empirical Constant (c): 8.27 ASRMED (Ranges frca e.22 for gravel and pebbles
|toe.27forcrushedgranite)
l

CALCULATIO6: i

Maxima Flow Rate (q): 0.375 CFS/FT Fran Above Calc.
Slope Angle (theta): 16.78 degrees Based on Sideslope

I
Riprap d50: 8.328 Feet MREG 4628. Equation 4.28

Dr d56= 3.944 InchesI



SFRR_DP.XLS 7/23/93
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OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD > [ 7 N.

I // g/PROJECT: Atlas 88-067-10
LOCATION: North East Debris Pit (only flow from 1% slope,10:3 embnk. not ' ncludec

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluating Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundments

I - ---INPUT PARAMETERS CALCULATED PARAMETERS
-_----------- ------ ----- .-------- ---- --- ----- _--._-

RUNOFF COEF: 1 DRAINAGE AREA: 0.003 ACRES
SLOPE LENGTH: 150 FT

I AVE SLOPE: 0.01 FT/FT Tc (actual): 2.18 MIN EQ 4.44, NUREG 4620
RETURN PERIOD: PMP YRS %OF 1-HR PPT: 23.94 % TABLE 2.1, NUREG 46201-HR PPT AMOUNT: 8.25 !NCHES PPT AMOUNT: 1.975 INCHES

FLOW CONC: 1 PPT INTENSITY: 54.46 INCHES / HOURI Mannings n(assumed): 0.020 *** nnings n(cale): 0.020 ANDERSONS METHOD USED IF SLOPE
,. - CSU METHOD USED IF SLOPE >2%

(fEAK DISCWD 0.12 CFS Q = cia
CONC. DISCHARGE: CFS CONC. FACTOR 1I =

DEPTH: 0.11 FT EQTN 4.46, NUREG 4620
TRACTIVE FORCE: 0.069 PSF 62.4 depth * slope*

FLOW VELOCITY: 1.71 FPS V = Q/ FLOW AREA
--------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I TABLE 2.1 - NUREG
------ - - - - - - - - - - - - - - -

4620

Percent of 1-hr local-storm PMP for selected durations for 6-hr /1-hr ratio of 1.2 (HMR No. <
RAINFALL PERCENT OF INTERPOLATED Note: Interpolated percent bas

.I DURATION 1-HR PPT PERCENT on TC(actual)(MIN)
0 0 23.94

I 2.5 27.5
5 45

10 62
15 74

5
30 89
45 95
60 100

--------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap Design Criteria by
Riprap Testing in Flumes: Phase I, Safety Factor Method)

I INPUT PARAMETERS: CALCULATIONS:
Spec. weight of water 62.40 pcf TAN (phi): 0.754
Rock Specific Gravity 2.45 cos(alpha): 1I Angle of Friction (phi 37.00 degrees sin (alpha): 0.01
Channel Slope (alpha) 0.57 degrees x: 0.016
Safety factor: 1 y: 0.744

D50: 0.016 feet
0.19 inches

,I

I
I

i
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| OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD

PROJECT: Atlas 88-067-10
'

LOCATION: North East Debris Pit (flow from 1023 and 1% included)

i|3
i OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodologies for Evaluating Long-Term

Stabilization Designs of Uranium Hill Tailings Impoundments

j INPUT PARAMETERS CALCULATED PARAMETERSE __ __________ _______ ______ _______________ ______ ___ ____________
RUNOFF COEF: 1 DRAINAGE AREA: 0.003 ACRES

SLOPE LENGTH: 150 FT

' I AVE SLOPE: 0.01 FT/FT Tc (actual): 2.18 MIN EQ 4.44, NUREG 4620
RETURN PERIOD: PMP YRS %OF 1-HR PPT: 23.94 % TABLE 2.1, NUREG 4620

4 1-HR PPT AMOUNT: 8.25 INCHES P"" AMOUNT: 1.975 INCHES'

FLOW CONC: 1 PPT li. TENSITY: 54.46 INCHES / HOURMannings n(assumed): 0.022 nnings n(cale): 0.022 ANDERSONS METHOD USED IF SLOPE4 ***

i CSU METHOD USED IF SLOPE >2%,' PEAK DISCHARGE: 0.562 CFS Q = cia3

CONC. DISCHARGE: 0.562 CFS CONC. FACTOR = 1i DEPTH: 0.225 FT EQTN 4.46, NUREG 4620
j TRACTIVE FORCE: 0.14 PSF 62.4 * depth * alope

FLOW VELOCITY: 2.50 FPS V = Q/ FLOW AREA
1 I TABLE 2.1 - NUREG 4620
j ___________ __ ______ _ ____ ___ _____ ==-- - _ __ ___ ______ ___ ____________

'
Percent

of 1-hr local-storm PMP for selected durations for 6-hr /1-hr ratio of 1.2 (HMR No. .i
i RAINFALL PERCENT OF INTERPOLATED Note: Interpolated percent basa
: DURATION 1-HR PPT PERCENT on Tc(actual)5

(MIN)
; O O 23.94

2.5 27.5
5 45

10 62

I 15 74
30 89
45 95
60 100

_____________________ ______ _________ _______________

RIPRAP SIZING CALCULATION (NUREG CR-4651, Development of Riprap Design Criteria by
Riprap Testing in Flumes: Phase I, Safety Factor Method)

INPUT PARAMETERS: CALCULATIONS:
Spec. weight of water 62.40 pcf TAN (phi): 0.754

I _ Angle of Friction (phi 37.00
Rock Specific Gravity 2.45 cos(alpha): 1

degrees sin (alpha): 0.01
Channel Slope (alpha) 0.57 degrees x: 0.033
Safety factor: 1 y: 0.744

D50: 0.033 feet
0.40 inches

I
tl
|I
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Table 6

Summary of Scour Depth Calculations 2
Method 1

.I Top Width. 6 73Section 0, ft*/s (3) ft. (3) o, ft ds. f_t
L-L' 16129 500.54 32.22 5.64

'I M-M' 16129 465.47 34.65 5.74
N-N' 16129 452.34 35.66 5.78
P-P' 16129 1686.56 9.56 4.21

j, I
Method 2a

Section Bend Type (4) Z (5) Dm,mm f dm.ft ds.ftiI L-L' Moderate 0.5 0.16 0.70 13.35 6.67
M-M' Moderate 0.5 0.16 0.70 13.35 6.67
N-N' Severe 0.75 0.16 0.70 13.35 10.01
P-P' Moderate 0.5 0.16 0.70 13.35 6.67

Method 2b

I Section Fbo. ft/s* dfo, ft Z (5) ds, ft

L-L' O.8 10.91 0.6 6.54
M-M' O.8 11.45 0.6 6.87

I- N-N' O.8 11.67 0.6 7.00
P-P' O.8 4.85 0.6 2.91

I Method 3

Area (3) Top Width (3)
Section Bend Type ft' ft dm, ft 7 (5) ds. ft

I L-L' Moderate 1385.19 500.54 2.77 0.50 1.38
M M' Moderate 1544.99 465.47 3.32 0.50 1.66
N-N' Severe 1466.19 452.34 3.24 0.75 2.43
P-P' Moderate 2361.89 1686.56 1.40 0.50 0.70I

^ LActhod 4

Area (3)
Section OJt'/s ft' Vm. ft/s Vc. ft/s dm.ft ds. ft

L-L' 16129 1385.19 11.64 2 2.77 13.34I M.M' 16129 1544.99 10.44 2 3.32 14.01
N N' 16129 1466.19 11.00 2 3.24 14.59
P-P' 16129 2361.89 6.83 2 1.40 3.38

Summary of Methods - Scour Deaths. ft

Average
Scour Depth.

Section Method 1 Method 2a Method 2b Method 3 Method 4 ft
L-L' 5.64 6.67 6.54 1.38 13.34 6.72

M-M' 5.74 6.67 6.87 1.66 14.01 6.99
N-N' 5.78 10.01 7.00 2.43 14.59 7.96
P- P' 4.21 6.67 2.91 0.70 3.38 3.58

emas scomuus



,- Tabla 6

/ [['Summary of Scour Depth Calculations '

J &,.f
. Notes:,

j 1) Scour Depth based on Moab Wash HEC-2 Supercritical run where velocites are greatest.
W 2) See main text for description of methods and equations,

3) From HEC-2 Supercritical Run (See Attachment B)

]I
4) Bend types conservatively assumed.
5) From Table 7 in Attachment C.

.
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4/

the interaction of the local boundary shear and the size and gradation of the

I riprap material.

(2) Average boundary shear.
The average boundary shear over the

wetted perimeter of a channel cross section (from ref 3) is given by
.

Y, = YRS
(30)

where

Y, = average boundary shear, psf
. y = unit weight of water, pcf

R = hydraulic radius, ft
S = slope of energy gradient

By utilizing equations i and 6, equation 30 becomes

2YVy =
(31)

(32.6 log
10

where

V = average cross-sectional velocity, ips
k = equivalent channel boundary surface roughness, ft

(3) Local boundary shear.
In a straight trapezoidal channel with equal

bottom and side roughness, the boundary shear varies over the wetted perim-
eter as shown in plate 31. By substituting in equation 31 the depth Y (in
feet) for R , the average local velocity in the vertical V (in feet per second)

I for V, and the average stone theoretical diameter D
50 feet) for k , the .

local boundary shear at any point on the wetted perimeter can be determined
by the equation

aT =
(32)

32.6 log oi
0I

14g(3)
40
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15 Sep 82The average local velocity in the vertical at any point

should be determined
as illustrated in Appendix IV.

The subsection width used to determine v
should not be too great.

Where there is a significant difference in roughness

over the wetted nerimeter, as may occur in a channel with riprap bank revet-
ment and a natural invert,

a local effective friction coefficient as determined'

from Hydraulic Design Chart 631-4 or Appendix IV should be used in comput-
ing values of v.

A graphic solution of equation 32 is presented in plate 32.
(4) Boundary shear in bends.

The dis'tribution of local boundary shear

in a bend of a trapezoidal channel with equal bottom and side roughness is

indicated in plates 33 and 34 (compiled from data in refs 53 , 54, and 55).
*

Average boundary shear values obtained by equation 31 should be multiplied *

by the ihdicated ratios of t / btain local boundary shear values in ab *o t
.

bend.

i
. (5) Riprap design shear. The riprap design shear is defined'as that

of local boundary shear that the in-place riprap will safely withstand.
amount

The design shear for riprap placed on an essentially level channel bottom is
given by reference 56.

a (y, - y)D I33)
t =

50m where

y, = the unit weight of stone saturated surface dry (SSD)
coefficient "a " = 0.040

The desig. shear for riprap placed on channel side slopes is given by the
following equation taken from reference 3

30.5
f1

,f2 (34)i
t, = t 1

where ( sin e) i.

$ = the angle of the side' slope;with the. horizontal

e = the angle of repose of the riprap, normally about 40 deg

I -
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[~ EM 1110 2160-
q. 1.lui 9-

W 6f.e; (2) Tranch. fill aveunents: ripmp placed at low mene shar the high flow subeules or by surve!- waner level cr u
ascuans if the toe mone is underwmer. It is readils
adaptable to emergency pmescuca, when high flow ani(3) Weighted riprap tone: nprap placed at intersec.
the requsement for quick acuan make escavmion isnprac.

[ tion of channel bosom and side slope ,
tical. Shape of the mone toe is not critical. For manch.

AD mvennsats. he height of the mone section is generall)Trench.flB revelments on the u" W River have ans. half to one times die length. For weighand rm
successfuDy laanched to protect for a verscal scour depth loss, heighs as now as 2 tirnes the bank pmeseuorof up to 50 ft. On gravel bed secams, the me of

'escknas have been used. Pnmdmg an adequate volume
launchabie sene is not as widely accepend as in sand bed of mane is snacal To == paw the requarod launchable
sumams. Problems with using hade8* mane in some

stone volume for Method D, the followeg assumptums'

gravel bed rivess may be the reask of ---W should be used:
'

mone size, scour depth, or launchable mane volume
because the corw spa of isunchabic mone has been succans.

(1) Launch slope = IV on 2H. This is the slopeL fui on sev=al gravel bad rivers.
mesiing aros= sock inanched on acacche=ve maienai = !
bot model and prosotype surwys. Launch slope is less !

I
311. Revetment Too Protection Design prabcsable if cohearve snaierial is present, since coheave

4 massnal may in11 in large blocks.
The. followmg guidance appbes ao several ahumanve
methods of too prosecuan iDusansed in Plase 43,

(2) Scow depth = exasung elevanon matunum ;
.

scour elevanon. '

s. MetW A. When toe ezesvation can be made in
the dry, the nprap layer may be essended below the exist. (3) Tluckness after launching = 1.5 times the thick.
ing groundhne a & stance exceedag the anticipaaed depth mess of the bank sevesment T ,
of scour. If excavanon quantines are prohibitive, the
concept of . Method D can be adspeed to reduce Using these assumptions, the
excavation.

volume = 1.5T tirnes launch slope length

b Method 8. When the bosom of the channel is = 1.5T tienes scour depth times ($
nonerodible matenal, the normal npnp should be keyed

{ in as areambed level. = 3.35T (scow depth)

c. Method C. When the nprap is to be placed neder. Add a safety factor if dasa to compute scour depth are
-

water and liale toe scour is espected (such m in araight unrehable, if cohnsrve bank masenal is present, or if -
reaches that se not downersom of beads, unless anam moniaanng and ausneenance after construcuan cannot be
is bruded), the toe may be placed on als: exasung becom guaranased. Gedance for a afety factor is lacking. so to
with height a and width c equal to 1.5T and ST , some canent it must be determined by considenng
respectively. This compensates for uncertunnes of under. consequences c(failwe.
waner y=we

312. Delivery and Placement
d. Method D. An casemely useful techmque where

waaer levels pmhibit excavanan for a noe secuan is to Delivery and placement can affect riprap design. See
place a launchable secuan at the toe of the lumk. Even if EM 1110 2 2302 for decaded guidance. 1he common
excavstron is pecucable, this method may be prefened methods of nprap placement are hand placing: maciune
for cost savings if the cost of exas mone regered to placing, such as freen a skip, skagline, or some fann of.
pmduce a laimched thickness equal to or greaser them bucket and dumping fasa sucks and spreading by bull.
1.5T is exceeded by the cost of excavation required to doner.. Hand placement produces the most stable nprap
carry the design thickness T down the slope. This con- revetment because the long amis of the riprap panicles are
capt simply uses toe scow m a substitute for mechamcal onensed perpen&cular to the bank. It is the most expen.
excavation. 1his method also has the advantage of sive method except when sene is unusuaDy costly and/or
providmg a " built W scour sage, allowmg easy monitor. labor erusanDy cissap. $assper side slopes can be used
ing of high flow scow and the need for additional mone with hand.placed nprap than with other placing methods
reinforcement by visual mspection of the remaining toe This reduces the regered volume of rock. However, the

39
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I
cannot satisfy these criteria, two or more filter layers may be necessary.
The finer filter overlies the top layer of the radon suppression cover and the
coarser filter lies between the finer filter and the riprap.

[

The grain-size curve of the filter material should have a smooth s-shapeI without pronounced breaks and should be roughly parallel to the grain-size
curve of the soil being protected, although other smooth shapes may be used.

Thickness of Filter. The filter layer should have a minimum thickness ofI 12 in. and be at least equal to one-half the riprap layer' thickness. Where
,

*

two filter layers are required, the finer filter layer should have a minimum
thickness of 12 in. and be at least equal to one-half the coarser filter layerthickness.

The use of these layer thicknesses assumes that the underlying radon
B suppression cover is structurally stable and capable of supporting the loads

imposed by the construction equipment and the filter and riprap layers. If
this is not the case, larger filter layer thicknesses may be needed to support
construction equipment or the riprap. Larger filter layer thicknesses mayI also account for larger differential settlements caused by consolidation of
the underlying materials. The greater layer thickness should be detemined in
the field based on the actual condition of the radon suppression cover.

Toe Protection

;I A riprap toe protection is required at the base of all impoundment side
slopes. In general, the toe protection can be one of two types as shown in
Figure 10.

|

For Method A, the riprap layer constructed on the slope may extend below
grade to a depth of 1.5 times the estimated depth of scour at the impoundment
perimeter. The angle of the below-grade protection may be steeper than thej relatively flat slope angle, if the stability of the impoundment after scour

5 is adequate. The sizing of the riprap is based on the actual slope used,
assuming that the full design-estimated depth of scour has occurred.

%T T$
s +

| Ne $ '

1.Sa [ by1.5TO Sa,f

, m., , yi g ,* 'r +<: 2 1. 5 a+ / 'N
a : Depth of Scour

/f 4,p { .

g T e.d Tnickness y'
Method A Method B e

FIGURE 10. Toe Protection Methods
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A second approach, Method B, includes a horizontal riprap toe. \

of the horizontal protection should be at least equal to the estimated depthThe widt-

of scour times 1.5.
the thickness of the riprap on the slope.The thickness of the layer should be at least 1.5 times,

Gully Erosion Protection-

.~ -

!-
The remaining unprotected side slope surfaces above maximum flood

I~ elevation require protection from gully erosion.
. most vulnerable to gullying because of their steepness.These surface areas are the[_ 4mmesgAHes ere

initiated, %e procures curvie repMly (one year or several years) toward
1

3 a breach in the impoundment. |Each impoundment will require some minimumE- thickness of rock riprap completely covering the side slopes for the purpose |
of preventing gully erosion.|~ |This will be the case irregardless of whetherflooding is a consideration.

'Because of the threat of this potentially
destructive process, the application of rock riprap is recomended for thelong-term protection of the side slopes. However, the problem is complicatedf- by other factors.

Gullies that form from land surface depressions and rills can actively bej~
are the direct result of overland flow. prevented by rock riprap applied to the side slopes of impoundments since theyh

'

Gullies caused by di.fferential settle-
because they are not the direct result of rainfall-runoff. ment, slope failure, and piping cannot always be prevented by rock riprapHowever, in these
situations, the presence of an engineered rock cover could mitigate the

-

[ effects of these processes by self-adjustment of the rock cover itself.F"
would help prevent further erosion by surface runoff by the shifting of indi-This

{_ vidual rocks to accommodate the new surface configuration.
armor may prevent further damage caused by differential settlement,Although ro.ck3g
failure, and piping, it is best that preventive measures for these types of

slope

failures be considered in the design of the embankment foundation and earthen~

Cover.
~

Design Suggestions for Gully Erosion Protection
-

A study by Walters and Skaggs (1986) determined that there are no pro-"

cedures available to design rock riprap to protect against overland and gullyerosion. The study results indicated that movement of runoff over a soil~

cover armored by rock may involve both interflow through the rock layer andfilter and cascading flow over the rock surface. Not enough information is
available at this time to indicate whether the movement of the runoff through
the rock layer can be described by the equations of porous media flow.
interstitial voids in the rock layer can be extremely large and would allowThe

runoff to move through rapidly.
~

The lack of information on the hydraulic roughness (Manning's n) for flow
over the rock surface poses another problem.

The results of field and labora-tory testing are very limited for unprotected soil surfaces and nonexistentfor rock surfaces. Therefore, the inability to predict the flow character-
istics over and through the rock layer would limit any analysis to very roughassumptions.

-
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~ Date: 5/15/92 Run lime: 17: 4:35 Wrsion: 5.30 Data File: H: feil.H2I pay, 1

.

I
MS RLN EX81JTID 5/15/S2 17: 4:36

Hu2 RELEASE DATID SEP IB LEDLTD .llN 1990

f3
ERROR CORR - 01.02.0.04I f[DIFICATE N -

__

'l
11

i
~1 PRIBRE MAXIfLM FLCID - POW WGI

I 2 ATLAS ttINERALS 8EH67 5/12/S23 fDB WGi - SUPEERITICAL

1 IDEIX IPO NIPN IDIR STRT fETRIC WIN 5 0 W5EL FQ

t. 9. 9. 1. .000 9. .5 15129. 4006.3 8.

C 8.83 8.0 8.0 8. 9. 4. 8. 8. 4. 4.2 B. 8. 1.7 529. 398. 425. 3E 0, t. e.
~

R 94. 8. ANG.5 1.7 4003.5 15.5 4e52. 28. 40E2. 129.. R ,,d3.5 124 5 400.5 529. 404. 620.

1 7. 8. 15. 529.5 438. 498. 440. S. 9. 8.

IR
4801. 8. 3996.5 15. 3996.5 E E95. 39.5 3995. 139.5R 39ES 144. 3996.5 529.5 4008. 540.

1 6. 9. 38. 515. Gee. 754. 615. 9. 9. 8.I:R 3999. 6. 35EB.5 30. 33E9.5 55.5 398B. 68. 3988. 168.R 3989.5 154.5 3989.5 515. 3996. 535. 3997.5 780.

I.1 5. 9. 22.5 470. 808. 538. 758. e. e. e.R 3991. 8. 3981.5 21.5 283.5 ES 3921.8 de. 3381.8 148.R 3983.5 144.5 39ED.5 478. 3567. 488.5 39EB. 588.

^1 4. 9. E 471. 850. 350 564. 8. 8. 6.R 398B. 8. 3976.3 E 576.3 95.5 3974.6 188 3974.6 208.R 3976.3 204.5 3976.3 478. 3581.9 484. 3983, 679.

.1 3. 9. 67. 1993. 688. Ste. 525. 9. 4. 8.R 3994. 9. 3971.7 67. 3971.7 515.5 5 79. 529. 3 75. 629.R 3971.7 625. 371.7 1993. 3976. lite. 3978. IIE.

1 2. B. 6. ISEE. 548. 600. 528. 8. 4. 9.
E*' ''~68.

''- '' '' - ' '''*- ' ' ' - " ' ' - '" - ''''- " ' " -EB6. 3968. 1625 . 3971. 1592.
,

.

t
e

I
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- Date: 5/15/32 Run Time: 17: 4:3 HWersion: 5.38 Data File: H:PW1.K:2
Page 3

5EDG DEPm DGEL OG5 WSELK ED W H. OLD55 L-fWK ELEY] O OLIB On m ADI ARCB M2. TWL R-fWK ELEY [> f[ 'h 24.
~

Tif1E YLOB V0i 2 01 DR VfN ELMIN SSTA'

SLDPE XUEL X"/ XIIER ITRIAL IDC ICDU CDWt TDRIID EMST

*

g y

'm0F 1
<

!

1

- T DC B.000
; 289 DES SECTION 8.00 EXTDDED 2.28 FHT

; 1728 OUTICAL DEPTH ASSfED

B.tet 4.28 14006.28| 4e06.28 4006.38 4087.84 1.56 .00 .30 Ast3.50-

15129.8 21.2 1585.2 4.3 1596.5 12,6 .8 .3 Ast3.50.00 4.94 19.64 .7 .830 ~. 838 .335 .000 4082.00 .33.se915 9. 9. 9. 9 4 0 .00 529.H 529.H
,

'SEDO 7.999

1645 INT SEC KDED BY RAISI)G SEC 7.08 5.2D FT #0 ftLTIltYDG BY 1.805

!Ii IO1 W OWGED ftRE THW WD6

ig
j5 DB2 WMNIPG: CDNEYNCE DWGE CLffSIDE OF ACEEPTMLE RNGE. G ATIO = 1.57

I 16129.0

1.219 3.56 4083.81 4094.54 .00 4006.49 2.EB 1.5 .98 4681.7551.8 1EE30.9 45.3 7.0 1217.7 6.3 3.2 1.2 4881.75.00 7.5 13.17 7.31 . 838 .838 .E30 .000 4806.25 8.21

I .922574 2. 93. 106. 7 5 8 .00 538.12 538.32

.645 INT SEC MDED Bf RAISI)G SEO 1.t1. -1.758 FT #0 ftLTIPLYIE BY .998

1.829 3.74 A002.24 4082.78 .88 4004.54 2.29 1.95 .se Ages.esI 15129.8 57.7 15e19.8 51.6 8.4 1315.0 7.6 6.1 2.4 4ees.te.00 6.86 12.18 6.81 .830 .830 .230 .000 3998.58 7.55.617488 98. 99. 106. 4 u 9 .00 538.46 538.81I
' I .645 INT SEC A[DED BY RAISIPG SEC

-

1.02. -1.758 FT #G ttLTIPLYltG BY .998

i30 3.73 4000.48 4081.06 .99 4082.80 2.32 1.73 .80 39 2 .25-. 9 57.4 16829.4 51.3 8.3 1387.8 7.5 9.1 . 3.6 3998.25I .617693

.01 6.5 12.25 6.E5 .830 .63B . 638 .900 3996.75 7.5798. 99. 196. 2 8 8 .te 529.52 537.09

I
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Run Date: 5/15/92 Run Time: 17: 4:35 Wernon: 5.30 Datafile: H:PHl.hC2

<

page 4,

SEDO mIE WSElX EL H/ R. OLD55 LM El1YI 0 OLIB ALIB A0i MB VOL T* R M ELEY N 'gT!!1E VLIB R XPOi M WIN SSTA '/SLOPE XLIBL XLDI XLGR IIRIAL IIC ICDG QRMt TOFWID DOST & gg

I 1645 INT SEC ADDED BY RAISIl0 SEC 1.0 , -1.754 FT #D PULTIPLYIlG W .998

7. tee f3998.72 | 3999.31 .N 4001 A 2.33 1.75 .00 3996.501629.9 57.3 16829.4 El 3 8.3 DOS.3 7.5 2.1 4.8 3996.54@ h .830.el 6.98
.83B .330 .000 3995.00 7.56.e m 63 98. m. u6. . . . .. 52a.64 ss.2.

"SEDO 6.000 ~b

h 3931.99h 3992.406.000 .00 3994.11 2.2 6.94 .00 39. 58I 16 m .. 64.7 1. e.. 9r ue -- 9.6 2s ... 39 . 5..92 6.68 11.72 6. .330 .20 .me .000 3988.00 22.D.614e85 438 499. 5 11 9 .00 522.67
.

I .

stn o 5.ees M

26 TRIALS ATTDFTED E.EmI d MBABLE FUNIPU1 SPECIFIC DOGY
3720 mITICAL DEPTH ASSLf1ED

5.000 4.78 3986.501 BIE.50 .00 39EB.29 1.71 6.79 .83 3983.50

l
1629.9 79.3 15978.3 793 13.5 1518.1 U.S 46.5 16.9 3923.50.94 5.89 10.52 @. .83B .838 .00 .000 3981. 13.51.908865 688. 515. 754, 28 11 9 .00 465.47 478.99I

StDo4.m-@#3979.21)3979.374.see| .98 3981.18 1.98 7.10 .08 3976.'S1629.0 78.8 15973.4 77 1 411.9 12.6 72.4 24.7 3976.30gu.tB_) ds) 12.6.e5 6.18 .a .. .. . 26.31.ea160 8m. 7se. 53e. 3 5 . .. 452.34 478. sI
*SEDO 3.000

1M5 INT SEC EDED BY RAISIE SEC 3.00, 2.300 FT #0 Pf)LTIPLYIfG BY .857

3322 WARNkPG:
(IH/EYMCE DWGE WrSIDE OF ECEPTM3LE R#GE. KRATIO a 1.40 '

1.210 3.30 3975.69 3975.97 .N 3977.22 1.62 3.88 .96 3974.06I 16129.9 19.1 16180.5 9.4 3.3 1573.8 1.8 82.2 29.1 3974.00E 5.75 16.23 5.25 .838 .835 .000 .000 572.38 53.95u9951 425. 298. 175. 4 15 0 .00 . 896.18 E4.DI
I
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] stun Date: 5/15/92 Run Time: 17: 4:35 %ernen: 5.30 Data file: H:tta.K:2 Pap 5
:

h mIWSSEDO DEPTH WSE1X IB W M. OLD55 L-fW K ElfY
;| 0 OL2 OCH ALIB G M R TWL R-ONE ELIV /.7/4

g .

i W TIE VLIB G *M. DOI Dit WIN El.MN S5TA / ~'
SLDPE XLIBL XLDi ITRIAL IDC ICINT CIRML TOPdID DO5T @k.I

ig 1645 INT SEE KDfD M RAISDG SEC 1.t1. -2.300 FT #0 MA.TIPLYDG M 1.153
1g

33D1 W OWGED PERE T)Mi Wil6

.I:
'

585 20 TRIALS AT(DFTED WSEL.06EL

36R3 M u male m MI M SPECIFIC ENERGY !

;| 3728 m ITICAL DEPTH A55L M D
,W 3.000 3.47 13973.471 5 73.47 .08 3974.48 1.81 4.N 3.5 571.78

16129.0 21.7 15296.3 11.9 4.7 1996.1 2.6 93.7 5.3 571.79
! .87 4.61 8.06 @ .a .830 .a .900 3979.08 61.68

.2a. c5. 28e. us. a 8 . .. 1a.n is.m

"2DO 2.000
| IE6 29 TRIALS ATTDFTED W5a.CW5a ,, p

' REABLE P11 NIM SECIFIC DEGY:|
*

. te OtITICAL
,

;W 2.000 1 3 % 9.31 I 3969.31 .M 3978.N .72 6.M 3.79 3968.00
15129.9 .3 16112.1 6 2.6 2I7.6 1.7 129.9 S1.7 39EE.sej .99 3.!B 6.83 3.82 .a .838 .a .000 3967.00 2.06

;3 .912119 688. 525. 20 19 0 .M 1686.56 15EE.62.

"SEDO 1.000

36EE 29 TRIALS ATTDFTED WSEL.06EL

3693 MEMBLE filNIM SPECIFIC DEGY
3720 m ITICAL DEPTH As utED

1.000 2.94 N o41 3966.94 .00 3967.54 .69 6.5 5.99 3966.00
16129.9 4.3 16128.4 1.3 2550.9 1.3 149.6 74.8 3966.90| .u 3.n 6.n 6n .a .a .a . M.. 3.o
..uo4 s4.. Sa. e. 2. u . .. 2y9.66 nm.83

"SEDO .000

36E5 20 TRIALS ATTDFTED WSEL.CWSEL

3693 PR2N3LE Pt! NIM SPECIFIC DEGY

3729 GI CAL DEPTH ASSLMD
.ess 2.84 1 3964.241 3964.24 .se M.71 .48 5.49 6.5 39E3.40

16129.9 3.2 16122.6 3 1.0 29M.2 1.8 177.1 100.4 3963.48

{I
.14 3.83 5.55 3. .638 .838 .638 .000 3961.48 3.49

.012312 345. G. 860. 20 18 8 .M 2962.42 2955.51

.
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\| C !Z
m0f!LE Tm STRf#', fD0 W6H - SUPERmITICA

PLOTT!I) POINTS (BY FRImITY) E-ENERGY W4TER SRfACE.I-IWERT.C-CPJTICAL W.S..L-LEFT BR.R-RIGHT BE.M-trWER EM) STA
i
i
!

ELEVATIm 3S61. 3966. 3971. 3976. 3981. 3986. 3991. 3996. 4001. 4006.'

SEDC CLPDIS

,

; 8.00 8.. . . . . . . . . .I LM W E| 50.
.

. . . . . . . . I. L MC E1
'

1.01 100. .

. . . . . . . . I.L ICMEIg 150.
.

. . . . . . . . I L. WC M E .B 1.02 290. .

. . . . . . . . IL 601 E . . !250. ). . . . . . . .IL WD1 E' i. .

I 1.03 300. . . . . . . . .I L nc.M E . .

3 50.
1. L W CM.E

. . . . . . .
. .7.00 400. IL ID1 E.

. . . . . .
. .

450. I L. IC ME .. . . . . . .
. .

500. I L . lc E. . . . . .
. . .

550. .IL IC E. . . . . .r

! 600.
. . .

.I L WC E M
. . . . . .

.| EEO.
. . .

I. L nc .E M .
. . . . . .

W 790.
. . .

I .L IC E M. . . . . .
. . .

750.
I L. IC E . M I

. . . . . ..

I
. . .

200. I L . 6C E.M. . . . . .
. . .6.00 150. IL .6C E .M

. . . . . .
. . .

900. .IL IC E .M
. . . . .

. . .

950. .I L IC E M.
. . . . .

. . .

1900. IL W. E M.. . . . .
. . .

1950. I. L W.E M
. . . . .

. . . .

1190. I .L W .E M. . . . .I . . . .

1150. IL W EM. . . . .
. . . .

1200. I L. W E.n. . . . .
. . . .

1250. IL. W E fi. . . . .

I
. . . .

1300. I L W EM .. . . . . . . . . .

1350. I L .W EM .. . . . .
. . . .

1400. .I L .W E
. . . .

. . . . .
5.00 1450. .I L W MEI . . . .

. . . . .

1500. IL W. E
. . . .

. . . . .

1550. 1. L W.E. . . .
. . . . .

1600. I .L W .E. . . .
.

I . . . . .

1554. IL W EM . . . . .

. . . .

1780. I L. W EM. . . .
. . . . .

1750. I L. W EM.
. . . .

I
. . . . .

1880. I L IC E M.. . . . .
. . . . .I!50. I L . WC E M .. . . .
. . . . .

1980. .I L .WC E M. .

IE 19Ed. .I L WC E N .
.

. . . . . .

. . .g 2900. I L 6C E M
. . . . .

. . .
. . . . . .2 tee. . I. L W. E N. .
. . . . . .HM. I.L W .E M. . .
. . . . . .2150. . . . I .L WE M . . . . . .

I
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L- .

C-fi
[

-

"#4. 22 . I < W E. M. . . . . . .

2250. I L. EE.M . .
. . . . . . .

23I0. I L . E E .M
. ,

. . . . . . .23ie. . IL,WE M
, ,

. . . . . .

2400. .I LEE M.
. ,

. .
. . . .

Zeit. .I L EE M.
. .

. . . . . . .

1.81 2500. . I L E. E M.
.

,

. . 2 j. . . .' .

2554. .I L W
'

M. ' '
.

. . . . .
. .

2688. I LWL M[
. . . . . . .-

. 1. L W E. M
. .

. . . . . . . . .

2758. I. L E E . M. . . . . . . . .

2754. I .L WE. M. . . . . . . . .

3.00 2988. I .L W E M !. . . . . . . . . .2fEie. . I L WE .M g
. . . . . . . . /,

2900. I L. WE M. .

/. . . . . . .
2964. IL.WE M.. . . . . . . . .
3500. I L .W E M. .. . . . . . . . .

3I54. I L WE M f.N. . . . . . . . . .

3108. I L W.E M[ . . . . . . . . . . -m.. . ILEM. . . . . . . . .
3200. I L WE.M ,. . , . . . . . . . !
3250. . I L W E.. . . . . . . . .2.M 3350. .I L WE.

. .. . . . . . .
Ifie. . .ILWE. . . . . . . . .
3400. I L WE. . . . . . . . . .

-

3454. I.LWE. . . . . . . . . . .

3500. I. L WEM 4. . . . . . . . . .

'

3554. I .L WE. . . . . . . . . .
3600. I .L WEM. . . . . . .

3654. I .L WEM '
. . .

. . . . . . . . . .

3700. I L WEM. . . . . . . . . .

3754. I L WEM. . . . . . . . . .

3 Bee. . I L.WEM . . . . . . . . .1.N 3Eie. . I L.WIM . . . . . . . . . .
3908. I LW EM. , . . . . . . . .
3950. I L2. . . . . . . . . .4000. .I L WEM . . . . . . . . .4064. .I L WIM . . . . . . . . .41M. .I L WEM - . . . . .

. . . .

4150. .I LWE M . . . . . . . . .

4290. .I L WEM. . . . . . . . . .

.N 4250. I L WEM . . . . . . . . . .

!

.

.m_ _ _ _ _ _ _ . . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _
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| C-94
i

'

Nte: s/is/S2 Run Time: 17: 4:36 RWersion: s.30 Data fue: H:t00.H2
i Pate 6

i,

IHIS RN D2I2JTfD S/1s/S2 17: 4:56

HEC 2 RELEASE IMTED SEP 88 UPDATED .1LN 1990

t

a ==-meaa 1
,3 GFICATIm - i

c. ___ ___ _

_ _

E
, NE- ASTERISK (*) AT LEFT Of 2055-SICTICN MPBER IM)ICRTES FESSAGE IN SLPtyRY OF ERRms LIST

!" Ma WGi - SUPER:RITICA

ttvRY FRINT(UT TNLE 150

l

SEDO XLDt ELTRD E11C EMIN 0 CM5El GIWS S 1rKS VD4 .01K

R.006 .00 .08 .90 4002.00 15129. N 4006.23 4006.28 4007.M 91. 5 10.M 1513.45 IfiE2.M
t.000 3 % .00 .M .M 395.M IS129.N 3998.72 3999.31 4001.06 177.13 12.27 1321.11 1218.18

[ s.me ue.M .M .M 395.M .N m .99 m.# m.u 140.85 u.R uB5.19 .M b-
s. m sis.ee .m .a m .se .m m .se m .se ses.a es.s le.s2 @ 7a.e d
4. . m.. .. .0. s74.e. . .. . 9.u ,,.37 m.. m .e. u..@.17 g

F 3 "' sa '' " '' "''" a "'" "'" "7a a =" ''r "a " 25a *

| 2. s2s. .. .0. m.0. .. 3z9.m 59.m .. m .19 ..e @4e5.u P
l 1..e. sa.. .. .. m. .= m.m m.x m.s4 n .u s.n 2s96.s. m .s

.000 43s.00 .00 .00 3961.40 16129.00 3964.24 3964.24 3964.71 128.12 s.56 2906.32 1424.96

.

k

._.._________________ - - - -
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* Date: 5/15/S2 Run Time: 17: 4:36 HWersion: 5.38 Data file: H:M.K2 Pay 7

1MD WGH - SJPERCRITICA -/

HMMRY MtMOR TABLI 150 M
,f

SEDO O 05EL DIR6P DIFW5X DIFKWS TORf!D EDI

I *
8.980 16129. N 4806.28 .00 .98 .82 s29.H .00

7.000 15129.00 3998.72 .00 -1.7. .00 s28.64 3i6.00
*

6.000 E129.96 791.99 .M -6.73 .00 500.54 440.00 L

s.. m .m 3se6.se .m -s.se .= e.c cis.. M
-

4.en m.m m.n .= -7.29 .= 4s2.x 7se.. r/
g 3.. .. m.,
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, Inch-oound units Metric units [

f'

-
.

t
,__37.05 t ,1.625 (6.94 )

, g 0.00112 g 0.00112

Lg = 33100 ft Lg = 10100 m
,.

-

and for the subreaches:

g' Inch-oound units;g . _ Metric units

l

l * 2 (0 b0ll2J = 10 200 n L

I. 3=2(0b012) - 3 100 m

2"8 0.005 7 = 7 600 n y = a 0.0b ) = 2 300 m
,

-

L3"4 0.005 ) = 15 300 ft L 9
3=4 b0 2) = 4 700 m!I .

CHANNEL SCOUR DURING PEAK FLOODFLOWS

The design of any structure located either along the riverbank and flood
plain or Eross a channel requires a river study to determine the response ofthe riverbed and banks to large floods.j
combined with field experience is important in both the collection of ade-A knowledge of fluvial morphologyE
quate field data and selection of appropriate studies for predicting theerosion potential.

In most studies, two processes must be considered..g
(1) natural channel scour, and (2) scour induced by structures placed by man!g either in or adjacent to the main river channel.

!

| Natural scour occurs in any moveable bed river but is more' severe den
associated with restrictions in river widths, caused by morphological
channel changes, and influenced by erosive flow patterns resulting from
channel alinement such as a bend in a meandering river.I the bed or banks of a stream cu restrict the normal river movement and thutRock outcrops'alongeffect any of the above inficencing factors.

Manmade structures can have
varying degrees of influence, usually dependent upon either the restrictionI placed upon the normal river movenent or by turbulence in flow patterndirectly related to the structure. Examples of structures that influence
river movenent would be (1) levees placed to control flood plain flows, thusI increasing main channel discharges; (2) spur dikes, groins, riprapped banks,
or bridge abutments used to control main channel movenent; or (3) ptsnpingplants or headworks to canals placed on a riverbank. Scour of the bed or
banks caused by these structures is that created by higher local velocitiesI or excessive turbulence at the strucutre. Structures placed directly in the
river consist of (1) piers and piling for either highways or railroad bridges;
(2) dams across the river for diversion or storage,
tures such as rock cascades, gabion controls or concr(3) grade control struc-ete baffled apron drop

I '
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'

structures; or (4) occasionally a powerline or tower structure placed in the b[i

flood plain but exposed to channel erosion with extreme shifting or movementof a river. All of the above may be subject to higher local velocities, but
iI usually are subject to the more critical local scour caused by turbulence and ,

; helicoidal flow patterns.

I The prediction of river channel scour due to floods is necessary for the
! design of many Recimation structures. These Reclanation guidelines on scour'

represent a summary of some of the more applicable techniques which are
described in greater detail in the reference publications by T. Blenen;

! (1%9), National Cooperative Highway Research Program Synthesis 5 (1970),
C. R. Neill (1973), D. B. Simons and F. Senturk (1977), and S. C. Jain

!(1 981). The paper by S. C. Jain (1981) stenarized many of the empirical;

l equations developed for predicting scour of a strembed around a bridge pier.!

It shouid be recognized tbst the many equations are empirically developedfrom experimental studies. Some are regime-type based on practical condi-,

; tions and considerable experience and judgment. Because of the complexity of
i scouring action as related to velocity, turbulence, and bed materials, it is
| difficult to prescribe a direct procedure. Reclanation practice is toIE compute scour by several methods and utilize judgment in averaging the
!B results or Selection of the most *PP11 cable procedir*5-

The equations for predicting local channel scour usually can be grouped into
| those applicable to the two previously described processes of either a
! natural channel scour or scour caused by a manmade structure. A f urther
i breakdown of these processes is shown in table 6 where Type A equations are
!

those used for natural river erosion and Types B, C, and D cover various
manmade structures.

. I The importance of experience and judgment in conducting a scour study cannotbe overemphasized. It should be recognized that the techniques described in
these guidelines merely provide a set of practical tools in guiding the
investigator to estimate the mount of scour for use in design. The collec-I tion of adequate field data to define channel hydraulics and bed or bank
materials to be scoured govern the accuracy of any study. They should be
given as much emphasis as the methodology used in the analytical study.I Field data are needed to compute water surface profiles for a reach of river
in the determination of channel hydraulics for use in a scour study. With no
restrictions in channel width, scour is computed from the average channelI hydraulics for a reach. If.a strtsture restricts the river width, scour is
computed frcm the channel ~hjdraulics at the restriction. In all cases, scour
estimates should be based upon the portion of discharge in and hydraulic

I characteristics of the main channel only.

I
{I

I '
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Table 6. - Classification of scour equation for various structure designstb' e) !

I-
Equation Scour

~

l
type Design '

,

'

I* .t
A Natural channel for restric-

_

tions and bends Siphon crossing or my buried4

pipeline. Stability study of,

~~ a natural bank. Waterway for
:

-

one-span bridge.
Bc3, Bankline structures

Abutments to bridge or siphon
B. ) crossing. Bank slope protection'

such as riprap, etc. Spur
,

dikes, groins, etc. Pumping
*

i 3

pl ants. Canal headworks.
C Midehannel structures

.

'

Piling for bridge. Piers for. "

'

flee over river. Powerline '

i

footings. . Riverbed water intake
~-

- structures.
E' D

'E. Hydraulic structures
Dams and diversion dans.across channel Erosion controls. Rock cascade

-

drops, gacion controls, and
concrete drops.

Although each scour problem must be analyzed individually, there are someI general flow and sediment transport characteristics to be considered in .

making the judgmental decision on methodology. The general conclusion
reached by Lane and Borland (1954) was that floods do not cause a generalI lowering of streambed, and rivers such as the Rio Grande may scour at the

narrow sections but fill up at the wider downstream sections during a majorAnother general sediment transport characteristic is the influence offl ood.

I a large sediment load on scour diich includes the variation of sediment
transport associated with a high peak, short duration flood hydrograph
large sediment concentrations usually of clay and silt size material willThe.

I occur on the rising stage of the hydrograph up and through the peak of the
flood while the falling stage of the flood with deposition of coarser sedi-
ments in the bed of the channel may be accompanied by greater scour of thewetted channel banks.
flow with extreme high velocities in portions of the channel cross section01annel scour also occurs when the capacity of stream-I
will trant. port the bed material at a greater rate than replacenent materialsare supplied.

Thus, maximm depth of channel scour during the flood is aI '

any), the velocity of flow, turbulence, and size of bed material. function of the channel geometry, obstruction created by a structure (if
. Design Flood

The first step in local scour study for design of a structure is selection ofdesign flood frequency.I Reclamation criteria for design of most structures

I 31
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shown in table 6 varies from a design flood estimated on a frequency basis,

from 50 to 100 years. This pertains to an adequate waterway for passage of
the floodflow peak. The scour calculations for these same structures are
alway made for a 100-year flood peak. The use of the 100-year flood peak
for scour is based on variability of channel hydraulics, bed material, and I
general complexity of the erosive process. The exception in the use of )i| the 100-year flood peak for estimating scour would be the scour hole imed t- |
ately below a large dam or a major structure where loss of structure could
involve lives or represent a catastrophic event. In this case, the scour for

. use in design should be determined for a flow equal to 50 percent of the
structure design flood.

, Ecuation Types A and B (See Table 6)
|

Natural river channel scour estimates are required in design of a buried
pipe, buried canal siphon, or 'a bankline structure. For most siphon cross-,

| ings of a river, the cost of burying a siphon will dictate either the selec-
tion of a natural narrow reach of river or a restriction in width created by;

constructing canal bankline levees across a portion of the flood plein. AI sunmary of available methods for computing, scour at constrictions is given by8

Neill (1973). The four methods for estin.ating general scour at constricted
waterways described by Neill (1973) are considered the proper approach for

' E estimating scour for use in either design of a siphon crossing or mere
3 general scour is needed of the riverbed for a bankline structure. The four

methods supplemented with Reclamation's procedure for application are given
bel ow:I Field measurments of scour method. - This method consists of observingi

or measuring the actual scoured depths either at the river under investi-

I gation or a similar type river. The measurements are taken during as high
a flow as possible to minimize the influence of extrapolation.

A Recimation unpublished study by Abbott (1963) analyzed U.S. Geological| Survey discharge measurement notes from several strems in the southwestern
United States, including the Galisteo Creek at Domingo, New Mexico, and
developed an empirical curve enveloping observed scour at the gaging

' I st ation. This envelope curve for use in siphon design was further sup-
ported by observed scotr from crest-stage and scour gages on Gallegos,
Kutz, Largo, Chaco, and Gobernador Canyons in northwest New Mexico

I collected during the period from 1963 to 1969. The scour gages consisted
of a series of deeply anchored buried flexible tapes across the channel
section that were resurveyed after a flood to determine the depth of scour
at a specific location. The results of these measurenents are shown on

- I figure 8 along with the envelope curve for Galisteo Creek that support
scour estimates for wide sandbed (D varying from 0.5 to 0.7 m) ephem-
eral streams in the southwestern un ted States by the equation.

ds = K (q)0.24 (24)
where:

'
ds = Depth of scour below strembed, ft (m)
K = 2.45 inch-pound units (1.32 metric units)

3
/q = Unit water discharge, ft /s per ft of width (m3 s per m

ofwidth)

I "
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The use of equation 24 except as a check on other methods would be limited
to channels similar to those observed on relatively steep slopes ranging

'E from 0.004 to 0.008 ft/ft (m/m) . Because of shallow depths of flow and
5 medium to coarse sand size bed material the bedload transport should also

be very high.
' Reaime ecuations supported by field measurements method. - This approach

_

as suggested by Neill (1973) on reconsnendations by Blench (1969) involves
obtaining field measurements in an incised reach of river from *ich the

| bankf ull discharge and hydraluies can be determined. From the bankf ull
hydraulics in the incised reach of river, the flood depths can be computed
by:

/qf \ m
(25)df=d4

where:

df = Scoured depth below design floodwater levelI dj = Average depth at bankfull discharge in incised reach
of = Design flood discharge per unit width . . .

qi = Bankfull discharge in incised reach per unit widthI m = Exponent varying from 0.67 for sand to 0.85 for coarse gravel

This method has been expanded for Reclanation use to include the empirical
regime equation by Lacey (1930) and the method of zero bed-sediment
transport by Blench (1969) in the form of the Lacey equation:

d, = 0. 47 h (26)

where:
,

dm = Mean depth at design discharge, ft (m)
Q = Design discharge,ft /s (m3 s)3 / ,

f = Lacey's silt factor equals 1.76 (Dm)1/2 where Dm equal mean
grain size of bed material in millimeters

and the Blench equation for "zero bed factor":

2/3qf

| ro"Fd ( }
bo /3l

*ere:

d o = Depth for zero bed sediment transport, ft (m)f

F o = Blench's "zero bed factor" in ft/s',th,ft /s per ft (m3 s per m)
3 /

of = Design flood discharge per unit wig (m/s2) from figure 9I b
,

The maximum natural channel scour depth for design of any structure placed

| below the streambed (i.e., siphon) or along the bank of a channel must

I *

,
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consider the probable concentration of floodflows in some portion of thenatural channel.
are to be adjusted by the empirical multiplying factors, Z, shom forEquations 25, 26, or 27 for predicting this maximum depth'I
formula Types A and 8 (table 6), in table 7.
natural channel, figure 10. scour depth associated with a flood discharge is show in a sketch of aAn illustration of maximun; 3
equals depth of scour below streambed.As shom in table 7 and on figure 10, the dsE,

ds = Z df
(28)

ds=Zdm (29)i ds = Z dfo (30)

Table 7. - Multiplying factors, Z, for use
in scour depths by regime equations

i

Cond ition Value of 2,

4 Neill Lacey 51ench
,

ds = Z df ds = Z dm ds = Z dro,

Ecuation Types A and B
4

I Straight reach
0. 5 0.25 'pModerate bend 0.6 0. 5Severe bend / 1/ 0. 63

0.7 0.75 )Right angle bends
~

Vertical rock bank or wall 1. 0 1.25
-

1.25
Ecuation Tyoes C and 0;

Nose of piers
1. 0 0. 5 to 1. 0Nose of guide banks 0.4 to 0. 7 1. 50 to 1. 75 1. 0 to 1. 75Small dam or control| across river 1.5 0. 75 to 1. 25

1] Z value selected by USBR for use on bends in river.

River Section Acs

_

- -

T

E
\ w& E '

~

_ _ _ 1 _ ____ ,~ ~C
~

j

I \* "'
./

NOTE: dfo e d m dn,. Potnt C is for pomt of netwul section.f

Figure 10. - Sketch of natu'ral channel scour by regime method.
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Although not shown on figure II, the d
from Neill's equation 25 isfusually less than the d

dm from Lacey's equation 26.from Blench's equation 27 but greater than the
'

fo

on applying the scoured depth, ds, as obtained from table 7 to the lowThe design of a structure under a river channel such as a siphon is based,a
point in a surveyed section, as shown by point C on figure 10.5
criteria is considered by Reclamation as an adequate safety factor for useThis
in design.

In an alluvial streambed, designs should also be based on
'

scour occuring at any location in order to provide for channel shifting| with time.

Mean velocity from field measurements method. - This approach represents
:

_I
,

an adjustment in surveyed cnannel geometry bas 3d on an extrapolated designflow velocity.
In Reclamation's application of this method,'a series of at

least four cross sections are surveyed and backwater computations made|E for the desi n discharse by use of Reclamation's Water Surface Profile
. '

93 Computer Progre.
In addition to the surveyed cross sections observed,

'

water surface elevations at a known or measured discharge are needed to:I provide a check on Manning's "n" channel roughness coefficient.
procedure allows for any proposed waterway restrictions to be malyzed forThisi

channel hydraulic characteristics including mean velocity at the designdir harge.
The usual Reclamation application of this method is to deter-

4

the Z values defined by Lacey in table 7 to compute a scour depthmm. the mean channel depth, dm, from the computer output data and apply!

by equation 29 where ds = 2 dm- ,d,s

Exmples of more unique solutions to scour problems were Reclamation
studies on the Colorado River near Parker, Arizona, and Salt River nearI Granite Reef Diversion Dam, Arizona, where an adjustment in "n"

based onparticle size along with a Z value from table 7 provided a method of
,

computing bed scour.

with scour in the above two examples was computed from ttie StricklerThe selection of a particle size "n"associatedI (1923) equation for roughness of a channel based on diameter of particles>

where:
,

"
p 1/6 I 1}

C = 26 from Nikuradse (1933) and "n" = 1/K.
selected as follows:for the two rivers based on particle size and engineering judgment wereThe appropriate "n"values

River D (mm) Particle size "n" Selected "n"
Colorado 0. 2 0.01 0.014Salt 18 0.02 0.02

'

In the Colorado River study, the existing channel "n" value of 0.022
was adjusted down to 0.014 due to bed material particle size to give a, E
computed water surface at design discharge representative of a scoured5 channel.
trianglular sectionWith a Z value of 0.5, the scoured section in the fom of a
close check on the water surface computed without scour. combined with the accepted "n"of 0.022 provided a

An illustration :

37
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I
of this technique is shown in sketch on figure lla. Another example is N'
shown on f igure lib for a Salt River scour study sere the particle size

I "n" of 0.02 gave a reduced mean depth. Scour was assumed to be in the
shape of a triangle where the average depth of scour would be equal the
depth at an "n" equal to 0.02 subtracted from depth at an "n" equal toi

.I (See example problem in subsequent paragraph.)0. 03.

4 Competent or limiting velocity control to scour method. - This method
asstraes tnat scour Will occur in the channel cross section until the mean

I velocity is redtced to that where little or no movement of bed material is
taking pl ace. It gives the maximtsn limit to scour existing in only the
deep scour hole portion of the channel cross section and is similar to the
Blench equation 27 for a "zero bed factor.""I The empirical curves, figure 12, derived by Neill (1973) for competent
velocity with sand or coarser bed material (>0.30 mm) represent a combining
of regime criteria, Shields (1936) criterion for material >1.0 mm, and a
mean velocity fomula relating mean velocity Vm to the shear velocity. The
competent velocities for erosion of cohesive materials recommended by Neill
(1973) are given in table 8. The scour depth or increase in area of scoured
channel section with corresponding increase in depth for competent velocity,
V , is determined by relationship of mean velocity, Vm, to Ve in thec
equation:

/V Im
d = d, g - 1 (32)3

where:

ds = Scour depth below streambed, ft (m)I dm = Mean depth, ft (m)

Table 8. - Tentative guide to competent velocities for erosion of
cohesive materials * (after Neill,1973) -

Competent mean velocityI Low val ues - High v al ues -
Depth of flow easily erodible _ Average values resistant
ft m material f t/ s m/ s material

ft/s m/ s ft/s m/s

5 1.5 1.9 0.6 3.4 1.0 5.9 1.8I 10 3 2.1 0.65 3. 9 1.2 6. 6 2.0
20 6 2.3 0. 7 4.3 1.3 7. 4 2.3
50 15 2. 7 0.8 5.0 1.5 8. 6 2. 6

* Notes: (1) This table is to be regarded as a rough guide only, in
- the absence of data based on local experience. Accotmt must be taken

of the expected condition of the material after exposure to weather-
ing and saturation. (2) It is not considered advisable to relate the
suggested low, average, and high values to soil shear strength or

; other conventional indices, because of the predominating effects of
weathering and saturation on the erodibility of many cohesive soils.
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I
U| ~ The use of figure 12 and table 8 recommended by Neill (1973) has had 0

_

limited application in Recimation, but r.ppears to be a potential useful
technique for many Rec 1mation studies on scour and armoring of the
channel.

Ecuation Tyoe C (See Table 6)

The principal references for design of midchannel structures for scour
such as at bridge piers are National Cooperative Highway Research Progrn
Synthesis 5 (1970), C. R. Neill (1973), Federal Highway Administration,
Training and Design Manual (1975), Federal Highway Administration (1980), and
S. C. Jain (1981). The ntsnerous empirical relationships for computing scour
at bridge piers include one or more of the following hydraulic parmeters:
pier widi.h and skewness, finw depth, velocity, and size of sediment. ihe
many relations available were further broken down by Jain (1981) to two
different approaches: (1) regime, and (2) rational.

The Federal Highway Administration has funded ntnerous research projects to
assist in improving their designs of bridge piers. This research has not
resulted in any one reconrnended procedure. Reclamation's need for scour
estimates at midchannel structures is limited. The procedures adopted are to
try at least two techniques and apply engineering judgment in selecting an
average or most reliable method. The regime approach is to use either
equations 26, 27, 28, or 30 and a Z value from table 7. An appropriate Z
value to use for piers is 1.0 as found for the railway bridge piers applied

I to the Lacey equation 29 reported by Central fosrd of Irrigation and Power
(1971).

.

The rational equation selected for scour at piers is described by Jain (1981) I

in the form:

d |

d = 1. 84 (F (33)
*

c

where:
1

ds = Depth of scour below streambed, ft (m) )b = Pier size, ft (m)
d = Flow depth, ft (m)

Fe = Vc/@ = Threshold Froude number
Vc = Threshold velocity, ft/s (m/s) from figure 12| g = Acceleration due to gravity, 32.2 ft/s (9.81 m/s2)

Ecuation Type D (See Table 6)

Immediately downstream from any hydraulic structure the riverbed is subject )to the erosive action created by the structure. Some type of stilling basin
or energy dissipator as described by Reclamation (1977) is provided in the
design of such structures to dissipate the energy thereby reducing the )erosion potential. There still remains at most structures, below the point 1

where the structure ends and the natural riverbed material begins, a poten-I tial for scour. The magnitude of this scour hole will depend on a combina-
tion of flow velocity, turbulence, and vortices generated by the structure.
Simons and Senturk (1977) describe many of the available equations.I .

J
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Figure 12. - Suggested competent mean velocities for significant bed movement
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of cohesionless materials, in terms of grain size and depth of flow (afterNeill,1973).-
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