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PARTIAL RESPONSE TO NUCLEAR REGULATORY COMMISSION
REQUEST FOR INFORMATION
ENCLOSURE 2 - OTHER CONSIDERATIONS
RECLAMATION PLAN
URANIUM MILL TAILINGS SITE
MOAB, UTAH

INTPODUCTION

Canonie Environmental Services Corp. (Canonie) has prepared a response to the
Nuclivar 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 response
addresses erosion protection at Moab Wash and the Lower Impoundment Drainage
Channel, construction specifications, and settlement. The responses to Enclusure 1
(November 29, 1993 request for information) and the remainder of the resp inses to
Enclosure 2 will be submitted on March 29, 1994. A response to the Jaiuary 3,
1994 request for information wili also be submitted on March 29, 1€94. The
Enclosure provided with the January 3, 1994 letter presents additional questions and
comments concerning surface water hydrology and erosion protaction. In the
following pages, each request for information is restated verbatim and a response for
each request is provided.

A. EROSION PROTECTION

Comment

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

Response

The erosion protection for the Lower Impoundment Drainage Channel is not expected
to be affected by flows from Moab Wash if Moab Wash were to migrate and/or erode
a channel near the outlet of the propose Lc wer Impoundment Drainage Channel.
Canonie (Response to NRC Comments, Apin 1993) presenied a design for a buried
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
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
cutnff wall at the outlet of the Lower Impoundment Drainage Channel was designed
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 docurnent is provided below.

The rock cutoff wall at the outlet of the Lower Impoundment Drainage Channe! was
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).
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of the rock should be determined by ASTM C 127. Modify the specification
to the correct reference.

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

for Specific Gravity and Absorption of Coarse Aggregate 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 sliould be performed at the
same frequency as that specified for riprap in Section 9.2.4.1 of the
specifications dated April 14, 1993. Modify the specificat'ons accordingly or
justify the lack of durability testing for the rock portion of the rock/soil matrix.

Response

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 additiona!
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
staft has determined that a quantitative estimate of potential embankment

» AR ¥
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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 settlemenits will be controlled, then nrocedures for monitoring settiement
and criteria for assessing attainment of adequate settlement should be
provided.

Based on the results of the test drilling/laboratory programs, or the alternative
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.

Response

Section 9.3.1 of the Specifications discusses the execution of settiement monitoring.
Settlement monitoring will be initiated immediately upon completion of regrading and
material placement (i.e., windblown tailings, atfected 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 consolidation
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,
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APPENDIX A

EROSION APRON DESIGN FOR THE SOUTHWEST DRAINAGE
CHANNEL AND THE IMPOUNDMENT DRAINAGE CHANNEL
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Canoni € Environmental

By JMG .. Date 4-05-93 Subject Rock Apron Design = Sheet No. [Q of fo

Chkd. By JWS pate Y-1571%

TABLE 3

Coefficients of Scour

AILAS MOAB MILL __ Project No. §8-067-10

Alpha (e) Beta Theta ﬂ
Depth of Scour 0.75 0.85 0.07
Width of Scour 4.78 .76 0.C6
Length of Scour 12.62 0.41 0.04
L 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
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.
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l CHAPTER ¥

ESTIMATING ERCSION AT CULVERT DUTLETS

Estimating erusion at culvert outlets is difficult Secause of the many complex
fectors affecting erosion, Some of these "actors are the diccharge, culvert
diareter, sdil type, duration of flow and tsilwater depth., In addition, the
mignitude of the total erosion can consist of local scour end channel
degradation, the two types of erocion discussed in Chapter [1<B. Maintenance
histery, site reconnalssance and dats on soils, flows and flow duration provide
the best estimate of the potential ercsion hezard st s culvert outlet,

The objective of this chapter is to present & method for predicting local scour
8t the outlet of “tructures based on soil and flow data and culvert gecmetry.
This scour prediction is intended to serve together with the maintenance history
and site reconnaisssnce information for determining energy dissipator needs.

I Investigations (1), (3), indicete that the scour hole geometry varies with
teilwater conditions with the maximum scour geometry occuring ot tailwater
depths less then nalf the culvert diameter (1); end that the maximum depth of

l scour (hg) occurs at a locstion spproximately 0.4 Ly downstream of the

culvert outlet (3) whers Ly is the length of scour.

Empirical equations defining the relationship between Lhe culvert discharge
i intensity, time, end the length, width, depth, and volume of scour hole are

presented for the maximus or extreme scour case.

Cohesionless Material

The general expression for determinino scour geometry in a cohesionless soil for
8 circuler pipe flowing full is

b §
Dimensionless Scour Cecmetry = 0( Q ><l > (V-1)

\Vg 0%/2

te

Dimensionless Scour Geomelry is ;a' ;;- %3- or ;;
e Yo Ve v

hay Wyy Ly, 8nd ¥y are depth, width, length end volume of scour
respectively.

D {4y the dismster of the culvert

Q is the discharge, g is the sccelerstion of gravity

V-1




t is the time in minutes

." ! Lo is & base time used in the experiments to derive coefficienLs
1 (316 mirytes unleas specified otherwise),
.+ For noncircular or part full sulverts, the diamcter D cen be replaced by g n
equivalen! depth Yo, where Ye 48 Cefined as

.1 ve = (a/2)1/2

8nd A is the cross sectional ares of flow, Modifying Equetion (V=1) to include
' 1 the equivelent deptn results in the general expression,

g 0
Dimensioniess Scour Goometry + . :?_,.9._ - L (v-2)

l ] Q ’. to

where
. e = 2 0.622.5 B g0 Ngs Wy, oand L,
' ] “e + 90,6325 B3 ggp

The values of the coefficien:s e+ B, and ® in Equations ¥-1 and V-2 are given
l in Table v-1,

‘Gradu ion

]Thc cohensionless bed motecials presented in Table V-1 are categorized es either
“uniform (U) or graded (G). The grain size distribution is determined by
performing & sieve analysis (ASTM DA22-63), The standard deviation (o) ie

computed aw:
' ¢ - (c \“1/2
\

' ]mon the values of dgs #nd dyg are extracted from the grain size

distribution, If £ 1.5, the material is considered to be uniform; ir > 1.5,
I.he material is clasaified as graded,

tohesive Soils

at Colorsdo State
and the sppropriate

the scour hole dimensions,
percent cley, 15 percent silt and
size of 0.15 ma and had a plasticity

F the cohesive soil is & sandy cley eimilar to the one Ltested
' fiversity by Abt et al (8), Equation (v-1) or (v-2)

cefficients in Table V.1 C8 be used Lo entimete
The sendy clay tested hed 58 percent ssnd, 27

Percent orgenic matter; had & mean grain
' ['dex, PI, of 15,

B




Since Equations V-1 and V-2 dn not include soil characterisites, they can orly
be used for soiis similar to the ones tested. Chear number expresiions, that
related scour to the critical shear stress of the soil, were derived ta have
wider range of applicability for conesive soils besides the one specific esangy
clay that was tested. The suzar number expressions for circular culverts are:

8 )
(Y2 N s \ ’
(Pas gy Ly, OF Vo] =z afb o (v=3)
D DD ] \Te, \ to/
and for other shaped culverts: : .
(Pey Wy Lg, OF Vg] = oe(bvz A\ <’( "\ (Ved)
Ye Ye Ye Ye \ ¢ / \Loj

where: oVZ g the modified shear number

3

V = outlet mean velocity

-
"

critical trective shear stress

v
L

fluid density

a_ for hy, Wy, and L4

L ]
i

The values of the coefficients a, 8, 8, and S in Equations V-4 and V-5 are
presented in Table V-1, The critical tractive shear stress (2) is defined a8

Te = 0.0001 (S, » 180) tan (30 » 1.73 PI) (v-5)

where S, ia the sstursted riesr strength in pounds per square inch and Pl is
the Plasticity Incex from the Atterberg | imits,

[t is recommended thet Equs’ions V-3 and V-4 be limited to sandy clay sails with
& plasticity index of 5«16,

Time of Scour

p————
The time of scour is estimated besed upon I knhowiedge of pqur(o-\iquuon.
Lacking this knowledge, It is recommended that # time of 30 minutes ba used in
fouations V-1, V-2, V-3, end V-4. The tests indicste thet approximatély 2/3 to
3/& of the maximum scour occurs in the first 30 minutes of the Zlew duration,

V-3

VN

-




it should be noted that the exponents for the time parameter in Teble V.1 reflect

the relatively flat part of the scour«time relutlonship and are not ®plicoble
for the firat 30 minutes of the scour process,

Headwa!ls

Installation of hesdwalls (

6) flush with the culvert outiet moves the scour
. hole downstreagm,

Rowever, the magnitude of “he scour Qeomeiries remain
- essentially the same 43 for the case without the heacdwall., If the culvert is

installed with @ headwoll, the headwall should extend to » depth equsl to the
Saxisum depth of scour.

[ summary

. The pradict ion equations presented in this chepter sre intended to serve along
& with field reconnaissance as guidance for determining the need for enerqy
. dissipators at culvert outlets. It should be remendered thet the equat fons do
g "ot include long-term channel degradat:ion of the downstreas charnel., The
% equations are based on tests which were conducted to determine maximum scour for
]g‘the Qiven condition snd therefore represent what might be termed worst case
fe SCOur geometries. The equations were derived from tests conducted by the Corpe
L' of Engineers (1), end Colorade State University (5), (6), (7), (8) and (9),

V-




{ /
g Design Procedure
¥
"1 1. Perform @ hydrologic snalysis of the drainage in which the culvert is
located or to be placed. Estimate fhe magnitude and durstion of the peak
! discharge., Express the discharge in cfs and the duretion in minytes.
‘ s
'ﬁ The discharge intensity is ‘
[ D.I, = ___257? for gircular culverts Flowing full i
MI o
" D.1. = g for otrer shages
g /3 ye/?
9 Ye’
i \1/2
where y, = /
ke ¢ |

FOR COMESTONLESS MATERIALS, OR THE 0.15mm SANDY CLAY

¥

Compute the discharge intensity when the culvert is flowing at the
peak discharge,

-

3. Determine scour coefficients from Table V-1,

i

4. Compute the scour hole dimensions from

.

8 [
‘ [Ng, Mg, Lg, Or V s c/' 0 ! (V=1)

.
4

or

&

B

(g Wg, Ly, or Vg

8
- ue / g \ _t__\ (V-Z)
Ye Ye Ve Ye \;q y.5;2) ()16/

FOR OTHER COMESIVI MATERIALS WI'/M Pl FROM 5 TD 14

a. Compute the culvert outlet velozity in feet/sec.

-

13

Obtain a soil sample at the proposed culver: location,

2]

Perform Atterber
(ASTM Da23-3¢6).

"

9 limits tests and determine the plastizity index, P

e K

V-5

e

- .
.

-t




-

bd  bd bd LT AT L

----“.
 ad

L
brd  d

d. Saturste g sample and perform

D211-66-76) to determine the g
square inch,

&n unconfined compressive test (ASTM
Blurated shegr stress, Sv, in pounds per

Compute the critical tractive shear st. :ngth, Tey from equation V-$,

Compute tle mooified shear number "y__z_
Te

Uetermine scour coefficients from Table V.1

4. Compute the desired scour hole dimengions from

-]
[Ngs W, L, or Ve] =24 ¥ v2

8
LR R

v

for cireu'ar tulvert

or

(o Xar Lar Yo = o V2

{
e Ye Ye Ve \ s
for nonciieulsr culverts,

Example Prob)em Cohesionless Mater:gal

Determine the scour
Scour--for a propose
when flowing fyl],
materinl,

QROMELlry~emax imum depth, width
g circular 30-inch C.M.P. diye
The downstresm channe| is COriy.

» length and volume of
harging an estimated S0 cfs
98¢ of a graded gravel

1. Tre .luretion of the peak dischae

9 of 50 cfs is not known,
Tnerefort, & peak flow duration

of 30 minutes will be estimated,

2. The circular, 30-inch C.M.P. at 50 ers “1.1 have & dincharge intensity of

0.1. = 30 ’ 50 : 0.89
Ve (30)°/¢ (5.67)(2.5)572
7
Y
V-6




iyl

»

o _JA__

9 v

ine coefficients of sc

S
Cuul

a
Depth af Scour 1.49
Width of Scour 8.76
Length of Scourt 13.09
Yolume of Scour 42.MNn

Scour nhole dimensions;

depth: hy . a7/ \

O'i‘
1
)

width: W

3
..5

Length:

ol

Volune: Vg = 42.31(0.89)2.28 ( pg).17, Vg

b

ke loce

4 (Lg) = .8 (25.72) = 10.3 ft downstream of the

; - 8 -

.50
u.8%
N.62

2.28

obtained from

3

03
A0
.07

A7

1.49 (0.89)0.50 (g, ge).03,

= 8.76(0.89)0-89 ( y9).10, Wg =

s = 13.09(0.89)0-62 ( 09).07; Lg

tion of the meximm scour (Figure v-2)

Taole v«1 are:

s 25.72 rt

z 335,79 il

culvert outlet.



v e Praliles Conesive Material
1
Determina the scour geomelry-maximum depth, width, length a0 volume of scour
far an existing circular 2é~inch C.M.P. discharging an estimated 40 cfs when
Ging
flowing full. The downstream channel is composed of » sandy-clay matericl.
1 Tha duration of the peak discharce of 40 cfs is not known. Therefore, a
peak flow duration of 30 minute: will be estimated.
Z. @a. Tne avercre velocity st the culvert outlet is:

x “aC.C‘_ : 12.74 fps
3.4

|0

b-g. Ine sandy~clay material was tested and found to have a Plasticity Index
PL of 12 and a saturated shear s*rength (Sv) of 240 pei.

The critiza! tractive shesr cen be vstimated by substituting into
fsuation V-

= 0,001 (240 « 180) ten (30 « * 73(12))
0.001.420) tan (50.76) = 0.51 lb/ "2

The modifiec shear number Stmod * (0v2) ja;

rt—
p

i

Somog * 1:90 (12.78)2 | 447 4
S ; cii

The excerimental coefficients 2, 8 and © from Teble V-1 sre

a B 8
Depth .86 .18 10
Width 3,55 % ) 07
Length 2.82 233 .9

Volume .62 .93 5 |




B-3°

9%
4. The scour hole dimensions are: 30
8 8
Ny 2 8 /ov2\ / ¢\
D L T XINRJ

* .B86(617.4).18 ( pg),10, e T 204 X2 oz 4,30 1t

* 3550617.0007 2 ne)07; w2 .98 x 2 4 27.9 tt

te = 2.82(617.4)+3% (.09)0% (.2 18.92x2 s 37,8 rt

Yo = .620617.4)%3 (.09)-2%; v, . ra0.3x23 o 1122.5 )

5. Llocetion of maximuas depth of scou” (Figure V-2)

0.4 Ly = 0.4(37.8) = 15.1 1t Gowistress of culvert outlet

V.9

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

»

and quantity of riprap 10 protect the tailings embankment of the Atlas Uranium

Tailir impoundment in Moab Utah from a potential encroachment by the Moab
\ — ’ ] . 7y - e e = - | i ‘ \ il
Was! rigure 1 (sheet = sNOwWS a plan view of the Tai ings Impoundment and

in Moab, Utah. Figure 2 shows several cross sections

IS calcuiation brief, erosion protection will be gesigned for the

R | Mak < D 4 ’ 3 =2 o -
Northeast Debris Pit located adjacent to the toe of the reclaimed disposal area

Erosion protection will be gesigned 10 protect the pit from Moab Wash flows and from
runoff from the 10:3 embankment outslope

T + : | ’ | = 3 .“-'»; - ™ | 2 - N . . -
he U.5. Nuclear Regulatory Commission (NRC) believes that the inner channel of the

AA a « v S ’ T 2 . . . . b < Phe "
vioab Wwash may meander over 10 the base of the 10:3 siope of the tailing’s
€ pankment guring the 1000 year d SIgnN pernoag as ingicated on the sketch in Figure

tO prevent encroachment upon the tailings from scouring of the Moab Wash,

jditional niprap protection along the southern bank of the Moab Wash at the edge of

8 1§ (A0 ¢ )
idal. 3 NAas emMmpbankment w Ne gesianed ac cshown oin Fiore C
t 1 Us ¢ o el Vi oe cesignead as shown ot rigure S5
- , b pamm f A Al . ’
) 1O Drote e Nort! enns pit from the Moab Wash flows will be placed
he end o slope as indicated on Figure 4. To protect the pit from runoff from
H . r y LA ’ v ) - ~
I ¢ s embankment prap will be placeq N top of the debr Sp from the base of
g [ X ¢ 08 10 the ¢tart of the 141 7 < Nnrlirat { mn § v A
J P \ aldfil O i DPE ¢ gicdaied o riQure 4
portant assumnt S In the gesign calculations that follow are
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The meandered channel configuration as sketched on the cross sections

in Figure 2 has the same channel invert elevation, Probable Maximum
Flow (PMF), Depth at PMF, and channel width as the original channel.

|

|

|

Additionally, as seen from Figure 1, encrocachment 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

precautionnry measure, riprap protection will be extended pasi section N-N’ to the I
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

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

(sKEET 22) ;

Results. Table 7a summarizes scour depth, riprap invert elevation ,and riprap top |

elevation for the Moab Wash Channel Bank protection. Table 7b (sheet ZZ )

summarizes the riprap width, riprap length, riprap mean grain size, riprap layer

thickness, volume of riprap, and volume of fiiter material for the Moab Wash channe!

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

0:3 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 Wasrh flows.

i
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Method. The method for determining the size of the riprap protection to protect the

embankment frorm 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:

v Riprap Dy, size required to protect against Moab Wash PMF flows are
determined based on hydraulic properties at cections 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 determine¢ from the Do
sizes calculated.

. Protection of the impounament toe ard 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 wali 1o the rmaximnum depth of scour, and
completing the wall et 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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1. Channel Bank Riprap. To determine the size of riprap required to protect the
tailings from Moab wash flows, the Corps of Engineers (COE) method (EM-11 t0-2-

1601, 1970) is used to size the riprap. Attachment A (Sheet _3__0_) contains excerpts
from EM-1110-2-1601. The COE method compares the local shear stress over a
channel cross section to an allowable channe! bottom shear stress and an allowable
channel side shear stress. The local shear, T, is:
yV?
(32.6LOG, 1 2.23::)2

P

where

Avg. local velocity, ft/s.
depth of flow, f1.

il

vV
Y
Dy = Riprap mean grain size diameter, ft.

The equations describing the allowable bettom and side shear are:
tr“Yg-\fJDﬂ)
T’=t(1 = Sln2¢)05
sin’g

where

7 = bottom shear stress, psf
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>

=

7 side shear stress, psf

a = constant = 0.04

v, = 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 = tan” (3/10) = 16.7° (10:3 slope

) angle of repose of riprap = 42°
.

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

culations, Atlas Corporation Reclamation Plan (Canonie. June 1992), 8npendix D

For a given channe configuration, a Dg, (mean grain size) 1s chosen and the shear
stress equations are solved. A new Dg, is chosen until the actual shear stress is less
than the allowable shear stress. Table 1 (sheet 'r' presents the results from COE
method for sections L-L’, M-M’, N-N’, and P-P’ along the Moab Wash Depth of flow
anad main channel! velocity (taken as the average local velocity) are from the HEC-2
Moab Wash supercritical run performed for the Atlas Corporation Reclamation Plan
Canonie, June 1992 The output from the Moab Wash HEC-2 superctitical 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 rur provided in
Attachment B. Supercritical velocities are greater than subcritical velocities and
supercritical aepths are slightly smaller than subcritical depths resulting in a greater

!

OCa! shear stress and more conservative Dy, size. Figure 1 shows the iocation of the

A. Riprap Gradation Analysis
2

The Dg, sizes range from 2.4" to B.8". These are raw Dg, (nOt oversized) and need

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

Requirements Atlas Corp. Reclamation Plan (Canonie June 1992}, Appendix E).
J
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A

Moab Wash Sections L-L'. M-M’, and N-N' To minimize the nun

gradations, the riprap for the Moab Wash channe!l bank protection for

\oer of riprap

sections L-1

Wi

M-M, and N-N’" will be grouped into one single gradation with a largest raw D.. of 8.8"

alculated for section L-l With 2% oversizing, the necessary d,, f

or the gradation

1.02 x 8.8" = 9.0 inches
SINCe No riprap gradations exist for a Us,,- of 9" in the reclamatior

gesign submitted

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

‘eveloped. The same procedure followed in the Atlas Corp. Rec. Plar

132) will be foillowed to develop the gradation. The D, sizes for the Moab Was}
sections were designed under supercritical conditions (i.e Froude Number > 1)
T} ’ P Vel T LY . > 2% 7 TQa-

Iherefore, according to Simons {1982
Y - o ] = 4 » "
Jmax 1.25xD 1.25x 9 11.2¢
r ’ A Cw 38
¢ 4 4 J
| ™ | )
| e .
these vaiues, a lower limit riprap gradation curve is developed (see Figure 5
¢ 4
sheet 1O provide flexibility during construction. a range of particle sizes for the
gradatior geveloped by sketching an upper limit curve. NUREG 4651 recommends
1at the uniftormity coefficient ( orthe riprap envelope be = 1.75 to maintain a waell
irad prap lave 'ne upper limit curve is sketched on Figure 5 and the gradation
v f

) { { 1913 irized on 1abpie 2 (sheet /¢ The thickness of this riprap
3 3 !

1.5 x D, 13.5" (NRC, Final STP, 1990 for D.. >8")

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

4 1 tor the location of this riprap), with a raw Dg, of 2.4" , alluvial cobbles will be used
pecause the raw D., is less than 3 Riprap from the rock borrow source of the

3 ’ " , > ¢ 5 O ’ e > -
alluvigl cobbies must be {'-~.(-!j,mr-d 15% for durabilit

ty and 20 % for roundness (see
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he necessary D IS therefore

' Of riprap gradations, the riprap gradaton developed in the Atlas

p. Rec. Plan (Canonie, June 1992) for the Collection Ditches. 10:3 Err bankment

and 10:1 Embankment with a necessary D, 4.1 inches will be used for section P-P

)

the gragation requirement is summarized in Table 2. The riprap laver thickness is

2 x [ 2 B" (NRI 1 8"
, 'prap 1s designed 10 protect the Northeast Debris Pit from Moab Wash Flows
e tem £ below for the design of riprap protection from runoff from the 10:3
ern iNnKment
t | ¢ ; 1ect )
rovige acgaitional protection at the toe of the channel protection fremr *Aoab
HOWS, riprap i1s extended 5 times the rior dp layer thickness horizontaily from the pase
OT the channel protectior This distance from the (e is recommended n EM-1110-2
1601 US CO¢ 1991 (See Attachment A for ex erpts) Or Moab '\,",‘(‘5‘_'\ riprap
tection corresponding to sections L-1 M-M’, and N-N’, which have a riprap laver
{ K¢ of 1 nes, the aistance extended horizontally from the toe is
b x 13.5 67.5"say 6 ft

ror the Moab Wash riprap correspond ng to section P-P’, which has a riprap laver

thickness of 8" (see Table 2), the distance extended horizontal from the toe i
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Reclamation Plan (Canonie, June 1992), riprap protection was designed for the 10:3
embankment areas. Table 3 (sheet _lf ) (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
is 0.374 cfs. Table 4 (sheet _[L) shows the overland flow calculations using the
Safety Factors method for the 1% slope. The peak discharge on the 1% alune is
0.188 cfs. The total discharge on the 1% slope is therefore, 0.374 + 0.188 =
0.562 cfs. Using this combined dischaiye, the required Dy, on the 1% slope over the
debris pit is computed. The results using the Safety Factors method are displayed on
Table 5 (sheet _'?_). A Dy, of 0.4 inches on the 1% slope is required. This is a raw
Dgo and must be oversized 15% for durability and 20% for roundness. The necessary
Dy, is:
04" x1.15x1.20 = 0.65 "

The 1" Rock Mulch Gradation (1.3" D,,) developed in the Atlas Corp. Rec. Plan
(Canonie, June 1992) will be used for the erosion protection over the northeast debris
pit area. This riprap gradation is repeated in Table 2 as the riprap required to protect

the Northeast debris pit from runoff from t*~ 10:3 embankment.

To prevent the developing of scour holes » ng the toe of the 10:3 embankment and
possible undercutting of the riprap over e Northeast Debris pit, the 41" D, riprap
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" Dy, riprap

protection 3 feet is conservative (1.5 x 0.92" = 1.4’ < 3').
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TABLE 2

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

Necessary Actusi Riprap Layer

DSO (s) Dso Thickness Siave Rock
Location finchest finches) {inchas! 54" 48" 38 24 20" 15" 12° 10* 8 4" - 2" 1° 3/4° 1/2" 3/8" No. 4 Type (b}
Lowear Southwest 324 24 43 100 4280 '6-34 102686418 0-12 CD
Drainage Channsi
Lowser Impoundmaent ) 1721 28 100 5470 3040 1837 825 012 co
Drainage Channal
Mosb Wash Channal S0 80 138 100 38684 1230 018 O 10 co

Bank {sec. L-L' to N-N'}

Upper Southwast 49 co
Drainage Channal
48 10 100 48-80 20-40 828 0-14
Upper Impoundment 43 co

Drainage Channe!

Collection Ditches 33
10:3 Embankmant 41 4.1 8 100 3448 1832 219 03 o
10:1 Embankmant 2.7
Moab Wash 3.3
{Sec P-P')
Northeast Dabiis Pit 0.55% 13 3 10C 82100 S0.-78 1835 @ 23 012 RA

(s} Necessary riprap DSO based on design raquiraments and in judes oversizing for rock dursbility and roundness las necessary). See Appendix £
b} Gradation raquirements ars besed on rock durability rating: for particular materisi: “CD" denotes crushed diorite rock type
ic) Gradation requirements are based on rock durability ratings for particutar material: "RA™ denotes round sliuviat cobbias \
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OVERLAND FLOW CALOULATIONS AND RIPRAP SITING LSING THE STERMENSON'S METMOD OVERSTEP.WR1
FOR SLOPES 108 (R GREATER / 20-Mav-57
cid Shi/pe 97:27 ‘
ST AR s i e SR o
(7ahew cecm REZ ¢ "Rn€ 92 Kl Paw L, . . .,
OVERLAND FLOW CALOULATIONS (NLREG-4620, Methodalogies for Evaluating Long-Ters e £ )
Stabilization Designs of Uraniue Mill Tailings lepounsments, Sections 2.1.2 and 4.8) )
INAUT PARAMETERS CALDULATED PRRAMETERS
SIDESLOPE LENGTH: 380 FT ORAINAGE AREA (Aw):8.906 ACRES
SIDESLOPE: .3 FI/FY Te (cale): 1.082 MIN REF.: NRC MLRED 4628, E;,A e A T
RETURN PERIDD: A
148 PPT NOINT: 6.25 INDES  RATIO TD 148 P¥T: el TABLE 2.1 NC NLREE 4620

RUNOFF COEFF (C): 1.89 Intro.yér  RAINFALL DEPTH: .90 INES
FLOW CORC:  1.00 NRC Rec. INTEXSITY (1): 54.48 DNOES/HLR
Value

PEAK DISOWREE (q):0.374 CFS/FT ¢ = C*i%w FIR INIT WIDTH ANAL.

TABLE 2.1 WL NLREG 4629

RANAL  PERCENT INTERFOLATED
DRATIN 1 MR VALLE
(MIN) o AR T¢
/ /’/t, ' ' 1.
j / /73 25 s
' 5 ©
377 3 .
15 7
» &
v i
& *
5 0

RIFRAP SIZING CALOULATIONS (NUREG-4628, Methodologies for Evaluating Long-Ters
Stabilization Designs of Uranium Mill Tailings lwpoundments, Section 4.2.2.2)

INPUT PARAMETERS:

Acceleration of Gravity (g): R.2 FT/SEC"2 Constant
Riprap Friction Angle (phi): Q.00 degrees 2 o )
Riprap Relative Density (5): 2.47 MEASRED rarhed Toneow Rack
Fiprap Porosity (n): 0.45 ASSUMED  American Water Resources Assoclation
Empirical Constant (c): .27 ASSUMED (Ranges from .22 for gravel and pedbles
o 8.27 for crushed granite)

CALCULATIONS :

Maxisum Flow Rate (q): ©.375 CFS/FT  From Abowe Calc.
Slope Aagle (theta): 16.70 degrees Based on Sideslope

Riprap 650: €.328 Feet MUREG 4628, Equation 4.28
Or dS8= 3,948 Inches
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OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD _/,Zf/é}éﬂiyf-
PROJECT: Atlas 88-067-10 13/ P

LOCATION: North East Debris Pit(only 1iow from 1% slope,10:3 embnk. not ¥ncludec

OVERLAND FLOW CALCULATIONS (NUREG-4620, Methodolrgies for Evaluating Long-Term
Stabilization Designs of Uranium Mill Tailings Impoundment s

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 1 DRAINAGE AREA: 0.003 ACRES
SLOPE LENGTH: i50 FT
AVE SLOPE: 0.01 FT/FT T¢c (actual): 2.18 MIN EQ 4.44, NUREG 4620
RETURN PERIOD: PMP YRS S0F 1-HR PPT: 23.94 & TABLE 2.1, NUREG 4620
1-HR PPT AMOUNT: B8.25 TINCHES PPT AMOUNT: 1.975 INCHES
FLOW CONC: 1 PPT INTENSITY: 54.46 INCHES/HOUR
Mannings n{assumed): 0.020 #we nnings n(calc): 0.020 ANDERSONS METHOD USED IF SLOPE

e = CSU METHOD USED IF SLOPE>2%
(ggg{_g;ggﬂégg;i(O.xaa CFS Q = CiA
CONC. DYSCHARGE: D= CFS CONC. FACTOR = 1

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

e — - - " - - - - -

TABLE 2.1 ~ NUREG 4620
Percent of l~hr local~-storm PMP for selected durations for é-hr /l-hr ratio of 1.2 (HMR No.

RS

- -~

‘

RAINFALL PERCENT OF INTERPOLATED Note: Interpolated percent bas
DURATION 1-HR PPT PERCENT on Tc{actual)
{MIN)
0 0 23.94
2.5 27.5
5 45
10 62
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 1, Safety Factor Method)

INPUT PARAMETERS: CALCULATIONS :

Spec. weight of water 62.40 pcf TAN(phi): 0.754
Rock Specific Gravity 2.45 cos(alpha): 1
Angle of Friction(phi 37.00 degrees sin{alpha): .01
Channel Slope (alpha) 0.57 degyrees x: 0.016
Safety factor: 1 y: 0.744

D50: 0.016 feet
0.19 inches
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OVERLAND FLOW AND RIPRAP CALCULATIONS USING THE SAFETY FACTORS METHOD
! ‘7/0 Jf
PROJECT: Atlas 88-~067-10 /
LOCATION: North East Debris Pit (flow from 10:3 and 1N included)

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

INPUT PARAMETERS CALCULATED PARAMETERS
RUNOFF COEF: 1 DRAINAGE AREA: 0.003 ACRES
SLOPE LENGTH: 150 PT
AVE SLOPE: 0.01 FT/FT Te (actual): 2.18 MIN EQ 4.44, NUREG 4620
RETURN PERIOD: PMP YRS $OF 1-HR PPT: 23.94 1 TABLE 2.1, NUREG 4620
1-HR PPT AMOUNT: B.25 INCHES F™ AMOUNT: 1.97%5 INCHES
FLOW CONC: 1 PPT 1.TENSITY: 54.46 INCHES /HOUR
Mannings n(assumed): 0.022 we» nnings n{calc): 0.022 ANDERSONS METHOD USED IF SLOPE

CSU METHOD USED IF SLOPE>»2%
PEAK DISCHARGE: 0.562 CFS Q = CiA

CONC. DISCHARGE: 0.562 CFS CONC. FACTOR = 1
DEPTH: 0.225 FT EQTN 4.46, NUREG 4620
TRACTIVE FORCE: 0.14 PSF 62.4 * depth * slope
FLOW VELOCITY: 2.50 FPS V = Q/FLOW AREA

T — - -~ -~

- - — " ]~ - - -~

TABLE 2.1 - NUREG 4620
Percent of l-hr local-storm PMP for selected durations for é-hr /l1-hr ratio of 1.2 (HMR No.

B i L —

RAINFALL PERCENT OF INTERPOLATED Note: Interpclated percent bas:
DURATION 1-HR PPT PERCENT on Tc(actual)
{MIN)
0 0 23.94
2.5 27.5
5 45
b 62
18 74
30 8%
45 95
60 100

- ———— -~ - - - —

RIPRAP SIZING CALCULATION (NUREC 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
Rock Specific Gravity 2.45 cos(alpha): 1
Angle of Friction{phi 37.00 degrees sin{alpha): 0.01
Channel Slope (alpha) 0.57 degrees x: 0.033
Safety factor: | y: 0.744

-4

D50: 0.033 feet
5 0.40 xncheu‘
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Summary of Scour Depth Calculations

Top Width.

'500.54

Table 6

/ 2o/ e
7 4 y/ﬁ?/iﬁ-'

32.22 5.64
M-M’ 16128 465.47 34 .65 5.74
N-N' 16129 452 34 35.66 5.78
P-p 16129 1686.56 9.56 4.21%
Method 2a
oection _Bend Type (4) Z {5) Dm, mm f dm, ft ds, ft
L-L Moderate 0.5 0.16 0.70 13.35 667
M-M' Moderate 0.5 0.16 0.70 13.35 667
N-N' Severe 0.7% 0.18 0.70 13.35 10.01
P-p Moderate 0.5 0.16 0.70 13.35 667
Method 2b
-éecﬂon Fbo, ft/s? dfo, ft Z (5) ds, ft
L-L' 0.8 10.81 0.6 6.54
M-M’ 0.8 11.45 0.6 6.87
N-N' 0.8 11.87 0.6 7.00
P-p' 0.8 4.85 0.6 2.9,
Method 3
Area (3) Top Width(3)
Section Bend Type ft2 ft m, ft z (5) ds, ft
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 0.7% 243
p-p' Moderate 2361.89 1686.56 1.40 0.50 0.70
Method 4
Area (3)
Section O, ft'/s 12 Vm, ft/s Ve, ft/s dm, ft ds, ft
L-L' 161289 1385.19 11.64 2 2.77 13.34
M-M" 16128 1544.99 10.44 2 3.32 14.01
N-N' 16129 1466.19 11.00 2 3.24 14.59
pP.p 16129 2361.89 6.83 2 1.40 3.38
Summary of Methods - Scour Depths, f1
Average
Scour Depth,
c1ion Method 1 Method 2a  Method 2b Method Method 4 f1
L-L’ 5.64 6.67 6.54 1.38 13.34 6.72
M-M" 5.74 6.67 6.87 1.866 14.01 6.99
N-N' 5.78 10.01 7.00 2.43 14.58 7.96
p-p a. 6.67 2.91 0.70 3.38 3.58

B/27M3 SCOURXLS



Table 6

Summary of Scour Depth Calculations

Notes:

1) Scour Depth based on Moab Wash HEC-2 Supercritical run where
2) See main text for description of methods and equations

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

4) Bend types conservatively assumed.

5) From Table 7 in Attachment C.

velocites are greatest

//V*/»

B/27R) SCOURXLS
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W/

2 b SN Tabie 7a
N NN
.fl. - 4“ \1/‘/ Summaery of Most Wash Channe! Bank Riprap invert and Top Elsvetions
~ J K Toert
R TN Elevation of PMF Water
(N Q s S\ Inner Swtace Riprep Invert | Top of Riprep
\ kﬂ .ﬂ . 4 Chennel(l) . |Scow o-&:.j Elev (1) Elevetionid] | Elevationid)
/f - 8 Maoet Wash Channe! Section 11 mel 1t fl " el # mel
Ty L 3887 3 872 38924 3980 6 3983 4
) MM 3981 § 6 83 3586 6 38745 jsar’ s
NN 3874 786 679 4 3966 1 3980 4
PP 3965 3 168 3969 7 3961 7 3807
Notes
i Ses Figure 2 for invent end PAMF Surfece Water Elevations iSudbcriticel depth used, snd e conssrvatival
2] Scow Depih computed Sesed on supercrtical veloctes see Tabla 6
3i Equivelent ic Depth of Scow  linner chennsi minud scow depthi
4; PMF Wetar Elov + 1 Frea Bosrd
Tabie 7b
Sumwnary of Moab Wesk Chennel Bank and Northesst Debris Pt Erosion Protection Dessgn
ﬂo’lcu
Hequired Fiites Filtar ¥
Riprap Mean Gramn Riprep Regutred | Metarial Matenal
Type of Erscion Locetion of Eroscn Widthi2) Fiprap Length | Size Dismeie: | Thickness(S) ?.8 Voh Vak {8} Vah ]
IES,[ Protection 5] fr of DSO_n (4} [ CY CY \F
Channel Bank From LL to MM 5086 600 9 1380 1265 4 582 « 562 4
Channe! Benk From MM to NN 812 &70 ] 1350 1216 2 840 8 640 &
Channel Benk 300 11 pasi NN’ 55 6 300 ] 1360 695 3 R0 8 0
Channel Bank fo snd of Debns Pt 39 1000 41 8 00 $90 7 80 7 NR
Oivarland Flow Over Northeast Dabng Pit 150 1000 13 & 2777 8 NH NF
Notes

11 See Tobie 6 tor Scow Depth Catculations

2} Fuprap width includas 6 Tt slong impoundment 10e and 3 5 11 8t Northeast debris Ft

3) Riprap Length Datermuned from Figuse 1

41 See Tobie 2 for Gredation Reguwemenis for Riprsp

5} Rprap Leayer Thickness = 1 5 & DBO when DS0>8" end = 2 x DBO when 3° < DS0<8” and minimum of 8 when DS0< 3" INBC Finel STF 19904
61 When required . Filtar Matenal Volume Celculation based on §° filtar fayere

7t NR denctes not requeed

SUMRBRY XiS 9/17/93
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the interaction of the local boundary shear and the size and Bradation of the

riprap material.

(2) Average boundary shear. The average boundary
wetted perimeter of

shear over the
& channel cross section (from ref 3) is given by

,o = yRS

(30)
where
f, * average boundary shear, paf
Y ® unit weight of water, pef
R = hydrauiic radius, ft
S = slope of energy gradient
By utilizing equations { and 6, equation 30 becormes
"o * Wziz 2R \* o
(32.6 logw k )
where
V = average cross-sectional velocity, fpe
k=

equivalent channel boundary surface roughness, ft

(3) Local boundary shear.
bottom and side roughness,

In a straight trapezoidal channel with equal
the boundary shear varies over the wetted perim-
By substituting in equation 31 the depth Y (in

» the average local velocity in the vertical ¥ {in feet
for V, and the average atone theoretical diameter D

eter as shown in plate 31,

feet) for R per second)

50 (in feet) for k, the

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

by the equation

Yot

-
(32.6 log, ’—gi}l)

T =
o

(32)

40
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Change ¢
l 15 Sep 82
‘ The average local velocity in the vertical &T any point should be determined

as 111Qstrlted in Appendix IV. The subsection width used to determine v
should not be too great. Where there is & significant difference in roughness
over the wetted nerimeter, as may occur in a channel with riprap bank revet-
ment and & natural invert, a local effective friceion coefficient as determined
from Hydraulic Design Chart 631-é or Appendix IV should be used in comput -

ing values of v. A graphic solution of equation 32 1s presented in plate 32.

(4) Boundary shear in bends. The distribution of local boundary shear

in a bend of a trapesoidal channel with equal bottom and side roughness 1is
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 indicated ratios of ’b/;o to obtain local boundary shear values in a
bend.
l (5) Riprap design shear. The riprap design shear is defined as that
amount of local boundary shear that the in-place riprap will safely withstand.
The design shear for riprap placed on an essentially level channel bottom is

given by reference 56,

T =a (7. - v)Dso (33)
where
Ye = the unit weight of stone saturated surface dry (S8D)
coefficient "a" « 0.040

The desiyn anear for riprap placed on channel side slopes is given by the

following equation taken from reference 3

=t (1 - !1_"3_.!)0‘5 e
2
sin” 8

where

¢ = the angle of the side slope with the horizental

€ = the angle of repose of the riprap, normally about &0 deg
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() Trench-fill revetments:
waler level

ripmp placed o low

(3) Weighted riprap wes: riprap placed & indersec-
ton of channel botiom and side slope

Trench-fill revetments on the Mississippi River have
sccessfully lsanched 1o protect for a verucal scowr depth
of ap to 500 On gravel bed sreams the we of
launchabie stone is not s widely accepled as in sand bed
soreams.  Problems with using launchable stone in some
mmunmmyumwam
sone e, scowr depth, o lmunchable mone volmme
because the con spt of bunchable mone has been success-
ful on several gravel bed nvers.

311. Revetment Tos Protection Design

The following guidance applies 0 seversl ahemative
methods of toe protection illustrated i Plate 43,

@ Method A. When e excavation can be made
the dry, the nprap layer may be exiended below the exisi-
m;pmndumammammmcmmmmm
of scowr. If excavation Quantites are prohibitve, the
concept of Method D can be adapted to reduce
CALAVALON

& Method B. When the bottom of the channel is
mbzcw.wmnmmunm
i o streambed level

¢. Method C. When the riprap is 10 be placed under-
wm-uhukum-cxpmdxmh-mmgh'
resches thal ae not downswream of bends. unless stream
unu).wumyumwmwmmgm
with height & and width ¢ egual 10 15T and ST .
respectively. This compensaies for uncertaintics of under-
wRieT placement.

d Method D. An extremely useful kechnigue where
water levels prohibit excavation for 8 108 section 18 ©
place » laynchable section i the 1oe of the bank. Even if
FXCEvapon s pracucable, this method may be preferred
lacmnvmpi!memolummmqwndnc
mmnuwmmxmmwamam
15T & exceeded by the cost of excavation required
carry the design thickness T down the siope. This con-
CEpt mmply uses 10e scow a8 2 subsinute for mechanical
excavauon. This method also has the advaniage of
providing & “buili-in® scowr gage. allowing £asy monior
g of hgh-Nlow scow and the need for additiona) stone
remforcement by visual inspection of the remaining toe

EM 1110-2.180
TJul §

S /6]
mmumghﬂowmdaabywm:yzc;m
sectons if the e mone 18 wnderwader It s readi):
adapable © emergency protection. where high flow an:
mmwumtlaqm-ammkrnammmm
tical. Shape of the mone e is not crincal For wrench
ﬁlmkbxghto{lhelmencumumh
one-hall © one tmes the length For weighied npray
mhmnm-zmwhmkma
huckness bave been wsed Providing an sdequase volyme
of mone 15 cnocal To compuie the required launchable
®one volume for Method D, the following assumpuions
#ould be used:

(1) Launch slope » 1V on 2H This & the slope
resulting from mock lsunched on noncohesive matenal
both model and prowtype surveys. Launch slope is less
MIMWumLsuec&mw

(2) Scow depth « emisting elevation - maximum
o elevation.

(3) Thickness afier lnching = 1.5 umes the thick.
wess of the bank revetment T .

Using these assumptions, the
volume = 15T tumes baunch siope kength

= 15T umes scour depth times v'$
= 31357 (scowr depth)

Addsniayfxnifdmwmp«u:cowd:mhm
wwehable, o cohesrve bank mawral presenl, o o
manuonng and mmalenance afier Construction cannot be
guaranieed. Guadance for a safety factor & lacking. %0 w
fome exiend ¥ must be determined by conmdenng

consequences of {ailure.
3-12. Delivery and Placement

Debvery and placement can affect nprap design.  See
EM 1110-2-2302 for dewailed gusdance. The common
methods of nprap placement are hand placing. machine
placing, such as from a skip, dragline. or some form of
Mnmm”ngmmwm“bywl-
dozer. Hand placement produces the most stabie nprap
reveiment because the Jong axis of the nprap panicies are
onenied perpendicular 10 the bank It 15 the most expen-
sve method excepl when sione is unusually costly and/or
labor urusually cheap Sieeper side slopes can be used
with hand-placed riprap than with other placing methods
This reduces the required volume of mck. However. the

3§
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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. }55‘)’

The grain-size curve of the filter material should have a smooth s-shape
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 2 minimum thickness of ,
12 in. and be at Teast 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 layer
thickness.

The use cf these layer thicknesses assumes that the underlying radon
suppression cover 1s 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 may
also account for larger differential settlements caused by consolidation of
the underlying materials. The greater layer thickness should be determined in
the field based on the actual condition of the radon suppression cover,

Toe Protection

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 siope 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 the
relatively flat slope angle, if the stability of the impoundment after scour
s adequate. The sizing of the riprap is based on the actual slope used,
assuming that the full design-estimated depth of scour has occurred,

v
SVT “ 5
3
11*&‘ b ﬂf
- - - -" I
INOSBA I ¥ v2)1 578150
. ; - - -
Loé;z1 5 \\) ™
” ) /9 )
az D.D'h of SCOUI‘ / :4 X . ?; :/,y/// ‘ 3
v\/ /
T = Bed Thickness N 3
Method A Method B ~ -

FIGURE 10, Toe Protection Methods

33



proach, Method B, includes a norizontal riprap toe. The width

protection should be at least equal to the estimated depth

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

Gully Erosion Protection
Wy B Si—"

The remaining unprotected side slope surfaces above maximum flood
elevation require protection from gully erosfon. These surface areas are the
most vulnerable to gullying because of their steepness, Semnag@d® 1o rre
nitiated, the procers cww yrovwed reptdly (one year or severa) years) toward
& breach in the {impoundment. Each impoundment will require some minimun
thickress of rock riprap completely covering the side slopes for the purpose
of preventing gully erosion. This will be the case regardless of whether
flooding is a consideration. Because of the threa of this potentially
destructive process, the application of rock riprap 1s recommended for the
long-term protection of the side slopes. However, the problem is complicated
Dy other factors.

Guilies that form from land surface depressions and rills can actively be
prévented by rock riprap applied to the side slopes of impoundments since they
are the direct result of overland flow. Gullies caused by differential settle-
ment, siope faflure, and piping cannot always be prevented by rock riprap
because they are not the direct resuylt of rainfall-runoff, However, in these
Situations, the presence of an engineered rock cover could mitigate the
effects of these processes by self-adjustment of the rock cover ftself. This
would help prevent further erosion by surface runoff by the shifting of indi-
vidual rocks to accommodate the new surface configuration. Although rock
armor may prevent further damage caused by differential settiement, slope
failure, and piping, 1t is best that preventive measures for these types of
failures be considered in the design of the embankment foundation and earthen

over,

ons for Gully Erosiorn Protection

s —————— i m— e ——————————————

A study by Walters and Skaggs (1986) determined that there are nc
>

“edures available to design rock riprap to protect against overland and )
erosion The study results indicated that movement of runoff over a soil
cover armored by rock may involve both interflow through the rock layer and
filter 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. The
interstitial voids in the rock layer can be extremely large and would allow
runoff to move through rapidly.

'he 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 s0il surfaces and nonexistent
for rock surfaces. Therefore, the inability to predict the flow character-
15tics over and through the rock laver would limit any analysis to very rough

assumptions.
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CHANNEL SCOUR DURING PEAK FLOODF LOWS

L
he design o

f any structure located either along

Piain or xross a channel reguires & river study to determine the response of
the riverbed and banks to large floods. A knowledge of fluvial morphology
combined with field experience is 'mportant in both the collection of ade-

quate field data and selection of appropriate studies for predicting the
processes must be considered,

~rosion potential. In most studies, two
L) natural channel scour, and (2) scour induced by structures placed by man
either in or adjacent to the main river channel.

the riverbank and flood

Natural scour occurs in any moveable bed river but
associated with restrictions in river widths
Channel changes, and inf)uenced by erosive f
channel alinement such as a bend in & meandering river. Rock outcrops along

the bed or banks of a stream c2a restrict the normal river movement and thus
effect any of the above infliencing factors. Manmade structures can have
varying degrees of influence, usually dependent upon either the restriction

placed upon the normal river movement or by turbulence in f)ow pattern

directly related to the structure. Examples of structures that influence
river movement would be (1) levees placed to control flood plain flows, thus
ncreasing main channe) discharges; (2) spur dikes, groins, riprapped banks ,
or bridge abutments used to contro) main channel movement; or (3) pumping
plants or headworks to canals placed on a riverbank. our of the bed or
Danks caused by these structures 'S that created by higher local velocities
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, (3) grade control struc-
tures such as rock casCades, gabion controls Or concrete baffled apron arop

is more severe when
+ Caused by morpholog ical
low patterns resulting from

29
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structures; or (4) occasional "»_y & powerline or tower structure placed
filood plain but exposed to channel erpsion with extr ame Sh“‘(‘.'\g or movement
iy er All of the above may be subject to higher local velocities

a S, but
usually are subject to the more critical local scour caused Dy turbulence and
1icoidal flow patterns

in O.r’e

The prediction of river channel scour due to floods is necessary for the
design of many Reclamation structures. These Reclamation guidel ines on scour
represent a summary of some of the more applicable techniques which are
described in greater detail in the reference publications by T. Blench

1969), National Cooperative Highway Research Program Synthesis 5 (1970),

R. Neill (1973), 0. B. Simons and F. Senturk (1977), and S. C. Jain
1981) The paper by S. C. Jain (1981) summarized many of the empirical
equations developed for predicting scour of a Streambed around & bridge pier.
It shouid be recognized that the many equations are empirically devel oped
from expermental studies. Some are regime-type based on practical condi-
tions anc considerable experience and judgment. Because of the complexity of
sCouring action as related to velocity, turbulence, and bed materials, it is
difficult to prescribe a direct procedure. Rec 1 amation practice is to
compute scour by several methods and utilize judgment in averaging the
resulls or selection of the most applicable procedures,

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 further
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
manmaie Structures.

The importance of expe:ience and Judgment in conducting a scour study cannot
V€ 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 amount of scour for use in design. The collec-
tion of adequate fincld data to define channe) hydraulics and bed or bank
materials to be scoured govern the curacy of any study. They should be
given as much emphasis as the methodology used in the anal ytical study.

Field data are needed to compute water surface profiles for a reach of river
'n the determination of channe! hydraulics for use in a scour Study. With no
restrictions in channel width, scour is computed from the average channel
hyaraulics for a reach. If a structure restricts the river width, scour is
computed from the channel hydraulics at the restriction. in all cases, scour
estimates should be based upon the portion of discharge in and hydraul ic
characteristics of the main channel only

—
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Table 6. - Classification of Scour equation for various structure designs A‘}

Equation I Sour

msign
type
4
& Natural channel for restric- Siphon Crossing or any burieg
tions and bends pipe!line. Stability sStudy of

- & natural bank. Waterway for
e one-span bridge.

f

|

!

a

g’ Bankline structures Autments to bridge or siphon

{ crossing. Bank slope protection
; Such as riprap, etc. Spur

l dikes, groins, etc. Pumping

/ plants. Canal headworks .

Midchannel structures Piling for bridge. Piers for

‘ flume over river. Power ine
{ footings. Riverbed water intake
i structures,

Hydraulic structures Dams and diversion damsg,
across channe) Erosion controls. Rock cascade

drops, gabion controls, and
concrete drops.

Although each scour problem must be anal yzed individually, there are some
general flow and sediment transport characteristics to be considered in
making the judgmental decision on methodology. The general conclusion
reached by Lane and Bor)and (1954) was that floods do not cause a general
lowering of streambed, and rivers such &s the Rio Grande may scour at the
narrow sections but fi11 up at the wider downstream sections during a major
flood. Another general sediment transport characteristic is the influence of
3 large sediment lcad on scour which includes the variation of sediment
transport associated with a high peak, short duration flood hydrograph. The
large sediment concentrations usually of clay and silt size material will
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 the
wetted channel banks. Channel SCour also occurs when the capacity of stream-
flow with extreme high velocities in portions of the channel cross section
will transport the bed materia) at a greater rate than replacement materials
are supplied. Thus, maximum depth of channel scour during the flood is a
function of he channe) geometry, obstruction created by a structure (if
any), the velocity of flow, turbulence, and size of bed material.

Design Flood

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

3



shown in table & varies from & design flood estimated on a frequency Dasis
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
always 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
general complexity of the erosive process. The exception in the use of

the 100-year flood peak for estimating scour would be the scour hole immed -
ately below 2 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.

jrmy

guation Types A and B (See Table 6)

Natural river channei scour estimates are required in design 0f a buried
pipe, buried canal siphon, or & bankline structure. For most siphon cross-
ings of a river, the cost of burying a siphon will dictate either the selec-
ticn of a natural narrow reach of river or a restriction in width created by
constructing canal bankline levees across a portion of the flood plain. A
summary of available methods for computing scour at constrictions is given by
Neill (1973). The four methods for estinating general scour at constricted
waterways described by Neill (1973) are considered the proper approach for
estimating scour for use in either design of a siphon crossing or where
general scour is needed of the riverbed for a bankline structure. The four
methods supplemented with Reclamation's procedure for application are given

Delow

Field measurments of scour method. - This method consists of observ ing

or measuring the actual scoured depths either at the river under investi-
gation or a similar type river. The measurements are taken during as high
a flow as possible to minimize the influence of extrapolation.

A Reclamation unpublished study by Abbott (1963) analyzed U.S. Geo)og ica)
survey discharge measurement notes from several streams in the southwestern
United States, including the Galisteo Creek at Domingo, New Mexico, and
developed an empirical curve enveloping observed scour at the g ag ing
station. This envelope curve for use in siphon design was further sup-
ported by cbserved scour from crest-stage and scour gages on Gallegos,
Kutz, Largo, Chaco, and Gobernador Canyons in northwest New Mexico
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 2 flood to determine the depth of scour
at a specific location. The results of these measuraments are shown on
figure 8 along with the envelope curve for Galisteo Creek that support
scour estimates for wide sandbed (D§0 varying fram 0.5 to 0.7 mm) ephem-
eral streams in the southwestern United States by the equation.

dg = K (q)0.24 (24)
where

dg = Depth of scour below streambed, ft (m)
K =2.45 inch-pound units (1.32 metric units) i
g+« Unit water discharge, ft3/s per ft of width (m°/s per m

of width)
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The use of equation 24 except 2s a check on other methods would be 1imited / éf
to channels similar to those observed on relatively steep slopes ranging

from 0.004 to 0.008 ft/ft (m/m). Because of shallow depths of flow ang

med ium to coarse sand size bed material the bedload transport should also

be very high.

. Regime eguations supported by field measurements method. - This approach
as suggested Dy E\h (19737 on recommencdations by Biench (1969) involves

obtaining field measurements in an incised reach of river from which the
bankfull discharge and hydraluics can be determined. From the bankful)
hydraulics in the incised reach of river, the flood depths can be computed
by:

aF\ m
de = d; (-QT) (25)
where:
d¢ = Scoured depth below design floodwater level
dy = Average depth at bankfull discharge in incised reach
o = Design flood discharge per unit width
qi = Bankful) discharge in incised reach per unit width
m = Exponent varying from 0.67 for sand to 0.8 for coarse gravel

This method has been expanded for Reclamation 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:

¢, = 0.47 (3173 (26)

where:

4y * Mean depth at design discharge, ft (m)

Q = Design discharge, ft3/s (m3/s)

f = Lacey's silt factor equals 1.76 (D‘{,)V2 where [, equal mean
grain size of bed material in millimeters

and the Blench eguation for "z2ero bed factor":
a 2/3

d (27)
fo Fb°I73

where:
dfy = Depth for zero bed sediment transport, fs (m)
@ = Design flood discharge per unit width, ft3/s per ft (m3/s per m)
Foo * Blench's “zero bed factor* in ft/s¢ (wsZ) from figure 9

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

3
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(g
consider the probable concentration of floodflows in some portion of the
natural channel. Equations 25, 26, or 27 for predicting this max imum depth

are to be adjusted by the empirical multipl ying factors, Z, shown for

formula Types A and B (table 6), in table 7. M 11Tustration of max imum

Scour depth associated with a f1ood discharge

is shown in a sketch of a
natural channel, figure 10,

As shown in table 7 and on figure 10, the dg
equals depth of scour below streambed.

dg = Z d¢ (28)
dg * I dy (29)
dg = Z dgg (30)
Table 7. - Multiplying factors, 2, for use
in scour depths by regime equations
, Value of 2
Condition i R Lacey “Blench
ds'de ds'Zdn ds'deo
Equation Types A and B
Straight reach 0.5 0.25
Moderate bend 0.6 0.5 1/ 0.6
Severe bend 0.7 0.75
Right angle bends 1.0 1.25
vertical rock bank or wall 1.25
Equation Types  and D
Nose of piers 1.0 0.5 to 1.0
Nose of guide banks 0.4 t0 0.7 | 1.50 to 1.75 1.0 to 1.75
Small dam or control 1.8 0.75 to 1.25
&L ross river J

1/ Zvalue selected by USBR for use on bends in river,

NOTE: Opy = dp » dm. Paint C is low powt of natural section

Figure 10. - Sketch of natural channel scour by regime method.
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Although not shown on figure 17, the df from Neill's equation 81y 7 i

usually less than the dfo_from Blench's equatign 27 but greater than the
Gm from Lacey's equation 26.

The design of a Structure under a river Channel such as a siphon is based
on applying the scoured depth, dg, as obtained from table 7 to the low
point in a surveyed section, as shown by point C on figure 10. Thig
criteria is considered by Reclamation as an aequate safety factor for use
in design. In an alluvial Streambed, designs shoyld 2150 be based on

SCOur occuring at any location in order to provide for Channe) shifting
with time,

Mean velocity from field measurements method. - This &pproach represents
an adjustment in surve Channe geometry basad on an extrapo] ated design
flow velocity, In Reclamation's application of thig method, a series of at
least four cross sections are surveyed ang bac kwater computations made

for the design discharge by use of Reclamation's Water Surface Profile
Computer Program. |In adition to the surveyed cross sections observed
water surface elevations at & known or measured discharge are needed to

provide a check on Manning's *n* channe! roughness coefficient. This

m. the mean channe) depth, dn, from the Computer output data and apply
the 7 values defined by Lacey in taple 7 to compute 2 scour depth, dg,
by equation 29 where dg = 7 dy.

Examples of more unique solutions to scour Problems were Reclamation
studies on the Colorado River near Parker, Arizona, and Salt River near
Granite Reef Diversion Dam, Arizona, where an adjustment in *n* pased on
particle size along with a value from table 7 Provided a method of
computing bed scour. The selection of a particle size “n" associated
with scour in the above two examples was computed from the Strickler
(1923) equation for rougmess of a channel based on diameter of particles

C

C =26 from Nikur adse (1933) and "n" = 1. The appropriate “n* values

for the two rivers based on particle size and engineering judgment were
selected as follows:

River D (mm) Particle size "n* Selected “n*
Colorado 0.2 0.01 0.014
Salt 18 C.02 0.02

In the Colorado River Study, the existing channel *n* value of 0,022
w2s adjusted down to 0.014 due to bed material particie size W give 2
computed water surface at design discharge Fepresentative of a scoured
channel. With 2 Z value of 0. 5, the scoured section in the form of a
trianglular section combined with the acepted "n" of 0.022 provided a
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of this termnique 1s shown in sketch on figure lla. Another exanple is J/éab
Shown Jure 11b for a Salt River scour study where the particle size

“n" of 0.0Z 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* egual to

0.03. (See example problem in subsequent paragraph.)

4 Lompetent or limiting velocity control to scour method. - This method
assunes that scour will occur In the channel cross section unti) the mean
velocity is reduced to that where 1ittle or no movement of bed material is
taking place. It gives the maximum 1imit 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.*

The empirical curves, figure 12, derived by Nei1l (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 formula relating mean velocity Vy, to the shear velocity. The
competent velocities for erosion of cohesive materials recommended by Neil)
(1973) are given in table 8. The scour depth or increase in area of scoured
channel section with corresjonding increase in depth for competent velocity,
Ve, 15 determined by relationship of mean velocity, Vm, to Vo in the
equation:

Vm
ds ® Um (v-c' - 1) (32)
where:

dg = Scour depth below streambed, ft (m)
Gn * Mean depth, ft (m)

Table 8. - Tentative guide to competent velocities for erosion of
cohesive materials* (after Neill, 1973)

L Competent mean velocity

Low values - High values -
Depth of flow easily erodible | Average values resistant
it m material ft/s m/ s material
/s m/ s Tt/s m/s
5 1.5 1.9 0.6 3.4 1.0 5.9 1.8
10 3 % | 0.65 3.9 1.2 6.6 2.0
20 6 2.3 0.7 4.3 - B | 7.4 2.3
50 15 2.7 0.8 5.0 1.9 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. Account 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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/ Water surface for 'n® =0,022 w/0 scour

|
|
!
=3

Water surfoce .n.'-o.ou w/0 Scour
/ for n"=0.022 w/ scour
[

0. Colorodo River Study

_~Warer surfoce for n*=0.03 wro scour
| Water surfoce for n" =0.02 w/ scour

b. Soit River Study

Figure 11. - Sketch of
reduced "n* for scour

scour from water surface profile

computations and
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The use of figure 12 and table 8 recommended by Neill (1873) has had
Timited application in Reciamation, but 2ppears to be a potential usefyl
technique for many Reclamation studies on scour and armoring of the
thannel .

Equation Type L (See Table 6)

The principal references for design of midchannel structures for scour

such as at bridge piers are National Cooperative Mighway Research Program
synthesis 5 (1970), C. R. Neill (1973), Federal Highway Administration,
Training and Design Manual (1975), Federal Highway Administration (1980), and
5. C. Jain (1981). The numerous empirical relationships for computing scour
at bridge piers include one or more of the following hydraulic parameters:
pier widch and skewness, flnw depth, velocity, and size of sediment. ie
many relations avaflable were further broken down by Jain (1981) to two
different approaches: (1) regime, and (2) rational.

The Federal Highway Administration has funded numerous research projects to
assist in improving their designs of bridge piers. This research has not
resultad in any one recommended procedure. Rec)lamation's need for scour
estimates at midchannel structures is limited. The procedures adopted are to
try at least two technigues 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 7 value from table 7. An appropriate 2
value to use for piers is 1.0 as found for the railway bridge piers app)ied
to the Lacey equation 29 reported by Central foard of Irrigation and Power
(1971).

The rational equation selected for scour at piers is described by Jain (1981)
in the form:

j’% - (%)0.3 (Fc)o.zs » (33)

where:

d¢ = Depth of scour below streambed, ft (m)
b= Pier size, ft (m)
d = Flow depth, ft (m)
Fe = Ve/+/gd = Threshold Froude number
Ve = Threshold velocity, ft/s (m/s) from figure 12
g = Acceleration due to gravity, 32.2 ft/s¢ (9.8 ws?)

Equation Type D (See Table 6)

Immed iately downstream from any hydraul ic 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 therety reducing the
erosion potential. There stil]l remains at most structures, below the point
where the structure ends and the natural riverbed material begins, a poten-
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 eguations.
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