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CHAPTER 4
SITE DRAINAGE

4.1 INTRODUCTION

This chapter includes:

0 t?: types of drainage facilities to be designed for UMTRA
sites;

0 Th; types of data required for des‘gn of drafnage facilities;
and,

0 Details of the procedures to be used for design of ditches and
retention basins.

Procedures are presented for determining capacity requirements for
ditches, retention basins, and emergercy spillways. Site drafnage
includes all necessary facilities to 1) contrnl runoff and
construction wastewater at the site and 2) divert off-site flows away
from the site. Primary considerations are to control all runoff ana
wastewater that may be contaminated, to 1imit erosion and prevent
sediment transport to offsite locations,

Design criteria are expected to vary from site to site, because
different federal, state and Indian nation revu!ations will apply. An
fmportant source of site drainage criteria will be the permit guidance
documents provided by the permitting agencies. Therefore, site
drainage design should be coordinated with the permitting task.
Minfrum criteria for al) sites have been established by the DOE (Ref,
4-1)., The type and number of facilities required at each site also
will vary, depending on site conditions and design criteria,

4.2 FACILITIES

Drawings and specifications will be required for one or more of the
following types of drainage facilitfes:

A. Permanent Drainage Facilities
Y. Ditches (sections, Jocations, grades ...)
2. Outlet to natural drainage course
3. Crossings for maintenance vehicles
4., Fence or barrier crossings
§. Permanent diversion facilities

B. Construction Drafnage Facilities
Y. Ditches (contaminated water directed to retention basin,
uncontaminated water diverted away from site)
2. Silt fences
3. Sumps and pumps (where gravity drainage {s infeasible)




Dewatering -
Retention basin

a. Inlet

b. Basin

¢. Emergency spillway

d. OQutlet ‘0 natural drainage course
Wastewater treatment facilities

Flood control berms

Vehicle crossings (e.g., culverts)
Fence crossings

4.3 DATA REQUIREMENTS

The following data will be nceded for the design of drainage
facilities:

A, Permanent Drainage Facilities

1.

Conceptual design site plan and grading plan (with contours)

[see Remedial Action Plan (RAP) and coordinate with final

design of site plan and grading plan,)

Design criteria [to be presented in Design Basis Memorandum

(DBM) )

(1) UMTRA general (see Refs, 4-1 and 4-15)

(2) Site-specific (e.g., State or COE Requirements) [see RAP
anc cocrdinate with permitting task,)

Probable Maximum Precipitation (PMP) intensity and rainfall

distribution [see Processing Site Characterization Report

(PSCR), and check PMP using appropriate Hydrometeorological

Report by NOAA (See Fig. 4-1, Ref's, 4-2 through 4-7, Table

4-1, and Chapter 5, Sec. 5.1.C1.))

Location of outlet(s) to natural drainage course (see PSCR and

RAP )

Locations of drainage courses with a potential for the

Probable Maximum Flood (PMF) and PMF data for site (average

velocity, water surface elevation, mean channel slope,. (See

PSCR and RAP)

Proposed embankment cover material (i.e., rock or grass) and

cover type in areas outside of embankment ‘uysually native

grasses)

$911 type and vegetation cover in drainage area.

gn criteria (to be presented in DB

8. UMTRA general (see Refs. 4-1 and 4-15)

b, Site-specific (e.g., State or COE requirements) [see RAP
and coordinate with permitting task.)

Existing topography (contours)

Required construction facilities and interim and final grading

plans (with contours) (see RAP and coordinate with final

design)

Site design storms (Ref, 4-17)

When duration of a storm is specified, it is important to

define the site-specific rainfall distribution

o\ VLI,

‘struction Drainage Facilities
§1
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Tables and formulas similar to those shown in Table 4-2 (Rational
Method) should be used.

The HEC-1 program uses the f,1lowing methods for synthesizing
unit Hydrographs:

Method Drar...e Area

{3 up to IUU $q. mi,
Clark up to 100 sq. mi.
Snyder 10 =« 10,000 sq. mf,

Determine cross-section shape (trian?u1|r or trapezoidal). 1If
discharge (Q) == 10 cfs, use triangular ditch, otherwise use
trapezodial ditch with initial bottom width = 10',

Using trial side slope(s) and Manning's formula (e.g., see
Ref. 4-8), design ditch for subcritical flow where practical
by adJust1rg channel slope. Also, may optimize ditch
dimensions for site- sqecific conditions, Use site-specific
information (e.g. soil type, vegetation, and channel slope) to
select allowable channel velocities. Allowable velocity
guidance 1s avaflable in References 4-8 and 4-20,

Determine final cross-section dimensions and 1ining, as
follows:

a. General - Proceed as follows:

| Uoes | |7 SeTect
| Velocity | Yes | Lining
Yes | Exceed | | Material
| | Allowable | |
| | Limit? |
l I I No lining
| No material
| required
|~ 15 trial |
| design flow |
: subcritical? :
i
| |7 Select | | Design Enzrgy |
| No | Lining | | dissipator |
| Material |™ | and/or erosion |
| | | contrs! before |
| downstream |
: rel zase =

b. Riprap-lined - Perform iterative calcu’ations relating
depth of flow, riprap size and Mannirg's n, as outlined in
Chapter 5.



4, Check superelevation and riprao size requirements where
ditches change direction and at ditch intersections,
§. Summarize results 1n a format similar to that shown in Table

6. Draw typical sections for construction drawings.

B. Petention Basins

Retention Basins associated with Temporary Drainage Facilities:

1. Basic criteria - minimum storage of 10-year, 24-hour storm or
minimum retention time (24 hr.) for runoff plus 3-year
sediment storage or storage of sediment from a 10-year,
24-hour storm,

2. Runoff volume - Perform hydrologic calculations to determine
volume required to store runoff, using the Santa Barbara Urban
Hydrograph Computer Mode! (Ref. 4-2) as modified by T, J. Ward
(Ref, 4-1€) (avaflable in MKE computer program library)*, the
SCS method (Ref. 4-11), or HEC-1 (Ref, 4-18),

Note: The MKE program assumes initial obstruction loss equal
to zero to account for possibility that antecedent conditions
have saturated the obstruction capacity.

a. Input for Santa Barbara Methed

(1) Name of the site

(2) Total drainage area (acres)

(3) Portion of total area assumed to be impervious (acres)

(4) Time of concentration (t.) (minutes). Suggvsted
methiods for determinin are Figure 30, Method C
(Ref. 4-10) and SCS Velocity Method (Ref. 4-11).,

(§) Time increment (minutes) and rainfall depth (inches).
Time increment duration and number of increments [See
(9) below) are chosen as necessary to accurately
define rainfall distribution with time.

(6) Initial and saturated volumetric soi) moisture
contents, each expressed as a fraction, (Volumetric
moisture content is defined as volume of water divided
by total volume.) The volumetric sofl moisture
contents should be determined from data given in the
site specific documents, 1f possible, or from
information presented in Ref., 4-21,

(7) Soil suction head (inches) should be based on (a) USDA
textural classification and information in Ref, 4-12,
(b) data in the site specific documents, or (c) both,

() The effective hydraulic conductivity, which is taken
as one-half the saturated hydraulic conductivity.

Site specific hydraulic conductivity data should te
used, 1f possible, or hydraulic conductivity can be
based on the USCA textural classification and
{nformation in Ref., 4-12,

(9) Number of rainfall increments (as needed to accurately
medel rainfall distribution with time, up to a maximum
of 100 increments), The time increment for the rain
should be approximately equal to 1/5 of time of
concentration,

¥ See Appendix 4-1 for comments on the use of the Santa Barbara Method.

4 -5



. (1U) Number of output steps (as needed to accurately mode)
the outflow hydrogriph, up to a maximum of 200 steps).
b. Output
(1) The or*flow hydrograph (flowrate versus time).
(2) The tutal volume of outflow (acre-ft.)

3. Sediment storage volume

8. Sufficient volume should be provided to store total
sediment to be collected during entire construction
period, 1f feasible, to avoid need for cleaning.

b. Use Universal Sofl Loss Equation (USLE) or modified form
given in Ref, 4-13 to estimate volume of sediment,

4. Spillway Capacity - Spillway design flood depends on
regulatory agency-requirements and should not be less than
25-year, 24-iour., Perform hydro1o?1c and hydraulic
calculations to determine the required size of emergency
spillway using the modified version of Santa Barbara Model
(see 1. cbovog. with the reservoir routing routine.

a. Input
(1) Retention basin area capacity curve,*
. (2) Rating curve for trial design dimensions.
b. Output

(1) Maximum depth of water in the retention basin (feet).
(2) Maximum depth of flow in V - ditch (feet), or depth of
flow across weir (feet),

' 4.5 WATER QUALITY
Provide monitoring systems for surface and ground water 1f
required.
‘ ¥lodel currently assumes vertical side slopes; to be modified to
include actual side slopes.
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Generalized PMP Studies for Conterminous Uni 5 ‘ Ref. 4-7, Page 2 2

Hydrometeorological Report Geographical Region e

(U.S. Weather Bureau 196} Pacific coast drainage General-storm PMP: areas to to

No. N
hr., seasonal values Uc

Revision, U.S. Weather Bureau of California 6 to 74
1969 through April

'

No. 43 (U.S. Weather Bureau 1966 Columbia River and General-storm PMP. areas up to
1681) coastal drainages of west of Lascades Ridge, areas wp

addendum }

Oregon and Washington mic east of Lascades Ridge,
s;easonal values Uctober through June.
Local-storm PNP east of Lascedes Kidge, areas uwp
to 500 mi °, durations to © hr., Sea.onal

values May through September

(99

Colorado River and Great General-storm PMP_ areas up to 5,000 mi<, 6

(Har en et al.
Local-storm PMi

Basin drainage. Also to 72 hr., monthly values.

pruvides local storm areas up to 500 mi<€, durations up to b hr,

for all of California all season values.

"

{Schreiner and Riedel U.S. east of 105th PMP from 10 to 20,000 mi<, 6 to 72 h

meridia.* season values.

U.S. east of 105th PMP from 10 to 20,000 mil, durations

(Hansen et al. 2) U.S.
meridian* all season values (Appliication )

(Ho and Riedei 19¥ U.S. east of 103rd PMP for 10 mic, 6 72 hr., wonthly values.

meridian*

(Miller et al. JOUU mic i

19

1984 ) 1.S. between Continental General-storm PMP, areas 10
'Ii) t0o 5 H me

UDivide and 103rd m:rmrw_]rdl,,.'rlg rrg]oyz', and
meridian orographic regions, | to 72 hr. % all-season
values. Local-storm PMP, for selec

of study region, up to SU0 mic, durations

* ovi s *
Led por

hr., all season values.

53 originally provided PMP for the U.S. east of the 105th meridian, PMP between the 1UJrd and

*Reports 51, 52, and 5
105th meridian from these reports are now superseded by HMR 55. Application portion of HMK 5 is wvalid for castern

U.S. out to the 1U5th meridian.
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TABLE &-2
.
REQUIRED DITCH CAPACITIES BY RATIONAL WETHOD
{EXAMPLE FORMAT FOR CALTULATIONS)
*
»
l"‘“ — 7’ — NP — e g oy e . T _"""—_—T“—“"“'__"—_*_—" B —————— amas.
| | brainage Area Characteristics Time of l’rm_-atr.t'rmf ! ] Beaquirea
] | {min) Ratmfall | Ayrrazw ! Total itch
| Subares | hrea | Wumof?f | e o ot I intens ity Ry f Arca apac ity
| Diteh | NO | Ay | Coefficient! | | Tengih 1 Flev. DIFT. | Fethod 1 FRethod | {in/Ar) | Coefficient® i - 3 =~ CIA.)
| » | j | tac) | y | Segment No. | (ft} | (fe) ! i | 2 ' ! i , | tac) | fcfs) |
! ! ! i ! 4 ! H ! i )
F 0 EEEER IR I EEEp T H I I | e e =
| | | | ! i ! | ! ! !
i | ] ! | | | i | i '
| | | | | | | ! | | i
| ! ! | | : : y
| i | | ! i ! ! ! ' '
| ] | | ! ! ! ! ! ! !
| | | | i | | ! ! ! ]
| ! ! i | i ! i | ] }
! | ! | ' | ! | | ] !
! | | ! | ! ! | ! ! ) !
| | | ] | | ! i ! ‘ !
i | | ! | ! | | |
i | | | ! ! ! i | |
| : | : | : | i : i :
| ! | | | | | ! ! | ! :
! | | ! | ! ! ! | | ] !
| i ! ! | ] ] | ! ] !
i i | | | i ! ; |
! | i | i ! | | '
! | i ! ! ! !
| | | | i ! | i
i { i i | i | | ! !
| | ! ] | | | ! | ‘ ! i
| | ! | ! | | ! ! !
! | | | ! i | | ! ! | !
NOTES

1. Use Table 3.3, Ref. 4-14 for temporary ditches. Assume C = | for permanent ditches.
2. For time of concentration for temporary ditches, Method | = Figure 30, Method C, Ref. 4-10; Method 2 = SCS Velocity Method (Ref, 4-11). For
.4

permanent ditches, See Chapter 5, Section 5.7.C

1. Use rzinfall intensity for duration equal to smallest values for To for each ditch.

AC
4. C= — i ] {1.e., area-weighted average C).
J




TABLE 4-3
SUMMARY OF DITCH DESIGN RESULTS

(EXAMPLE FORMAT)

| Lining Type

(ft)

I
|
|
I
|
!
I
|
I
I
I
I
|
I
I
|
I
I
I
l
I
I
|

(ft)

e c— —— ——— —— ——— — —— — — — — — —— —— ————————  —

quired Ditch Capacity| Flow Depth |L tch Depth]|
cu.ft/sec

1Ke

| Slope |

|

4 - 11
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(b) The porosity and effective porosity values 1isted in Table 2
of Rauls, et.al.‘. are not reliable and should be used with
caution. Other values seem to be reasonable and may be used
in modeling for values of porosity and effective porosity for
differgnt textural soils. Other references (e.g., Israe'sen &
Hansené) should be consulted.

Reservoir Routing

(a) The computer program assumes the water surface area in the
retention basin 1s always constant, This will be conservative
if the area selected is the minimum during the routing
period. Tc model accurately the rise of water in the basin
during a storm, the area-capacity curve shoula be used to
fterate the stage in the reservoir during each time step until
a water balance is achieved, consistent with the spillway
rating curve (conventional modified Puls method).

In general, when the spillway channel has a mild slope,
Manning's equation may be used to describe the flow. However,
when the channel slope is increased to or beyond the critical
slope, a control will be created at the outlet of the
reservoir in which case weir-flow will be controlling. Thus
specifying the channel slo, e in the program without checking
critical flow may introduce error in the outflow, A spillway
rating curve should be derived after checking the control and
considering the velocity of approach. This, then, wou.d be in
the torm usable for reservoir routing in the computer

program. This check can be done by hand calculation.

Recommendation

The computer program SHUHMYD should be used as suggested above,
especially in the reservoir routing routine.

When use of the Santa Barbara Method is not appropriate, the SCS
Unitgraph Method should be used.

Rawls, W.J. Brakensiek, D.L. and Miller, N., "Green-Ampt
Infiltration Parameters for Soil Data" .'. of the Hydraulics
Division, Vol. 109, No. 1, ASCE, New York, January 1983.

Israelsen, O.W. & V.E. Hansen, “Irrigation Principles and
Practices", 1962, John Wiley & Son, Inc., P. 168
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Corps of Enginee
4+ ’ | y !
e Mannin3's n.
and average rock size

d 8
parameters is regquired.

Peak local shear stress for triangu)a itches with SH:1V
side slopes 1y computed from

= 0, S
1 \Qyuy,

. unit weight of water,

Y
y = depth of flow, and
S

Peak local shear stress foi 2201 i is computed
from:

T i for
Y RS for bottom,
w
n ‘ re functions of si s
CRS ani CRD are functio 0 de slope and

depth ratio, and R is the hydrauiic radius.

© Rill and gully formation is assumed on the top and sides of
the pi.e when topsoil is provided over the riprap.
The design methods give minimum D

50 for a given crndition. The

remaining gradation limits, D,

% )
100min’ 0 ’

100" max’ D?S)min ing

layer thickness are then determined using the Corps of Engineer's

method (Ref. §-11).

Parameters

lations - The follo
parameters:

s pile, adequately dimensioned or to a
ctory for determining areas and
and elevations of key points




Plan view of ditches ales, and area contri

’
runoff, meeting . quirements as sp

1

plan of

Cross-sections of tailings pile, cover, swales and ditches.

round cover and topographic characteristics in sufficient
detail fer determination of roughness coefficients in
contributory drainage areas and erodibility of ground
beyond outlets,

0 Location of the site (latitude and longitude).

2. Riprap Size Calculations - The following input 1s required to
determine optimum riprap sizes:

0 Specific gravity (Gg) of available stone of adequate
durability.

Angle of internal friction (@) of riprap. Design values
of @ can be obtained as a function of rock size (Ref.

$-2, Fig. 16). A value greater than 40 degrees, as
suggested by the USCE (Ref. 5-11, p. 41) should not be
used without site-specific data indicating a larger value.

Porosity (p) of the in-place riprap layer The degree to

which porosity can affect rock stability and throughflow
determinations can vary depending on the situation. A
value of 0.3 has been used, based on data for rockfill
(Ref. 5-22) and relatively uniform-sized, clean grave)
(Ref. 5-23).

Meihodology

%4 cipi ion Intensi

a. Probable Maximum Precipitation (PMP) - The PMP {s
determined as follows:

(1) Plot location of site on Figure 4-1.

(2) Use appropriate Hydromete ical Report (HMR) by NOAA
(see Figure 4-1 and Table 4-1 determine precipitation
intensity vs. time of concent For sites near
boundaries shown in Figure 4-1, mpare PMP estimates from
HMR's applicable to areas near s and use more conservative
HMR results.

(3) Obtain design rainfall intensity compatible with tiwe of

.
3
concentration by interation as describea below.




b. Iime of Concentration - Time of concentration (T¢)

estimates are based on hydraulic flow computations using
Manning' ormu'a for riprap-covered slopes and ditches. At
some sit significant overland flow from natural ground
t to design flows. Time of concentration for such
be estimated by more than one method, since such
estimates can vary significantly and be 1imited in their
pplicabiiity. One estimate should be obtained by the Soil
Conservation Service (SCS) Velocity Chart method (Figure
5). This method provides very good estimates for Tc f.r
overland tlow as long as flow paths exceed approrimately
300-400 feet (Ref. 5-21). Other methods are available (e.q.
several are given in Ref. 5-4 and Ref. 4-9), but their
applicability to the design case under study should be
considered in selecting a design Tc value.

Top and Sides of Pile With No Topsoil Provided

a. The sheet flow approach 1s used; 1.e., calculations are
pertormed for a 1-foot wice strip of slope length, L.

Assume a trial mean rock size, Ugp.

Compute q¢ = q at critical (design) section from:

K3/3Cg‘/3[(1-p\(65-1)cos eftanﬂ-tane)]5/3

7 1
(tan 8)'/® (p)'/®

Where K 050

0.22 for gravel and pebbles, 0.27 for crushed granite
2

: : 2d sl
gravitational constant = 32.2 ft/sec” = 9.8) m/s

porosity
specific gravity
embankment slope

and angle of internal friction.

The intensity of rainfall for a strip 1-foot wide by lengtt

L in inches, is:

1




tiona) area,
t x 1 for 1-foot wide strip,

~

1,9050 or minimum allowable thickness, whichever

is larger,
and v, velocity in voids,
wn? 2 §0-5% (pef. -5 p. 90),
where W = empirical constant,
m = mean hydraulic radius,
and S »

. 0.5
Figure 5-1 gives values of Wm ¢

Compute Qtn = qt at end of each segment n, and

Ln = | for each segment n, where the total number

of segements nt is such that Ln is no greater

than about 100 feet, as follows:

for each segment » s
v %en

Select trial value of depth of flow, y, at end of segment n.

Compute trial value of Manning's Coefficient, n, from:
1/6
h=y /[23.65 + 21.95 log,, (y/0

v
(Ref. §-11, p. 111-7)




Steps b through n ntil resolution 1s achieved for IpMP
using Tc versus 1 curve for site) and 1... from
( . PMP . qt
d). Resolve IDAP for each design section (e.qg.
ope and side slope).

and Sides of Pile With Topsoil Provided:

The gully development approach is used, with the Safety Factors
Method.

The length of a giver slope, L, defines the maximum length of

potential gully for that slope.

The ratio W/L, where W = spacing of potential gullies on the

siope, s determined from Figure 5-2. Then W = (W/L) X L.

The drainage area for a top slope gully is W X L. £'de slope
gullies may have a different spacing. The worst ca.e for a

wi be a gully whizh cros the top and extends down the

L (t and s
s

by the Ratio




f. Estimate time of concentration Tc' Determine 1 from PMP versus
time curve fo. site and calculate Q.

Assume a trial mean rock size, 050.

h. Assume gully base width B = 2 X DSO' gully side slopes
= 2 horizonta) to 1 vertical.

. Compute flow in the riprap voids from:
ov' pAvvv
where p = porocity,
A = Bt, and
v
t = 1.9050 or minimum allowable thickness,

whichever is larger, and

o B E- N

g (Ref. 5-5, p. 90)

where Wm0.5 = factor from Figure 5-1,

and S = slope.

J. Compute net flow onet = Q-Oth.

k. Select trial value of flow depth, vy.

1. Compute area of flow, A = 2y2 + 0.5y, and hydraulic radius,
R = (2y° ¢ 0.5y)/4.5y + 0.5).

m. Compute Manning's coefficient, n, from:

1/6
n=R [23.85 + 21.95 log]o(R/Dso)]

0.87 0.5/

n. Solve Qnet = 1,486 AR S n for vy by trial.

0. Repeat steps jJ through n until resolution i1s achieved for y and

Qpet




Compute peak ( he ess 0 iprap. The riprap is at the

base of a trapezoida) channel. local shear stress or

base, « is determined
b)max'

. <
Yb‘max CR“ Yuq"

where CRD = factor given by Fi

ni1d a 9 \ {
Compute ng= 2 'b‘max/[ Gs
(Ref. 5.10, p. 641).

Compute = cosetand :ﬂstaﬂ @ + sin @)

(Ref. §. . 643)

If SF # 1.0, repeat Steps f through q until resolution is
achieved; 1.e., SF = 1.0 for trial DSO'

Calculate Tc by averaging 1) time of concentration assuming
overland flow for entire slope and 2) time of concentration
assuming flow velocity in gully for entire slope. Compare
estimated TC (step f) with calculated Tc'

Repeat steps f through t until resolutio" is achieved

intencity, 1, and Tc.

Ditches




\lC"w fr“)m

P AehVin

porosity,

area of through flow,
0.54

0.5 ; ;
Vih Wm S (Ref. 5-5, »g¢

C.§ ‘
where Wm factor from Figure 5~

and S slcpe,

ompute net flo - .
Come ’ O Vnet “Qen
Compute area of flow, A, wetted perimeter, P, and hydraulic

radius, R = A/P for a trial value of y.

Compute Manning's coefficient, n, from
1/6
n 3 /

[23.85+21.95 log‘n (R;SSO)]

. ,0.67.0.5 st
Solve Onet‘ 1.486 AR S "/n for y by trial, and

compute R.

Repeat steps e through h until resolutio chieved for and
¥ v 3

Q

net’

or triangu!
1 = 0.9
max
For trapezof

“max. Cpa




1/¢ina, b = 1/tana, ¢ = 1/sin o,

1/tane, e = (h3 + d2,3/2, and a = tan~s,

m. If SF # 1.0, repeat Steps b through 1 unti)l resolution is

achieved, where SF = 1 for t-ial 050.

Calculate Tc and compare to estimated Tc' if necessary.

Incrementa)l times of concentration Tcn for fiow in ditches are

obtained from ditch flow velocity Vn as follows:
e LN,
nn

achieved for

.
C

Compute W_..)_ .
50'min

spherical reck piec




Plot upper and lower bound gradation curves, adjust if necessary
to utilize gradations already produced locally, and determine
ranges for a minimum number of commonly-used sieve sizes ihat
will 2nsure minimum and maximum size requirements. The following

= 1

ormat should be used:

Sieve Size Percent Finer By Weight

DlGC)max 109
(sufficient sizes to to
define curves, in even i
inches) to

1 inch to

1/2 inch to

No. 4 e

hickness

The minimum thickness of a riprap layer, Tpin,
greater thickness as determined by the followin

DSC)min

5D

50 max

> 12 inches

These requirements are based on USCE recommendations (Ref. 5-11).
The first requirement is derived from the USCE minimum as follows

1/:
(S) 3 Dcn) s (after Ref




Filters beneath ri otect subgrade materials from migrating
through Jedd ing usually function as filters for
ng soils, 0 i Iter sizes for preventing

underly
d be determined as follows

Criteria*~

), < 0.7 mm, cept where base
015 ¢ S 0 ex ere ba

1

s0i1 1s dispersive or cohesionless,
for which special study 1s required
D..)./D
1§°¢ SE)D
material 1s radon barrier, or < 7.5
otherwiset
Interpolate linearly with percent
fines between sizes required by
criteria for groups 1 and 2

< 4 where base

otes:

By weight, smaller than No. 200 sieve.

Dls and 085 are sizes for which 15 peccent and 85 percent
of the particles are smaller, respectively. *f" denotes

tilter and "b" denotes base.

Page 10 of the reference recommends 01*)f/oeﬂ\b < 4,
but p. 14 states that this results in a factor of safety of
about 2, whereas D._)./D_..). <€ 7.5 still results in a

1°F 85')
factor of safety > 1.

If conditions require provision for adequate flow capacity, in

.

ion to prevention of base material migratien, the following




IR0 0. € 3 1nch (Ret. 3-12. 5. 290,
ma x

1

To avoid internal movement of fines, filter materia) s
no nore than 5% passing No. 200 siev~ (Ref. $5-12, p. 23

.

$).

Check need for second stage fi v cons'dering first
(from a.) as base and overlying ri p as filter 1in 2q
through (4) above.

Plot upper and lower bound g n curves for filter(s),
if necessary to utilize gradations already produced locally,
feve sizes:

Percent Finer By Weight

100
_to
to
_to

to
No. 16 to
No. 30 to
No. 50 to
No. 100 to
No. 200 LRGN

The minimum thickness of a filter or bedding layer .houlc be
.1 8 D‘O°7T or & inches, whichever is larjer.
U0/ ha X ’

Special Problems

a. Ditch Berds: Increased shear at t'e outside of ditch bends
should be accounted for by USCE guidelines for maximum shear
in channel bends for rough channels (Ref. 5-11, Plate 34).
Bends with longer radii will not require as large an increase
in rock size, so longer radii should be used where practicable

lons: lence and increased

1ts when slopes change from per to flatt
orm flow in the transition
d be increased in such
red for uniform flow

by several methods and the

determination of design rock

give rock sizes which are

4 e




USCe shear stress method [Ref. 5-11 with increased

shear
factor of 1.5 (Ref,

stilling basins. See Ref., 5-25, p. 44 and Ref. 5-26,
Sheet 712-1 for guidelines for this method.

USCE method for design of riprap in turbulent areas beyond

Stepnenson’'s method for design of stones in flowing water
(Ref. %-9, p. 41).

Sa

Safety Factor Method with design shear stress g eater than
shear stress for uniform flow

onsiderable jud nt must be used in applying these methods
and selecting appropriate rock sizes, due to insufficiency of
information on relfability for particular design situations.

Emergent Throughtlow: When the throughflow capacity of a

downstream layer is less than the upstream layer capacity,
some throughflow will emerge above the section with “he
reduced capacity. This emergent throughflow should be
included as runoff in flowrate determinations (for methods
that subtract throughflow to obtain runoff).




comp ing specifications for erosic
Desigr E“C‘"eer should review the potentia)
durabil 1*, characteristics of loca) materia)l
the computed gradation 1imits and thickness
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requiremen
balanced, practical ¢ sign. Guidelines for the investi
materials are presented herein,
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eginning of the investi

3 Quantities and Sizes of Materia
and sizes of erosicn protection material be estimated

ey

rock protection required for simi)
site in

- The data p
includ uidelines Judge the
ri

‘ b and 5-2 are
suitability of a rock source for use as

Bs Methodoloa

RSN S

The material selection process is divided into two phases: 1) Data Collectior
and 2) Data Analysis.

R Data Collection - Much available data can be ¢ d via telephone
a'd written corre pondence with local quarry cperators. Mu.. operating local
quarries have test results and quantity estimate: on file. In addition,
independent sources such as local highway departments, U.S. Army Corps of
Engineers, and local governments may have valuable data for local sources.
Generally, only results for tests one through five in Table 5-2, and
petrographic analysis will be .vailable. Cormunications reg garding existing
data should include inquiries into past local use of each type of rock in

question, especially regarding length of exposure. Such data can be extremely
valuable in judging long-term durability.

After an inftial screening of the data available by telephone and mail,
p.tential borrow sites should be visited. A site visit will permit visual
examination, testiny with a geologist's hammer, and independent selection of
samples for gradation and ro.: i ing. Tests one through four in
Table 5-2 and petrographic analyses s*iu‘i be performed at a 't’,fi"e
laboratory. In addition, the search for cases where each rock type has
subjected to Tc*;~‘p'ﬂ exposure should be extended and these sites visite  to
evaluate the rock's performance. It is important to identify during the garly
stages of design any pot b table erosion

4

been
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gradations commercially produced. Wi
r=adation 1imits should be adjusted
yradations. When necessary t n
may be increased, 1f econo

thout compromising performance, the
0 make maximum yse of availabie
t 1ts, layer thicknesses

u
isfactory results

3 «

Presented below are guidelines for assessing the suitability of rock sources
as erosion protection material,

0 Wherever possible, a particular source of riprap should be
specified. Priority should be given to specific rock types that
have been expose¢ for periods of more than 50 years and have
suffered essentially no deterforation. As a quality control
measure, the minimum specific gravity, maximum absorption, sulnhate
soundnets weight loss, and abrasion loss values should be specified
as acceptance criteria at each site. This will ensure that
acceptable rock continues to be supplied from the source.

0 Specifications for materials, for which o::efaay e evidence
regarding long-term performance is not available, s ! be
selected using the third column in Table 5-2 (good & ty rock),
and then modified to allow for urusu‘ cha'ac:er4s: f

particular rock types. For example, the specific gravity of

certain rock types (gabbro, gneiss, etc.) is consistently greater

toen .9, Therefore gabbro with a value of 2.65, while acceptable
.cording to Table 5-2, could perform in an unsatisfactory manner.

0 Because there are currently no physical tests that can predict the
pr “ormance of rock or gravel after 200 to 1000 years exposure,
some judgment will have to be used to supplement the test data in
selecting acceptable quality rock. Petrographic analysis provides
an important basis in forming a judgment.

3. Form of Specifications - The gradation 1imits developed in Section
5.1 shou'd be included in the tec“n‘ca‘ Specifications.

Rock quality criteria used for the acceptance of riprap, bedding, and filter
materials may be r-escribed in the following format:

0 Representative samples of riprap material shall meet the following
requirements:

Tests Pesignation : Requirements

Specific Gravity ASTM C127 S5.6. (SSD) not less than _

and Absorption Absorption not more than _ %

Soundness ASTM C88-76 Maximum weight loss et

(sodium-sulfate

me_hod)

Abrasion ASTM C13) Not more than % loss of weight

or after ___ revolutions. Ratio
5 ASTM C535 of loss after _revolutions to
loss after ___ revolutions shall
not exceed percent
8 « 18




and fi

uirements:

Tests Designa

Specific Gravity ASTM C1
(SSD)

 »
wol J o

ater than
or
ASTM C1

vic

S:Jﬁf"nes_ ‘:'N‘
{

han percent
sodium- Ta £+
11y s of weight after
m“;-,d‘. \

vy

Abrasion Not more than percent loss of
weight af‘er = revolutions.
Ratio of weight loss after
revolutions to loss after
revolutions shall not exceed
percent. e
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Name of site, state:

Approximate Coordinates:

Basic Data:

Correct Base Map/

Hydro-Met Data (Precipitation, Evapor-
ation, Temp, etc.)

Information on Nature of Vegetation
Stream Flow Data

Drainage Area Topo (1* = 200')

Slope Protection Materials Bedding or Filter

Potential Sources

Required Quantities (c.y)
Available Quantities (c.y)
Test Data Attached

Reference Showing Contamiated
Material Boundary

Reference Showing Geometry of
Tai'lings Piles

Reference Showing Site Layout
(Plan and X-Section)




Conceptual Dest

ufficiently Detailad for Review

b) ~ g & ata & Docs. Available

¢) Minor Change from Draft RAP, Need Not Redesign

d, Rajor Change from Draft RAP, Need to Redesign

If Redesigning, State Reasons

Schedule for Redesign: Start Finisn

Proposed Method or Methods of Design

Manual Computation/Computer Solution

Other Data




A

OF RECLAMATION STANDARDS
FOR JUDGING RIPRAP DURABI

(REF

Bulk specific gravity
ysorption, %

NayS04 weight loss, %

Los Angeles abrasion loss, %(P)

Freeze~-thaw weight lcss, x(a)

Ultrasonic cavitation rating

Schmidt impact hammer

Scleroscope

Coefficient of restitution(c) ). 0.5 to 0.7

Tensile strength, psi > 0 to 1,000

Compressive strength, psi 15,000 to 20,000

Sonic velocity, ft/sec , 00C 15,000 to 17,000

V1 UV




TABLE 5-3

COMPRESSIVE STRENGTH 0 VARIOUS ROCKS
(REF. $-19)

Rock Type

Diabase and some basalts and quartzit ¢

Fine-grained granite, diorite, basalt, quartzite,
well-cem-nted sancstone and limestone

Average sandstone and limestone, coarse-- ained
granite and gneiss

rorous sandstone and limestone, shales

TYuff, talr, siltstone, very porous sandstone

$ -2

Strer.th, psl
Over 40,000

25,000 to 40,000

10,000 to 25,000

5,000 to 10,000

Under 5,000
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