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RE-EVALUATION OF BIOINTRUSION BARRIER

PURPOSE

The purpose of this calculation package is to present the calculations for the
re-evaluation of the rock requirements for the biointrusion layer for the final cover system of
the Onsite Disposal Facility. This calculation presents revisions to Section 11.6 titled “Final
Cover System Biointrusion Barrier Design” of the Final Design Calculation Package for
On-Site Disposal Facility, Revision 0, dated May 1997 (hereinafter referred as Revision 0
Final Design Calculations), prepared by GeoSyntec Consultants (GeoSyntec).

This revised calculation is performed because of the reasons outlined below.

e Additional tests to evaluate the quality of rock available from local quarries was
recently performed including rock from quarries not previously considered. Rock
quality scores for dumped rock fill from 5 local quarries were established from the
results of the testing program. .

e Additional information from the technical literature on internal friction angle of
rock fill is available, which was not considered in the original calculations. This
information defines internal friction angles for rock under low confining
pressures, which are representative of the confining pressures the biointrusion
barrier is subjected.

e An overly conservative interpretation of the UMTRA design approach was used in
the original design calculations. This approach oversized the rock based on the
ratio of a score of 80 percent to that of the rock quality score of the actual source

- (e.g., 80/50 or 1.6 for a material with a rock quality of score of 50 percent) instead
of the difference (e.g., 80-50, or increasing the diameter by 30 percent or a factor
of 1.3)

Based on the revised design of biointrusion barrier, the choke stone is also resized.

CALCULATIONS

Calculations procedures adopted herein are in general accordance with the
methodology adopted in the calculations performed in the Revision 0 Final Design
Calculations. The general procedure is described below.

e Step 1: Laboratory testing results for rock quality from five potential local
quarries were obtained. Attachment 1 provides the summary of testing results.

—
N
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All these stones meet the Ohio DOT Type D dumped rock fill with a Dso =6
inches. The following properties from these tables are utilized in the calculations.

o Split Tensile Strength;
o Bulk Specific Gravity; and
o Overall Weighted Score.

Calculations are performed for rock from two quarries namely LITERS QUARRY
and MELVIN STONE QUARRY because they had the lowest rock quality score
of the five quarries tested. The other quarries will be acceptable if one or both of
these quarries are acceptable.

Al DeP ozliler e Step 2: Manning’s Roughness Coefficient of Riprap with Dsy = 6 inches is
The Ca-kul Yon was computed using the procedure described in Attachment 2.
a0 »

pert
Perfomed usigg a Step 3: The maximum flow per unit width in the center of the erosion gully is

[ ]
peal A‘SC\'\“@"“ of calculated as shown in Attachment 3. The-peak—discharge~(Q)-was—ealeulated
‘-{.33CP$ for%ut. earlier-based-on-hydrelosy-procedures-in-Revisien—0-Einal-Design-Caleulations.
‘:’C:it /R j"{’\!” vent  _0-433 ofy ealeulated-earlieris-utilized: The depth of flow is calculated using an
° ""e A rorm Ron O jterative solution procedure for Manning’s equation on a computer spreadsheet.
F";"‘ ?‘5'3" p"“c‘“‘a—t Based on this calculation, the Maximum flow per unit width for the 2000-year
calewlation Final cover storm in the erosion gully (gmg) is 2.50 cfs/ft. 2 Itlot

Svs+cm Erosign Resictance , S L ax Al OGP oz

The 2°°°‘Y‘°l;’ “c:f Step 4: Attachment 4 provides the calculation for friction angle of the rocks from
'S the applicable B 40 above two quarries, based on Split Tensile Strength and Effective Normal

as defined n Section g e calculated friction angles are:
2.8.4,Paet A, Bullet L ¢ mers = 48 degrees
OF the PHrse Tl Rev.o O MELVIN = 45 degrees -
beﬁan Criteria P ndcﬂa_g., ‘ .
o Step 5: Attachment 5 provides the calculation of “Required Dsy” based on the
Stephenson Method. The maximum flow per unit width calculated in Step 3, and

friction angle calculated in Step 4 is utilized for this calculation.

o Step 6: Attachment 6 provides the calculation of “Required Oversized Dsy” based
on the “Overall Weighted Score” for the rocks and the UMTRA procedure. Based
on the these calculations: S '

o Required Oversized Dsp for LITERS QUARRY = 5.64 inches; and
" o Required Oversized Dsp for MELVIN STONE QUARRY = 6.83 inches

Since, it was assumed that Ohio DOT Type D dumped rock fill with a Dsp =6
inches will be used, MELVIN STONE QUARRY stones will not meet the
oversizing requirement. Therefore, further calculations are performed for the

LITERS QUARRY stone.
GQ1030-14/BIBReevaluation. DOC "_-
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e Step 7: Attachment 7 provides the calculations to verify whether riprap with

- Dso=6 inches meets the erosion criteria based on the Hartung and Scheuerlein
Method. The “allowable flow per unit width” for riprap with Dsp=6 inches
calculated using the Hartung and Scheuerlein Method is tesg than the “expeeted A1 bGP ozl
maximum flow per unit width” calculated in Step 3. Therefore, based on this grmfe(‘
method, riprap with Dso = 6 inches is acceptable for the biointrusion barrier.

o Step 8: Attachment 8 provides the calculations for evaluating the choke stone
layer considering the revised biointrusion barrier stone. Based on the calculations
performed, the Ohio DOT Number 57 stone is acceptable as a choke stone layer.

o Step 9: Attachment 9 provides a list of references.

CONCLUSIONS

e Ohio DOT Type D Duinped Rock Fill can be used as a biointrusion barrier if it
scores a minimum rock quality of 60 based on UMTRA technical approach.

@ Ohio DOT Type D Dumped Rock Fill will meet the erosion resistance
requirements for the final cover system.

e Ohio No. 57 Stone can be used for the choke stone if Ohio DOT Type D dumped
rock fill is used for the biointrusion barrier.

e Granular filter material remains Ohio DOT Item 703.06

GQ1030-14/BIBReevaluation.DOC ' y——— N\
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DEC. -14’ 00(THU) 14:04

FDF OSDF Q P. 002
3496 <73
Source Test # Av:r?ge Weighing | Weighted
Results Results Factor Score
Liters Quarry | Bulk specific gravity (ASTM 2 2.63 12 76
C295) ¥ '
Absorption (ASTM C127)" 2 1.9 13 32
Sulfate soundness (ASTM 2 6 4 74.1
csg)™ .
Schmidt Rebound Hammer” | 20 53.24 11 68.9
Los Angeles Abrasion - 2 26 1 0
(ASTM C131 or C535)® '
- Splitting tensile (Brazilian 1259.60 6 93.0
disk) (ASTM D3967)® 5 '
Overall Weighted Score 62.6
New Point Bulk specific gravity (ASTM 4 1 2.669 12 83.8
Stone Quarry | C295)" '
Absorption (ASTM C127)V | 4 1.54 13 39.2
Sulfate soundness (ASTM l 4.8 4 81.0
cgg)®
Schmidt Rebound Hammer” | 50 59.96. 11 79.9
Los Angeles Abrasion 3 274 1 0
(ASTM C131 or C535) " _
Splitting tensile (Brazilian 1261.75 6 93.]
disk) (ASTM D3967)®
Overall Weighted Score 69.7
Melvin Stone | Bulk specific gravity (ASTM | 11 2,59 12 68
Quarry Cc295)" : a
Absorption (ASTM C127)" 5 2.16 13 26.8
Sulfate soundness (ASTM 5 1.5 4 97.5
csg)? |
Schmidt Rebound Hammer'” | 40 43.87 11 55.5
Los Angeles Abrasion 5 34.08 1 0
(ASTM C131 or C535))
- Splitting tensile (Brazilian 1094.58 6 84.7
disk) (ASTM D3967)® .
Overall WeiglEd Score 56.9
0000077
DEC-14-2008 14:17 6% P.02
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3496 L /36
Source Test : # Average Weighing | Weighted
- Results Results Factor Score
Davon Bulk s?eciﬁc gravity (ASTM 2 268 | - 12 86
Highland | C295)!" ' |
Stone Quarry | Absorption (ASTM C127)" 1 1.1 13 48
’ Sulfate soundness (ASTM 1 1.77 4 96.15
1 css)
Schmidt Rebound Hammer® | 20 58.10 11 76.8
Los Angeles Abrasion ' 1 26.5 1 0
(ASTM C131 or C535)® |
Splitting tensile (Brazilian 1284.51 6 94.2
disk) (ASTM D3967)® , - ‘
QOverall Weighted Score 73.4
Davon Eagle | Bulk s?eciﬁc gravity (ASTM 2 2.66 12 82
Quarry 295" - 1
Absorption (ASTM C127) " ] 1.3 13 44
Sulfate soundness (ASTM 1 1.83 4 95.85
C88) Q) )
Schmidt Rebound Hammer'® | 20 57.18 1 753
' Los Angeles Abrasion 1 222 1 15.6
(ASTM C131 or C535)® ,
Splitting tensile (Brazilian ©1344.70 6 97.2
disk) (ASTM D3967) ® ,
Overall Weighted Score ' 71.6
(1) Data provided by quarries (Appendix ).
(2) Testing performed by UC.
(3) Data extrapolated (Section ).
000008
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3496 /0/31,

Design/Check: TrapezoidaVTriangular Channel

Methodology: Manning's Equation
Project: _FLUOR FERNALD

Peak Discharge, Quu= 3353 ofs
Bottom Width, B= 2 ft
Left Side Slope, Z, = #2544 horizontal :1 vertical
Right Side Slope, Z, = # horizontal :1 vertical
Manning's Roughness Coeff., n = o
Longitudinal Channe) Stope, S, = 5] R

0.01 0.01 - 1.04 0.01 0.79 0.01 0.10
_ 020 0.27 1.88 0.15 4.82 1.32 1.52
0.38 0.68 271 0.25 6.89 4.67 2.60
0.57 1.22 3.55 0.34 8.53 - 1041 3.58
0.76 1.90 - 438 043 9.97 18.95 4.52
0.94 2.72 5.22 0.52 11.27 30.70 544
1.13 3.68 6.05 0.61 12.49 46.01 6.34
1.32 4.78 6.89 _0.69 13.64 65.26 724
1.50 6.02 172 0.78 14.74 88.78 8.13
1.69 7.40 8.56 0.86 15.79 116.90 9.01
1.88 8.92 -9.39 0.95 16.81 149.94 9.90
2.06 10.58 10.23 1.03 17.79 188.21 10.78
2.25 12.38 11.06 1.12 18.75 232.01 11.66

PERK DISCHARGE IN &uuy (2000.ype) = +.33 cfFs
(esTAB ListED FRIM HYDEDLOG] PROCEDUEES
, P —031 .

. A _ i
&vLLy cRoss-

2 | cch OFfLoW = 08y FT_A

m—

L, 1P
i e

N .

CoONCENTRATED  AREA OF Ftow — #REA(ABCDD = Ac = /
= (031)() = 037 FT

MAXIMUM  FrOW PER UN/T WIDTH IN CENFER /"

OF CcHAMnMEL = A _ [ 0:37 3) = 2.5
| (3 9= (32,) (43D~ 222 o7

; | - 000012
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 GMeULKTION FOR.FRICTION ANGLE OF LMERS’ SPNE

L s TeNSIe SRENGTH for STWE = l26or psi

2. BA:SED N JAEGER AND CDDK [1969. ) 1or gocee,

o N (/NC@NFINED COMPIESSNE  STRENGAH. (4D -, |o/

| Tewsug swevem (3,

ezerons % (0 (09 = MFQ’/

| o = -EEiLIWﬁk,///‘//.

3. BAsBd._oM 'mﬁbb’ FﬂOVlDED N Raie '73[18224&61%/-?@ FoR.

‘ %L 8"-]»MP& Fwaq:Lu, GRADE = D

'S NOCMAL ~ STRESS IN THE  BID-INTRUSION BARRIER;
 wwwwm DR 280
| ],ﬁmprx:muM DepTH = 575’
| Dewsm/r, 5 Pc-]» R

»n«

( w) (2.75)(;25)

(Mm) ( 5.75')05) = 7/875 st = 31, 73 LF&

1994,
BASED oN ﬁaumf prOVIDED w 1:"7490575 1 [TEezmﬁbt'{

Waomm: VKLuE OF ¢ foR. graeD’
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sum as choli
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L
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!
|
|
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]
[
/

Secant Friction Angle &

g - T T : f - e . § T . H _—‘
f ‘ T i % i : i LA
i | AR N T O O B I N
! - [ : T [ O S T ;
: = P - .07;.. —— T ———rrrrry .
. L ok ‘\‘ —— Ouorried Rockfill :
. a3o \ — — Well-graded Subround to
t - ha N Subargulor Sandy Gravel
; 561 N ~=== Uniform Subround Sand 1
: - ny,=035 N 1
i - ~ N For description of rockfill |
- - R \\ types A-E, see Table 193 |
i ~ 2k N : _ [P SO S
T8 R Le3s \E \ ] -,
A ~~o \ _ S S
P S B S~ oo
1 4 33 - S At et . s e b e
SRS FE Y Q b : ; :
Lo 48 P
i : & e e e e
———% -__039 i
; F T T S N S e
i o P o
; - Subround so. O —
“ A very weak ¢,

i %) ——t
Plow S L
s e
; - Uniform round i I . ,
: 32l sand, 00'9.45 K___}____;‘__‘ R
| - A Lo
_20-"-.1:':::.1:'_1'1'{:!1 V,f_'_ 1 nnu& L) nn;‘dm vl l : i
] tive Normal Stress o, (kPa). - . _,,_I________‘.,_'
! oo i
’I ngmxu mammmmmm T :
L A
Table 19.3 “Unconfined- Comprwsive Strength of - ' |
: Partlcls for Rockfill Grades in Fig. 19.4 '
Rockfill Grade Particle g, (MP_a) ) |
A =220
B 165-220 —
- C 125-165 ! A
D 85-125 N
E =85 R R
SO I I B N
i e T S vt s i SRt el o SRS L SEE T U i) S A N P ) P
- Temgln K., Peck, R.B., Mesri, G., “Soil Mechanics in Engmeermg Practice” 3" ed., "'“‘“"'_7;_“
S John Wlley & Sons, Inc., New York 1996 549p T
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,/ 1 . > ¥ i - :
i ; ! j X P ‘ R
- 8  STEPEHENSONMETROD = - i - :
- ' The Stephenson Method [Abt et al., 1988] is used to evaluate the resistance of the biointrusion B
l barrier against gully advancement, should a gully erode through the overlying topsoil, vegetative . T [

support, and gravel choke layers. This method is based on work by Olivier {1967) who studied flow e
I over riprap ‘on slopes, for the purpose of designing rockfill dams to be overtopped. This method is -
. recommended by NRC [1990] for evaluating the erosion resistance of slopes greater than 10%.

i (RPN S, S|
P The acceptable riprap mean particle diameter (Dsp) 10 survive the design flow is ealculated with the . ¥
— following equation [Abt et al., 1988} T
] s I

: D g(tan6)"*n,’ S ,_‘_,,“_‘,__,;_.___*_;_____‘
| , 0= Cgm[(l n,XG, ~1)cosO(tan$ - tane)] . e ____._':___
i 1 . .
_b,« Where: g = design flow per unit width . L §
; 6 = slope =0.167 f/R (Section 5.) ' “"".‘““—:""—'E“
f 1, = porosity of iprap | R
C = empirical factor : : :
4 g = acceleration of gravity (32.2 ft/s%)
G, = specific gravity of riprap
; ¢ = angle of repose of riprap . -
- : Riprap with a Dy, calculated by the above equation will be on the threshold of movement at the flow T
' ; value (q) used. The riprap layer will completely collapse at a flow varying from 120% (gravel) to 180% T

L " (crushed granite) of q [Stephenson, 1979). e
81  Design Flow Per Unit Width (@) e

Q=Gmy  Sec Section7 ____
82  Porosity ofRiprap(n) . ORI B S
Porositi&sfotdiﬁ'eréntsoiltext\ntsareshow:iinTablelwhmhmbeseenthatporosity' :
decreases with increasing particle size, and for the coarsest soil listed (gravel), n, = 0.397. ) B
83  Empirical Factor ()
S k . Cmiaﬁbmdﬁﬁﬁaﬁbﬂﬂhawhd@(mlm Using a low value of | .‘Z |
SR SV o ; e
W NG, T N
| - (B#se> o 7EST RESULTS F@OMQUM)
| . %
85  Angle of Repose of Riprap (4) (ﬁe/cwn/ ANELE 452 ancd é? ;
- - L
P
= sop s Lo
N -
f i i t
! - . i l ;
I
s | ‘
S i ! !
i H i ' ‘
: Pl i ! L
! P4 [ L L | P
AR
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i ; } i ! i l ; . : _‘_ -
i i " : . : i
Y : ; f oo b oo
OMPUTATION OF T.J-Qv REQUIRED Usr\l,g e R
STEPHENSON | WETHOD T A
; NN
E R L -
INPUT,  PARAMETE e AN B R
. L1 H b < 7 ron 1 0 8 ‘"‘:'; p i ‘ :
| Flow Rate per wmit Width
Slope Angle ‘ ';
Porosity of Rock T
Empirical Constant T
Acceleration Due to Gravity "
. Specific Gravity of Rock L
- : Angle of Repose of Rock : :
- , (e MeErum ] [ of — 4 L
" . : | . | Flow Rate per unit Width q 5
: Slope Angle Theta L
Porosity of Rock np !
Empirical Constant C ‘
: Acceleration Due to Gravity g i o ,
=i~ Specific Gravity of Rock Gs , e
- - : —-- Angle of Repose of Rock Phi T i
A i 0 O 0 A o A
A T A | T
% CALCUEATION T (STEPHEINSON —METH D= EQPATION) |
) - 3 o 7 o I/é . ’ __________ f 1 ; S
- (25)(Han 9D (0:39F) AR S
=) =] : ‘ . . . —55 |
i n o PR PO N 20225\ - " ._f{. - R Y oy & *
0 LA 718 €718 b i 2 2634 ¢os *#(W'flﬁrw %#)Jf ;
P I 720 T R R T
= O3 FEET—=t 47} Hpeheo—————— ——
e -
Bey=—r0.44Fre[ =T 5.54 Inches~———— |
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; | } . -~ T ) } . ! { i
_ b The Hartung and Scheuerlein Method (H&S Method) [Hartung and Scheuerlein, 1970] is used to P NV S S
; evaluate the resistance ‘of the biointrusion barrier against gully advancement, should a gully erode oo

through the overlying topsoil, vegetative support, and gravel choke layers. Hartung and Scheuerlein o ___*“-—1
studied flow over riprap on steep slopes (10H:1V to 1.5H:1V), and developed their method for the 5 :
purpose of designing rockfill dams to be overtopped. Knauss [1979] compared the H&S Method to R B
: Olivier’s Method (the Stepehenson Method is based on Olivier’s Method). Knauss found both to be in o o :

] ; - general agreement for slopes flatter than SH:1V, but found the H&S Method to be reasonable and - : “_—-——“;
S D Olivier'’s Method over-conservative for steeper slopes. Based on this, Knauss recommended using the - —--»3———’——--%—”:;
A H&S Method on slopes of 5H:1V or steeper. Though the steepest slope on the OSDF final cover is BN L
i 6H:1V (within the range Knauss found both methods to agree), the Hartung and Scheuerlein Method is - - L
e used for comparison with the results of the Stephenson Method.

R The steps for the Hartung and Scheuerlein Method are presented below:

. 91 MaimumFlow Depth in Gull D
A T .
L The maximum flow depth is an iterated variable. D is selected until the average flow velocity (V)
' equals the critical velocity (v;). Both velocities are calculated in the steps that follow. i
' 92 Acration Facter () SR SN S
; i ) (I A
I e The acration factor is calculated from the equation shown below[Hartung and Scheuerlein, 1970): R
i : | . 1 :
i . R SUSO VU S
— a=1—1.3sinq>+o.os;’—-sl ' T
D N R & - 1
P ! Where: ¢ = slope (6H:1V, Section 1.3) , oo
e — Ym = mean flow depth - : __......,:..-,_..,m
:D - - 6., = mean roughness height e _..;__.;__.,g
: : If o = 1, there is no aeration in the flow and flow can be calculated with Manning’s equation. oo i
Otherwise, Manning’s equation is not valid [Hartung and Scheuerlein, 1970]. : i
| | - R
-9.1.1 Mean flow depth (y,) ' e
B T ]
See Figure 16 : — :
- Al dep o2hylor 1
9.1.2 Mean roughness height (0,) oS e ;
6a=Dg/3 [Hartung and Scheuerlein, 1970) Where: Dy, = mean diameter of riprap (= 8:385'm) L l
3 - e _; PENEL XN L | s S BN | SR o : E S S S S T i : . l
I T A I N I a
B R L EE— L e 2 i
1% c=0(1.7 + 8.1®sin ¢) Where: ® = packing factor
oo . . . |
9.2.1 Packing factor (®) ' : O
i
The packing factor varies from 0.625 for “dumped” or “natural” packing to 1.125 for “manual” (PSP S S
A packing “with flat stones placed on edge” [Knauss, 1979] 2o i
| 93 Resistance Factor () : I
: The equation for the resistance factor is [Hartung and Scheuerlein, 1970} ) "’*—,——"‘—““
- L. —3.2105(CL—) ' » R —
R Ny 4y, .- - SRR W S
S N N O NS N S S S it S S TS IS — e B ;
i i ; i i i i | i ) - N : ! . ‘ o ) i : i
ST SR e
- 1 .| R BEEEEREEE
t 1 i i B 1
’ - ; : s Lo '
: i i i i ; 1 t i ' ! _;L_ = : i
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DD

Y= MEAN Fipy DEPTH

F' igure 16 - Procedure For Calculating Mean Flow Depth, y,, in a Trapezoidal Channel Wuh a l-foot

B
C L AN T N
94 Average Volocity (v} T T e S T T T N
The equation for average flow velocity is [Hartung and Scheuerlein, 1970}: o . j

Yoy = 1’-8-15,/);_ sing Where: _ g = acceleration of gravity (9.81 m/s?) [
95  Critical Velocity (v ;) -

| i !

! The eguation for critical velocity (the velocity at which riprap stones will begin to move) is ; i

‘ [Hartung and Scheuerlein, 1970): L E

i Yo =].2 M,/ d, cosg : :

i . L

; Where: G, = specific gravity of riprap (assume Gg = 2.65 per USDOE [1989]) T T

i ¥ = unit weight of water = 1 g/cm’ 1 L

’ If Vg 2 V,yy, the riprap should not erode (gullies should not penetrate the biointrusion barrier) ;

: ! !
9.6  Allowable Flow Per Unit Width (q,;) : -
The equation for allowable flow per umt width is [Hammg and Scheuerlein, 1970] § I
Qa1 = OYVerk ; T
If Q) 2 Gy, the riprap should not erode (gullies should not penetrate the blomtnmon barrier). 3
Gy i calculated in Section 7.
i : ; i B ’_ |
. P
o L a P
W= ks 2D(2) —T wW-1= 4D : '
i o
. S e Y pp e e g = e
Ac2 D A= Ji [&"“\D]:zv Lo
: Y= Dher T Ag - pt+ D> _  DD ";"_?"—"'—”
? A+ Ag D+ 2D% - - o h#2D T

i i i i
N H 1
B S
B 1
1
] H

| WzdeBase . ;
1 B R R S S Rl S St U B & (A S S A S Sl Ry i P
! } ! ! i A;_ T TS ' ; H : . :
i i i : : i1 P T
i ( 4 i i : { ~ i i f : : . 3
Lo P Lo B ; L
~ 000024 =
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HARTUNG AND SCHEUERLEIN METHOD
(EVALUATION OF STONE FROM LITERS QUARRY)

233 .

MAXIMUM FLOW PER UNIT WIDTH (2000 -YEAR )V

G%Ax"

Riprap D50 =E inches = meters
SoLve Fop D
—l AssumedD=| 0615 | feet= meters
AERATION FACTOR '
Mean Flow Depth Yn=| 045 feet= 10.135756 [meters o
Mean Roughness Height n=] 0.05 |meters
Slope Angle . - ¢=| 946 |degrees= radians
Aeration Factor o= y
Maximum Value of Aeration Factor o= —t
FLOW COEFFICIENT
Packing Factor ®=| 063
Slope Angle ¢=| 946 |degrees= 0.17  |radians
Aeration Factor c={ 100
Flow Coefficient -
RESISTANCE FACTOR
Flow Coefficient =l 253
Mean Roughness Height n=| 0.05 |meters
Mean Flow Depth w=] 0.14 [meters ‘7
Resistance Factor
AVERAGE VELOCITY
Mean Flow Depth
Slope Angle 0.17 [radians
Acc. Due to gravity
Average Velocity
. CRITICAL VELOCITY
. VA,Vj = chr}
y Specific Gravity of Stone Gs =[265
" Unit Weight of Water %e=| _1.00 g/em’
D50 of Riprap ds=} 015 Jm
Slope Angle @=] 946 ldegrees= 0.17  |radians
Aemtion Factor 6= 1.00 | .
Acc. Due to gravity ~ g=f 981 jmisec2
- Crictical Velocity
ALLOWABLE FLOW PER UNIT WIDTH
Crictical Velocity ~ Veu=]_2.647 s ] S
Mean Flow Depth Yo=| 0.14 |meters < -l
Aeration Factor o=} 100 —t-
Allowable flow per unit width qo=| 0359 |m'sperm=| 3868 |R/sperft

2:50 cFSfpr << Gy = 387 efsfPr /
domee, Dp=4" is accepletle beted
Ha,
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