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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 1 1.6 titled “Final 
Cover System Biointrusion Barrier Design” of the Final Design Calculation Packuge 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. 

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. 

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. 

. 

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. 

Step 1: 
quarries 

Laboratory testing results for rock quality from five potential local 
were obtained. Attachment 1 provides the summary of testing results. 
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All these stones meet the Ohio DOT Type D dumped rock fill with a D50 = 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. 

41 w? 0211'1 101 

15-8 C ~ h \ a h ~ f i  uJQ5 

petform ed us13 Q 

peak ' 'sc 'a '~  Of 

Step 2: Manning's Roughness Coefficient of Riprap with D5o = 6 inches is 
computed using the procedure described in Attachment 2. 

Step 3: The maximum flow per unit width in the center of the erosion gully is 
calculated as shown in Attachment 3. 

q . 3  3 cfs for* 

ha' D's3n %k*# 

c a ' c u ' a ~ d f i  Ffi* 1 C w  storm in the erosion gully b) is 
system ErnSIdr, Qusrshnce, 2.50 cfs/flbGp ozl,.r/o, 

7c?c zooO-Y- 
1'5 qPf 

d&ud''n 

Based on this calculation, the Maximum flow per unit width for the 2000-year 

Step 4: Attachment 4 provides the calculation for friction angle of the rocks from 
Le sicurn the above two quarries, based on Split Tensile Strength and Effective Normal 

Stress. The calculated fiiction angles are: 
2.8*'l ,b)A~TA)Bu'Let2 =48degrees 

o $ MELVIN = 45 degrees 0F)CU. o@%mm.fi 
Design cd.fc/;O 4LLcLc3&, 

Step 5: Attachment 5 provides the calculation of "Required D5o" based on the 
Stephenson Method. The maximum flow per unit width calculated in Step 3, and 
fiiction angle calculated in Step 4 is utilized for this calculation. 

Step 6: Attachment 6 provides the calculation of "Required Oversized D50" based 
on the "Overall Weighted Score" for the rocks and the UMTRA procedure. Based 
on the these calculations: 

o Required Oversized D5o for LITERS QUARRY = 5.64 inches; and 
o Required Oversized D5o for MELVIN STONE QUARRY = 6.83 inches 

Since, it was assumed that Ohio DOT Type D dumped rock fill with a D5o = 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. 

GQI 030-14/l31BReevaluation.M3C 

OO0004 



GEOSYNTEC CONSULTANTS 3 4 9 6 PAGE-OF- 3 3 6  
. Written by: Ganesh Gopalakrishnan (GG) Date: Reviewed by: John F. Beech (JFB) Date: 

Client: Fluor Fernald Project: Re-evaluation - Biointrusion Barrier ProjecWroposal No.: GO1030 TaskNo.: 14 

Step 7: Attachment 7 provides the calculations to verify whether riprap with 
D50 = 6 inches meets the erosion criteria based on the Hartung and Scheuerlein 
Method. The “allowable flow per unit width” for riprap with D5o = 6 inches 
calculated using the Hartung and Scheuerlein Method is %than the ‘%xpeekd 
maximum flow per unit width” calculated in Step 3. Therefore, based on this ’rwtec 
method, riprap with D5o = 6 inches is acceptable for the biointrusion barrier. 

fil DCPdb 

a 

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. 

Step 9: Attachment 9 provides a list of references. 

CONCLUSIONS 

Ohio DOT Type D Dumped 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. 

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. 

Granular filter material remains Ohio DOT Item 703.06 

GQI 030-14iBIBReeval~tion.DOC 
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a-/3 

Source 

Liters Quarry 

New Point 
Stone Quarry 

Melvin Stone 
QUUV 

(ASTIViC13 1 or C535) (’) 
Splitting tensile (Brazilian 1094.5 8 
disk) (ASTM D3967) (3 

6 84.7 

O v m t e d  Score 56.9 

800007 
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DEC. -14’ 00 (THU) 1 4 : 0 4  FDF OSDF Q 

Source 

Davon 
Highland 
Stone Quarry 

Davon Eagle 
Quarry 

- 3 4 9 6  

P. 003 

6/3b 

(1) Data provided by quanies (Appendix 
(2) Testing’perfoxmed by UC. 
(3) Data extrapolated (Section ). 

). 

DEC-14-2000 14:18 
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DesigdCheck: TrapezoidaVTriangular Channel 
Methodology: Manning's Equation 

Peak Discharge, Q,,= cfs 
Bottom Width, B = A 

LeA Side Slope, 2, = 

Right Side Slope, Z2 = 
Manning's Roughness Coeff., n = 

horizontal :1 vertical 
horizontal :1 vertical 

fuA Longitudinal Channel Slope, So = 
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The Stephenson Method [Abt et al.. 19881 is used to the resistance of the biointmsion 
barrier against guUy advancement, should a gully erode through the overlying topsoil, vegetative 
suppo& and gravel choke layers. This method is based on work by Olivier [I967 who studied flow 
over riprap on slopcs, for the purpose of designing rockfill dams to be ovempped. This method is 
recommended by NRC [I 9901 fop evaluating the erosion mktance of slopes prater thao 1 O??. 

following equation [Abt et al., 1988): 
The acceptable riprap mean particle diameter (Dm) to survive the design flow is calculated with the 

Where: q = design flow pcr unit width 
e = slope = 0.167 fvfi (satia 5.) 
np = porosity of r i p p  
c =empirical factor 
g = accelemtion of gravity (322 fUs2) 
G, = specific gravity of riprap 
+ = angle of repose of riprap 

Riprap with a Dm calculated by the above equation will be on the threshold of movement at the flow 
value (q) used The riprap layer will completely collapse ai a flow varying 6om 12Wh (gravel) to 180% 
(crushed of q [Stephemon, 19791. 

8.1 -wPer- . .  
q=q- seeSection7 

8 2  

Porosities for different soil textllrrs me shown in Table 3, where it can be seen that porosity 
decrrass with increasing particle Size. and for the coarsest soil listed (gravel), % = 0397. 

83 - 
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purpose of designing r o ~ f f i l l  dams to be Overtopped. ~ U S S  [1979] compared the HLS Method to ' -,-.-J- i t J 

The Harhmg and Scheuerlein Method (HLS Method) partung and Scheuerlein, 19701 is used to 
evaluate the resistance .of the biointrusion barrier against gully advancement, should a gully erode 

studied flow over riprap on steep slopes (1OH:lV to 1.5H:lV). and developed their method for the 

_ _  
. ,  through the overlying topsoil, vegetative supporS and gravel choke layers. Hammg and Schewrlein . * . :  

Olivier's Method (the Stepehenson Method is based on Olivier's Method). Knaw found both to be in 

Olivier's Method over-conservative for stccpa slopes. Based on this, b u s s  mommended using the 
HLS Method on slopes of 5H.1V M steeper. Though the steepest slope on the OSDF final cover is 

! : i  

, : ; I  
, i , !  

. ,  : 

. , ,  I .  i j  
, . general agreement for slopes flatter than 5H:lV. but found the HLS Method to be reasonable and . 

. --'.___ : ! : I  

- . - i --- ; I  

- _ _  < I  , , 
... 

* .  

2 ;  
. : :  
' ;A; 

6H1V (within the range Knauss found both methods to agree), tbe Harhmg and Scheuerlein Method is. 
used for comparison with the results of the Stephenson Method. 

' 

I_______ 

, . .  . .  , ! ! #  

; ; , ;  
, . . .  . . . .  ...... . . .  
: : : *  

. , ;  

j i i ;  
l i t !  , I  

j j j !  

i '  ; i t  

LA;..- 

The steps for the H m g  and Scheuerlein Method are presented below: 
. .  - . , 

8 : .  
. .  

. .  
9.1 p 1 - 1  

I /  ' i !  
1 - ~ - _  

. .  
i i I /  The maximum flow depth is an iterated variable. D is selected until the average flow velocity ( v d  .... --.-..-:.--2.-1 

. . .  , ,  -_ _..- -"--:--' 
equals the critical velocity ( v d .  Both velocities are calculated in the steps that. follow. ! : ! I  

i : : ;  
-,--- 
, , I : ,  

. I  

- J . . _ L ~ - . L . L  . .  
! j  

1 j ~ i.-..~L 9 2  

/ ! j I  .... I -.. : : #  
I 

. .  . ,  I :  The aeration factor is calculated h m  the equation shown below[Hammg and Schedein, 19701: 

o = 1 -13sing +O.O& S 1 
0. 

Where: cp = slope (6H:lV, Section 1.3) 
y,,, = mean flow depth . 
0, = me& roughness height 

! i i !  
i 

I : )  
. : ; j  
I .  I 

~ I 1 ;  If D = 1, there is no aeration in the flow and flow can be calculated with Manning's equation. . .  
Otherwise, Manning's equation is not valid [Hartung and Scheuerlein, 19701. 

. __.-- . .  
, I  

: !  I . .  
i / : i  

- 1 ; ;  The packing factor varies h m  0.625 for. "dumped" 01 "nahrral" packing to 1.125 for "man& ._  . .- ..- . .  . . ,  
. ,  - 1 :  ' ! I  

! i  
L J - 1  

packing "with flat stones placed on edge" b u s s .  19791 
...... 

I .  

i 

. L  i i 

, . i : ;  The equation for the resistance factor is [Hammg and Scheuerlein, 19701: 
..... 

.... . .  . ,  
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HARTUNG AND SCHEUERLEIN METHOD 

(EVALUATION OF STONE FROM LITERS QUARRY) 
b 

Riprap D50 = r l  inches = 

Assumed D =-I feet = 

([meters 

I-imeters A 

AERATION FACTOR 
feet = F l m e t e r s  - 

meters 
degrees= (lradians 

Mean Flow Depth 
Mean Roughness Height e, = 

SlopeAngle c p =  

Aeration Factor a= 
Maximum Value of Amtion Factor (J= 

FLOW COEFFICIENT 

cp = E k e g e e s  = 
Packing Factor 

SlopeAngle c p =  
Aeration Factor (I= 

Flow Coefficient C =  

RESISTANCE FACTOR 

Flow Coefficient 
Mean Roughness Height em = 

MeanFlowLkpth Ym=\ 0.14 lrneters 

Resistance Factor l / (A)OS= 
A =  . 

AVERAGE VELOCITY 

CRITlCAL VE 

SlopeAngle c p =  
Aeration Factor 

Acc. Due to gravity 

ALLOWABLE F U l W  PER UNIT WID 

_ -  
meters -- 
R 

Mean Flow Depth 
Aeration Factor 
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