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DRAINAGE CONTROL STRUCTURE EROSION RESISTANCE 

- -  - -  
Purpose 

- - - __  - - - 

Determine if the planned grass and riprap linings in the OSDF north and east drainage channels 
(2000-year channels) will provide adequate resistance to erosion during the design storm. 

Contents 

0 Executive Summary 

0 Calculation Procedure 

0 Collection and Verification of Data 

0 Calculations and Results 

Findine 

The Temple Method was used to evaluate the erosion resistance of the grass-lined portions of the 
OSDF north and east drainage channels for the 2000-year storm. Erosion resistance includes resistance 
to all forms of water erosion from channel flow, including formation of erosion gullies and scour. The 
calculation results indicate that strong and healthy proposed native-grass channel lining (SCS vegetal 
retardance class B) should survive the 2000-year storm without significant erosion. 

The Safety Factors Method was used to evaluate the erosion resistance of the riprap-lined portions 
of the OSDF north and east drainage channels for the 2000-year storm. The calculation results indicate 
that the proposed riprap lining (mean diameter of 12 inches) should survive the 2000-year storm without 
significant erosion. 

GE3900-08.2 / PSSuM2.DOC 



Written by: DAVE WARREN Date: 21-Feb-96 Reviewed b y : a u  Date:z% 

Client: FERMCO Project: ON-SITE DISPOSAL FACILITY ProjecVProposal No.: GE3900 Task No.: 08.2 

EROSION RESISTANCE - OSDF NORTH AND EAST DRAINAGE CHANNELS 
- .  _ _ .  - .  . -  

CALCULATION PROCEDURE 

_ _  . 1. 
' 

Evaluate resistance-of the planned native-grass channel lining to erosion in the 2000-year storm 
using the Temple Method [Temple et al., 19871 

2. Evaluate resistance of the planned riprap channel lining to erosion in the 2000-year storm using the 
Safety Factors Method [NRC, 19901 
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2. Temple Method 

3. Safety Factors Method 

1. DESIGN FLOW AND CHANNEL GEOMETRY 

Design flow parameters are taken from the OSDF calculations for storniwater runodrunoff and 
drainage control structures - northern area and eastern area [GeoSyntec, 1996a, 1996b], and are shown in 
Table 1. Flow parameters were calculated at several points, these points are shown in Figure 1. Note 
that the channel slope at all these points is 0.5 percent. 

Channel cross-sections are shown in Figure 2. For the east drainage channel, the flow information 
given in Table 1 corresponds to idealized cross-sections, which are shown in Table 2. 

The design flow per unit width is estimated by the following: 

North Channel: see calculations 
East Channel: Flow per unit width - total flow divided by the channel base width 
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Table I - Peak Flows in East Drainage Channel for 2000-Year Storm. From GeoSyntec [1996a, 199631 

A 

B 

C 

D 

E 

/pointm 
Channel 

155.5 . 

142.9 
278.5 
233.3 
215.0 
361.4 
303.1 
269.2 
462.7 
389.7 
355.0 
755.8 
650.8 
555.0 

0.8 2.9 
1.5 1.3 
1.1 3.6 
1 .o 3.4 
1.9 1.5 
1.2 3.8 
1.1 3.6 
2.1 1.6 
1.4 4.2 
1.3 4.0 

2.45 1.7 
1.9 5.1 

1.75 4.8 
3.2 2.1 

68.3 
63.5 
63.5 
397.8 
351.8 
336.2 

Peak Flow 1 Peak Flow- I Peak Flow - 

Rate (cfs) Depth (ft) Velocity ( f p s )  

1.8 3.3 
1.8 3.2 
2.7 1.3 
3.5 5.2 
3.3 5.0 
5.3 2.0 

179.5 3.1 
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Figure I - OSDF Final Cover Grading Plan, Showing Points in the North and East Drainage Channels 
at Which Flow Parameters Were Evalulated. ModiJedJi.om GeoSyntec [I 996cJ 
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DETAIL - NORTH DRAINAGE CHANNEL AT OSDF 

~ ~ ~ o u * o . m c d u m a ~  

LOOKING WEST 
DETAIL - NORTH DRAINAGE CHANNEL AT BERM 

LOOKING NORTH 

DETAIL - EAST DRAINAGE CHANNEL 

Figure 2 - Drainage Channel Details. Modifiedj-om GeoSyntec [I 996cJ 
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Table 2 - Idealized East Drainage Channel Geometry Used in Channel Sizing Calm ations. From 

GeoSyntec [I 996b] 
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a 
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X-c A m  

3 1 A  

3 32 
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f 0 6  
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2. TEMPLE METHOD 

__ -. - -. . - - - The Temple- Method (more formally the TempleKJSDA- Method) is -used-to -evaluate-the -erosion - -  - -- 

resistance of the grass-lined portions of the OSDF north and east drainage channels. 

za is calculated from the following equation [Temple et al., 19871: 

Tab = basic allowable shear stress (Section 2.1.1) 
C, = void ratio correction factor (Section 2.1.2) 

2, = zab C: 2 0.02 lb/ft2 
Where: 

’ 

2.1.1 Basic allowable shear stress, 

On-site soils are planned as the source of topsoil. Table 3 shows several index properties for on-site 
soils. From Table 3, most on-site soils classify as USCS Lean Clay (CL) and Sandy Lean Clay (CL). 
USCS CL corresponds to USDA day loam, see line 11 in Table 4. Assuming a plasticity index 
(PI) I 10 which is conservative (Table 3): 

Tab = 0.03 psf (Figure 3, for CL) 

2.1.2 Void ratio correction factor, C, 

Void ratio of the topsoil is estimated from porosity. 

From Table 4, the porosity of clay loam or CL is: J n = 0.464 

Void ratio (e) is: 

From Figure 4, void ratio correction factor is: 

e = n / (1-n) = 0.464 / (1-0.464) = 0.866 J 

C, = 0.99 (for CL) J 

2.2 JManninr’s Rourhness Coefficient for Bare Soil (n& 

For fine-grained soils, 5 = 0.0156 [Temple et al., 19871 
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Table 4 - Typical Porosities and USCS ClassiJcations for Diflerent USDA Soil Textures. From 
Schroeder et al. [I 9941 

.. - .- .- .- . . - - _ _  . .. . .. .. . .- .---- ~ .. .~ -. ~ - -~ -.- ~ 

ChssiZKuion 

_ . -  

I o.sn I 0.Q16 0.m 4.1110' 
32 Municlpl lncincruor 

Fly hub' 0.430 ' 0.116 0.049 1 .0110' 
L 33 Fine comer Shn' 0.373 0.05s 0.020 4.1110' 

I ~ -. -- I I 

34 I Dnktzc Nu 10.6 cml I 0.830 I 0.010 I 0.m i 3.3110'' 1 
. Moderately Compacted 
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2.3 Vegetal Parameters (CI and CF) @jic69P 

The Retardance Curve Index, CI, can be calculated with the following equation [Temple, 19871: 
. - - ._ .. 

C, = 2.5(hJM)”3 Where: h = representative stem length 

CI can also be taken from Table 5 for good uniform stands of grass. Values for the Vegetal Cover 
Factor (C,) for good uniform stands of grass also-appear in Table 5. Values of CI and CF for good 
uniform stands of grass in each SCS vegetal retardance class are inferred from Table 5. 

M = stems per area 

- - -  

For uniform stands of grass other than “good” quality, CF is changed following the guidance in 
Table 5, and CI is changed by adjusting the stem density per the guidance in Table 5 and figuring the 
corresponding change in CI from the equation above. For example, if the stem density changes by a 
factor of 2/3, CI changes by a factor of [(2/3) 3 . 1R 1/3 

Preliminary recommended grasses for the OSDF final cover are shown in Table 6. According to 
Freshley [1996], SCS vegetal retardance class B should be attainable with native grasses on the OSDF 
final cover. Nevertheless, all vegetal retardance classes are analyzed to estimate the effect of less strong 
vegetation on erosion resistance. 

2.4 Allowable Veyetal Stress (‘F,,J 

qa = 0.75C1 [Temple et al., 19871 

2.5 

q is calculated from the following equations [Temple et al., 19871: 

Allowable Flow Per Unit Width (a, - Stability Controlled bv - Allowable Soil Stress 

. 

-b - Jb2 - 4ac 
2a 

q = exp 

a = O.O133C, 
b = -O.O954C, - 0.429 

J - 6.94 L a  
2 c = 0.297C, - 0.5 ln(S) + 0.714 In lo - C&, 

Where: S = slope (ft/fi) 

I 
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Table 5 - Values of C, and C, for Good Uniform Stand of Grass. Modijiedfiom USDOE [I 9 91 

Reference- - ... - ._ - _- - .  - . -  

.I _-  scs stem density 
R E T M D A I J E  Cover Cf - c I a  (stems/square f o o t ) b  
Cw3-s 

- . -  . _ _  - _. . -  ._ - _ -  - .  

0.9 10.00 500 
500 A Burmuda grasst 12-inch height -- Weeping lovegrass 

Buffalo grass  
Kentucky bluegrass 
Blue aramma 

0.87 7.64 
400 
3 50 
3 50 

G ras s - 1 egume m i  xture 0.75 5.60 

Weeping lovegrass 0.75 5.60 c Burmuda grass ,  6-inch height 0.75 5.60 

Yellow bluestem 0.75 5.60 

200 

3 50 
350 

350 

A1 fa1 fac 

'i\ Lespedeza ser icea,  2-inch 

0.5 4.44 

'/ hei gh t c  0.5 4.44 

350 

300 

Common 1 espedeza 0.5 4.44 1 so 
Sudan grass 0.5 2.88 so 
Bermuda grass ,  burned stubble 0.5 2.00 so € 

a I f  vegetation i s  not unifonnly d is t r ibu ted  over the areas present, C I  and C q  
will  be set  equal t o  zero. In other  words, the cover will be designed as  i f  i t  
were bare s o i l  only. 

bnul t ip ly  the stem dens i t ies  given by 113, 2/3 i  1, 4/3, and 5/3, f o r  poor, f a i r ,  
good , very good, and excel 1 ent covers, respect4 vel y . The q u i  val ent  adjustment 
t o  Cf remalns a matter of engineerlng judgpemt u n t i l  more data  ire obtained o r  
a more analyt ical  model is developed. A reasonable, b u t  a rb i t ra ry ,  approach i s  
t o  reduce the cover fac tor  by 20 percent f o r  f a i r  stands and 50 percent f o r  
poor stands. Values of  Cf f o r  untested covers lary be estlmated by recognizing 
t h a t  the cover fac tor  is  dominated by density and un l foml ty  of cover near the 
soils surface. Thus, the sod-forming grasses near the top of the table exhibi t  
higher Cf values than the bunch grasses and annuals near the bottom. 

CFor the legumes tested, the effective stem count f o r  reslstance (given) is  
approximately five t imes  the actual stein count very c lose  to the bed. Similar 
adjustment may be needed f o r  o ther  unusually lage-stea=edi branchlng, and/or 
woody vegetation. 

Ref. Temple e t  01. 1987. 
( 
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Table 6 - Prelimininary Recommended Grass Seed Mixes for Planting on the OSDF Final Cover. From 

Earth Systems Associates [I 9961 
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2.6 Allowable Flow Per Unit Width (a, - Stabilitv Controlled by Allowable 

q is calculated from the following equations [Temple et al., 19871: 
. .. - . . .  - . . ._ .. ~ - .  . . ~ . .. - . .  . - .  

-b - Jb2 - 4ac 
2a 

q = exp 

a-= O.O133C, 

c = 0.297C, + 1.171n(S) - 1.671n(z 

- _  
=-Ew 0.0025 CI I q I 36 cfs/ft . -  

b = 1 - 0.0954C, 
+ 2.33 

2.7 Manniny Roug hness Coefficient (4 

Manning’s n is calculated from the equation shown below [Temple et al., 19871, which was 
developed as a curve-fitting equation to the SCS vegetal retardance curves, shown in Figure 5. 
Manning’s n is just used for information. 

0.01329C (lnql2.- 0.095435 (lnd) + 0.2971CI - 4.16 for o.oo25c < < 36 cfs/ft yt=e I I - 9 -  

Manning’s n is calculated for the allowable flow, so q in the above equation is q calculated in Section 
2.5 or 2.6. If q < o.oo25c1, replace q with o.oo25cI in the above equation. q I 36 cfs/ft in all cases 
considered in these calculations. 

GE3900-08.2 I PSCVD2.DOC 
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2.8 Allowable Velocity N) W'/. 

Allowable.velocity can be calculated. from Manning's equation [Temple et al., 19871. 
' 

The 
.- ~ - ~~ . ._ - _- . . 

aliowable veloiity-is just iiied for idormation 
.- . .  

315 

._  . ~ - Where: ~. . q= ___. allowable .... - . ~ .  flow per unit .. .- width .... (Section . . ~  - 2.5 -. or . ~.~ 2.6) - - .  ~ ~ 

-. .. 
.~ .- 
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4 z3Fd9b 
3. SAFETY FACTORS METHOD 

- The Safety Factors Method is used to evaluate the erosion resistance of the-riprap-lined-portions of 
the OSDF north and east drainage channels. The factor of safety against riprap failure (SF) is calculated 
using the following equation [Abt et al., 19871: 

- - -. 

Where: 8 = slope angle (angle of maximum side slope in channel). 
4 = angle of repose of riprap 
q ' = factor calculated below 
p = angle calculated below 

A factor of safety greater than 1.5 is usually recommended for design against 100-year or smaller 
storms, and a factor of safety of 1.0 is generally recommended for design against the PMP [Abt et al., 
19871. From this information, a minimum factor of safety of 1 .O against erosion in the 2000-year storm 

- should be reasonable. e 
3.1 Slope Angle (0) 

For the north and east drainage channels, the slope angle is the maximum angle of the channel sides 
(the place the riprap will most likely be unstable). The maximum side slope angle for the north drainage 
channel is 6H:lV or 9.56 degrees, and the maximum slope angle for the east drainage channel is 3H:lV 
or 18.4 degrees. 

3.2 Angle of Repose of RipraD (tb) 

The riprap angle of repose is estimated from Figure 6. For crushed stone riprap with a mean size of 
12 inches, 4 = 41 degrees is a conservative estimate from this figure. 

GE390048.2 / PSCVD2.DOC 
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/% Z?r%b?/. 3.3 Factor n' 
q' is calculated fiom the following equation [Abt et al., 19871: 

. . . .... .. . . _. -. -. - .  . -. . . . .. - . -. .. -. - - .- __. 

l+sin(h+p) ,.=,[ ] 
- _ _  - - - - -Where: - - h = angle-between horizontal and velocity vector (-zero for this-channel) -- -- - 

p = angle calculated in Section 3.4 
2, = shear stress applied by flow 
G, = specific gravity of riprap - 2.65 [USDOE, 19891 
yw = unit weight of water = 62.4 lb/ft3 
DS0 = mean size of riprap = 1 ft 

3.3.1 Shear stress applied by flow ( 2 3  

Shear stress applied by flow is calculated by the Duboys Formula [Abt et al., 19871: 

2, = ywDS Where: D = maximum flow depth 
S = channel slope = 0.5% 

- 

3.4 Anglee 

p is calculated from the following equation [Abt et al., 19871: 

All terms have been previously defined cos h 
(2sine)/(qtan@)+sinh 

p=tan- '  

GE3900-08.2 / PSCVD2.Doc 
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Erosion Analysis of OSDF North and East Drainage Channels 

2 2 h q b  -35 2 5 3  
02/22/96 00d 

0 OSDF DRAINAGE CHANNELS - TEMPLE METHOD EVALUATION OF ALLOWABLE FLOW (q) 

e 

Channel Slope S =  0.5% 

I Fair 9.35 (I::; 
Good 7.64 

; I Fair 11 5.23 ;:)(I 
Good 4.44 i Fair 4.15 
Good 2.88 0.50 
Fair 2.69 

Soil grain roughness ns= 0.0156 
Allowable stress for bare soil T, = . 0.029 psf 

Calculations For Allowable Flow Per Unit Width 
Stability Controlled By Allowable Soil Stress 

Allow. flow, Manning 
a b C q (cfs/ft) n 

0.133 -1.383 3.736 ##NUM! #NUM! 
0.124 I -1.321 I 2.807 I 18.88 
0.102 I -1.158 I 2.848 I 36.33 
0.095 -1.110 2.093 10.63 
0.074 -0.963 1.775 9.27 
0.070 I -0.928 I 1.331 I 5.13 
0.059 I -0.853 I 0.936 I 3.31 
0.055 
0.038 
0.036 0.03 1 

Calculations For Allowable Flow Per Unit Width 
scs Vegetal Stability Controlled By Allowable Vegetal Stress 

Retardance Stand Parameters Allow. flow, Manning 
Class Quality CI CF a b C q (cfs/A) n 

scs 
Retardanc 

Class 
A 
A 
B 

E 

Stand 
Quality 
Good 
Fair 

Good 
Fair 

Good 
Fair 

Good 
Fair 

Good 
Fair 

RESULTS 
Minimum Allow. 

Allow. flow, Velocity 

18.9 4.87 
36.3 7.43 
10.6 4.33 
9.3 4.62 
5.1 3.47 
3.3 2.97 
2.5 2.64 
2.0 2.76 
1.5 2.46 

Stability 
Controllec 

BY 

Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 
Soil 

GE3900-08.UO82PSl .XLS(N&E Channel) Page 1 of 1 

*By inspection, good class A lining will have 
an allowable flow per unit width >36 cfs/fl 

GeoSyntec Consultants 
0 G 2 ,?G 6 
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EROSION RESISTANCE: OSDF NORTH AND EAST DRAINAGE CHANNELS 

DISCUSSION OF RESULTS 

The potential for the grass-lined and riprap-lined portions of the OSDF north and east drainage 
channels to erode during the 2000-year storm was evaluated. The Temple Method w& used to evaluate 
erosion potential of the grass-lined sections. The Safety Factors Method was used to evaluate erosion 
potential of the riprap-lined sections. The results of these calculations are shown on the previous pages. 
From these results, the following conclusions can be made: 

0 The calculations indicate that with a good stand of retardance class B vegetation (which should 
be achievable with native grasses), the grass-lined sections of the drainage channels should not 
significantly erode in the 2000-year storm. 

0 The calculations indicate that with 12-inch mean diameter riprap, the riprap-lined sections of the 
drainage channels should not significantly erode in the 2000-year storm. 

“Not signzjkanfly erode in the 2000-year storm” includes resistance to erosion gullies developing, 
and resistance to scour occuring. 
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14.3 
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14.6 
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Electrical Power Demand 
Potable Water Demand 
Sanitary Wastewater Discharge 
Construction Water Demand 
Decontamination Facility Water 
Demand 
Decontamination Facility Pavement 
Construction Admin Area Surfacing 
Construction Haul Road 
Leachate Transmission System Access 
Corridor 
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14.1 Electrical Power Demand 
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ELECTRICAL POWER DEMAND 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to perform the required calculations to estimate the 
electrical power load and transformer sizing requirements for the following areas: 

0 Construction Administration Area; 
North Side; and 

0 South Side; 

Construction Materials Storage and Laydown Area; 0 

0 Decontamination Facility; 

0 Temporary Lift Station; and 

0 Permanent Lift Station. 

METHODS OF ANALYSIS 

The load at each facility location will be estimated: A transformer will be selected for each 
location. The calculated loads will be compared to the capacity of the transformer at each location to 
evaluate the percentage of load rating utilized. 

CONCLUSIONS 

0 Construction Administration Area 
North Side of Facility: One 75 KVA 1 phase 1201240 VAC transformer loaded at 
67.3 percent of rating; 

at 66.0 percent of rating; 
0 South Side of Facility: One 125 KVA 1 phase 120/240 VAC transformer loaded 

0 Construction Materials Stockpile Area: One 15 KVA 1 phase 120/240 VAC 
transformer loaded at 6 1.3 percent of rating; 

0 Decontamination Facility: One 25 KVA 1 phase 1201240 VAC transformer loaded at 
52.5 percent of rating; 
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0 Temporary Lift Station: One 25 KVA 1 phase 120/240 VAC transformer loaded at 
- - -  . -  - 68.2 percent of rating; and - - 

0 Permanent Lift Station: One 15 KVA 1 phase 120/240 VAC transformer loaded at 50.1 
percent of rating. 
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CALCULATION PROCEDURE 

_ _ _  _ _ -  
- .  _ _  - INTRODUCTION 

The purpose of this calculation package is to perform the required calculations to 
estimate the power demands and transformer loading at each of the following areas: 

0 Construction Administration Area; 
North Side; and 

0 South Side; 

0 Construction Material Stockpile Area; 

0 Decontamination Facilities; 

0 Temporary Lift Station; and 

0 Permanent Lift Station. 

The location of each transformer is presented in Figure 1. 

METHOD OF ANALYSIS 

The following procedure will be used to calculate the design loads which will then be 
used to select the appropriately sized transformer. 

0 each load source will be evaluated and the appropriate volt-amperes value will be 
calculated; and 

0 each transformer will be selected based on the calculated load(s) such that the 
transformer loading will not exceed 75 percent of the rated value. 

Construction Administration Area 

The construction administration will contain eight trailer units. Each trailer unit consists 
of two trailer modules, each 14-ft wide by 78 ft in length connected at the roof centerline. Each 
trailer module will be assumed to have a similar electrical demand. Shared non-continuous 
loads will be accounted for separately. The demand will include the following loads: 

O Q Z 3 8 Q  
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@&& PV 
0 Loads Calculated per Module 

.. . -. 
- _ _ _  . .__ _ _  heat pump/air conditioning; and - - -- 

general lighting, computers, appliances, etc. 

0 Loads Calculated per Trailer Unit 

water heater; and 
area lighting. 

Lunch Area including microwave, mini refiigerator, coffee-pots, etc.;and 

Construction Materials Stockpile Area 

The following loads will be included: 

area lighting; 0 

0 breaker panel heater; and 

0 miscellaneous equipmathand tool demands. 

Decontamination Facilities 

The following loads will be included: 

0 LIC level indicator controller; 

0 trouble strobe light; 

0 breaker panel heater; 

0 pump control panel heater; 

0 motor operated valve; and 

0 heat tracing. 
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Temporary Lift Station 
- . - - . . ~ . .  . . -~ - - -  . -  ._  . - ~~. 

The following loads will be included: 

. - -  ~- . -~ . .  
0 pumps; 

0 LIC level indicator controller; 

. ~. ~. ~ . -  . .. . . ~.~ -- - -  

0 FIC flow indicator controller; 

0 trouble strobe light; 

0 control relays; 

0 breaker panel heater; 

0 pump control panel heater; 

0 motor operated valve; 

0 heat trace; and 

0 area lighting. 

Permanent Lift Station 

The following loads will be included: 

0 LIC level indicator controller; 

0 trouble strobe light; 

0 breaker panel heater; 

0 level control panel; 

0 motor operated valve; and 

0 area lighting. . 
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ELECTRICAL POWER DEMAND 
. . -~ ___. . . .~ ... - . . ~  . ~ . . .  . ~. ~- - ~ -  

DATA VALIDATION 

-The loads at each location were estimated aS follows: - - - 

Construction Administration Area volt-amperes 

0 Loads Calculated per Module 
e heat pump/air conditioning 3500 
e general lighting, computers, appliances, etc. 2300 

0 Loads Calculated per Trailer Unit 
e Lunch Area including microwave, 1800 

e area lighting (400 watt mercury vapor lights) 400 

mini refiigerator, coffee pots, etc. 
e water heater 2500 

a -  Construction Materials Stockpile Area 

0 area lighting (400 watt mercury vapor lights) 400 

0 breaker panel heater 2000 

0 miscellaneous equipmenthand tool demands 

Decontamination Facilities 

0 Pumps (2 hP) 

0 LIC level indicator controller 

0 trouble strobe light 

0 breaker panel heater 

0 pump control panel heater 

0 motor operated valve 

6000 

2000 

120 

1000 

2000 

2000 

2000 

0 heat tracing 
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Temporary Lift Station 

.. - . .  
LIC level indicator controller 

FIC flow indicator controller 

- .  

trouble strobe light 

control relays 

breaker panel heater 

pump control panel heater 

motor operated valve 

heat trace 

area lighting (400 watt mercury vapor light) 

Permanent Lift Station 

0 LIC level indicator controller 

0 trouble strobe light 

0 . breaker panel heater 

0 level control panel 

0 motor operated valve 

0 area lighting. (400 watt mercury vapor lights) 

volt-amperes 

4000 

240 

120 

1000 

1300 

2000 

2000 

2000 

4000 

400 

. -  

_ -  ..- 

120 

1000 

2000 

2000 

2000 

400 
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ELECTRICAL POWER DEMAND 

ANALYSIS RESULTS 
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POTABLE WATER DEMAND ybpf96 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS - 

The purpose of this calculation package is to perform the required calculations to calculate the 
potable water demand in the construction administration area. 

METHODS OF ANALYSIS 

The water demands at the following facility locations will be calculated 

0 construction administration area potable water; 

0 construction administration area fire protection; and 

a .  tanker fill station and decontamination facility. 

The head losses through the longest piping path will be calculated. This head will be used as the 
basis for the pressure requirement. The volume requirement will be based on the maximum expected 
demand at each location. 

CONCLUSIONS 

The construction administration area requires a potable water supply of 240 gallons per minute 
at a dynamic head of 135 feet. 

The construction administration area requires a fire protection water supply of 500 gallons per 
minute at a dynamic head of 50 feet. 

The tanker fill station and decontamination facility requires a water supply of 450 gallons per 
nhinute at a dynamic head of 325 feet. 

The fire protection water supply and tanker fill station water supply will be evaluated during 
subsequent design to determine if a raw water supply is available to replace the potable water demand. 
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0 
POTABLE WATER SUPPLY FOR THE 

CALCULATION PROCEDURE 
- -  - CONSTRUCTION ._ ADMINISTRATION AREA DESIGN REQUIREMENTS 

- - .. . -  PURPOSE OF ANALYSIS 

The construction administration area will be comprised of approximately 8 double-wide trailers 
occupied by FERMCO, construction, GeoSyntec, and other personnel during all phases of the On-Site 
Disposal Facility construction through closure. These trailers shall be supplied with potable water. 

To select the appropriate piping size and potable water supply requirement to deliver the water 
demand to these trailers, the head losses expected in the system must be calculated. 

METHOD OF ANALYSIS 

The following procedure was used to calculate the expected head loss in the system: e 
0 the potable water supply shall be routed to the southeast comer of the construction 

administration area; the proposed potable water supply lines within the construction 
administration are and the trailers proposed layout are shown on Figure 1 ;  the calculations 
will be based on the worst case flow and head loss which is the supply to Trailer #7; 

0 the potable water supply requirements are based on the "U.S. Water withdrawals and Water 
Consumption Standards" and are assumed to be 5,300 gallons per day with a peak demand 
of 240 gallons per minute; and 

0 the required pressure head is calculated using the conservation of energy equation: 

where: 

Zl = elevation at Point 1 
Pl = pressure at Point 1 
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._. 

unit weight of potable water 
velocity at Point 1 
acceleration due to-&vity 
elevation at Point 2 
pressure at Point 2 
velocity at Point 2 
pressure head provided by the potable water supply 
summation of frictional head losses between Points 1 and 2 

- - .. . _. 

. .  

The friction head loss due to the pipe is caused by: 

e 

e 

e 

140' of 4" Sch. 40 PVC; 
150' of 2" Sch. 40 PVC; and 
150' of 1 1/2" Sch. 40 PVC. 

The friction head loss due to the fittings system is caused by: 

e 

e (1) 4"/2" reducer 

e (1) 2"/1?h" reducer 
e 

(1) 4" tee - line 

e (1) 2" tee - branch 

, (1) 1 Y2 'I regular flanged 90" elbow 

The friction loss in the pipe will be calculated using the Darcy-Weisbach formula: 

where: 

h f = friction head in pipe; 
f = friction factor; 
L = length of pipe; 
V = velocity of the liquid = Q/A; 

Q = flow rate; 

A = area of pipe = - (D)2; P 

4 
D = inside diameter of pipe. 
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The friction factor is a function of Reynolds number (Re), and the relative roug lit ess IO1 of nltl pipe 9b and 
will be determined using the chart developed by Moody. The parameters will be calculated as follows: 

- _ _ .  - - - _  

0 the Reynolds number will be calculated as follows: 

_-  . - DV- Re = - 
V 

where: 

D = inside diameter of pipe; 
V = velocity of the liquid; and 
V = kinematic viscosity of water. 

e the relative roughness was calculated as follows: 

kJD = equivalent sand roughness of pipe / inside diameter of pipe. 

The friction loss in the fittings will be calculated using the following formula: 

where: 

Kfi*s = loss coefficient for each types of fitting; and 
V = average velocity of liquid. 

To estimate the losses from the above components, Hydraulic Institute/Mechanical Engineers 
Handbook tables will be used. 
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CONSTRUCTION ADMINISTRATION AREA POTABLE 
DESIGN REQUIREMENTS 

DATA VERIFICATION 

Using the pipe routing to Trailer #7 as the worst case scenario for the calculation, the following 
values are established: 

Q = 240gpm 
596 ft elevation - 3 ft pipe burial = 593 ft 
593 ft elevation + 6 ft to structure = 599 ft 

Zr 
z2 

V = kinematic viscosity of water @I 50" = 1.41 X ft2/sec 

= 
- - 

h, terms (source: Plexco Manual) 

a -  Inside Diameters: 11/2" = 0.112 ft 
'0.141 ft 
0.266 ft 

Length of Pipes: 1 '/z It = 150 ft Sch. 40 PVC 
150 ft Sch. 40 PVC 
140 ft Sch. 40 PVC 

- 2" - 
4 - 

2 
4 - 

- 

- - 
- 

Ch, finings terms - (source: Hydraulic Institute or Roberson/Crowe) Figure 1 b 2 

(1) 4" tee - line 
(1) 4"/2" reducer 
(1) 2" tee - branch 
(1) 2"/11/2" reducer 
(1) 11/2" regular flanged 90" elbow K = 0.4 

K = 0.145 
K = 0.42 
K = 0.85 
K = 0.18 
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BELL-MOUTH REGULAR 0.4 
INLET OR REDUCER SCREWED a3 

45OELL 0.2 

SQUARE EDGED INLET 

INWARD PROJECTING PIPE 

NOTE: K DECREASES WITH 
INCREASING WALL THICKNESS OF 

PIPE AND ROUNDING OF EDGES 

REGULAR 
SCREWED 
900 ELL 

LONG 
RADIUS 
SCREWED 
goo ELL 

0-4 
0.3 

FLANGED ~2 
RETURN 

0.1 ) 1 1 M e d  
D 1 2 4 6  10-1 

LINE 
FLOW 

- 
1 

0.8 
0.6 

D 0.3 0.5 1 

I 
SCREWED 3 

TEE BRANCH 
FLOW. K 

1 
D o  

. .  
0.2 

0.1 
LINE K 

FLANGED 
TEE 

. .  

. 0.06 
D 

. l  
K 

BRANCH 0.6 
FLOW 

0.4 

0 

h = K  FEET (METERS) OF FLUID 
29 002317 

sei):: D = nominal iron pipe size in inches (in X 25.4 - mm); 
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+ Pipe entrance 

11, = K, V'/2g 

K C  K c  

0.08 0.50 
0.08 0.49 
0.07 @ 

0.60 0.06 0.32 

Contraction D,/D, 8 = 60" 8 = 180'' (1 )  

0.80 0.05 @ 
0.90 0.04 0.10 

KL. K r  
D , / D 2  8 = 10" 8 = 180" (1) 

t 0.0 1 .oo 
0.20 0.13 0.92 

0.71 
0.42 0.60 0.06 

D l  V I  Expansion - 0.40 0.11. 

h, = K, V:/2g 0.80 0.03 0.16 

90" miter bend 

vanes Without 
vanes Kl, = 1 . 1  (33) 

With 
vanes l i b  = 0.2 (33) 

1 K b  = 0.35 
0.19 

4 0.1 6 
6 0.21 
8 0.28 =Y 10 0.32 

qr 

90" smooth 
bend 

Globe valve- wide open K. = 10.0 
Angle valve- wide open K. = 5.0 
Gate valve- wide open K. = 0.2 -~ 
Gate valve-half open K. = 5.6 
Return bend Kh = 2.2 
Tee 

Threaded 
PiPC 

(33) 

fittings 
straight-through flow K, = 0.4 
side-outlet flow K, = 1.8 

45" elbow K, = 0.4 
90" elbow KA = 0.9 
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SANITARY SEWER DISCHARGE - 
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EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to perform the required calculations to verify that the 
sanitary sewer lines in the construction administration area have adequate capacity for the expected 
loads. 

METHODS OF ANALYSIS 

The design will be compared with Uniform Plumbing Code and the Ohio Building Code for 
Modular units to ensure capacity requirements have been achieved. 

CONCLUSIONS 0 
The sanitary sewer layout proposed has adequate capacity and design to meet applicble codes 

and regulations. 
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CONSTRUCTION WATER DEMAND 

EXECUTIVE SUMMARY 

PurDose 

The purpose of this calculation package is to estimate the construction water demand required to (i) 
control dust at the haul roads, (ii) control dust at the OSDF cells receiving waste, and (iii) achieve and 
maintain acceptable moisture contents for clay liner and clay cap material during construction. 

. Calculation Method 

The water demand for dust control was calculated using the steps presented below. 

calculate the area of haul roads requiring dust control and the area of cells requiring dust 
control (during landfilling) or moisture maintenance (during construction); 
assume a number of sprays per day that the above areas will receive; 
assume a suficial depth of dry soil to be moistened; 
assume a percent increase in moisture content the dry soil will undergo per spray; 
based on the above assumptions, calculate the corresponding volume of water sprayed per 
square foot; 
multiply the volume of water sprayed per square foot by the number of sprays per day by 
the total area to be sprayed; and 
add the additional water demand required to moisture condition the clay materials prior to 
construction (obtained from "Borrow Area Wafer Demand " calculation) 

Conclusions 

A total of 96,400 gal/day are required to control dust at the haul roads and the OSDF cells receiving 
waste, and to achieve and maintain acceptable moisture contents for clay liner and clay cap material during 
cell construction. 

002346 
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Task No.: 8.4 Client: FERhlCO Project: FERNALD OSDF Projectmroposal No.: GE-3900 

&L3&4pb  

CALCULATION PROCEDURE 

- . . -  

where: 

Qd 

A1 

n1 

A2 

n2 

A3 

n3 

9 

Q, 

construction water demand (gal/day); 

area of haul roads requiring dust control (ft2); 

number of sprays per day on haul roads; 

area of landfilled material(i.e., impacted material) requiring dust control (ft2); 

number of sprays per day on landfilled material; 

cell construction area requiring moisture maintenance (ft2); 

number of sprays per day on cell construction area; 

volume of water sprayed per area (gal/spray/ft*); and 

quantity of water needed to moisture condition clay liner and clay cap 
materials (gal/day) (obtained directlyfrom Calculation Package "Borrow Area 
Water Demand") 
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Written by: Date: 21 Februarv 1996 Reviewed by: Date: 5). ),/-G& 

Client: FERMCO Project: FERNALD OSDF ProjectProposal No.: GE-3900 Task No.: 8.4 
2 3 a w  

COLLECTION AND VERIFICATION OF DATA 

- -  
Information regarding the layout of haul roads and OSDF cells-is-obtained from Sheet No. G-20: 

Site Development Plan Ear& Stages (see Figure 1). For the purposes of preparing this construction water 
demand estimate it will be assumed that landfilling of impacted material will be occurring in the first two 
cells and the third cell will be under construction. The data used in the construction water demand 
calculation are presented below. 

0 Area of Haul Roads (Al): 

Construction Access Road 

length = 

width = 40 ft / 

4200 ft (main road from borrow area to east side of Cells 1 to 3) 
600 ft (stub road to Cell 3) J 

Impacted Material Haul Road 

a -  length = 800 ft (east-west portion) J 

width = 40 ft 
700 ft (north-south portion) A 

/ 

Borrow Area Haul Road (conceptual layout, worst case longest length assumed) 

length = 3500 ft ' 
width = 18ft  r /  

Total: 

A, = (4200 ft + 600 ft + 800 ft + 700 ft)(40 ft) + (3500 ft)(18 ft)' 

A, = 315,000sf 

0 Area of Cells (A2 and A3) 

Area of cells being actively landfilled (2 assumed) 

A, = (400 ft)(800 ft)(2) = 640,OOO sf 

GE3900-8.4/3/F9630 106 

A 

I.- 
I 

'L 
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Area of cells under construction (1 assumed) 

e Number of sprays per day (n) 

It is assumed that on warm days the haul roads will sprayed three times per day to control dust, the 
cells being actively landfilled will be sprayed 2 times per day to control dust, and the cell under 
construction will be sprayed once per day over one half its area only to maintain the moisture content of 
the compacted clay. Therefore: 

- .  

n, = 3 . 
a n, = 2 

n, = (1 per day)(l/2 cell) = 0.5 ' 

e Rate of Spray 

It is assumed that a 1-inch thick layer of dry soil exists on the surface to be sprayed. The moisture 
content of this layer is to be raised from +&s&e 4 percent. 

Ydv = 

m = 0.04 (desired moisture content of 1-inch thick soil layer) - 
100 lbs/ft3 (assumed dry unit weight of 1-inch thick layer of dry soil) - 

w w  = (ydIy)(m) I 

= (100 ibS/ft3)(.04) 
= 4 lbs/ft3 (weight of water added per cubic foot dry soil) 1 

vs = (1 inch)(l/l2 in/ft)(l ft)(l ft) 
= .0833 ft3 (volume of 1 inch thick layer of dry soil per square foot of area) -- 

The corresponding rate of spray in gal/ft2/spray is calculated from the above data. 

e Water demand for moisture conditioning (QA 

Q, is obtained diregly from "Borrow Area Water Demand" and equals 1000 gallday. 
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Projecflroposal No.: GE-3900 Task No.: 8.4 Client: FERMCO Project: FERNALD OSDF 

CONSTRUCTION WATER DEMAND CALCULATION 

Water demand needed to control dust on the haul road, two active cells and%ne cell under construction is 
calculated below. 

Q, 
0 

315,000 sf (area of haul roads) 
3 (number of sprays per day on haul roads) 
640,000 sf (area of landfilled material) 
2 (number of sprays per day on landfilled material) 
320,000 sf (area of cell under construction) 
0.5 (number of sprays per day on cell under construction) 

(4 1bs/ft3)(0. 0833 fi3)(7. 48 gal/ft3)/(62 .4 lbs/ft3) 
.0399 gal/spraylft* of area covered (volume of water sprayed per square foot of area) 
1000 gal/day (water demand for moisture conditioning borrow soils) 

WW)WS) 

Qd = [(315,000)(3) + (640,000)(2) + (320,000)(0.5)][0.0399] + 1000 ’ 
Qd = 96,400 gallday 

002351 
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SUBJECT OF CALCULATION: RE CONTAMINATION FACILITIES WATER DEMAND 
Computations By: c2 3755% 2- I9 - 76 

(Cognizant Engineer) Date 
Printed Name &‘L sSACRL955d _ _  - 

_ _ - -  - - -  
and Title SA€+ bru~n~6.44 

19 Fm Sb 
Assumptions 
and Procedures Signature - _  
Checked by: Date 

(Checker) w w  
and Title p6h- be 

?E€mk 
Date 

Computations 
Checked by: 
Checked by: 

Computations 
Backchecked by: Signature 2 -1W6 

(Cognizant Engineer) Date 
Printed Name 

and Title ~ 

Approved by: 
(DTL and TETL) 

Signature \ 4  WSb 
Date 

Printed Name 
and Title 

Signature z\ FdPG 
Date 

Printed Name 
and Title 

Record of Revision (Number and initial all revisions) 

Rev. No. 

C 

LD 

Reason Date BY Checked Approval 

Intermediate Design 

96.02.19 



c;s 2 5 3  
GEOSYNTEC CONSULTANTS Page -of I - 8 

Written By : BRIAN D. JACOBSON 

Client: FERh4CO 

Date: 46/ Z / f i  Reviewed by: n d  Date: 19 FED 9Q 
Project: FERNAL,D OSDF Projectrproposal No.: GE3900 TaskNo.: 10.4 * e r l F d ? 1 .  

DECONTAMINATION FACILITIES WATER DEMAND 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to estimate the water demand for the site decontamination 
facilities. This estimation includes water demand at the truck decontamination pad-- . .  y q p  
METHOD OF ANALYSIS 

The water demand for the truck decontamination facility was calculated based on 
expected usage. 

W d  . .  

-- @+ 
CONCLUSIONS 

Truck Decontamination Pad 

0 water demand = 3600 gallday 
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r- Nozzle .Extension 

High-pressure Wash Guns 
Add one of these guns to your pressure washer or high-pressure spray System for 

\ spray control. Water flow is automatically shut off when the trigger is released. Maintr % "'%. (sold below) include replacement seals and internal parts that are prone to wear 

The water flow bypasses the valve internals in A this gun for reduced wear. Valve is nylon with 
Teflon packing. Includes an 18" extension with '4" 
fpt outlet and a brass nozzle with 40" spray angle. 
Other extensions sold below. Please see page 1156 
(No. 3234K) for repl. spray nozzles. 

Manually lock the triggers of these guns in the B off position when not in use. Include 25' spray 
nozzle, stainless steel shut-off needle. and bronze- 
filled Teflon seat, Replacement nozzle with 0'. 15'. 
or 25' spray angle is sold in  accessory table below. 
Please specify spray angle desired. 

When you release the trigger. the% c matically are locked in the off ,&:?. 
have ethylene propylene seals with a !cr&; 
valve housing. 

The guns use the high-pressure loz:k ~. 
3234K) sold separately on Page 1156. 

A swivel connection at the water inlet D more movement with less wrist 
tigue. The gun has viton Stem seals ana 
brass body with Stainless Steel internal 

page 1156. 

. 
Spray nozzles (No. 3234K) are sold soariZI. 

Max. Max. Max. Connections Body 
Key Flow Pres. Temp. Inlet Nozzle Mat'l. 
A ..... 3.5 gpm:..1000 psi ... 140" F ..... '!d" NPT ...'!/i 6"-16 UN(M)..Zinc ...... 
B ..... 5.0 gpm ... 1500 psi 200' F ';i'NPT ...". /16"-16 THD Nylon 

500 psi ... 300' F ..... 3k'' NPT ... "/16"-16 THD ...... Nylon ... 
000 psi ... 300" F ..... Sa" NPT ... '/A" NPT (F) ........ GRPW . . . .  
000 psi 300" F ..... !.'a" NPT H" NPT (F) GRPm 

D ..... 10.0 gpm ... 4000 psi ... 300' F ..... U' NPT ... ?/s" NPT (F) ........ Nylon . . . . .  

... ..... ...... ... 

... ... ........ . . . . . .  
. .  

. .  . . . .  
W Glass-reinforced plastic 

ACCESSORIES 

D 
..................... \\ - -  .-I.._.._- ...... ...... ..... .. -. . ............ --.I .... - . . .  9.. ...... 

1 .  . . . .  Fits . : Nozzle Fits Nozzle . . .  . .  . ~ :. Extensions Model No. NET EACH Extensions Model 
A .................. 3379K12 ... $16.60 1 8  Straight.. 
A .................. 3379K13 20.52 36" Straight.. 
A .................. 3379K14.. 26.83 Replacement 

... 

9b 
. SHOVVER HEADS. 

\ A / 

ADJUSTABLE 9 WER HEADS-Adjust spray 
wash. Ball joint swivel adds 

at 80 psi. Supply con- 
hrome-plated brass head 

AMETER FACE 

n ....................................... 
Connection ............................................. 

rproof Connection ....................................... 

......................................... 

YE-PLATED ABS HEAD-2" DIAMETEfi . 

rd Connection .............................................. 002362 
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TaslrNa: 10.4 - project -0SDf: Project/ProposalNo.: GE3900 e"":""" 
DECONTAMINATION FACILITY PAVEMENT 

. .  . .  

PURPOSE OF ANALYSIS 

ne purpose of this cjlcuiation package is to design the reinforccd cunaete slab d the 
FaOilitY. reinforced concrete wall for the Dccan- . .  

METHOD OF ANALYSIS 

Decantronination Facility slob 

The slab is &wed as a rigid highway pavement. 

Dec- - 'OnFaulity Wall 

The wdls zuc designed as a flexural Wau 
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%res AUowrble 
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! 

0.54 180,000 I 0.72 I,lao 

Strcvb , Allowable 
Ratio ' &petition 

-0.51 4w,ooo 0 A9 2,500 
0.52 500,000 - 0.10 2,000 

0.55 130,OOO 0.73 850 
0.56 100,000 0.70 650 

9 . 5 8  57 ,ow 0.76 360 

...*a- ,. _... .. --- .._. - -  

0.53 240 ,000 I 0.71 I ;so0 

0.51 75,QOO j 0.75 490 

0.59 42 ,OW ! 6.17 270 
0.60 
0.61 
0.62 

0.63 
0.64 
0.65 

24 ,OOO 
11),000 

14,000 
I I ,000 
a ,000 

0.78 21 0 
0.?9 I 60 
0.80 120 

0.81 90 
0.82 ' 70 
0.0s 50 
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CONSTRUCTION ADMINISTRATION AREA SURFACING 

EXECUTIVE SUMMARY 

Pu rDose: 

The purpose of this calculation is to design a typical pavement cross-section for the proposed 
Administration Area. The Administration Area wilfffsed for trailers supporting construction of the 
OSDF and for associated passenger vehicles. The area will be relocated once during construction 
of the OSDF. The expected service life of the pavement ranges from 5 to 15 years. 

Desian Method: 

Analysis is performed using an AASHTO method for design of low-volume flexible pavements 
(AASHTO, 1993). A performance period of 15 years is assumed. . Conclusions: 

Flexible pavement cross-section: 

0 Surface course: 3 in. of Asphalt Concrete; 
0 Base course: 8 in. of ODOT spec. #304 Base Aggregate; and 
0 Prepared subgrade. 

Subgrade: 

Fill sections: Compacted brown till to 100% of standard Proctor with a moisture content 
within 2% of optimum. 

0 Cut sections: Undisturbed brown till compacted to 100% of standard Proctor for a depth of 
6 in. 
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Introduction: 

- - -  An asphalt-surfaced pavement will be used for the construction administration - _ _  

area. The paved area is expected to provide a foundation for 2 construction trailers 
and a parking area for passenger vehicles. During the early and middle stages of 
OSDF construction the administration area will be located as shown in Figure 1. The 
administration area will be relocated for the final stage of OSDF construction. 

. 

An AASHTO method for design of low-volume flexible pavement is used to 
determine pavement layer thickness’. A design life of 15 years is assumed. 

Procedure : 

The AASHTO method used requires the selection of a structural number, SN 
from Table 1. The selected SN is then used to determine thickness’ for the asphalt 
concrete and aggregate base layers of the pavement. The value of SN is selected 
based on the geographic location of the site and classifications of the expected traffic 
level and subgrade soil quality. 

@ Step 1: Select a structural number, SN to be used for design from Table 1 , based 
on the following input parameters. 

0 US climatic region, (See Figure 2). 

Traffic level, (See table provided in the section titled Collection and 
Verification of Engineering Data) 

0 Relative quality of road bed (or subgrade) material (Based on site 
specific testing of undisturbed and compacted brown till and Table 2). 

The inherent reliability assumed by Table 1 is 75%. Inherent reliability, 
represents the probability that serviceability of the road will be maintained at an 
adequate level for the performance (or design) period considered. The reliability 
recommended for low-volume roads is between 50 and 80 percent (AASHTO, 
1993). 
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Step 2: Determine design thickness' for asp,halt concrete layer, 
aggregate base layers, DBs using the following equation. 

DAC and 

,- 
where, 

aAC = The structural coefficient for asphalt concrete 

aBs = The structural coefficient for aggregate base material. 

The structural coefficient is a measure of the ability of a material to function as a 
structural component of the road. 
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Collection and Verification of Enaineerina Data: 

1) US climatic region: Determined based on site location, see Figure 2. 

a 
_ _  - 

US Climatic Region = II 

w1 8 

700,000 to 1,000,000 

300,000 to 600,000 

50,000 to 300,000 

2) Traffic level: Determine traffic level classification based on the expected 18 kip 
ESAL applications, w18. and the following Table. 

For calculation of w18 assume the following input parameters: 

e Design Vehicle: Pickup Truck 

e Single Axle Load: 2 kips 

e Vehicles per day: 100 

e Passages per day per vehicle: 4 

e Axle load equivalency factor: 0.0004 [For terminal 
serviceability index of 2.5 and SN of 2 from Table 3 (AASHTO, 
1993)] . 
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3) Determine relative quality of roadbed material (subgrade). 

0 Undisturbed Brown Till: 

_ .  - -  CPT results in the upper and lower horizon- brown till were 
correlated to CBR values in Parsons (1 995). The average CBR for 
CPT locations ranged between 4 to 5. The corresponding resilient 
modulus, MR ranges between 4,800 to 6,000 psi. 

0 Compacted Brown Till: 

A CBR value of 8 was measured for brown till samples compacted 
to 100% of Standard Proctor in COE (1952). The corresponding 
resilient modulus MR is 9,600 psi. 

Assume, for design, a range of MR between 4,800 to 6,000 psi as measured for 
undisturbed brown till. This range of MR corresponds to a relative quality of 
roadbed soil of fair (see Table 2). 

4) Inherent Reliability 

Assume as 75 percent. 

5) Structural Coefficients, aAC, aBs 

As recommended for the following materials in ODOT, 1992. 

0 Structural coefficient for asphalt concrete, aAC = 0.35. 

' 
0 Structural coefficient for #304 base aggregate, aBs = 0.14. 
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Table 4.2. Suggested Seasonal Roadbed Soil Resilient Moduli, MR (psi), as a Function of the 
-Relative Quality of the Roadbed Material - 

Season (Roadbed Soil Moisture Condition) Relative 
Spring-Thaw Spring/Fall Summer Quality of Winter 

Roadbed Soil (Roadbed Frozen) (Roadbed Saturated) (Roadbed Wet) (Roadbed Drv) 
~~ 

20,000* 2,500 8 ,oOO 20.000 ; 
2.000 6.000 10.000 ' 

20.000 1,500 3.300 4.900- - 20,000 2,000 4.500 6.500 

Very poor 20,000 1 .500 2.500 4.000 
--- ---------- 

*Values shown are Resilient Modulus In psi. 

~ & L F  1 ; f o e  ~ € W i i C ~ r ~ f i 7 / 4 d / F  5ricccFUACqL N U * B & ~  
A 

Table 4.7. Flexible Pavement Design Catalog for Low-Volume Roads: Recommended Ranges of 
Structural Number (SN) for Six U.S. Climatic Regiok, Three Levels of Axle Load 
Tramc and Five Levels of Roadbed Soil Quality- Inherent Reliability: 75 percent 

U.S. Climatic Region Traffic 
0 Relative 

Quality of 

very good Medium 

Roadbed Soil Level I I1 III IV V VI 
High 2.6-2.7* 2.8-2.9 3 .O-3.2 2.4-2.5 2.7-2.8 3.0-3.2 

2.3-2.5 2 5 2 . 7  2.7-3.0 2.1-2.3 2.4-2.6 2.7-3.0 
1.7-2.2 2.0-2.6 Low 1.6-2.1 1.8-2.3 2 .O-2.6 1.5-2.0 

Good High 2.9-3 .O 3 .O-3.2 3.3-3.4 2.7-2.8 3.0-3.1 - 3.3-3.4 

Low 1.9-2.4 2.0-2.6 2.2-2.8 1.8-2.3 2.0-2.5 2.2-2.8 
Medium 2.6-2.8 2.7-3.0 3.0-3.2 2.4-2.6 2.6-2.9 2.9-3.2 

Fair High 
Medium 
Low 

Poor High 
Medium 
Low 
High 

very Medium 
Low 

3.2-3.3 
2.8-3.1 
2.1-2.7 
3.5-3.6 
3.1-3.4 
2.4-3.0 
3.8-3.9 
3.4-3.7 
1.6-3.2 

3.3-3.4 1 2.9-3.2 
2.2-2.8 -t- 
3.2-3.5 
2.4-3.0 
3.8-4.0 
3.5-3.8 
2.5-3.3 

3.4-3.5 
2.7-3.3 
2.3-2.9 
3.7-3.9 
3.4-3.6 
2.5-3.2 
3.8-4.0 
3.5-3.7 
2.6-3.3 

3.0-3.2 
2.7-3.0 
2.0-2.6 
3.4-3.5 
3.0-3.3 
2.3-2.8 
3.6-3.8 
3.3-3.6 
2.5-3.1 

3.2-3.3 
2.8-3.. 1 
2.1-2.7 
3,5-3.6 
3.1-3.4 
2.3-2.9 
3.7-3.8 
3.3-3.6 
2.5-3.1 

3.4-3.5 
3.0-3.3 
2.3-2.9 
3.7-3.8 
3.3-3.6 
2.5-3.2 ! 

I 

3.8-4.0 i 
3.4-3.7 
2.6-3.3 

*Recommended range of structural number (SN). 



Design of Pavement Strucrures 
!I- 70 

- REGION CHARACTERISTICS 

I Wet, no freeze 
II 
III 
IE Dry, no freeze 
9 
xs 

Wet , freeze - thaw cycling 
Wet, hard-freeze , spring thaw 

Dry , freeze - thaw cycling 
Dry,  hard freeze, spring thaw 

Figure 4.1. The Si Climatic Regions in the United States (22) 
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n b l e  D.4. Axle Load Equivalency Factors for Flexible Pavements, Single Axles and pt of 2.5 

Pavement Structural Number (SN) 
Axle Load 

(kips) 1 2 4 3 4 5 6 
- .  - 2- - - -.oO04 - - .OoO4 - .0003 - 70002 - -- .o002 - .0002 

4 .oo3 -.OO”t’ .w .oo3 .002 .002 
6 .011 .017 .017 .013 .010 .009 
8 .032 .047 .05 1 .041 .034 .03 1 
10 .078 .lo2 .118 .lo2 .088 .050 
12 .168 .198 .229 .213 .189 .176 
14 .328 .358 .399 .388 .360 .342 
16 .591 .613 .646 .645 .623 i .606 

20 1.61 1.57 1.49 1.47 1.51 1.55 
22 2.48 2.38 2.17 2.09 2.18 2.30 
24 3.69 3.49 3.09 2.89 3.03 3.27 
26 5.33 4.99 4.31 3.91 4.09 4.48 
28 7.49 6.98 5.90 5.21 5.39 5.98 

18 1 .oo 1 .oo 1 .oo 1 .oo 1 .oo 1 .oo 

- 30 10.3 9.5 7.9 6.8 7.0 7.8 

34 18.4 16.9 13.7 11.3 11.2 12.5 
36 24.0 22.0 17.7 14.4 13.9 15.5 
38 30.9 28.3 22.6 18.1 17.2 19.0 

~ 40 39.3 35.9 28.5 22.5. 21.1 23.0 
42 49.3 45.0 35.6 27.8 25.6 27.7 

32 13.9 12.8 10.5 8.8 8.9 10.0 

44 61.3 55.9 44.0 34.0 31.0 33.1 
46 75.5 68.8 54.0 41.4 37.2 39.3 
48 92.2 83.9 65.7 50.1 44.5 46.5 

* 50 112. 102. 79. 60. 53. 55. 
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CONSTRUCTION HAUL ROAD 
EXECUTIVE SUMMARY 

Purpose: 

The purpose of this calculation is to design an aggregate-surfaced haul road for transport of 
borrow materials from the East Field Borrow area to the OSDF. The total volume of borrow 
expected for excavation and transport is 650,000 CY. Excavation and transport will be 
accomplished using scrapers. 

Desian Method: 

Analyses are performed using an AASHTO method for design of aggregate-surfaced roads 
(AASHTO, 1993) and an ODOT method for design of flexible pavement roads (pavement thickness 
= 0). Analyses considered roadbed conditions during the normal period of operation and the spring- 
thaw period of operation. A design cross-section was selected based on calculations considering a 
performance period (or maintenance interval) of 1 to 2 weeks. 

Conclusions: 

Aggregate-surfaced road cross-section (top to bottom): 

0 Base: 9 in. of ODOT spec. #304 Base Aggregate; 
0 Subbase: 13 in. of ODOT spec. #310 Subbase Aggregate; 
0 Geotextile separator; and 
0 Prepared subgrade 

Maintenance: 

0 Required Maintenance includes regrading of the road surface and the addition of 
aggregate to the base. 

0 Maintenance Intervals: 
Biweekly for normal period of operation. 
Weekly for spring-thaw period of operation. 

Subgrade Requirements: 

0 Fill sections: Brown till compacted to 100% of Standard Proctor maximum dry density. 
Cut sections: Existing subgrade compacted to 100% of Standard Proctor maximum dry 
density. 
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CONSTRUCTION HAUL ROAD 

0 

Contents: 

1. Introduction 

Page 

1 

2. Calculation Procedure 2 

3. Collection and Verification of Engineering Data 14 

4. Calculations and Results 18 

5. References 

Introduction: 

37 

An aggregate-surfaced construction haul road will be used to transport borrow from the East Field 
borrow area to the OSDF where the borrow materials will be used in construction of : 1) the liner 
system; 2) the seasonal covers; 3) the final cover system; and 4) for other general fill operations. 
Scrapers will be used to excavate and to transport borrow material. An expected 650,000 cubic 
yards of borrow material will be transported over the haul road. 

The haul road is divided into the following sections: 

0 From borrow area limit to OSDF: The location of this haul road is not expected to change 
after its construction; however, some portions will be removed at times in order to allow for 
progressive construction of the OSDF components. The total service life of the road will 
correspond to the expected period of OSDF construction (Le., approximately 9 years). 

0 Within borrow area: The contractor will be responsible for design of the haul road within 
the borrow area. 
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Calculation Procedure: 

The procedure used to design the construction haul road cross-section is based on two design 
methods: 1) the AASHTO method for design of low-volume aggregate-surfaced roads (AASHTO, 
1993); and 2) the ODOT method for design or flexible pavement (ODOT, 1992). Calculations were 
performed using a performance period of two weeks. The performance period corresponds to the 
interval of time for which no road maintenance is required. 

0 For the AASHTO method, the traffic loading for a given performance period is represented in 
terms of 18-kip equivalent single axle load (ESAL) applications. The total number of 18-kip ESAL 
applications along with other input parameters are used with the design charts shown in Figures 
1, 2 and 3 shown on pages 9, 10, and 11 respectively. A road section is determined which will . 
be serviceable for the duration of the 2 week performance period. 

0 For the ODOT method, the traffic loading for a given performance period is also represented in 
terms of 18-kip Equivalent Single Axle Load (ESAL) applications. The method is a modification 
of the 1986 AASHTO method for flexible pavement design. The total number of 18-kip ESAL 
applications along with other input parameters are used with the design charts shown in 
Figures 4 and 5 shown on pages 12 and 13. A road cross-section is determined which will be 
serviceable for the duration of the 2 week performance period. 0 

Analysis is also performed using both methods to determine the road cross-section requirements for 
spring-thaw conditions, assuming a performance period of 1 week. 

Step 1: Determine the total 18-kip ESAL applications, wTotal-18 for a 2 week performance period. 
Scraper traffic to and from the OSDF are considered. 

0 The following are 18-kip ESAL applications corresponding to the different scraper traffic axle load 
types; 

- w D L - ~ ~ ,  for drive axle, loaded scraper traveling to the OSDF. 
'WRL-18, for rear axle, loaded scraper traveling to the OSDF. 
- w D E - ~ ~ ,  for drive axle, empty scraper returning to the borrow area. 
'WRE-18, for rear axle, empty scraper returning to the borrow area. 
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0 The following equation is used to convert each expected scraper axle load type into an 
equivalent 18-kip ESAL axle load and to sum these loads over the performance period: 

Where, 

wDL,RL,DE,RE-18 = the 18-kip ESAL applications for a given scraper axle load type. 
wN = the number scraper passages to (or from) the OSDF over the performance period. 
N DL,RL,DE,RE = a given scraper single axle load type, kips 
4.5 = coefficient determined from AASHTO axle load equivalency factors (for a terminal 

18 = an 18-kip equivalent single axle load, kips 
serviceability index, pt of 2.5 and a pavement structural number of 2.5). 

0 The total 18-kip ESAL applications, WTotal-18 is calculated for the performance period by summing 
18-kip ESAL applications for each of the above scraper axle load types, as follows: 

(2) - 
W~oto1-18 - W D L - I ~  + W m - 1 8  + W D H ~  + Wm-18  

1.1 The single axle 
equation : 

load, N, for each scraper axle load type is calculated using the following 

Where, 

NDL,FL,DE,RE = Single axle load for each scraper axle load type. 
W, = Weight of scraper and soil load (soil load = 0 for empty scraper), see Collection and 

Ldist = Load distribution for a given scraper axle load type, ratio. 
Verification of Engineering Data. 

1.2 Calculate the number of scraper passages to (or from) the OSDF, wN over the performance 
period, using the following equation: 
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W N  = (4) 
~ . . ~ -JL .. .... ~ ~ - -  - - -  - 

S-Capaciy 

Where, 

Vborrbw = Volume of borrow hauled duringthe performance period, BCY (bank cubic yards). 
VS-Capacity = Capacity of scraper, LCY (loose cubic yards) of soil. 
S = Swell, percentage increase in soil volume from Bank to Loose condition. 

1.3 Calculate WTotal-18, to be input into the design charts, using equation 2 and inputs from equations 
1, 3 and 4. 

Step 2: Determine a design cross-section using the AASHTO design charts shown in Figures 1, 2 
and 3 (AASHTO, 1993) and Wtotal-18 (calculated in step 1 section 3). Analyses are performed 
considering the normal period of operation (end of spring thaw to end of construction 
season) assuming a 2 week performance period and for the spring-thaw period of operation 
assuming a 1 week performance period. A final base layer thickness, DBS-F and a final 
subbase thickness, DssF is determined from the analyses. 

2.1 Determine a base layer thickness, DBs, based on an allowable serviceability loss and an 
allowable rut depth (see Figures 1 and 2) for both the normal period of operation and the 
spring-thaw period of operation . 

. 

a) Determine DBs for the normal period of operation based on allowable serviceability loss, 
APSZ using Figure 1. 

Figure I requirements: 

0 Allowable serviceability loss, APSZ calculated from selected values of: 1) an initial 
serviceability index (po); and 2) a terminal serviceability index (pt). 

0 Resilient modulus of roadbed material, MR 
0 Base modulus, EBS 
0 Allowable 18-kip ESAL applications, w18psi 

The following explains how they are obtained. 

APSI is defined as the total change in serviceability index. The Sewiceability Index is a 
measure of the ability of the road section to serve the type of traffic using the road. 

File: CONHAUL2.DOC 



s. 2 5 3  
GEOSYNTEC CONSULTANTS PAGE 5 OF 37 

Written by: Daniel Pass Date:4 February.96 Reviewed by: Date: L/Z?)y& 

Client: FERMCO Project: OSDF ProjedProposal No.: GE3900 Task No.: 10.4 

0 

0 

0 
- 

0 

Where, 

po = the initial serviceability index, serviceability index at time of construction. 
pt = the terminal serviceability index, lowest serviceability index tolerated at the end of 

the performance period. 

Determine resilient modulus of road bed material, MR: 

The roadbed material is expected to be either compacted brown-till or existing brown till. Use 
lower value of the MR values determined for compacted and undisturbed brown till material. 
Values of MR, for compacted and undisturbed brown till material, are determined based on 
site specific CBR testing of brown till. (PARSONS, 1995 and COE, 1952). MR a CBR 

Base Modulus, EBs: 

Use value recommended in ODOT, 1992 for #304, Aggregate Base (crushed stone). 

Allowable 18-kip ESAL applications , w18pSI: 

Corresponds to WTotal-18 calculated in step 1 , section 3. 

b) Determine DBS for the normal period of operation based on RD using Figure 2. 

Figure 2 requires selection of an allowable rut depth, RD and knowledge of . 

0 Resilient Modulus of road bed material, MR, 
0 Base Modulus, EBs, and 
0 Allowable 18-kip ESAL applications, w18pSI. 

which are obtained in the above part a. 

It is noted that in AASHTO, 1993 that a rut depth failure of an aggregate surfaced road refers 
to deformation of the pavement structure and roadbed support and not simply surface rutting 
of the base layer. Hence, after the specified allowable rut depth is reached, an addition of 
aggregate to the base will likely be required as well as grading of the road surface to regain 
the initial serviceability of the road. 

- 
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c) Determine DBS for spring-thaw operation period using the procedure from the above parts a and 
b. Performance period considered is 1 week. 

_ _  _ _ _ _  . . __.  ~. .- ..-.. ~.. . _ _  .. ._ ~ . .  .. ... _ _  _. ~~ - . . . . - - - - -  -- - -- - 

Input parameter values are the same as determined for the above section 1 with the following 
exceptions. . 

0 Allowable 18-kip ESAL applications , w18pSI: 

Corresponds to 112 the wTotal-18 calculated in step 1, section 3. This value corresponds to a 1 
week performance period. 

Determine Resilient Modulus of Roadbed Material, MR for spring thaw conditions.: 

Assume value based on the value of MR determined in the above part a. 

2.2 Determine the required DBS-R value as the maximum value of DBS determined in the above 
Section 1. 

Add 1 inch to DBs for aggregate loss. Aggregate loss is a reduction of the base layer 
thickness due to traffic and erosion. 

2.3 Select a final base thickness, DBS-F and convert the difference between DBS and DBS-F to a 
required subbase thickness, DsB using Figure 3. 

, Figure 3 requires selection of DBS-F and knowledge of 

0 Resilient Modulus of road bed material, MR, 
0 Base Modulus, EBS, and 
0 Allowable 18-kip ESAL applications, w18pSI. 
0 Subbase Modulus, EsB. 

which are obtained in the above part a excepting for EsB which is obtained as follows. 

0 Subbase Modulus, EsB: Use value’ recommended in. ODOT, 1992 for #310, subbase 
aggregate (bank run gravel). 
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Step 3: Calculate required section using the ODOT design method for flexible pavement design 

(ODOT, 1992). 

3.1 Determine the design structure number, SN,using Figures 4 and 5 and the following input 
parameters. The SN is used in Equation 6 to determine the thickness of the road cross-section 
aggregate layers. 

- 

Reliability, R (%): Reliability is the probability, that serviceability will be 
maintained at an adequate level for the performance period considered. 
This value will be assumed. 

Overall Standard Deviation, So: Overall Standard Deviation is a measure of 
the variability of input parameters. The value used is as recommended in 
ODOT, 1992. 

Estimated Total 1 &kip ESAL Applications, w18: Use values of wI8 for 2 and 1 
week performance periods as calculated for the AASHTO method. 

Effective Roadbed Soil Resilient Modulus, MR (psi): Use values of MR for 
normal and spring-thaw operating periods as calculated for the AASHTO 
method. 

Design Serviceability Loss, MSZ: Use value of MSZdetermined for the 
AASHTO method. 

Structural Coefficients: The structural Coefficient for a soil is a measure of 
the relative ability of a material to function as a structural component of the 
road. Use Structural Coefficient recommended in ODOT, 1992 for aggregate 
base (ODOT spec. #304) and subbase (ODOT spec. #310) 

Asphalt pavement thickness: Assume as 0 ft for aggregate-surfaced road. 

3.2 Select a Final Base Thickness, DBS-F. Calculate a Required Subbase Thickness, DsB using the 
following equation; 

Where, 

aBSI aSB = Structural Coefficients for base and subbase aggregate, respectively. 0 
File: CONHAUL2.DOC 
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Step 4: Determine a final design cross-sectjon based on analysis in steps 1 to 3. 

- 
Select geotextile to act a s  separator between subbase -. and base. - 
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Example : 
I - 8 $ : ; a  D,, = 8 inches 

% b % a %  RD : 2.5 inches 
MI, : 4,900 psi 
E,, : 30,000 psi 
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Thickness of Aggregate Bosc Layer Considered 
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Figure 4.3. Design Chart for Aggregate-Surfaced Roads Considering Allowable Rutting 
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Figure 4.5. Chart to Convert a Portion of the Aggregate Base Layer Thickness To an 
Equivalent Thickness of Subbase 
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Collection and Verification of Enaineerina Data: 

Parameter 
Operating 

Weight 
Rated Load 

Weight 
Distribution 

Empty 
Drive 
Rear 

Drive 
Rear 

Loaded 

Scraper Heaped 
Capacity 

Step 1 : For determination. of the total 18-kip Equivalent Single Axle Load applications, w ~ ~ ~ ~ , - , ~  for a 2 
week performance period. 
.- ~ . _._._ -~ . - - .~ ~- .. _. _ _  - . . _. - . 

Value 
67.2 kip 

48.0 kip 

68% 
32% 

53% 

20 cy 
47% 

Desian Vehicle: 
The following table summarizes input parameters for the design vehicle. - Cat 621 E scraper. 
(Caterpillar, 1993) 

Borrow area excavation: 

0 The total volume expected for excavation: From the design calculation titled “Borrow Area 
Capacity Verification”; Vbonow.= 650,000 CY. 

0 Assume construction of OSDF occurs at a rate of one cell per year over a period of 9 
years. Construction season is 9 months. 

Borrow Clav Characteristics: 

0 Swell, S: Swell of clay borrow material from bank to loose condition is assumed as 25% 
(Caterpillar, 1993) 
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0 Bank Unit Weight: 135 pcf from design parameter summary for design calculations. 

- . _  

Step 2: For determination of a design roadcross-section using the AASHTO design method: 

Allowable Serviceability Loss. MSI; 

0 Initial Serviceability Index, po: Assume value of 4.2 (as recommended in general for 
flexible pavements in AASHTO, 1993) 

Terminal Serviceability Index, pt : Assume value of 2.0 as recommended for 
rural roads (AASHTO, 1993) 

Resilient Modulus of Roadbed Material. Mg: 

0 For normal period of operation (period after during spring-thaw to end of construction 
period): Use value of 5,400 psi based on correlation of cone penetration testing (CPT) 
test results to CBR (Parsons, 1995) for undisturbed upper and lower horizon brown till and 
using the following equation (ODOT, 1992); 

MR = 12OOCBR (7) 

CBR values from correlation by Parsons averaged between 4 and 5. CPT soundings were 
conducted at locations within the borrow area and OSDF battery limits. 

For spring thaw period of operation: assume a 50% reduction in MR from normal period of 
operation. 

Note: Values of MRfor compacted brown till are expected to be higher than values of MRfor 
undisturbed brown tiU: Two test programs for compacted brown till were considered: 

0 PARSONS, 1995 testing program: Upper horizon brown till samples were 
compacted to 95 % of standard Proctor. Measured values of CBR ranged from 
1.95 to 4.4. The corresponding MR range is 2,340 to 5,280 psi. 

File: CONHAUL2.DOC 
002415 



P- 

GEOSYNTEC CONSULTANTS . PAGE 16 OF 37 

Written by: Daniel Pass Date:4 February.96 Reviewed by: 

Client: FERMCO Project: OSDF Projectmroposal No.: GE3900 Task No.: 10.4 
f i  L t G h C l b  

0 US Corps, 1952 Testing program: Brown till samples were compacted to 100% of 
standard Proctor. Measured value of CBR was 8. The corresponding value of MR 
is 9,600 psi. 

- 

The average value of MRfor upper horizon brown till compacted to 95% of standard Proctor 
(i.e., 3) is lower than the MRvalue of undisturbed brown till selected for design. On this basis 
compacted brown till used for road fill must be compacted using a higher compactive effort 
(i.e.,. 100% of standard Proctor or higher). The lower horizon brown till exhibits a higher 
measured maximum dry density than the upper horizon-material. (GeoSyntec, 1996). 

Base Modulus. EBs: = Assume 30,000 psi as recommended by ODOT, 1992 for ODOT spec. 
304, Aggregate Base. 

Allowable W18-pSI: Calculated using po and pt . \ 

Allowable rut depth: Assume 3 in. given that use of the road will largely be 
confined to off-highway vehicles. 

Subbase Modulus. E=: = Assume 15,000 psi as recommended by ODOT, 1992 for ODOT 
spec. 310, Aggregate Subbase. 

Step 3: For determination of design cross-section using the ODOT method (ODOT, 1992). 

Reliability, R: 50 to 80% is recommended for low volume roads; Assume 
value of 70%. 

0 Overall Standard Deviation, So: Assume value of 0.49 as recommended for 
flexible pavements in ODOT, 1992. 

0 Estimated Total 18-kip ESAL Applications, w18: Obtain from calculation in 
Step 1, section 3. 

0 Effective Roadbed Soil Resilient Modulus, MR: Use values determined for 
AASHTO method; for normal operating and spring thaw periods; 5,400 psi, 
and 2,700 psi, respectively. 

0 Design Serviceability Loss, APSI : Use value determined for AASHTO method, 0.22. 

APSI = po - pi = 4.2 - 2.0 = 2.2 
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0 Structural Coefficients: Use values recommended in ODOT, 1992 for 

materials selected for base and subbase, as follows; 

._ . .  

Aggregate base (#304) = 0.14, recommended in ODOT, 1992. 
subbase (#310) = 0.11, recommended in ODOT, 1992. 

0 Asphalt pavement thickness: Assume = 0 ft for aggregate-surfaced road. 

File: CONHAUL2.DOC 
0024.17 



GEOSYNTEC CONSULTANTS Page la of 

~ Date: 96 I 2 I IL/ Reviewed by: Date: % l P t l  Lo 
YY M M  DD Y Y  M M  DD 

Written by: D A N  I PI ?AS< 

. .  

b 

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

- .  

= 1153.2 klp 

. .  4.5.7 ki?. . 

_. . . . . .  

, . - . . - . - 

.. - ........ .. - 

. . . . . . .  - . . . . . . . . . .  . . .  - ... 

_ _  .. - .. ........ ..... 

....... ___ I_ _I___c___ ......... .--__ 



.... 

ga 2 5 3  
GEOSYNTEC CONSULTANTS Page I ?  of 37 

Writtenby: i h J ~ F c  PASS 

Client: FE R M C O  Roject: CISD F l’rojecl/Roposal NO.: CE?4ao Task NO.: I d ,  2 

Date: 96 I 2 I IL/ Reviewed by: Date: % I O t - I  
YY M U  DD Y Y  M U  DD 

. .  . .  . _ i _  . . . .  _ _  .. -- . .  .... _. ...... __ 

. . .  . . .  - .. . . . . . .  

.- 

.... 

- 

. .  . - ~ ..- - . .- ........ - 

. . . . . . . .  .... . wi-2ulss -. 49, 2.42 x - % -., 1 y 2 7 . Z 8%. . ~ P P L ~  C&.T/ONJ - ._I_’ 
1 - - .. 

%Ps 34L 1 . . . . . . . . . . . . . . . . . . .  . -  ......................... 



P -  GEOSYNTEC CONSULTANTS Page Z O  of 3J 

Writtenby: Z>sNJl?L 7 4ss Date: 96 I t? I J4  Reviewed by: - Date: --- 961 0 1 1  
YY m u  DD Y Y  M U  DD 

. .  

- 
d . . 

.-. . .  . - - 

... . . -. .. 

- .. . . .. 



* - "  2 5 3  GEOSYNTEC CONSULTANTS Page 21 of 3 7  

.- 

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

.. . . . . . .  . . . . . .  

= 2 . 2  . . .  _ _  

= 5, ycropt; . .. 

tiff 

LIo5 = i7lW 

. . .  

. .  

. .  

.~ . .  . .  

. . . . . . . . . . . . .  I-.- . . . . . . . . . . . .  ... 

. . .  

. .  

. . .  . .  . .  . -  . . .  

. .  . .  . . . . .  - . - . .  

..... . . . . . . . . . . . . . .  ...... 



I=- - 2 5 3  
GEOSYNTEC CONSULTANTS Page 22 of 3.7 

a 
Written by: ~ f f A 1 6 ~ .  Date: I 2 I / Y  Reviewed by: m- Date: 96 Y Y  IbL M U  I DD 

YY M U  DD 

- -- 

2.2 1 

LOSS 

Fb* 

. .  

... 

.. 

. - _  

. . . . .  - - __ . . . .  

. -  

. . .  . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  - - . . . . . . . . .  .. --- 



GEOSYNTEC CONSULTANTS Page 2 3  of 3 7  

Date:% I Z I f YReviewed by: D a t e : y 6  l O A  I 26 
m m  DD Y Y  m m  DD 

written by: DaU/ FC P&S 

/2 I 

a -  



- 

GEOSYNTEC CONSULTANTS * Page 2 Y  2%- of 

3. .3) 

. .  

- .  .- ........................... -___-- ... --._._ .... --..- . . .  - 

....... q e s  = o.-/*./_ . . . . . . . . . . . . . .  

. .  . - .  . . . . .  

- _ _ - -  -. ~. . - . .  . . . . . . .  oo242.4 . . . . . . .  - 
- .  - _- . . . . . . . . . . . . . . . .  -. ......... ...... ---.-I_ 



€3- 2 5 3  GEOSYNTEC CONSULTANTS Page 2s of 3.7 

viewed by: . Date: %Id t lm 
Y Y  M U  DD 

Writtenby: D&f)Pc %SC 

................ -I ....... ______-_._ ~ ~ . _ _ _ . ~ .  . ........ _ .  

. . . . . . . . . . .  . . .  - -  ............ - . - . . - . - . - - .  . .  ~. 

..... . . . . . . . . . . . . . .  . . . . . . . . . . . .  .- . .- . . .  

. . .  

-. . .  .. 

. . .  

- ......... -. . 

........... ... _ -  ........ 



e 
~ . .. 

II- 74 

. . -. . - . . - - . . 

. 

Mater ia l ,  M, (psi) 

. .. 



- Modulus of Aggregate 
Example : 

D,, : 8 inches 
RD : 2.5 inches 
MI, = 4,900 psi 
E,, = 30,000 psi 
Solution: Wl8 RUT = 29,000 

Modulus of Roadbed 

u 0 
CL, 

- - _  S G 6 w  
l l l ' i ' l l  I '  

Thickness of Aggregate Base Layer Considered 
for Rutting Criteria, 0, (inches) D e ,  s i \ t @ J ,  

Figure 4.3. Design Chart for Aggregate-Surfaced Roads Consideriag Allowable R u W  
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Example : 
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M,, : 4,900 psi 
E,, : 30,000 psi 
Solution: W,e = 29,000 
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Figure 4.3. Design Chart for Aggregate-Surfaced Roads Considering Allowable Rutting 
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R=85% (Figure 701-11) ’ 

S0=0.49 (Figure 701-11) 
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Permanent Road Desip - customary hits 

Table 4. Minimum' g e o t e x t i l e  p r o p e r t i e s  r e q u i r e d  f o r  s u r v i v a b i  1 i t y  
[FHWA, 19853 

- - .- - - ~ ... . _ _ _ _  ~.~~~ .. ~ - ~~. ~ . _. -. .. .. . . .. .- 

-Required Degree Grab Strength Trap4 
o f  Fabr ic  (minimum values) Puncture Strength2 Burs t  Strength3 Tear  

S u r v i v a b i l i t y  ( lbs. )  (W ( P s i  1 (1bs) 

Very High 270 110 430 75 

High 180 

Moderate 130 

Low 90 

75 

40 

30 

290 50 

210 40 

145 30 

' A l l  values represent minimum averaqe r o l l  values (i.e., any r o l l  i n  a 
l o t  should meet o r  exceed the  minimum va lue  i n  t h i s  t a b l e ) .  Note: 
these values a re  no rma l l y  20% lower than manu fac tu re r ' s  repo r ted  
t y p i c a l  values. 

2ASTM 0-751-68, Tension Tes t i ng  Machine w i t h  r i n g  clamp, s t e e l  b a l l  
replaced w i t h  a 5/16-inch diameter s o l i d  s tee l  c y l i n d e r  w i t h  f l a p  t i p  
centered w i t h i n  the  r i n g  clamp. 

ASTM 0-751-68, Diaphragm Test Method. 

4ASTM D-1117, e i t h e r  p r i n c i p a l  d i rec t i on .  
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c 2 5 3  
GEOSYNTEC CONSULTANTS PAGE 37 OF 37 

Written by: Daniel Pass Date:4 February.96 Reviewed by: Date: L)bbb 

Client: FERMCO Project: OSDF Projecflroposal No.: CE3900 Task No.: 10.2 

References: 
0 

- ~ - - 3 .  

2. 

3. 

4. 

5. 

6. a 
7. 

American Association of State Highway -and Transportation Officials. - 

(AASHTO). “AASHTO Guide for Design of Pavement Structures”, AASHTO, 
Washington, D.C., 1993. 

Caterpillar, “Caterpillar Performance HandbooK‘, 24th ed., Peoria, Illinois, 
1995. 

Federal Highway Administration (FHWA), “Geotextile Engineering Workshop, 
Design Examples”, FHWA, Washington, D.C., January 1989. 

GeoSyntec, “Draft Test Pad Work Plan, On-Site Disposal Facility”, Revision 
B, GeoSyntec Consultants, Atlanta, GA, January 1996. 

Ohio Department of Transportation (ODOT). “Location and Design Manual, 
Volume 7 Roadway Design”, Revision October 1992, ODOT, Columbus, 
Ohio, 1992. 

Parsons. “Geotechnical Investigation Report, On-Site Disposal Facility”, 
Operable Unit 2, Project Order 140, Fernald Environmental Management 
Project, Rev. 0, Cincinnati, OH, 1995.. 

Department of the ARMY Corps of Engineers, “Report of Foundation 
Investigation Feed materials Production Center,- FERNALD, Ohio.” Ohio 
River Division Laboratories, Mariemont, OHIO, 1952. 

21 14/96 
File: CONHAUL2.DOC 002437 



Y 

, 

14.9 Leachate Transmission System Access 
Cor ridor 

002438 



r 

COMPUTATION COVER SHEET 

SUBJECT OF CALCULATION: LEACHATE TRANSMISSION SYSTEM ACCESS CORRIDOR 
I Computations By: Signature KP- 2 //3 /?b 

(Cognizant Engineer) Date 
_ _ _  - ._ _ _  PrintedNaqe - ~ C ) ) J I E L  G. ?.qsS--- - - . - ._ - - - - _ - - - __ __ 

and Title 5mw CNGINEE,Q 

2/2+ 
Assumptions 
and Procedures 
Checked by: , Date 

(Checker) 

Computations 
Checked by: 
Checked by: 

, 
Signature 2/20 / F  c 

Date , 
PrintedName '33 * a  5 MA 

c - P A  '2 / 2 /  IPG 
Date 

Computations 
Backchecked by: Signature 

(Cognizant Engineer) 
Printed Name mArJr EL ? 45% 

Sipnature 2.2 F.6G 
Date 

Printed Name 
and Title 

Approved by: Signature z z  F496 
(DTL and TETL) ' -K/r.\.&CG. W k q !  1 (  Date 

Printed Name 
and Title pcr Sad ycc 2 

Record of Revision (Number and initial all revisions) 

002439 



GEOSYNTEC CONSULTANTS PAGE OF 

Written by: Daniel Pass 

Client: FERMCO Project: OSDF ProjectRroposal No.: GE3900 Task No.: 10.4 

Date:13 February96 Reviewed by: Date: .;/.-3,/9 6 

LEACHATE TRANSMISSION SYSTEM ACCESS CORRIDOR 
e 

Purpose: 
-. 

The purpose of this calculation is to design a typical road cross-section for the proposed 
Leachate Transmission System Access Corridor. The road will be aggregate-surfaced and is 
designed to allow access by vehicles used for pumping out the LTS manholes (on an emergency 
basis) and for providing routine maintenance to the manholes. The expected service life of the road 
is approximately 40 years, corresponding to the active life of the facility plus 'a 30 year post-closure 
period. 

Desian Method: 

Analyses are performed using an AASHTO method for design of aggregate-surfaced roads 
(AASHTO, 1993). A performance period of 20 years is assumed. 

1) Conclusions: 

Aggregate-surfaced road cross-section (top to bottom): 

0 Base: 6 in. of ODOT spec. #304 Base Aggregate; 
0 Subbase: 6 in. of ODOT spec. #310 Subbase Aggregate; 
0 Geotextile separator; and 
0 Prepared subgrade.. 

Re habilitation: 

0 At the end of the 20 year performance period rehabilitation of the road is expected. 
Rehabilitation of the road may include regrading the roadway surface and addition of base 
aggregate. 

Su bgrade: 

0 Compacted brown till to 100% of Standard Proctor. 

File: LTSCDR.DOC 
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Introduction: 

- - - _. - . _ _  
An aggregate surfaced road will be used to service the OSDF manholes during 

- ---the assumed -1 0-year -active life-and-30-year post closure maintenance-of the faciliv. 
The road is located along the west side of the OSDF. Expected traffic includes water 
tank trucks for pumping out the leachate manholes on an emergency basis, and 
passenger vehicles for routine maintenance. 

- -- 

An AASHTO method for design of low-volume roads is used to determine the 
required base and subbase layer thicknesses. A performance period of 20 years is 
assumed which corresponds to the interval of time before rehabilitation of the road will 
be required. Rehabilitation may include regrading of the road and the addition of 
aggregate. 

Procedure: 

An AASHTO method for design of low-volume aggregate-surfaced roads 
(AASHTO, 1993) is used. The method entails the selection of aggregate base layer 
thickness from a design table based on the geographic location of the site and 
classification of the expected traffic level and subgrade (road bed material) quality. A 
portion of the base layer is then converted to an equivalent thickness of subbase. 

Step 1: Select recommended aggregate base thickness from Table 1, based on the 
following: 

1) US climatic region, Figure 1; 

2) Traffic level; and 

3) Relative quality of road bed soil. 

Step 2: Convert a portion of the recommended aggregate base thickness to an 
equivalent thickness of subbase using the design chart shown in Figure 2 
(AASHTO, 1992), based on the following: 

1) Final base thickness Dbs; 

Subbase modules, Esb; and 2) 

3) Base modulus, Ebs. 

.File: LTSCDR.DOC 
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Collection and Verification of Enaineerina Data: 

- - - 
1) US climatic region, using site location and Figure 1. 

Site location, Fernald Ohio 
- - 

US Climatic Reaion = II 

1993). 
2) Traffic 'level, based on expected traffic ad the following -classification (AASHTO, 

I Traffic Level I Number of 18-kip ESAL Applications I 
High 

Medium 

Low 

60,000 to 100,000 

30,000 to 60,000 

10,000 to 30,000 

a) For calculation of 18 kip ESAL application, Wi8, assume the following 
traffic: 

0 Water Tank Truck: 

-double axle 

-2 passages per week 

-4,000 gallon capacity 

-4 ton truck 

-50% load distribution to each axle 

Truck weight = 4,000 gal x 8.3451bIgal x 1 kip/lOOOlb + 8kip 
= 41.4 kip 

0 Passenger Vehicle: 

-Pickup truck 

File: LTSCDR.DOC 002443 
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-2 passagedday 
e 

-2 kip axle load 
-Axle load equivalency factor: 0.0004 [For terminal serviceability index of . 

2.5 and SN of 2 from Table 3 (AASHTO, 1993)] 

. .  ~ .___ ~ ~ ~ -~ ~ ~ 

3) Relative Quality of Road Bed Soil: 

Road bed material expected to be brown till compacted to 100 percent Standard Proctor 

CBR tests conducted by Parsons, 1995, measured CBR values from 1.95 to 4.4 averaging 3 for 
upper horizon brown till samples compacted to 95 percent Standard-Proctor (poor classification). 

CBR tests conducted by Corps of Engineers, 1952, measured CBR values 
samples compacted to 100 percent Proctor (fair to good classification). 

Conservatively assume the relative quality of roadbed soil as poor. 

of  
8 for brown till 

@ 4, Modulus for Base and Subbase: 

As recommended in ODOT, 1992. 

Aggregate base, ODOT Spec. #304, Ebs = 30,000 psi 
Subbase, ODOT Spec. #31O, Ebs = 15,000 psi 

File: LTSCDR.DOC 
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11-86 Design of Pavement Structures 

Table 4.10. Aggregate Surfaced Road Design Catalog: Recommended Aggregate Base 
Thickness (in Inches) for the Six U.S. Climatic Regions, Five Relative 
Qualities of Roadbed Soil and Three Levels of Traffic 

U.S. Climatic Region Traffic 
Relative 

Quality of 
Roadbed Soil Level I I1 I11 IV V VI 

Very good High 8* 10 15 7 9 15 
Medium 6 8 1 1  5 7 11 
Low 4 4 6 4 4 6 

Good High 1 1  12 17 10 11 17 
Medium 8 9 12 7 9 12 
Low 4 5 7 4 5 7 

Fair High 
Medium 
Low 

Poor High 
Medium 
LOW 

Very poor High 
Medium 
LOW 

13 
11 
6 

** 
** 
9 

** 
** 
11 

14 17 
11 12 
6 7 

** :: ' 1  ** 
9 +- ** 

** ** 
11 10 

12 
10 
5 

15 
8. 

** 

** 
** 
8 

13 
10 
5 

15 
8 

** 

** 
** 
8 

17 
12 
7 

** 
** 
9 

** 
** 
9 

*Thickness of aggregate base required (in inches). 
**Higher type pavement design recommended. 
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CHARACTERISTICS 

Wet, no freeze 
Wet, freeze - thaw cycling 
Wet,, hard-freeze, spring thaw 
Dry, no freeze 
Dry, freeze - thaw cycling 
Dry, hard freeze, spring thaw 

Figure 4.1. The Six Climatic Regions in the United States (22) 
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Figure 4.5. Chart to Convert a Portion of the Aggregate Base Layer Thickness To an 
Equivalent Thickness of Subbase 
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BORROW AREA REQUIRED VOLUME 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to evaluate the bank/unbulked volume of borrow material required 

for the FEW On-Site Disposal Facility (OSDF) East Field Borrow Area (BOKOW Area). This borrow 

material will be used to construct selected earthwork components of the 8 OSDF cells. These 

- 

components include: (i) compacted clay liner; (ii) compacted clay 

compacted fill. On-site borrow material will be obtained fiom the 

cap; (ii) vegetative soil layer; and (iv) 

brown till soils within the OSDF foot- 

@ 
print excavation and the BOKOW Area. 

METHODS OF ANALYSIS 

The required Borrow Area volume is calculated by the following four-step procedure: 

Step 1 : Estimate the shrinkage/bulking factor (SBF) of the borrow material. 

Step 2: Calculate the baddunbulked net volume of borrow material available fiom the OSDF 

foot-print. 

Step 3: Calculate the baddunbulked volume of material required for the selected earthwork 

components of the OSDF and the minimum contingency volume. 

Step 4: Calculate the baddunbulked volume of borrow material required fiom the BOXTOW. Area. 

The volume of borrow material required fiom the Borrow Area is then compared with the actual 0 volume of the Borrow Area to evaluate whether a minimum 4fMrcontingency volume is 
\7aS0jo Ab , ~ c P  2 apgILq6 
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contingency volume is provided for the (i) construction of a ninth OSDF 

contingency cell if disposal volumes are larger than anticipated; (ii) to backfill to subgrade elevations 

beneath the footprint of the OSDF in the event that additional excavation of impacted material is 

necessary; and (iii) if insufficient volumes of suitable impacted material are available to complete the 

construction of a component of the liner or cover system. 

following reasons: 
- 

CONCLUSIONS 

The shrinkagehulk factor for the brown till is calculated to be 0.955 (i.e., 0.955 ft3 of in situ 

brown till material is required to construct 1.000 ft3 of compacted material). This implies the- 

bank/unbulked brown till will undergo a net increase in volume of approximately 4.7 percent once 

compacted in-place as part of the OSDF liner/cover system. 0 
The required barklunbulked volume was calculated to be 433,567 yd3 for the Borrow Area. 

There is 590,834 yd3 of material available in the Borrow Area, an excess of 157,267 yd3 of material for 

use in constructing specific earthwork components of the OSDF. This excess corresponds to a 19.5% 

contingency volume; this exceeds the minimum required contingency of W. 
17.5% 
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BORROW AREA REQUIRED VOLUME 
. - .  -. . .__ .... _ _.  ~ ~- ~ . 

- . -  . . .- 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures necessary to evaluate the 

baddunbulked volume of borrow material required fiom the FEW On-Site Disposal Facility (OSDF) 

BOKOW Area. This borrow material will be used to construct selected earthwork components of the 8 

OSDF cells. These components include: (i) compacted clay liner; (i) compacted clay cap; (i) vegetative 

soil layer; and (iv) compacted fill. Borrow material will be obtained fiom the brown till soils within the 

OSDF foot-print excavation and the BOKOW Area. 

METHODS OF ANALYSIS 

I 1' 
i. REOUIRED BORROW AREA VOLUME 

A four-step procedure is used to calculate the required baddunbulked volume of the BOKOW 

Area. Herein, baddunbulked volume refers to the in-place volume of borrow material prior to excavation 

from the ground. Compacted volume refers to the volume of borrow material after compaction. This 

procedure is described below. 

Step 1 : Estimate the shrinkagehulking factor (SBF) of the borrow material. 

For the calculations performed herein, the SBF is defined as the ratio of the total volume of the 

bank/unbulked borrow material to that of the compacted borrow material. This can be Written as: 
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where V u m d  = total volume of bank/unbulked borrow material; 

VTcd = total volume of compacted borrow material; 

= void ratio of bank/unbulked borrow material; and 

ecompactcd = void ratio of compacted borrow material. 

The void ratio of the bank/unbulked and compacted borrow material can be calculated using the 

following equation [Holtz and Kovacs, 19811: 

wherepd = drydensity; 

fi = density of solids; and 

e = void ratio. 

Values for the dry density and density of solids for the bank/unbulked and compacted borrow 

material are reported in the Data Verification package. 

Step 2: Calculate the bank/unbulked net volume of borrow material available fiom the OSDF foot-print 

excavation. 

Borrow material for the OSDF will be obtained fiom the OSDF foot-print excavation and fiom 

the Borrow Area. The upper 1-ft of soil in the OSDF foot-print is anticipated to be impacted and cannot 

be used as borrow material. The bank/unbulked volume of impacted material is therefore given by: 
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The bank/unbulked volume of borrow material from the OSDF foot-print excavation (minus any portion 

of this material that is considered to be impacted material) can be written as: 

where Vnap = net banklunbulked volume of borrow material fiom the 

V,, ~p = gross baddunbulked volume of borrow material from 

the OSDF foot-print excavation (including impacted 

material); and 

OSDF foot-print excavation; 

Vimpacd = baddunbulked volume of impacted material not 

suitable for use as borrow material. 

The value for V,, ~p is reported in the Data Verification package. 

Step 3 : Calculate the bank/unbulked volume of material required for the selected earthwork components 
2 Ebb4 .RQ D 

of the OSDF and the minimumtontingency volume. 

The SBF is used to calculate the total baddunbulked volume of borrow material required to 

construct the OSDF. In addition to this volume, a minimum contingency volume- 

?must be provided. This contingency borrow volume is 
O D ,  D e r  2 rQ PHIL T 6  

provided for the following reasons: (i) construction of an OSDF contingency cell if disposal volumes are 

larger than anticipated; (ii) to bacW to subgrade elevations beneath the footprint of the OSDF in the 

event that additional excavation of impacted material is necessary; and (iii) if insufficient volumes of 

suitable impacted material are available to complete the construction of a component of the liner or cover 
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system. The total barddunbulked volume of borrow material required to construct the selected earthwork 

components is given by the following equation: 
- ~... -... _ _  .~ . . .-. ..-. .~ .. _ _  -. - _  - -~ 

vrapkd bank I unbulkd = vrapkd compacted( SBF) - (6) 

where V e  = total volume of bank/unbulked borrow material 

required for the 8 cell OSDF; and 

V- = total volume of compacted borrow material required for 

the 8 cell OSDF. 

Step 4: Calculate the barddunbulked volume of borrow material required from the Borrow Area. 

The bank/unbulked volume of borrow material required fiom the BOKOW Area is the difference 

between the required total bank/unbulked volume of borrow material (Step 3) and the baddunbulked 

volume of borrow material available fiom the OSDF foot-print excavation (Step 2). This calculation is 

given by the following equation: 

(8) V B A  = vrapkd bank I unbulkcd - vnct  FF’ 

where VB* = required baddunbulked volume of Borrow Area material. 
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The minimum bank/unbulked contingency volume, Vcontingency, required for a nine cell OSDF is 

given by the following calculation: 

25% 
'contingency = (V9cell + (x) v c o n t o u r  compacted -t- VIhprotective compacted + V & o n a l  compacted ))(SBF) (7) 

where, Vgcell = Volume of compacted borrow material required for construction of a 9 cell OSDF 

above that required for construction of an 8 cell OSDF; 

Vcontour compacted = Compacted volume of the contouring layer for a 9 cell OSDF; 

VIMprotective compacted = Compacted volume of the impacted material component of the protective 

layer; 

Vseasonal compacted = Compacted volume of the seasonal cover for a 9 cell OSDF; and 

25%, conservatively selected to represent the percentage of the impacted material components 

which may need to be replaced kith borrow in the event that there is an insufficient 

amount of impacted material available. 

The minimum required badunbulked contingency volume (Vcontingency) as a percentage of the 

total volume of bank/unbulked borrow material required for &e 8 cell OSDF w r e q u i R d  bmk/"nbu]ked) is 

calculated as follows: 
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BORROW AREA VOLUME COMPARISON 
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The available baddunbulked BOKOW Area volume is calculated by taking the Borrow Area 
volume fiom the “BOKOW Area Capacity Verification” Calculation Package and subtracting the volume 
of top soil fiom the Borrow Area foot print which will be stripped and stockpiled. This can be written as: 

VBA available = VBA capacity - vbp soil (9) 

where VBA maable = available baddunbulked Borrow Area volume; 
VBA =pacity = Borrow Area volume fiom the “Borrow Area 

Vbphl= volume of top soil in the BOKOW Area foot print. 
Capacity Verification” Calculation Package; and 

The volume of top soil fiom the BOKOW Area foot print is given by: 

m -  VW = (area of Borrow Area foot print) x (top soil depth) (10) 

The baddunbulked volume of borrow material required fiom the BOITOW Area is compared with 
the available bank/unbulked Borrow Area volume to evaluate whether the minimum -4O-pxmt 
contingency volume is provided. AD, DGl’ 2 9fl i1x 
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DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to present the data necessary to evaluate the bank/unbulked 

volume of borrow material required fiom the FEW On-Site Disposal Facility (OSDF) BOKOW Area. 

This borrow material will be used to construct selected earthwork components of the 8 OSDF cells. 

These components include: (i) compacted clay liner; (i) compacted clay cap; (iii) vegetative soil layer; 

and (iv) compacted fill. Borrow material will be obtained fiom the brown till soils within the OSDF foot- 

print excavation and the BOXTOW Area. 

REOUJRED BORROW AREA VOLUME 

The data necessary to calculate the required borrow area volume is presented in the same four- 

step outline used in the Calculation Procedures section of this calculation package. This outline is 

described below: 

Step 1 : Data for estimating the shrinkagehulking factor (SBF) of the borrow material. 

In situ and compacted soil properties of the on-site brown till material were obtained from soil 

sample laboratory test results shown in Appendix G of Parsons [1995] and preliminary data tables 

[Parsons, preliminary data 19961 for samples retrieved fiom 0 to 15 feet below the ground surface of the 

OSDF foot print and Borrow Area. Figures 1 and 2 present the brown till in situ and maximum dry 

density data. 0 
002463 
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Based on the geologic cross-sections through the OSDF (see Sheets X-13 through X-15 of the 

Intermediate Design Drawings), it is reasonableto assume that the borrow material from the OSDF foot- 

print excavation will come primarily fiom depths ranging from 1 to 10 feet below the ground surface. 

Based on the Intermediate Design Drawings BOKOW Area excavation boundaries and excavation 

elevations, it is anticipated that approximately 80% of the borrow material fiom the BOKOW Area will 

come fiom depths ranging from 0.5 to 10 feet below ground surface (the remaining 20% of the borrow 

material from the BOKOW Area is anticipated to come from depths ranging from 10 to 16 feet below the 

ground surface). Based on the drawing information, it is assumed that the majority of the borrow 

material will be excavated from the OSDF foot-print excavation and the BOKOW Area fiom depths . 

ranging from 1 to 10 feet below the ground surface. 

A representative brown till borrow material soil property is estimated using the best-fit lines 

plotted on Figures 1 and 2. Using the 5.5-foot depth (half-way between the 1- to 10-foot depth) value 

gives the following estimate for the brown till baddunbulked and’maximum standard Proctor compacted 

dry density (Pd (bankhmbulk~d) and P d  (h,,,,,), respectively): 
0 

A weighted average compacted dry density is estimated using the following information: 

(1) The compacted dry density for the compacted clay liner and cap is estimated to be 

97% of Pd (A) standard Proctor based on the data reported in Parsons [1995 and 

preliminary data 19961. 

(2) The compacted dry density for the vegetative cover and compacted fill are 90% and 

95%, respectively, of P d  standard Proctor based on the CQA Plan. 

(3) The volume of compacted material required to build 8 cells of the OSDF (obtained 
from the “Earthwork Required Volume” Calculation Package) are reported below. 

compacted clay liner = 297,23 1 yd3 082466 
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compacted clay cap = 194,582 yd3 
vegetative soil =~ 232,166 yd3 -- --- 

compactedfill = 124,437yd3 

~- - . . . . . - . . _ .  - . . 

Based on this information, the weighted average compacted dry density is 94.8% of pd(&m). Thus, the 

borrow material average compacted dry density is: 

p d ( - d )  = (0.948)(114.5 PCf) = 108.5 PCf 

The density of solids for the borrow material is the specific gravity multiplied by the unit weight 

of water. The specific gravity for the borrow material is assumed to be 2.70 and the unit weight of water 

is 62.4 pcf. Thus, the density of solids for the borrow material is: 

ps = (2.70)(62.4 pcf) = 168.5 pcf 

Step 2: Data to calculate the bank/unbulked net volume of borrow material available from the OSDF 
foot-print excavation. 

A total volume of 559,325 yd3 will be excavated fiom the OSDF foot-print area (obtained fiom 
the “Earthwork Required Volume” Calculation Package). This .volume is decreased to account for the 
impacted material that will be stripped fiom the OSDF foot-print area and disposed of in the OSDF. The 
following data and assumptions are used to calculate this decreased volume: 

the approximate surface area of the impacted material to be removed is 114.4 acres 
(see Sheet G-I, “Impacted Material Removal Plan Within Battery Limit” of the 
Intermediate Design Drawings); and 
the impacted material depth is assumed to be 1 ft below the ground surface. 
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Step 3: Data to calculate the bank/unbuked volume of material required for the selected earthwork 
.. - . . ~ _ _  . ._ -~ ..- ~ - - - .. ~ . .. _ _  ~ ~ .~ -. ~ ~~ .. ~. ._ -. 

components of the OSDF and the minimum contingency volume. 

The quantities of compacted material required to build 8 cells of the OSDF are presented in Step 
* 1. The total required volume of compacted material is: 

V-compacd = (297,231 + 194,582 + 232,166 + 124,437) = 848,416 yd3 

03, D6P 2 AQf i ‘L96  

Step 4: Data to calculate the bank/unbulked volume of borrow material required fiom the Borrow Area. 

No additional data is required for this calculation. 

0 - BORROW AREA VOLUME COMPARISON 

The actual bank/unbulked BOKOW Area volume is calculated by CADD and is hand calculated in 
the “BOKOW Area Capacity Verification” Calculation Package. The volume calculated by CADD is: 

prs 
on ~ L Z * Z =  

The foot-print area of the BOKOW Area is estimated with a planimeter to be 48.8 acres based JAY 
the Intermediate Design Drawings. The assumed top soil depth in the’Borrow Area is 0.5 fi. 
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The quantities’of compacted material used in the calculation of the minimum required 
bank/unbulked contingency. volume (Vcontingency) are obtained from the “Earthwork Required Volume” 
calculation package are listed below: 

. . .  . .  . .. 

~~ .. . . .  ~. ~. .~ 

Additional volume for a 9~ cell = 99,779 yd3 
Contouring layer for 9 cells = 98,532 yd3 

~ Impacted material component of the protective layer for 9 cells = 63,374 yd3 
Seasonal cover for 9 cells = 28,744 yd3 

. - 



WrittenBy: PJp Date: 21 Feb 1996 Reviewed by: P J S  Date: 96 2-22 0 client FERMCO Project FERNALDOSDF ProjecvRoposal No.: GE3900 Task No.: 8.1 1 

REFERENCES 

Construction Quality Assurance Plan (Revision C). (1996). FEMP On-Site Disposal Facility, prepared 
for FERMCO by GeoSyntec Consultants. 

Intermediate Design Drawings (60% Submittal). (1996). FEMP On-Site Disposal Facility, prepared for 
FERMCO by GeoSyntec Consultants, February. 

Parsons. (1 995). Geotechnical Investigation Report, On-Site Disposal Facility, Operable Unit 2, 
Project Order 140, Revision 0, prepared for FERMCO for the Fernald Environmental Management 
Project, Subcontract No. 2-2 1487, December. 

Parsons. (preliminary data 1996). Preliminary results of borrow area sampling and testing program. 



GEOSYNTEC CONSULTANTS Page 1 of 4 



- .. 

* 

2 5 5  GEOSYNTEC CONSULTANTS Page d of Y 



2 p 3  GEOSYNTEC CONSULTANTS Page 3 of  

Date: 96 I 0 2  1 1  I Reviewed by: p s  Date: 96 t 2 1 2% 
YY m m  Dn Y Y  m m  DD 

--- Written by: PJ P 



2 5 3  GEOSYNTEC CONSULTANTS P a g e L o f Y  



Written by: DAVE WARREN Date: 21-Feb-96 Reviewed by: h s  Date: q6 - 2’LL 

Client: FERMCO Project: ON-SITE DISPOSAL FACILITY Projecflroposal No.: GE3900 Task No.: 08.11 

- . - . . - -. . . - .  . .. .-. COLLECTION ~~ . ~ . . .~ .  AND-VERIFICATION OF DATA. _ _  -. . .. -~ . . 

APPENDIX A 

COMPUTER SOFTWARE USED TO PREPARE CADD VOLUME ESTIMATE 

Pages A1 through A17 from Autodesk [1994]. 
Pages A18 through A34 from Softdesk [1994] 

REFERENCES 

Autodesk, Inc., “Autocap Release 13 User’s Guide”, Autodesk, Inc., San Rafael, CA, Sep 1994,644 p. 

Softdesk, Inc., “SOFTDESK@ Civil/Survey: Earthworks Reference Manual”, Softdesk, Inc., Hanner, 
NH, Nov 1994,168 p. 

See Section 1.2 for the Design Parameter Summary. 
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BORROW AREA CAPACITY VERIFICATION 

EXECUTIVE SUMMARY 
.. 

This calculation package was prepared to verify the volume of borrow material in the East Field 
Borrow Area as calculated by CADD. The CADD calculated volume is 630,199 cubic yards (cy or yd3). 
The verification is achieved by conducting contour-area method volume calculations using areas 
measured from elevation contours shown on the East Field Borrow Area Restoration Plan [GeoSyntec, 
19961. Using the contour-area method, a volume of 628,988 cubic yards was calculated. The difference 
between this calculated volume and that from CADD is approximately 0.2 percent. Therefore, the 
CADD calculated volume is considered to be reasonably accurate. This volume represents the borrow 
available to construct the following earthwork components for 8 cells (where sufficient materials for 
these components are not available from the OSDF footprint): 

0 compacted clay liner; 

compacted clay cap; 

0 vegetative soil layer; and 

0 compacted fill. 

REFERENCES 

GeoSyntec Consultants, , “On-Site Disposal Facility - Intermediate Design Package”, (Design 
Drawings), GeoSyntec Consultants, Atlanta, GAY Feb 1996. 
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2. Verification 
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BORROW AREA CAPACITY VERIFICATION 

~- . . . . . ~ .  -~ . .. .- . ... .~ 
~ ..-. ~ . . .  . . . . - . . . 

CALCULATION PROCEDURES 

Estimate the volume of material removed from development of the East Field Borrow Area using 
the contour-area method, as detailed in the steps below. 

1. Estimate plane areas of material removed at specific elevations 

Estimate the plane areas of borrow material removed at one-foot elevation increments by measuring 
areas enclosed by the contour lines on Figure 1. Measure these areas with a planimeter. 

2. Estimate volumes of “slices” 

The total volume of borrow material removed can be divided into “slices” whose tops and bottoms 
- correspond to planes at specific elevations. Estimate the volume of borrow material removed in a “slice” 

of height ‘Az’ by using one of the following formulas: 0 
For volume of material in a “slice” whose bottom is the plane bounded by the uppermost contour in a 
section: 

V, = (Le., volume of a pyramid) 

V, = volume of material removed between elevation ‘z’ and ‘z+Az’ 
A, = plane area of material removed at elevation ‘z’ 
Az = elevation increment between contours (= 1 ft) 

where: 

For volume of material in a “slice” whose top is the plane bounded by the contour at elevation ‘z+Az’ 
and whose bottom is the plane bounded by the contour at elevation ‘z’: 

. v, = A, +Az+Az (i.e., “average-end-area” volume) 
3 

Where: A,,, = plane area of material removed at elevation ‘z+Az’ 

Note that the average-end-area volume is a the true volume of the estimated slice. Equations for 
the true volume of the estimated slice, or prismoidal volume, can be found in most surveying texts: The 

- average-end-area volume is accurate enough for the purposes of this calculation, and for most earthwork 
volume estimates [Wolf and Brinker, 19891. 

GE3900-08.11/ 081 1SUM.DOC 



P 

GEOSYNTEC CONSULTANTS Page 2 of 4 
Written by: DAVE WARREN Date: 21-Fcb-96 Rcvicwd by: PJS Date:% 2 -22  0 Client: FERMCO Pmj". ONSITEDISPOSALFACILITY PmjntlPropoul Na: GE5900 T u k N a :  08.11 

Figure I - East Field Borrow Area Restoration Plan. Modifiedflorn GeoSjmtec [I 9961 e 
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Several knolls exist within the borrow area. Volumes that include a plane area bounded by the 

uppermost contour below a knoll must be handled in the following manner. Slices whose bottoms 
co-hcide with this plane area must be divided into two portions:- the part inside and below the knoll, and - - 

the part outside the knoll. Slices whose tops coincide with this plane area can be handled as one volume. 
This is shown in Figure 2. 

3. Sum volumes of slices to get total volume 

4. Compare contour-area method volume to volume from CADD 

Compare the volume estimated from the contour-area method calculations to the volume estimated 
from CADD. If both volume estimates are reasonably close (within -5 percent of each other), the 
CADD volume is considered to be accurate. Otherwise, one or both of the volumes is/are inaccurate. 

0 REFERENCES 

GeoSyntec Consultants, “On-Site Disposal Facility - Intermediate Design Package”, (Design 
Drawings), GeoSyntec Consultants, Atlanta, GA, Feb 1996. 

Wolf, P.R., and Brinker, R.C., “Elementary Surveying”, 8th ed., Harper and Row Publishers, New York, 
NY, 1989,696 p. 
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BORROW AREA CAPACITY VERIFICATION 
._ - - - -  

COLLECTION AND VERIFICATION OF DATA 

The existing and proposed layouts of the East Field borrow area (Figure 1) were obtained from the 
drawing entitled “Borrow Area Restoration Plan” [GeoSyntec, 19961. This drawing was used to prepare 
both the CADD and the manual borrow area capacity estimates. 

The estimated volume of borrow material from CADD is 630,199 yd3. Documentation for the 
CADD software used to prepare the CADD borrow area capacity estimate is attached in Appendix A. 

REFERENCES 

GeoSyntec Consultants, “On-Site Disposal Facility - Intermediate Design Package”, (Design 
Drawings), GeoSyntec Consultants, Atlanta, GA, Feb 1996. 
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526,100 
628,100 
649,300 
754,600 
851,400 
943,900 
976,100 

1,048,600 
1,085,300 
1,101,100 
1,135,800 
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1,064,100 

940,600 
839,750 
756,800 
683,400 
625,200 
543,050 
490,400 
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300,000 
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83,000 
35,800 
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214,300 
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I Elevation I Area I A Elev. I Volume 
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0 

701,950 
803,000 
897,650 

0 
1,012,350 
1,066,950 
1,093,200 

0 
1,142,150 
1,106,300 
1,002,350 

890,175 
798,275 
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654,300 
584,125 
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112,500 
59,400 
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ILower Section 
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603 
602 
601- 
600 

. .- 

Knoll A 
1,400 1 467 
7,400 1 4,400 

13,150 1 10,275 
20.900 1 17.025 

_ _  

IKnoll B I 
16,300 9,275 

IKnoll C I 
16,200 9,500 

IKnoll D I 

10,800 6,325 
2 1,200 16,000 

IKnoll E I 
1,200 
9,650 

32,200 23,950 

I KnollF I 

34,700 18,300 

Total (fi3): 16,982,133 
Total (yd?: 628,968 ./ 

Total From CADD (yd3): 630,199 

Difference Between 
Manual and CADD Volumes: 0.20% J 
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BORROW AREA WATER DEMAND 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

~ The purpose of this package is to evaluate the water demand for moisture conditioning of on-site 

borrow materials during the construction of the compacted clay liner and cap of the FEMP On-Site 

Disposal Facility (OSDF). Soil removed for use as borrow material will also be used to construct the 

vegetative soil layer and compacted fill components of the OSDF. Moisture requirements only exist, 

however, for the compacted clay liner and cap material (as discussed in the Data Verification portion of 

this calculation package). For this reason, the calculation considers moisture conditioning requirements 

for the compacted clay liner and cap material only. The borrow material used for the compacted clay 

liner and cap components will be obtained from the brown till soils within the OSDF foot-print 

excavation and the East Field Borrow Area (Borrow Area). 

' 
METHODS OF ANALYSIS 

The water demand for moisture conditioh,ig is calculated for L e  compacted clay liner ant. cap by: 

1) calculating the average mass of water per cubic foot of in situ soil; 

2) calculating the average mass of water per cubic foot of compacted soil for various established 

moisturedensity relationships ; 

3) comparing the mass of water of the in situ soil with the mass of water calculated for the 

established moisturedensity relationships for compacted soil; and 

4) calculating the water demand for moisture conditioning. 
002495 
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- _ .  _ _  
- CONCLUSIONS - 

A total of approximately 334,300 gallons of water will be required for the moisture conditioning 

of borrow soils during construction of the compacted clay liner and compacted clay cap for 8 cells of the 

OSDF. * This corresponds to approximately 1,000 gallons per clay liner/cover construction day of water 

required for moisture conditioning. 

a -  
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BORROW AREA WATER DEMAND 
. . ~ .  ~ - -  - - - -  

~ . . -  ... .~ ~ - . ~~ - . .. 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures necessary to estimate the 

water demand for moisture conditioning of on-site borrow materials during the construction of the 

compacted clay liner and cap of the FEMP On-Site Disposal Facility (OSDF). 

METHODS OF ANALYSIS 

The procedures described below are used to calculate the water demand for moisture 

conditioning borrow soils for the construction of the compacted clay liner and compacted clay cap of the 

OSDF. In the calculations performed, it is assumed that the borrow soils do not gain or lose moisture 

during excavation or during compaction. 

1) Calculate the average mass of water per cubic foot of soil. 

From Holtz and Kovacs [1981]: 

M,=wM, 

and 

Ms = Pd vT 

where w = soil moisture content; 

M, = mass of water in the soil; 

M, = mass of solids in the soil; 
002498 
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Pd = dry density of the soil; and 

V, = total volume- of soil. _.  

Substituting Equation (2) into Equation (1) yields: 

2) Using Equation (4), calculate M, in situ and M, compacted for V, = 1 ft3. 

M, in situ is calculated as: 

- 
Mw in situ - win situ P d  in situ 

where M, in sib, = mass of water in the in situ soil; 

win situ = in situ soil moisture content; and 

P d  in situ = dry density of the in situ soil. 

M, compacted is calculated for the two compacted moisturedensity conditions described in 
the Data Verification portion of this calculation package as: 

Mw compacted = wcompacted P d  compacted 

where M, compacted = mass of water in the compacted soil; 

wcompacted = compacted soil moisture content; and 

Pd = dry density of the compacted soil. 
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- 
- 3) Compare the value of M, in si& with that of M, compx-ted for the two additional moistuiedensity 

conditions. 

If M, in situ 2 M, compacM; no additional water is required. 

If M, in situ < M, c o m p a c ~ ;  additional water is required. 

If additional water is required, it is calculated as: 

M, additional = (Volume of compacted clay h e r  and cap) (& - M, in si$) (5) 

where M, additional = the total mass of water that must be added to the compacted clay 
liner and cap. 

REFERENCES 

Hole, R.D. and Kovacs, W.D. (1 98 1). An Introduction to Geotechnical Engineering. Prentice Hall, 
Englewood Cliffs, 733 p. 
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BORROW AREA WATER DEMAND 

DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to present the data necessary to estimate the water demand for 

moisture conditioning of on-site borrow materials during the construction of the compacted clay liner 

and cap of the FEMP On-Site Disposal Facility (OSDF). The borrow material used for the compacted 

clay liner and cap components will be obtained h m  the brown till soils within the OSDF foot-print 

excavation and the Borrow Area. 

The CQA Plan was reviewed to obtain required moisture contents for the various earthwork 

components to be constructed fiom on-site borrow materials (i.e., compacted clay liner and cap, 

vegetative soil layer, and compacted fill). This review indicated the following: 

The required moisture content range and compacted dry density performance criteria for the 

compacted clay liner and cap will be established based on results fiom the’Test Pad 
construction. 

The vegetative soil layer and compacted fill have no required moisture content range. 

Therefore, water demand associated with these components is not considered herein. 

The CQA Plan review indicates that the compacted clay liner and cap are the critical earthwork 

components with regard to water demand. The vegetative soil layer and compacted fill will be moisture 

conditioned to ensure workability and strength, however, it is expected that these materials will be dried 0 
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rather than wetted to achieve these conditions. Therefore, the water demand for these components is not 

considered hereh. 
- . -  - -  - 

The data required to estimate the water demand for moisture conditioning is described in this 

section. These data include: 

in situ moisture content (w in siJ and in situ dry density (Pd in situ); 

compacted moisture content (w compacted) and compacted dry density (Pd compacted); 

optimum moisture content of the brown till soil; and 

volumes of the compacted clay liner and compacted clay cap. 

Information on and values for these data are described below. e -  
* situ and P d  in siN 

In situ moisture contents and dry densities of the on-site brown till material were obtained 

fiom soil sample laboratory test results from Appendix G of Parsons [1995] and 

preliminary data tables parsons, preliminary data 19961. Figures 1 and. 2 present the 

brown till in situ moisture content and dry density data. 

I 

The average or representative brown till moisture content and dry density is estimated 

using the best-fit lines plotted on Figures 1 and 2. Based on the geologic cross-sections 

through the OSDF (see Sheets X- 13 through X- 15 of the Intermediate Design Drawings), 

it is reasonable to assume that the borrow material fiom the OSDF foot-print excavation 

will come primarily fiom depths ranging h m  1 to 10 feet below the ground surface. 

Also, based on the Intermediate Design Drawings Borrow Area excavation boundaries 

and excavation elevations, it is anticipated that approximately 80% of the borrow material 
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from the Borrow Area will come from depths ranging from 0.5 to 10 feet below ground 

surface. Based on this information, it is assumed that the majority of the borrow material 

will be excavated from the OSDF foot-print excavation and the Bomw Area from depths 

._ - 

ranging fiom 1 to 10 feet below the ground surface. Using the 5.5-foot depth (half-way 

between the 1- to 10-foot depth) value gives the following estimate for the brown till in 

situ moisture content and dry density: 

- 

wi, = 18.5 % 

P d  i, = 113.5 pcf 

The assumed values for the compacted water content and compacted dry density of the 

brown till soils were selected to be consistent with the conditions necessary to achieve a 

. hydraulic conductivity of 1 x lo-’ c d s .  The actual performance criteria for the 

compacted clay components will be established based on the results of testing performed 

as part of the Test Pad construction. The selected values of moisture and dry density at 

which the specified hydraulic conductivity should be achievable are: 

98% of P d  at +2% of optimum moisture content. 

95% of Pd maximum at +4% of optimum moisture content; and 

Compacted maximum dry densities of the on-site brown till material were obtained fiom 

soil sample laboratory test results fiom Appendix G of Parsons [ 19951 and preliminary 

data tables [Parsons, preliminary data 19961 Figures 3 presents the brown till maximum 

dry density data. 
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The average or representative brown till maximum dry density is estimated using the 

best-fit line plotted on Figure 3. Using the 5.5-foot depth (half-way betweenthe 1- to 10- 

foot depth) value gives the following estimate for the brown till maximum dry density: 

- .- 

For the 95% of Pd at +4% of optimum moisture content: 

Pd = (0.95) (1 14.5) = 108.8 pcf 

For the 98% of P d  at +2% of optimum moisture content: 

optimum moisture content 

The optimum moisture content used for the calculations performed herein was obtained 

f-i-om laboratory test results on the brown till soil [Appendix G of Parsons, 19951 and 

preliminary data tables parsons, preliminary data. 19961. Figure 4 presents the brown till 

optimum moisture content data. 

* The average or representative brown till optimum moisture content is estimated using the 

best-fit line plotted on Figure 4. Using the 5.5-foot depth (half-way between the 1- to 10- 

foot depth) value gives the estimate of 15.5% for the brown till optimum moisture 

content. 

Figure 4 also shows the best-fit line for the in situ moisture content. This line is nearly 

parallel to the optimum moisture content best-fit line. The in situ moisture content is 
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approximately 3% greater than the optimum moisture content for the range of moisture 
- - 

- .  contents shown on the figure. 

For the 95% of Pd at +4% of optimum moisture content: 

wwmpacted = optimum moisture content + 4% = 15.5 + 4 = 19.5% 

For the 98% O f  P d  maximurn at +2% of optimum moisture content: 

wwmpacted = optimum moisture content + 2% = 15.5 + 2 = 17.5% 

Volumes of the compacted clay liner and compacted clay cap 

compacted clay liner = 297,231 yd' 
compacted clay cap = 194,582 yd' 
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BORROW AREA STORMWATER RUNOFF ROUTING 
a 

- - 

EXECUTIVE SUMMARY 

PurPose: 

The East Field Borrow area, located in the southeast corner of the FEMP site, will be 
developed as a borrow source for construction of the OSDF. This calculation is used to 
demonstrate, for a 25-year 24-hour design storm, that the peak runoff rate discharged after 
development does not exceed the peak runoff rate discharged prior to development. Permanent 
drainage structures are designed to convey runoff from the design storm west of the South Access 
road for discharge into Paddy’s Run. 

Desian Approach: 

Peak flow rates are calculated using the TR-55 computer program (USDA, 1986a). 
Permanent stormwater structures include one culvert at the northwest corner of the borrow area and 
two drainage channels which collect runoff from the borrow area and discharge to the culvert and 
one drainage channel from the culvert to Paddy’s Run. The culvert is designed using a procedure 
from AISI, 1987; the drainage channels are designed using Manning’s equation. The design storm 
used for analysis and design is the 25-year 24-hour storm event. 

Findinas: 

The peak flow rate calculated for post-development conditions (96 cfs) does not exceed that for pre- 
development conditions (1 06 cfs). 

Pesian for perm anent stormwater structures: 

CMP Culvert and riprap apron: 
0 Culvert size: 48 in 
0 Outlet velocity: 7.6 Wsec 
0 Length of riprap apron: 20 f t  
0 Riprap size: ODOT type D 

Drainage Channels: 
0 Cross-section shape: trapezoidal AND v - ~ l r c ~  

0 Side slopes: 3H:lV 
0 Maximum channel depth: Wft 2 . 2  f t  

0 Maximum flow velocity: 43 #/see q . n f t / ~ c c  
0 



t 2 5 3  
GEOSYNTEC CONSULTANTS PAGE I OF I 

Written by: %p Date: 7 8 H(KcH 96 Reviewed by: Date: 

Client: FERMCO Project: OSDF Projectmroposal No.: GE3900 Task No.: 8.11 

1. 

2. 

3. 

STORMWATER RUNOFF ROUTING 

TABLE- OF CONTENTS 
- - 

~ _ _  - 

Page 

Calculation Procedure 

Stormwater Runoff Rates 
Permanent Stormwater Structures 
Figures 
References 

Data Verification Package 

Stormwater Runoff Rates 
Permanent Stormwater Structures 
Figures 
References 

Analysis Results 

Stormwater Runoff Rates 
Permanent Stormwater Structures 
Figures 
TR55 Output 

APPENDIX A: Computer Software Used to Prepare Calculations Package 

1/13 
3/13 
7/13 

13/13 

1 122 
6/22 
7/22 

22/22 

1 125 
2/25 
7/25 
9/25 

CALCUL.TOC 



W W %  
P 2 5 3  

GEOSYNTEC CONSULTANTS PAGE I OF 13 

Written by: DGP Date: I FER 9b Reviewed by: m\d D a t e : L m  

Client: FERMCO Project: OSDF ProjecVProposal No.: GE 3900 Task No.: 8.11 

BORROW AREA STORMWATER RUNOFF ROUTING 

CALCULATION PROCEDURE 

The following procedure is used to demonstrate, for a 25-year 24-hour design storm, that the peak 
runoff rate discharged after development does not exceed the peak runoff rate discharged prior to 
development. In addition, permanent drainage structures are designed to convey runoff from the 
design storm west of the South Access road for discharge into Paddy’s Run. 

The TR-55 computer program is used to evaluate peak flow rates for pre- and post-development 
conditions and to evaluate inflow rates for the culvert and drainage channels (Step 1). Permanent 
drainage structures are designed in step 2. 

Step 1: Evaluate the required peak flow rates using the PC program TR-55 (USDA, 1986). The 
peak flow rates are required for the following conditions: 

0 Borrow area for pre-development conditions. (See Figure 1) 
0 Borrow area for post-development conditions. (See Figure 2) 
0 Drainage area for the permanent culvert (Culvert I) .  (See Figure 3) 
0 Drainage area for the permanent drainage Channel 3 which is the same as for Culvert1 

(See Figure 3) 
0 Drainage area for the permanent drainage channels (Channels 1 and 2). (See Figure 3) 

The following input parameters are input to the TR-55 program and are evaluated for each of the 
above conditions. 

1.1 Identify precipitation parameters: 

0 The 25-yr, 24-hr storm rainfall depth obtained from Parsons, 1995. 
The SCS 24-hour Rainfall Distribution Type based on guidance in USDA, 1986b. 

1.2 Measure the drainage area and subareas. 

0 Delineate the drainage area. 
0 Divide the drainage area into subareas and measure the size of each subarea using a 

planimeter. 
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1.3 Select a runoff curve number, CN for each subarea based on the following parameters and 
guidance given in USDA, 1986b: 

_ .  - 

Select the Hydrologic Soil Group, HSG of expected surficial soils based on guidance in 
USDA, 1986b, USDA, 1980 and USDA, 1992. 
Select a Ground Cover Type, based on guidance given in USDA, 1986b. 

1.4 Define flow path parameters for each subarea. Flow path parameters are used to calculate a 
time of concentration for each subarea. Drainage is generally from East to West and all flow 
ultimately discharges to Paddy’s Run. 

Define flow paths for each subarea. Each flow path is divided into flow path segments. 
Each flow path segment is associated with one of the following flow regimes; 1) sheet flow, 
2) shallow concentrated flow and 3) open channel flow. The required input parameters are 
as follows. 

Sheet flow regime: 

0 Assume a length of sheet flow up to 300 ft. 
0 Select a surface code (within the TR55 program) based on ground cover. The 

surface code corresponds to Manning’s coefficient. 
0 Calculate the average slope for the flow path segment. 

Shallow concentrated flow: 

0 Select a surface code (within the TR-55 program) which corresponds to a paved or 
unpaved condition. 

0 Calculate an average slope for the flow path segment. 

Open channel flow: 

0 Assume a V-section for natural swales. 
0 Select a Manning’s coefficient based on guidance in Chow (1959) 
0 Calculate an average slope for the flow path segment. 

Calculate an area of flow for a V-shaped swale, a using the following equation: 

Where: 
z, = Side slope of one side of the swale (in./in.) 
z2 = Side slope of one side of the swale ( i nh . )  
d = the depth of the swale (ft), as show in Figure 2. 



GEOSYNTEC CONSULTANTS PAGE 3 OF 13 

Written by: B P  Date: I f<B 96 Reviewed by: D a t e : L m &  

Client: FERMCO Project: OSDF Project/Proposal No.: GE 3900 Task No.: 8.1 1 

0 Calculate the wetted perimeter, pw,. for the depth of flow using the following 
_ .  . -  equation: ._ - 

p ,  = (d' + (z,d)2)K .+ (d' + (z,d)2)% 121 

1.5 For each condition, run the TR-55 computer program using the above listed input 
parameters (See Data Collection and Verification section). Values of q, (flow rate in cfs) 
are obtained directly from TR-55 output. 

Step 2: Size permanent stormwater structures. The required stormwater structures include; 

0 a CMP culvert (Culvert 1) to convey borrow area runoff across the south access road; 
a channel (Channel 1) along the north perimeter of the borrow area; 

0 a channel (Channel 2) along the west perimeter of the borrow area. 
a channel (Channel 3) from the culvert to Paddy's Run. 

The above stormwater structures are located as shown in Figure 3. 

2.1 CMP Culvert 1: Culvert1 is sized using the design charts shown in Figure 4 (AISI, 1983). The 
outlet velocity, V is calculated using Manning's equation and the design chart shown in Figure 5. If 
the value of V for the culvert exceeds a permissible velocity (Va for the receiving area) outlet 
protection will be required. A riprap apron will be sized to provide outlet protection for the culvert 
using the design chart shown in Figure 6. 7 h -  S ~ ~ ~ A C ~ U R ~ L  nu91 YSIS h e  c u r v m ~ l  W A S  
~ & Z h ? & f D  A S  pH/?r O F  7Hf ' 3 0 U R o u l  &A?€& S D l f L l f Y J  LZclSMJ'' C A ( C U L A T / ~ N .  / 

2.1.1 The required culvert diameter, D is sized using Figure 4 in the following iterative 
procedure. Inlet control conditions are assumed. 4 '3 z 8 N m  ?tz t X P  

1) Calculate an allowable headwater depth, HWa. The allowable headwater depth is the 
height of the road embankment above the culvert invert at the culvert inlet less 6 in. of 
required freeboard. 

2) Select a trial culvert diameter, D,. 

3) Select the ratio HW/Dt from the design chart shown in Figure 4 using the following input 
parameters. 

Trial culvert diameter, D, (in.) 
Discharge, Q (cfs) which is the inflow rate, q,, to the culvert calculated in step 1. 
Culvert entrance type which is selected. - 



@ ZLcW% 
P 

GEOSYNTEC CONSULTANTS PAGE 4 OF 13 

Written by: DG P Date: / <Ea 76 Reviewed by: Date:23= 

Client: FERMCO Project: OSDF ProjectlProposal No.: GE 3900 Task No.: 8.1 1 

4) Calculate a value of HW from the ratio HW/D,. 
5) If the value of HW is less than the value of HW, then the trial culvert diameter, D, is 

sufficient, otherwise reselect D, and repeat steps 2 through 5. - 
- 

2.1.2 Assess whether or not outlet protection will be required. The allowable outlet velocity, V, is 
defined in the GeoSyntec (1996). The outlet velocity, V for Culvert 1 is calculated using 
Manning’s equation, the design chart shown in Figures 5 with the following procedure; 

1) Calculate the flow rate, Qf, for the culvert flowing full using Manning’s equation as follows; 

1.486RY y Q, = A -  3s 
n 

where: 

A = the cross sectional area of flow (e); 
R = the hydraulic radius (ft), which is equal to a/p,; 
S = the culvert slope (Wft); 
n = the Manning’s coefficient for CMP (USDA-SCS, 1986); and 

2) Calculate the ratio, Q/Qf: 
* 

3) Select the ratio, VN, from the design chart shown in Figure 5 using the ratio Q/Qf . 

4) Calculate V from the ratio VN,. 

If the value of V is less than the value of V, then outlet protection is not required; otherwise 
design a riprap apron using the procedure in section 2.3. 

2.1.3 Size a riprap apron to provide outlet protection for culvert 1. The riprap apron is sized using 
the design chart shown in Figure 6 (VDRC, 1992). The geometry of the riprap apron is also shown 
in Figure 6. 

The design chart shown in Figure 6 is used with the following input parameters to select a 
minimum apron length, La and a riprap size, dSo. ; 

Culvert diameter, D (in.) 
0 Discharge, Q (cfs) 
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2.2: The drainage channels (Channels 1, 2 and 3; shown in Figure 3)) are sized to convey peak 
inflow rates, q, without erosion of the channel bed. The cross-sectional geometry of the 
channel is assumed as shown in the following figure. - - _- - - - - - - - - - - - - - - - - _ _  _ _  _ _  - -  _ _ _  - - 

7- 

I 
C t i A N W € L  3 C H A N N E L  ]  AND^ 

n l p i c n c  C R O S S - s  Fflfad Typical drainage channel cross-section 

2.2.1 The channels are sized using the following iterative procedure. 

1) Assume a cross-sectional shape and values for sideslope and bottom width. The 
required freeboard is 6 in. (GeoSyntec, 1996); 

2) Calculate the slope of the channel bed from Figure 3. 

3) Calculate a channel depth, d which will convey q, with a value of V V, using the 
following equations; 

a 
1.486 y y’ =A- R 3S 
n 

Where: 

# =  ( z ,  tz,) d‘ 

q = the peak flow rate (cfs); 
A = the cross-sectional area for the channel (ft2),. 
n = the Manning’s roughness coefficient, based on guidance in Chow (1959) 
R = the hydraulic radius (ft) R=a/w, 
S = the channel bed slope, (Wft); 
W, = the bottom width of the channel(ft); assumed 
z = the side slope of the channel (inlin.); assumed 
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4) Select a trial value of d. 

_ .  - 
5) Calculate the value of q. 

6) If the value of q exceeds the value of q, the channel with a depth of d is sufficient to 
convey the design flow; otherwise repeat steps 1 and 2. 

2.2.1 Evaluate the erosion resistance of each channel. Channel velocities are not to exceed a 
permissible channel velocity, Va as defined in (GeoSyntec, 1996). Calculate the flow velocity, v, 
at the peak flow rate, q, for each channel using the following equation; 

Where, 

a, = the cross-sectional area of flow at the peak flow rate, f? 

If the value of V, is less than Va then erosion of the channel bed is not anticipated, otherwise, 
revise the channel dimensions and recalculate V,. 
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Figure 4-28 Inlet control nomograph for corrugated steel pipe culverts. The manu- 
facturers recommended keeping HWlD to a maximum of 1.5 and preferably to no 
more than 1.0. 
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Borrow Area Stormwater Runoff Routing 

O O Z Z 3 1  

Data Verification 

Step 1 : The input parameters required by TR-55 are as follows; 

1. I PreciDitation Parameters: TR-55 requires rainfall depths for 2-yr.-24-hr. and 
design storm (i.e.. the 25-yr.,-24-hr.) events and the SCS 24-hour rainfall distribution 
type as part of the program input parameters. 

a) Rainfall Depth: Values of rainfall depth were obtained from Parsons (1995), 
See Table 1 : 

0 2 yr.-24 hr. storm event = 2.55 in. 
0 25 yr.-24 hr. storm event = 4.70 in. 

b) e: The SCS 24-hour Rainfall 
Distribution Type was obtained from USDA-SCS (1986b) based on the 
geographic location of the FERNALD site, see Figure 1. 

0 SCS 24-hour rainfall distribution is type II 

1.2 Drainage area and subareas: 

Pre-development conditions: The topography of the borrow area for pre- 
development conditions is shown in Figure 1 of the Calculation Procedures. 
Elevation contours are based on a 1992 site flyover, provided by FERMCO. 

Post-development conditions: The topography of the borrow area for post- 
development conditions is shown in Figure 2 of the calculation procedures. 

Input 'parameters are listed in the following Tables. 



Area Name 
1 

Culvert 1, Channel 3 
Channel 1 
Channel 2 

1.2. Runoff Curve Number: TR-55 uses input data related to soil type and cover 
conditions to obtain a SCS curve number, CN for each drainage area. These values 
are presented below 

Area (acres) 
72.0 
72.0 
25.7 
46.3 

a) Hvdroloaic Soil Group: TR-55 requires the classification of the drainage area 
surface soils according to Hydrologic Soil Group, HSG (Le. . either A, B, C or D). 
The HSG is used in determination of Runoff Curve Numbers. 

Map Symbol 

FeA, FdA 
MoE2 

RdA 
XfA, XfB2 

0 Pre-development Conditions: Tables 2a through 2d (USDA, 1986b) lists the 
names of surficial soils located within the borrow area watershed and their 
associated HSG classifications. The distribution of these soils across the 
site is shown in Figure 5 (Parsons, 1992). Surface soils within the borrow 
area classify as group B for approximately 60% of the total drainage area 
and as group C for the remaining 40%. 

Soil Name Hydrologic Soil 
Group 

Fincastle Silt Loam C 
Miamian-Hennepin C 

Raub Silt Loam C 
Xenia Silt Loam B 

Silt Loams 

0 Post-development Conditions: The existing borrow area topsoil will be 
stockpiled for use in restoration of the borrow area. Thus, the post- 
development topsoil will be a mix of the existing topsoil. Geotechnical 
studies indicates that the upper soil layer (brown Till) has a higher sand 
content with depth. On this basis, it is assumed that the post-development 
topsoil will be better draining than the pre-development topsoil. 

002532 
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0 HSG Classifications for pre-development and post-development conditions: 
Conservatively assume a HSG classification of C for pre-development and 
post-development conditions. - - 

Condition 

Pre-development 

Post-development 

b) Ground Cover Tvpe and Hvdroloaic Condition: Descriptions of vegetal cover 
within the borrow watershed area were obtained from aerial photographs of the 
site. 

Ground Cover Type Hydrologic 
Condition 

Pasture, Grassland Good 
or Range 
Pasture, Grassland Good 
or Range 

0 Pre-development conditions: The existing vegetal cover for the borrow 
area. is grassland (US Dept. of Energy, 1994) (See Figure 6). 
Grasses are long and in good condition. 

0 Post-development Conditions: - The borrow area will be re-seeded. 
Hydrologic conditions are expected to be good. No grazing or 
mowing (Le., for hay) will be permitted. 

0 Based on the above ground cover descriptions, the following 
classifications for Ground Cover type and Hydrologic Condition were 
selected within the TR-55 program (USDA, 1986a): 
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1.4 Flow path parameters for each subarea: 

e 

Summary of flow path data and TR-55 calculated time of concentration. 

Slope is a weighted average'for two flow path segments. 
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Manning’s coefficients for sheet (input as TR-55 Surface Code) and open channel flow are 
listed in the following tables. 

Condition 

Pre- 
development 

Post- 
development 

Surface Manning’s TR-55 Surface 
description Coefficient’ Code2 

Range (natural) 0.13 E 

Range (natural) 0.13 E 

Condition I Channel type Channel Manning 

Pre- Flood plain, pasture High grass 0.035’ 
development and no brush 

Post- Flood plain, pasture High grass 0.035’ 
development and no brush 

Drainage Channel, straight grass 0.033L 
channels and uniform‘ 

Description Coefficient, n 

’See Table 5 (Chow, 1959); 2See Table 6 (Chow, 1959) 1 



GEOSYNTEC CONSULTANTS PAGE 6 OF zz 

Written by: pc p Date: 2 6  FF69G Reviewed by: Bv4 Date: B m b  
Client: FERhKO Project: OSDF ProjedProposal No.: GE 3900 Task No.: 8.1 1 

Step 2: Size permanent stormwater structures: 

2.1 Input parameters for design of Culvert1 are as follows 

0 Culvert type: Corrugated metal pipe; 
0 Culvert Slope: S = 0.8 %; 
0 Culvert Manning’s Coefficient: n = 0.023; (USDA, 1986) 
0 End Type: headwall at inlet end; and 
0 Permissible Velocity: V, = 5 Wsec (GeoSyntec, 1996). 

2.2 Input parameters for design of Channel1 and Channel2 are as follows; 

0 Cross-sectional shape: Rapemda I \I-DITc++ 
0 Channel lining: Grass 
0 Manning’s Roughness Coefficient, n 0.033 
0 Bottom width: WB=3+ O f t  

0 Slope of Channel bed: S=O.Oll. 
0 Sideslope: z = 3; slope = 3H:lV 
0 Permissible Velocity: V, = 5 Wsec (GeoSyntec, 1996). 

2.3 Input parameters for Channel 3 

Cross-sectional shape: Trapezoidal 
Channel lining: Grass 
Manning’s Roughness Coefficient, n 0.033 
Bottom width: W, = 5 ft 
Slope of Channel bed: S=0.005. 
Sideslope: z = 3; slope = 3H:lV 
Permissible Velocity: V, = 5 Wsec (GeoSyntec, 1996) 
Depth: 6 to 17 ft.. 



c 

i6 2 5 3  O M - 4 6  
GEOSYNTEC CONSULTANTS Page 7 of 22 

Written by: W G  P Date: 5'6 I 2. I 2  o Reviewed by: D8d Date:% I 02 123 

Client: F€ R Project: 0 S D F  ProjectProposal No.: G F? 7 00 Task No.: 4 // 
YY M M  DD Y Y  M U  DD 

002537 



P 2 5 3  +w-qb 
GEOSYNTEC CONSULTANTS Page of zz 

c 



GEOSYNTEC CONSULTANTS Page 7 of 2 2  

WrittenBy : G P  Date: 3 FE5 96 Reviewed by: Date: z 3 m b  
Client: FERf lCd Project: 0 5DF ProjectProposal No.: E 3 9 t  o Task No.: 8. I) 



GEOSYNTEC CONSULTANTS Page 10 of 2 x  

Written B y :  9 6  P Date: C f f i  96 Reviewed by: ' md Date: 33fBx 
Client: F€k' +I C 6  Project: OS OF Projecflroposal No.: Gs 390 u Task No.: 8.  I I 



GEOSYNTEC CONSULTANTS Page / I  of 2 2  

- .  
Written By : p Date: 70 F&64G Reviewed by: Date: 3-96 
Client: FC ~ f l  C 0 Project: 0 5 0 ProjectlProposal No.: c; E 34 o 0 Task No.: 8. // 

. . .  

c 

1 



Written by: 

Client: F &R/'ACC Roject: O ' i O F  Proje4Roposal No.: 6 63 5 0  0 Task No.: 8.1 ; 

Date: 96 I Z I 20 Reviewed by:_cQk\\ Date:*&&/& 
M D D  YY mu DD 

A 
0 
0 

I 
0 
C 
I 
0 
I 
C 
C 
I 
C 
I 
D 
0 
C 

I 
a 

0 
I 
o 
I 
C 
C 
C 
C 
0 
C 
0 
0 
0 
C 
A 
C 

C 

C 

C 

a 

a 

a 

n 
n 

n 

continued: Hydrologic-soil groups for.United States soils. - - .- . -. - 

C I C C T T I C  

8 I CCZ 
I I re izcn 

0 I Cimcen 
C I CIAUOCI) .  OPAIYCO C 
8 I C I A T  C 
C I CIOALCO C 
c I ciooLca C 
0 I C l D O L C l O I ~  I 
0 I CIOOTUCUT 0 

0 
C 
C 
0 

I 
A 
a 
C 
A 
0 
C 
0 
C 
I 
C 

I 

C 
0 
a 

0 
A 

a 4  

n 

n 

nA 
n 
I 
I 
E A  
0 

A 
0 

I 
0 
I 
I 
C 
8 
0 

I 

C 
C 
0 
I 
C 

C 
C 
C 
0 
I 
I 

0 
0 
0 
I 
C 
I 
e 
I 

n 

n 
n 

n 

n 

n 
0 I CLAMLT 
0 I CLASM19 

0 I C L A ~ W C A O  
C I CLAIIPOMS 

0 I C L l l O U l A  

o I CLAV Moaw 

0 I CLAlNOSC 

A 
0 
C 
0 
C 
I 
I 
0 
I 
C 

C 
I 
8 
8 
C 

0 
C 
C 
C 
I 
0 
I 
0 
P 
0 
C 
0 
0 
c 
C 
I 

C 
I 
C 

0 

C 
C 

I 
P 
C 
I 
A 

I 
C 
0 
0 
I 

C 
I 
0 

a 

n 

e 

n 

e 

n 

n 

n 

I 
I 
I 

I 
I 
I 
I 
I 

.e 

e 
e 

C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

be 
a 

I 
I 
I 
I 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I  
I 
I 
I 
I 
I 
I 
I 
,I 
I 
I 
I 

I 
C 
a 
a 

I 
D 

C 
C 
8 
C 
A 

A 
A 
C 
C 
C/O 
0 
C 
C 
C 

8 
0 
U O  
C 

a 

a 

C I COSTOIIA a 
C I COUUTAIU 0 
0 I C O W  STAn C 
a I c w n  STAR. onfitueo 0 

I 
0 
I 

I 
0 
C 

C 
0 
C 
A 

I 
0 

A 
C 
C 
0 

C 
C 
I 
D 
0 
0 
0 
C 
I 
C 
I 
C 
C 
I 
C 
C 
C 
W O  
C 
0 
C 

I 
C 
C 
I 
I 
C 

a 

a 

e 

a 

a 

n 



P 2 4 J Q 4 c  
GEOSYNTEC CONSULTANTS B- 2 5  %ge 1 3  o f 2 2  - 

Written by: a F P  Date: 9b I 2 I Reviewed by: h?d Date: 3 I oz 1 cg 
Client: fm f i  CCJ Project: O ~ D F  Roject/Proposd No.: G 2 3 9 fl* Task No.: 8, // 

Y Y  M M  YY M M  DD 

. . - - - - . . - - - 
m c o c e m o i i  
I C O O L L  
I C O O N A L O  
BICOONALOSVILLC 
L C o U r r  
I C C L L C  
r C C L P o v  
I C C W C h  
UCCAOOCW 
L C C A I h  
U CAPL A L L  
LCCAUL 
NCGACCCV 
I C C A P P  
LCGAPVCV 
*CGAQV 
*CGCNCC 
U G I L V C P V  
MCG I NNI S 
U C G I N L T  
L C G I P C  
L C G I P K .  L O W  

LCGOWAN 
r C G Q & r Y  
MCGRC W 
LCGUCVCT 
L C C U l  PI? 
UC MC N P  V 
N C I L W A I P I C  
I C I N 1 O S Y  
*c I U T  VPC 
N C I V C V  
MCKAMIC 
MCCAV 
MCCCC 
rcccc1*  

P R C C I P I l A l I O N  

M c c c L  v t r 
ICCCNI*A 
MCCCNNA. GR.lNe0 
L C C E N Z I E  
UCK I N L C  V 
I C K I N * E V  
*CCN 1 GUT 
Y C L A I N  
U C L A U P l h  
* C L E O 0  

VCMCCN 
M C M I L L E  
I C I U L L  I N  
L C ~ U P O I E  
LCMUPPAT 
mC*UPP.T'. O O A I N C O  
LCNAOV 
YCNCAL 
LCNULL 
r C N U L I v  
W D A U L  

r c L o u G n L  I N  

=canic 
n c a u a o e  IC 
r C O U ~ c *  
U C Q A Z  
YCP.VCN 
M C l  A C C A L I  
VCVCCAS 
UCV I C K C P S  
m L A 0  
W C A O I W  

*CAOOUOP3OC 
Y C A O O W C O C L ~  
W A D O W L A K C  
W A O O W V I L L C  
MEANS 
MCAPCS 
MECAN 
W C * A h  I C S B U P G  
M C C K C S V I L L C  

I E A O L A N O  

continued: Hydrologic soil groups for United States eoile 

- -  .. 
a I r C C C L E L a U O G  C 

I I C C O S l A  - A  
C 1 I C O A  e 
C / D I  I C O A N O  C 
C 
C 
B 
0 
e 
C 
0 
C 
e 
C 
C 
C 
C 
t 
C 

C 
0 

I 
0 
e 
o 
0 
U 
C 
6 
0 
C 
0 

0 
0 
A 
0 
C 
0 

C 
¶ 
C 
0 
0 
0 
C 
e 
3 
C 
0 
C 
0 
b 

¶ 

0 
e 
3 
C 
c 
C 
d 
0 
C 
a 
A 
C 
!lm 
C 
C 
Y 
C 
0 
c 
C 
C 

n 

r 

e 

I m c o o v  C 
I LCOOUQN a 
I rcocc 0 
I rcoroao C 
I VCDCOA C 

V C o I C l u C  0 
L C O L C V  B 
MCOL I N  0 
L C O C I A K  C' 
LCOOPA c 
I C O W A V  e 
I C I G C P Y O I  c 
LCCGCPO I! 

I r G A L O S  0 
L C G G C I T  0 
LCGONO 1 C 
VCGU I I 9 
PCMLI109N C 
V C I K L C  0 
V E I  SS C 
L C K I N O C C  0 
YELAC b A C 
LCLANO C 
L C L b O U P L C  * 
I C L P T  t 
V E L 0  C 
VCLOCP 0 
CCLGA P 
v a n o v e s  E. 
U E L I I A  A 
b C L L C N l l 4 l N  c 
M c L L o m  0 
V C L L O P .  I I P A ~ I C I ? C  C 

LCLLOTT 6 
*CLOC*C 0 
UCLOLA*O C 
VCLPOSL C 
"CL 1 Oh 0 
U r L V l L L C  P 
L C L V l N  a 
VCU A L  00 S t  C 

I C W A Y G A  A 
V C N I P O  b 
Ve.lASYA r 
LCWCO C 
LCNLCU311L)C C 
M t P l O C L l N A  0 
I C N O C L T N A .  c 

%OS 1 e11 11.1 

wmonis  e 

L b C U S l R l  h C  
SUOS 1 P A 1  UV 

V C I O C N W A L L  0 
r C N O I  0 
V C N O O C I L O  e 
N C I O O N  c 
Y E N O U I A  e 
VCNCCCC . 0 
N C l C f i O  B 
VCI1.O 0 
LCWG C 
UZNOKCN C 
meuotaimcc A 
L C Y l O  C 
ncwon 6 
U r N l C L  b 
MEOUON 
uem aoucc c 
VCPCCO 0 
Mrnccocs 0 
v c n c c e  C 
VCPCCV C 

0 I blI.lm.-vCI - - 
I I S M S T P A l U W  
C 
0 
0 
C 

C 

s/e 
C 

e 

c 

A 
e 
C 
C 
A 
C 
C 

e 
C 
c 
C 
A / O  
0 
C 
C 
C 
C 
b 

C 

C 
0 
e 
C 
0 
0 
0 
P 
0 
0 
P 
0 

n 

I L l C C O  
I I I C L C L S O N  I :'I 
I V I C M I G A L I I C  C 
I *iccrv 0 
I . ICODV C 
.I IFAS 
v loco 
I tOOLC 
L 1 n o L C o U e v  
M I O O L C L A ~ C H  
I I O O L C I O W N  
r l o o L L v O J S  
U l O C L l ~ Y l  
V I O C S S A  
I I C C O P .  
V l O L A N 0  
I I O l C N I  
I 1 O N I G ~ l  
L IO0 
V IOCAW 
VIOV.LC 
C I O U A V  
u t c m w t L L  
L 1 t O U C  
V I L S C N  

C 
A 

C 
C 
0 
0 
0 
C 
e 
C 
C 
C 
0 
b 

C 
C 
C 
C 

C 
e 

I L I C C L I N  0 

L I C K A L O  
I I L A C A  
L l L A W  
W I L F W V  
al I L O V  
M I L C A N  
)rlLOPCO 
U l L C l  
I lLC0PO 
I I L M A L  
L1L1 T A W  
M I L L  UOLLOW 
I I L L A O W C  
I I L L A R O  
m iuoono 
miLLonooe 

I i u c a  
I I L L O W N C  

V l L L C I L A C C  
I I L L C Q L U I  
I 1 L L C I l O N  

L I L L C l I  
L I L L G D O V C  
L1LLWCIU 
L I L L Y 1  

L l L L I C N  
D I L L I C O U 4  
U l L L I G b N  
V I L L I N G  
I ILL I N G V O N  
V I L L I 5  
MILLPAW 
I ILLPCI 
V l L L P A C C  
V ILLPOCC 
L l L L S A P  
11 ILLSOALL 
b * I L L S Y O L N  
v I L L S I I C  

r I L L W O O 0  
-1LNCP 
V I L O K  
V I L P l  T A S  
V I L Q C N  
U I L 1 0 N  
I I L V A Q  
v 1meccs 
N1MOSb 
L I N A  
1 I N A L O O S 4  
I I N A U  
V I N A l  
I I Y A l A P C  
L I N C C C V  
V I * C W J V I N A  
V I N C O  
L I N O C G O  
V I N O C N  
C l N C  
I l U C D L A  
L l N C Q  
I I N C P A L  . 
L I W C L A L  ~ O U N I b I M  
V I N C D S V I L L E  
L I N C S I N G C P  
V I N C T A  

L I I G U S  
I I N  I OOKA 

v iLLcav t LLL 

micLro-ca 

v u v u e  

I I N G O  

I U I G C F N  
I L l C U C L  
I M I K C  
I I I K C S C L L  
I I 1 . I V  

C I L I N C L C P  
0 I L I N L I l M  
0 I L I C ' N C N A  
C I L l N Y l i l S C A  
0 I L I N N C O P A  

c 1 * I Y N C O S A  - - - 0 -  - _. . 

C I I I W N C I O N C A  0 
I M I I N C O U A  C 

C I M I U W I O I X A .  S I L T V  C/O 
0 I S U I S T P A I U V  
C I I I W N C W A U C A L  
0 I MlNWICCC 
C I L I U N I C P C A C  
C I U I N N I C P C A C .  

O / O l  G O A V C L L V  
0 I I l N W I L P C A X .  
0 I ovcPoLoWu 
n I I I I N I I V I L L L  
C I M I W N I I A U D  
I I L I N N 1 1 Y  
0 I N I Y Y V C  

Y 0 
e I L l I l O  
0 I I l N U  
0 1 M I N V A L C  
A N 0 1  I I N V C N O  
0 I ~ l N U C L L S  
O / O I  I I O Y  
C I U I O D O N  
0 1 U l P A B A L  
A 1 L I I I C L C  
0 I UlnACc 
C I MInANAV 
c I I 1 1 A U O  
0 I IIQAUOI 
8/81 L I P C S  
C I U I Q C S a  S l O N V  
c I mlnKWOO0 
e I rtmeon 
e I minoon LAKC 

P I O v e n m L o u n .  

e I MINO. 
I I m l Y I L .  I I Y O C O U A  

A I LISA0 
0 I M l S C N N C l U C P  
O/Ol  LISLAE 
0 
0 

0 
B 
0 
C 
C 
C 
C 

C 
0 
e 
Y 
0 
0 
0 
0 
b 
C 

0 
A 
0 
C 
C 
0 
C 
C 
C 
0 
C 
0 
0 
C 
P 

n 

m 

e 

I LISblA&. O P A I N C O  
I M I S S I O N  
I v I s s I s o u o I  
I * ISSLED 
I L l q S O U L A  

- 1  1eoc 
v i i e o r .  MooenATtLv c 

r e i  
I I I P C  C 
U l l ~ l Y G  C 
r i i i e u  0 
L l V l O A  0 
ut 2CL 0 
I(I.9 e 
M O I C  0 
MOAYO 0 
WOAD. C 
VOAULA A 
LObAIF.  0 
rOoccT IC 0 
LOCePC e 
VOCL e 
rocnioGc 0 
VOCA 0 
n o c m r v  0 
VOCkO e 
~ O C C L C P  e 
nocuow 0 
noc T i LcCc C 

A / O  
0 
A 
0 

0 

C 
C 
C 
n 
C 
O/O 
0 
C 
0 
c 
0 
C 
C 
C 
C 

:C 
C 
0 
0 
0 
A 
0 
0 
C 
A 
e 
C 
@ 
C 
0 
A 

0 
0 
C 

0 
C 
0 

e 

I M O O A  0 
1 MOOALL C 
I LOOFNA 0 
I U C O C S l D  C 

I N  S C I L  MAD LCGCNO. 



p L . t W 4 b  
Page \ Y of z z  

GEOSYNTEC CONSULTANTS L' 253 

Date:qd I 02 I 52 
YY M M  

Written by: D Date: ?& I Z I IC Reviewed by: 

Client: GZRIYCO Project: %OF ProjecllRoposal No.: 66 34 U6 Task NO.: 8.11 
YY M M  DD 

continued: Hydrologic soil groups for United States soils 
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TOUO 
TOUCA 
TOUGA. SA*OV 

V O U J A T  
TOUMAM 
TOUYCSTOY TOV*C.lON. I C 1  

TOUP A I C  
v ou T L  CUE 
VOVIUPA 
I P S  I 
vnaemnc* 
TSIDOPA 
viueeioc 
wunni. 

S U e S T n  .TU* 

TUBA 
VURO 
TURON 

I TULCC 
I T U M S  
I vumouc 
I T U P I  
I VUTRUC 
I TUVAS 
I Z A A P  
I Z A B A  
I ZACb 
I ZACUADIAS 
I ZACMADT 
I ZACC 
I ZADOC 
I Z A O V A P  
I ZACPA 

I 
C 
0 '  
I 

A 
0 
C 
C 
C 
I 
A 
I 
I 
A 
I 
I 
I 
A 
I 
I 
C 
C 
C 
C 
I 
C 
0 
0 
0 
I 
0 
I 
0 
I 
C 
0 
0 
0 
C 
0 
C 
0 
0 
C 
0 
I 
0 

D 
C 
I 
C 
I 
0 
0 
c .  
0 
C 
A 
A 
0 
0 
0 
0 
0 
C 
D 
0 
0 
0 
I 
o 
3 
C 
0 
A/O 
D 
I 
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HABITAT BOUNDARIES A R E .  
APPROX I MATE. 

INTRODUCED GRASSLAND ( IG) 

-1 P I N E  PLANTATION ( P P  1 

EARLY SUCCESSION ( W 1  
MID-SUCCESSION (W2)  

F;;<<<<j INACTIVE FLYASH P I L E  ( I F P )  

CEMP BOUNDARY -.e. 
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Runoff curve numbers for other agricultural landsl 

Cover description 
Curve numbers for 

hydrologic soil p u p -  

Hydrologic 
Cover type condition A B C D 

i, 
Pasture, grassland. or range-continuous 

foraee for E T ~ Z ~ I I I K . ~  

r 
Meadow-continuous graae. protected tmm 

gazing and generally mowed for hay. 

Bmh-bmh-weed-grass With b m h  
the major element.3 

Woods-graa combination (orchard 
or tree farm).5 

Woods.6 

Farmsteads-buildings, lanes, driveways, 
and surrounding lots. 

1 
Good 

-7- 
Poor 
Fair 
Good 

Poor 
Fair 
Good 

68 
49 
39 

30 

48 
35 
430 

57 
43 
32 

79 86 
69 ... 79 

74 61 

68 ; 71 

- .- 

67 n 
56 70 
48 66 

73 82 
66 76 
58 72 

89 
a4 
80 

78 

83 
n 
73 

86 
82 
79 

Paor 45 66 n 83 
Fair 36 60 73 79 
Good ‘30 55 70 77 

- 59 74 82 86 

‘Average runoff condition. and I,, = 0.2s. 

2 /’our:. e 50% p u n d  cover or heavily pvml with nu mulch. 
F u k  50 to 75% ground cover w d  not heavily grazed. 
(;oud: > 75% ground cover and lightly o r  only Ocarsiondy grued. 

J I’uui:. c 50% ground cover. 
Fuir: 50 to 750 ground cover. 
W: > 75% ground cover. 

‘Actual cvive number is less than 3 0  use CN = 30 fur runoff computations. 

T N ’ s  shown were cumputd  fur mun with 50% w m b  u n t l f 0 Z  gra (paature) cover. Other combinations of conmtiona m y  be cumputefi 
h m  the CN’s fur wuwb w d  pasture. 

6I’uur: Fuivst litter. small trees. wtl brush a ~ v  destruyed by heavy W n g  or regular buining. 
h i r :  Wuoda are g d  but nut burned. and w m e  forest litter covern the soil. 
bind: Wmlrj are protected fmm and litter untl bmsh adequately cover the mil. 

002598 
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Surface description n1 

Smooth surfaces (concrete. asphalt. gravel. or 
bare soil) ................................... 0.011 

Fallow (no residue) .......................... 0.05 

Cultivated soils: 
Residue cover <20% ...................... 0.06 
Residue cover >20% ...................... 0.17 

Grass: 
Short grass prairie ........................ 0.15 
Dense grasses2 ............................. 0.24 
Bermudajg-ass ............................. 0.4 1 

Range (natural) ............................. 0.13 

Woods3 
Light underbrush.. ........................ 0.40 
Dense underbrush ......................... 0.80 

The n vaiuea are I conyosite of informatioil compiled by E n p n  
(1986). 
*Includes species sukh as  weeping lovegrass. bluegrass. buffalo 
grass. blue grzlma prass. and nalive crass mixtures. 
W h e n  selecting n. consider cvver io  a height of about 0.1 ft. This 
is the only part of the plant cover that \rill obstruct sheet tlow. 

(21O-VI-TR-S,. Second Ed.. June 19%) 
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VALUES OF THPI ROIJOHNEM COEFFICIENT n (confinued) 

Type of clmnncl and description 

b. Mountain streams, no vegetation in 
channel, b a n h  usually steep, trees 
and brush along banks submerged at  
high stagca 
1. Bottom: grnvels, cobbles, and few 

boulders 
2. Bottom: cobbles with large boulders 

D-2. Flood plains 
a. Pasture, no bruah 

1. Short grsse 
2. High gram 

b. Cultivated areas 
1. No crop 
2. Mature row crops 
3. Mature field crops 

1. Scnttcrcd brush, henvy meeds 
2. Light brush and trees, in winter 
3. Light brush and trccs, in summer 
4. hledium to dense brush, in winter 
5. hledium to dense brush, in summer 

1. I)cnse willows, summer. straight 
2. Clcnrcd land with tree stumps, no 

sprouts 
3. Snine as above, but with heavy 

growth of sprouts 
4. llcavy stand of timber, a few down 

trees, little uiidcrgrowth, flood stage 
below brnnches 

5. Same as above, but with flood stage 
reaching branches 

D-3. Major streains (top width at flood stage 
>I00 ft). The n value is less than that  
for minor streams of similar description, 
because banks offer less effective resistance. 
a. Regular section with no boulders or 

b. Irregulnr and rough section 

e. DruRh 

d. Trecs 

brush 

M inimun 

0.030 

0.040 

0.025 
0.030 

0.020 
0.025 
0.030 

0.035 
0.035 
0.040 
0.045 
0.070 

0.110 
0.030 

0.050 

0.080 

0.100 

0.025 

0.035 

- 
Normal 

0.040 

0.050 

p. 030 
0.035 

0.030 
0.035 
0.040 

0.050 
0.050 
0 .  OGO 
0.070 
0.100 

0.150 
0.040 

0 .  OGO 

0.100 

0.120 

..... 

..... - 

Maximum 

0.050 

0.050 

0.036 
0.050 

0.040 
0.045 
0.050 

0.070 
0.060 
0. os0 
0.110 
0.160 

0.200 
0.050 

0. os0 

0.130 

0.1Go 

0.060 

0.100 
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VALUES OF THE %udaNcss COEFFICIENT n (continued) 

Type of channel and description 

C. EXCAVATED OB DREDOED 
a. Earth, straight and uniform 

1. Clean, recently completed 
2. Clean. after weathering - 
3. Gravel, uniform section, clean 
4. With ehort grass, few weede 

b. Earth, winding and sluggish 
1. No vegetation 
2. Grass, some weeds 
3. Dense weeds or aquatic planta in 

4. Earth bottom and rubble sidea 
5. Stony bottom and weedy banks 
6. Cobble bottom and clean sidea 

1. No vegetation 
2. Light brush on banks 

I. Smooth and uniform 
2. Jagged and irregular 

e. Channels not mnintained, weeds and 
brush uncut 
1. Dense weeds, high aa flow depth 
2. Clean bottom, brush on sidea 
3. Same, highest stage of flow 
4. Dense brush, high stage 

deep chaonele 

e. Dragline-excavated or dredged 

d. Rockcuts 

D. NATURAL STREAMS . 

< 100 ft) 
a. Streams on plain 

D-1. Minor strenms (top width at flood stage 

1. Clean, straight, full stage, no rifts or 

2. Same aa above, but more stonea and 

3. Clean, winding, some pooh and 

4. Same aa above, but some wee& and 

5. Same aa above, lower stagea, more 

6. Same aa 4, bu t  more stones 
7. Sluggish reaches, weedy, deep pools 
8. Very weedy reaches, deep pooh, or 

floodways with heavy stand of tim- 
ber and underbrush 

deep pools 

Weed8 

shoala 

stones 

ineffective slopea and sections 

Minimum 

0.016 
0.018 
0.022 
0.022 

0.023 
0.025 
0.030 

0.028 
0.025 
0.030 

0.025 
0.035 

0.025 
0.035 

0.050 
0.040 
0.045 
0.080 

0.025 

0.030 

0.033 

0.035 

0.040 

0.045 
0.050 
0.075 

- 
Normal 

0.018 

0.025 
0.027 

0.025 
0.030 
0.035 

0.030 
0.035 
0.040 

0.028 
0.050 

0.035- 
0.040 

0.012 

0.080 
0.050 
0.070 
0.100 

0.030 

0.035 

0.040 

0.045 

0.048 

0.050 
0.070 
0.100 

Maximum 

0.020 

,,07 
0.033 
0.040 

0.035 
0.040 
0.050 

0.033 
0 ,  OGO 

0.040 
0.050 

0.120 
0.080 
0.110 
0.140 

0.033 

0.040 

0.045 

0.050 

0.055 

0.060 , 

I: 080 
0.150 
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- 8  

- 6  
- 5  
- 4  

- 
- 

,3 

r 2  

c 

n 
.- 
A - 
c L 

0 
w 
a 
0 
0 

W 

- 
- 
L 

c 

i 
0 a 

- 0.7 - 0.7 - 
- 0.7 

- 
- 0 . 6  

- 0.6 

L O 5  

I68 T 1 

::: j 
I32  

I 2 0  1 
0 
0 

I08 - F a 
3i 

- 

- 
96 

84 

60 72 I 
54 

- 0.5 

' 24 

12) 
(3) 

1 .o 
1.1 

4.0 
4.4 

42  

36 

33 

' 30 

27 

' I2 

HEADWATER DEPTH F O R  
CORRUGATED STEEL PIPE CULVERTS 

WITH INLET CONTROL 

FHWA HEC5 

Figure 4-28 lnlet control nomograph for corrugated steel pipe culverts. The manu- 
facturers recommended keeping HWlD to a maximum of 1.5 and preferably to no 
more than 1.0. e, y f l c  y - 

I- 
I - 
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i- TABULAR HYDROGRAPH METHOD 

Date: 02-17-96 
Iinty : Hamilton State: OH Checked: Date: qk-02-24 

User: DGP Project : Fermco OSDF Pr#GE3900 Tsk#8.1 

Litle: East Field Borrow Area: Pre-Developement Conditions 

Frequency: 25 years 
0) 
Total watershed area: 0.103 sq mi Rainfall type: I1 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ _ _ _ _ - _ _ - _ - _ _ _ _ _ - - - - - -  
I I1 I11 

mea-(sq mi) 0.02* 0.07* 0 . 0 1 *  - 

Kainfall(in) 4.7 4.7 4.7 
Curve number 74 * 74* 74 * 
Runoff (in) 2.13 2.13 2.13 
Tc (hrs) 0.31* 0.44* 0.21* 

(Used) 0.30 0..40 0.20 
TimeToOutlet 0.00 0.00 0.00 
Ia/P 0.15 0.15 0.15 

(Used) 0.15 0.15 0.15 

Time Total _ _ - - _ _ - - _ _ _ _ _  Subarea Contribution to Total Flow ( c f s )  - - - - - - - - - - - -  
(hr) Flow I I1 I11 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 

12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

3 
4 
5 
13 
27 
55 

96 
71 
51 
37 
28 
19 
15 
12 

11 
10 
10 
7 
6 
6 
5 
5 

16 
10 
7 
5 
4 
3 
2 
2 

77 
59 
42 
31 
23 
15 
12 
9 

16.5 4 1 3 0 
17.0 4 1 3 0 
17.5 4 1 3 0 
18.0 4 1 3 0 
19.0 4 1 3 0 

3 1 2 0 
2 0 2 0 

26.0 0 0 0 0 
1802562 

P - Peak Flow * - value(s) provided from TR-55 system routines 



RUNOFF CURVE NUMBER COMPUTATION Version 2.00 

Total Area (by Hydrologic Soil Group) 

;r 
t 

i l  
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Subarea : 

Fermco OSDF 
Hamilton 

RUNOFF CURVE NUMBER 

Pr#GE3900 Tsk#8.1 
State: OH 

I / / 2  5 2 5 3  
Version 2 . 0 0  COMPUTATION 

User: DGP Date: 02-17-96 
Checked: D& Date: 24m 9b 

East Field Borrow Area: Pre-Developement Conditions - 

I1 

Total Area (by Hydrologic Soil Group) 

a 

002563 



RUNOFF CURVE NUMBER COMPUTATION Version 2.00 

Total Area (by Hydrologic Soil Group) 



TIME OF CONCENTRATION AND TRAVEL TIME Version 2-00 

Project : Fermco OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
C i t y  : Hamilton State: OH Checked: md Date: 24 0 96 

citle: East Field Borrow Area: Pre-Developement Conditions 

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
.. . rain (ft) . (ft/ft) code (sq/ft) .(ft) (ft/sec)- (hr) 

Sheet 2.55 100 -0125 e 0.221 
Shallow Concent'd 330 .0242 U 0.037 

0.031 Shallow Concent'd 185 -0108 U 
Open Channel 125 .014 .03524 40.1 0.010 
Open Channel 125 -014 .03567.5 90 0.008 

Time of Concentration = 0.31* 
----- ----- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Subarea #2 - 11 - - - - -___- - - - - - - - - - - -___________ 
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - -  
Sheet 2.55 100 - 0 1 0 0  e 0.241 

0.046 Shallow Concent'd 320 .0141 U 
Shallow Concent'd 505 .0119 U 0.080 
Open Channel 680 -0265 .035126. 103 0.024 
Open Channel 340 .0103 .03518 60 0.049 

Time of Concentration = 0.44" 
----_ ----- 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes 
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by TABULAR method 

002565 



c 2 5 3 W 2 <  
TABULAR HYDROGRAPH METHOD Version 2.00 

Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
County : Hamilton State: OH Checked: ob\EJ Date: 24 Cm % 
Subtitle: East Field Borrow Area: Post-Development Condition 

ad1 watershed area: 0.112 sq mi Rainfall type: I1 Frequency: 25 years 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 
Area(sq mi) 0 . 1 1 *  

Curve number 74* 
Runoff (in) 2.13 
Tc (hrs) 0.63* 

(Used) 0.75 
TimeToOutlet 0.00 

Rainfall (in) - 4.7 ._ . .  

Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12 * 0 
12.1 
12.2 
12.3 

I#: 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 
19.0 
20.0 
22.0 
26.0 

0.15 

Total _ _ _ _ - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

2 
3 
4 
6 
8 
13 
22 
40 

63 
84 
96P 
95 
86 
60 
42 
30 

23 
19 
16 
13 
11 
9 
8 
7 

6 
6 
6 
5 
5 
4 
3 
0 

I 

2 
3 
4 
6 
8 
13 
22 
40 

23 
19 
16 
13 
11 
9 
8 
7 

* - value(s) provided from TR-55 system routines 



' 5-12 c - 
_ -  

RUNOFF CURVE NUMBER COMPUTATION 
Pro j ect : 
County : 
Subtitle: 

FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 0 2 - 1 7 - 9 6  
Hamilton State: OH Checked: m,d Date: 24 c& % 
East Field Borrow Area: Post-Development Condition 
I 

Total Area (by Hydrologic Soil Group) 7 2  
---- ---_ 



v 
w 2  5 

c 2 5 3  
TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
Date: 4~p County : Hamilton State: OH Checked: Df+,,4 

Subtitle: East Field Borrow Area: Post-Development Condition 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense . U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



\ 17/25- 
P 2 5 3  

TABULAR HYDROGRAPH METHOD Version 2.00 
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
County : Hamilton State: OH Checked: J& Date: 74 qfo 
Subtitle: East Field Borrow Area: Culvert at Outlet 

m a l  watershed area: 0.112 sq mi Rainfall type': I1 Frequency: 25 years 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I 

Area(sq mi) O.ll* 
Rainfall (in) 4.7 
Curve number 74 * 
Runoff ( in ) 2.13 
Tc (hrs) 0.63* 

(Used) 0.75 
TimeToOutlet 0.00 
Ia/P 0.15 

Time Total - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
(hr) Flow I 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 
12.2 
12.3 

2 2 
3 3 
4 4 
6 6 
8 8 
13 13 
22 22 
40 40 

12.8 86 86 
13.0 60 60 
13.2 42 42 
13.4 30 30 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

23 
19 
16 
13 
11 
9 
8 
7 

16.5 6 
17.0 6 
17.5 6 
18.0 5 
19.0 5 
20.0 4 
22.0 3 

* 

23 
19 
16 
13 
11 
9 
8 
7 

value ( S I  provided from TR-55 system routines 

002569 . 



D 

Version 2.00 
DGP Date: 02-17-96 

Date: 24 cm qb 

RUNOFF CURVE NUMBER COMPUTATION 
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: 
.County : Hamilton State: OH Checked : 
Subtitle: East Field Borrow Area: Culvert at Outlet 

Total Area (by Hydrologic Soil Group) 



TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
County : Hamilton State: OH Checked: & Date: 29 mqI, 
Subtitle: East Field Borrow Area: Culvert at Outlet 

_ _ _ _ _ _ _ _ _ _ - _ _ _ - - - - - - - - - - - - - - -  Subarea #I - I _- - - -__ - - - - -____-_ - -___________  
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Sheet . -  2 .55  100 0 . 0 1  e - .  . 0.241 
Shallow Concent'd 310 0 .058  U 0.022 
Shallow Concent'd 1910 0.008 U 

e 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.368 
Time of Concentration = 0.63* 

----_ ----- 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  

C Cultivated e 20  % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes - - -  

* - Generated for use by TABULAR method 



Pro j ect : 
County : 

co 2 5 3 -200/25 

TABULAR HYDROGRAPH METHOD Version 2.00 
FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 

Date: 24 96 Hamil ton State: OH Checked: 
East Field Borrow Area: Permanent Drainage Channel #1 

@I?::Lershed area: 0.040 sq mi Rainfall type: I1 Frequency: 25 years 
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Chanl 

Area(sq mi) 0.04* 
Rainfall (in) 4.7 
Curve number 74 * 
Runoff (in) 2.16 
Tc (hrs) 0.64* 

(Used) 0.75 
TimeToOutlet 0.00 

0.15 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow Chanl 

Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 
12.2 
12.3 

!E 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 
19.0 
20.0 
22.0 

g P e a k  Flow 

1 
1 
2 
2 
3 
5 
8 
15 

23 
31 
35P 
34 
31 
22 
15 
11 

8 
7 
6 
'5 
4 
3 
3 
3 

2 
2 
2 
2 
2 
1 
1 
0 

1 
1 
2 
2 
3 
5 
8 
15 

* - value(s) provided from TR-55 system routines 



P 

RUNOFF CURVE NUMBER COMPUTATION Version 2 . 0 0  
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 0 2 - 1 7 - 9 6  

Subtitle: East Field Borrow Area: Permanent Drainaqe Channel #1 
County : Hamilton State: OH Checked: o a  Date: a rfc3 % 

- 

COVER DESCRIPTION 
Hydrologic Soil Group 

A B C D 
Acres (CN) 

Total Area (by Hydrologic Soil Group) 



22/2s-  
TIME OF CONCENTRATION AND TRAVEL TIME 2 qeqsion 2.00 

Project : 
County : 

FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
Hamilton State: OH Checked: my! Date: 
East Field Borrow Area: Permanent Drainage Channel #1 

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Sheet 2.55 100 .003 e 
Shallow Concent‘d 170 .094 U 
Shallow Concent’d 1450 0.011 U 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense 
B Fallow (No Res.) G Grass, Burmuda 
C Cultivated c 20 % Res. H Woods, Light 
D Cultivated > 20 % Res. I Woods, Dense 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

0.391 
0 . 0 1 0  
0.238 

Time of Concentration = 0.64f 
----- ---_- 

- - -  Shallow Concentrated - - -  
- - -  Surf ace Codes - - -  

P Paved 
U Unpaved 



TABULAR HYDROGRAPH METHOD Version 2 . 0 0  
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
County : Hamilton State: OH Checked: & Date: 24 % 
Subtitle: East Field Borrow Area: Permanent Channel #2 

@-a1 watershed area: 0.072 sq mi Rainfall type: I1 Frequency: 25 years 
_ _ _ _ _ _ _ - _ _ _ - - - - - - - _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 
Area(sq mi) 0.07* 
Rainfall(in) . 4.7 .. . 

Curve number 74 * 
Runoff (in) 2.16 
Tc (hrs) 0.63* 

(Used) 0 . 7 5  
TimeToOutlet 0.00 

- .. 

Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 
12.2 
12.3 

e: 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 
19.0 
20.0 
22.0 
26.0 

0.15 

Total - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

2 
2 
3 
4 
5 
8 
15 
26 

41 
55 
62P 
62 
56 
39 
27 
20 

15 
12 
10 
8 
7 
6 
5 
5 

4 
4 
4 
3 
3 
3 
2 
0 0 Peak Flow 

I 

2 
2 
3 
4 
5 
8 
15 
26 

15 
12 
10 
8 
7 
6 
5 
5 

* - value(s1 provided from TR-55 system routines 



i 

RUNOFF CURVE NUMBER COMPUTATION 
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: 
County : Hamilton State: OH Checked: 
Subtitle: East Field Borrow Area: Permanent Channel #2 

Version 2.00 
Date: 02-17-96 
Date: 24 9I, 

Total Area (by Hydrologic Soil Group) 

002576 



IC 

TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96 
County : Hamilton State: OH Checked: MJ\r( Date: a 
Subtitle: East Field Borrow Area: Permanent Channel # 2  

cm 4L % .  

Sheet 2.55 100 0.01 e 
Shallow Concent'd 310 0.058 U 
Shallow Concent'd 1910 0.008 U 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense 
B Fallow (No Res.) G Grass, Burmuda 
C Cultivated e 20 % Res. H Woods, Light 
D Cultivated > 20 % Res. I Woods, Dense 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

0.241 
0.022 
0.368 

Time of Concentration = 0.63* 
----- ----- 

- - -  Shallow Concentrated - - -  
- - -  Surface Codes - - -  

P Paved 
U Unpaved 
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\\rinen b\ .  3 G  P Date: 10 Oct. 95 Reviewd b\: Date: 24 f j b  

Client: FERIICO Project: OSDF ProjccVProposal bo.: CE3900 Task bo.: 8. 1 / a 
APPENDIX A .. 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS PACKAGE 

USDA-SCS TR-55 

1 . Cnited States Department of Agriculture. “L>han Hydrologyfor Small Warersheds. ‘. Soil Conservation 
Senice. Engineering Division, Washington. DC. Technical Release 55. June 1986. 

See Section 1.2 for the Design Parameter Summary. 

- 

FILE : B-TR5 5 D. DOC 002578 



15.5 Borrow Area Sediment Basin 

. 
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2 5 3  
COMPUTATION COVER SHEET 

SUBJECT OF CALCULATION: B O R R W  r AREA SEDIM 

Computations By: Si ature d Date (Cognizant Engineer) 
Printed Name Y?!Ti /G *- 

and Title 573$jjEZ&iG/&EF& 

and Procedures Signature (;;\&G- ?h-- 3 4PPIL 9 G 
Assumptions 

Checked by: Date 
(Checker) Printed Name Ar\l I \c: I G. 55 

and Title st PF F € d G l 4 5 5 K  

Computations 
Checked by: 
Checked by: 

Computations 
Backchecked by: 

(Cognizant Engineer) 

(PDP) 

Approved by: 
(DTL and TETL) 

Signature 3 M$!%5?26 
Printed Name P&/2,UC AbDEY 

Signature / c w  - 19% 

Date 

and Title 3 

Date 
Printed Name 

and Title 
' /(a/t(" c- O/&A 

Signature 5A,  & 
Date' 

Printed Name 
and Title 

Record of Revision (Number and initial all revisions) 

Rev. No. Reason Date BY Checked Approval 

D --- 
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GEOSYNT~C AN&TANTS 

Date: 3 FLFriL ?& Written by: Date: $April 1996 Reviewed by: 9 G p  

Client: FERMCO Project: FERh'ALD OSDF Projectmroposal No.: GE-3900 Task No.: 82 

I 

BORROW AREA SEDIMI~NT BASIN 

EXECUTIVE SUMMARY 

The borrow area sediment basin (Sediment Basin No. 4) for the On-Site Disposal Facility Project 
was designed as a Class I11 Temporary Sediment Basin according to "Water Management and Sediment 
Control for Urbanizing Areas" (USDA-SCS, 1987). Sediment Basin No. 4 is located in the north west 
comer of the East Field Borrow Area (borrow area). Sediment Basin No. 4 will be used to catch sediment 
laden-stormwater run-off during all stages of borrow activities. The basin is designed to impound 27,000 
ft3 of sediment and pass the 25-year, 24-hour design storm. The principal spillway outlet for the sediment 
basin will utilize a 36 in. CMP segment at the spillway riser connected to a 48 in. CMP which will run 
under the South Entrance Road and discharge to Drainage Channel 3 and ultimately to Paddys Run. When 
the borrow area activities are completed and the sediment basin is decommissioned, the riser and 38 in. 
CMP will be removed -the 48 in. diameter pipe will then be used as the permanent culvert for this area. 
This design is cost effective since the pipe will serve two functions and will have to be constructed only 
once. 

a d  

The computer program "HydroCAD" Stormwater Modeling System" [Applied Microcomputer 
Systems, 19931 (HydroCAD"), was used to calculate the design storm runoff, storm volume, and storm 
routing. HydroCAD" uses the hydrologic modeling methods presented in Technical Release 20 (TR-20) 
[USDA-SCS, 19751 and TR-55 [USDA-SCS, 1986al. HydroCAD" has the ability to completely model a 
storm through several hydrologic features. A description of HydroCAD" is located in Appendix A. 

GE3900-8.2/2/F9630 107 



GEOSYNTEC- CO~ISULTANTS PAGE 344- OF 

Written by: Date: 3 April 1996 Reviewed by: >C? Date: 3 L P R f L  96 
Y 

Client: FERMCO Project: FEWALD OSDF ProjectProposal No.: GE-3900 Task No.: 8.2 

CALCULATION PROCEDURES 

The design of Sediment Basin #4 started by modeling the hydrologic conditions within HydroCAD". 
The model was set up as a drainage area (subcatchment) flowing into a basin. The drainage area is defined 
by the existing and proposed topographical features that divert stormwater to the basin. The stormwater 
run-off conditions in the drainage area were then described by runoff curve numbers that corresponded to 
the hydrologic soil groups, and the suficial conditions. The Contractor will be limited to only 10 acres 
of disturbed soil area at one time. The disturbed area in the drainage area will be assumed as 15 acres to 
allow for this 10 acres plus an extra 5 acres that may not have vegetation,,established (from the previous 
disturbed soil area). A weighted average runoff curve number (CN), based on the acreage of each soil 
type, was calculated for the drainage area using the following equation: 

$419 

CN = (CN, Area,) I Total Area 

CNA 

Area, 
Total Area 

= Runoff curve number that corresponds to the hydrologic soil group and suficial 

= Area of the subarea 
= Sum of all subareas (total area of drainage area) 

condition for a subarea 0 
The next step in HydroCAD" is to calculate the time of concentration (T,). T, is defined as the time 

required for runoff to travel from the most hydrologically distant point of the watershed (drainage area) to 
the point of collection (basin). This longest flow path is divided up into flow segments. The T, is 
calculated by summing the travel time (TJ for each consecutive flow segment along the drainage area's flow 
path. The T, calculations start by identifying the flow types along the flow path. The following equations 
were used to calculate travel times for the different flow types in the Basin #4 drainage area: 

TR-55 Sheet Flow 

T, = Travel time (hours) 
n = Manning's coefficient for sheet flow 
L = Flow length (feet) 
P2 = 2-year, 24-hour rainfall (inches) 

[Applied Microcomputer Systems, HydroCADTM Manual 19931 

A 

I.- 
- 

002583 - 



GEOSYNTEC I;IOWULTANTS PAGE 4 O F &  

Written by: Date: 3 April 1996 Reviewed by: f 

Client: FERnlCO Project: FERNALD OSDF ProjectiProposal No.: GE-3900 Task No.: 8.2 

Date: 3 A p a i L g b  

s = Land slope (Wft) 
.. . ._ . -  

TR-55 Shallow Concentrated Flow/Upland Method 

T=- L where V = K,,G [Applied Microcomputer Systems, HydroCADn Manual, 19931 
3600V 

T, = Travel time (hours) 
L = Flow length (feet) 
V = Average velocity ( f p s )  
K, = Velocity factor 
s = Land slope (ft/ft) 

Channel Flow 

L 1’486“3s1‘2 and r = - a [Applied Microcomputer Systems, HydroCADTM Manual, 19931 Tt = - where V = 
3600V n p w  

T, = 
L =  
v =  

n =  
r =  
a =  
P; = 

s =  

Travel time (hours) 
Flow length (feet) 
Average velocity ( f p s )  
channel slope (ft/ft) 
Manning’s coefficient for sheet flow 
Hydraulic radius (feet) 
Cross sectional flow area (sq - feet) 
Wetted perimeter (feet) 

HydroCAD” will prompt the user to input the following variables in order to calculate the T,. 

Sheet Flow 

- 
- Flow length (ft) 
- 2-year’ 24-hour rainfall (in.) 
- Land slope (ft/ft) 

Surface type; which yields a Manning’s coefficient for sheet flow 
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GEOSYNTEC ~ N S U L T A N T S  

Written by: 

Client: FERMCO Project: FERNALD OSDF. Projeetmroposal No.: GE-3900 Task No.: 8.2 

Date: 3 April 1996 Reviewed by: PGP Date: 34PRir 7 6  

Shallow Concentrated Flow/Upland Method 
.. 

- Flow length (ft) 
- 
- Average land slope (ft/ft) 

Surface type (paved or unpaved) 

Open Channel Flow 

- 
- Channel length (ft) 
- Channel slope (ft/ft) 
- Channel and flow geometry 

Manning’s coefficient for open channel flow 

The travel times (TJ for each of the flow segments are calculated and summed to yield the T, for 
the drainage area’s flow path. 

HydroCAD” uses the USDA-SCS TR-20 procedure to calculate the storm runoff. USDA-SCS 
TR-20 method is a unit hydrograph method that utilizes the following inputs: curve number, storm rainfall, @ storm type, and the unit hydrograph (which is supplied by the HydroCAD” program). 

The storm runoff is generated by performing a convolution of the unit hydrograph. The storm is 
divided into a series ,of rainfall bursts of duration D = 2/15 T,. The runoff volume during any duration 
(D) at time t can be calculated by: 

For each burst, the unit hydrograph defines how this volume of runoff (dQ) will occur overtime. 
The runoff from the entire storm is calculated by summing the hydrographs resulting from each rainfall 
burst. The runoff €ses&e flows into the basin and is routed down stream. 

The next step in the basin design is the sediment storage. The sediment storage calculation is based 
on the amount of disturbed area within the drainage area. The basin is then positioned and sized to hold 
this volume below the principal spillway crest. According to Ohio USDA-SCS, the minimum design 
volume of sediment storage required is 1,800 cubic feet per acre of disturbed area. The following equation, 
which is based on the volume of a truncated pyramid, was used to calculate the cumulative volume under 
the principal spillway (actual sediment volume). e 
GE3900-8.2/4/F9630 107 
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Written by: Date: 3 April 1996 Reviewed by: 36 P Date: 3 clPPlc 76 

Client: FERhlCO Project: FERNALD OSDF Projectmroposal No.: CE-3900 Task No.: 8.2 

v-= c [ 'b, 3 + 4 + /G) x (E, - E2)]  

V = Cumulative volume under the principal spillway (ft3) 
A, . = Upper elevation area of each interval (ft) 
A2 = Lower elevation area of each interval (ft) 
E, = Upper elevation (ft) 

= Lower elevation (ft) 

This volume must be greater than the design sediment volume. 

The basin hydraulic calculations begin with routing the design storm through the basin without 
utilizing the actual sediment storage (volume under principal spillway crest). The principal spillway is 
designed to pass a minimum of the 2-year, 24-hour storm with a pipe diameter equal to or greater than 8 in. 
The principal spillway will be composed of 3 main components: a riser structure, a low flow structure, 

@ and an outlet pipe. The riser is an open-ended CMP circular pipe with a trash rack anti-vortex top. The 
low flow structure is a capped 8 in. diameter CMP circular perforated pipe which is parallel to the riser 
and is connected with a 90 degree elbow. The riser and low flow structure both flow into a circular CMP 
outlet pipe which discharges to the flow down stream. 

The principal spillway flow is calculated by summing the actual flows of each structure at a given 
elevation or head. For each structure different flow types must be calculated because the limiting flow must 
be used as the actual flow. 

The low flow structure was modeled as a series of vertical circular orifices (perforations) and as a 
pipe. The lower of the two was selected as the low flow discharge through the low flow structure. The 
following equations were used: 

- Vertical Circular Orifice 

Q = Cad- prater and King, 19761 

GE3900-8.2/5/F9630 107 
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Date: 3 4 P P l l  96  Written by: Date: 3 April 1996 Reviewed by: bG -P 

Client: FERMCO Project: FERNALD OSDF ProjectlProposal No.: GE-3900 Task No.: 8.2 

Q = Flow (cfs) 
C = Discharge coefficient 
a = Submerged area (sq-feet) 
g = Gravitation constant 
h = Head above center at orifice (feet) given by: 

- 

h 
h 

= H-r (if fully submerged) 
= H/2 (if partially submerged) 
H = Head above invert (feet) 
r = Radius 

- Pipe Flow 

a = Pipe area 
g = Gravitational constant 
H = Elevation head difference (ft) 
K, = Coefficient of minor loses 
L = Pipe length (ft) 
Kp = Pipe friction coefficient 

5087 n2 K, = 
4 ' 3  

[USDA-SCS, Eng. Field Manual, Nov. 1986bl 

WSCS, Eng. Field Manual, Nov. 1986bl 

n = Manning's number 
di = Inside diameter of the pipe 

The riser structure is modeled as a sharp crested weir. Since the riser is circular, there are no end 
contractions and the crest length is equal to the pipe circumference. The equation for flow over a sharp 
crested weir is: 



LB 

GEOSYNTEC CZ~SWTANTS PAGE a'# OF 

Date: 3 ~ F S P I L P G  Written by: Date: 3 April 1996 Reviewed by: =? 

Client: FERMCO Project: FERNALD OSDF Projectmroposal No.: CE-3900 Task No.: 8.2 

- Sharp Crested Weir 

H where C = 3.27 + .4 - 
P Q = C Le H3' (Brater and King, 1976) 

C = Weir coefficient 
Le 
H 
P 

= Effective crest length (2m)(feet) 
= Head (above invert elevation)(feet) 
= Crest height (feet above approach channel) 

The outlet pipe was modeled as a vertical circular orifice and as a pipe. 

- Vertical circular orifice 
(see low flow structure, previous page) 

- Pipe Flow 

Q = a 4 7 -  + Km + Kt + KpL [USDA-SCS, Eng. Field Manual, Nov. 1986bl 

a = Pipe area 
g = Gravitational constant 
H = Elevation head difference (ft) 
IS, = Coefficient of minor loses 
L = Pipe length (ft) 
Kp = Pipe friction coefficient 
K, = Coefficient transition loss (36" pipe to 48" pipe) 

5087 n2 Kp = 
4'3 

n = Manning's number 
di = Inside diameter of the pipe 

GE390-8.2/7/F9630 107 

[USCS, Eng. Field Manual, Nov. 1986bl 
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Client: FERMCO Project: FERNALD OSDF ProjecWroposal No.: GE-3900 Task No.: 8.t 

The flows at each head increment were summed for the structure to yield a total outflow for the 
principal spillway. This outflow will be compared to the inflow from the drainage area and a stage-storage 
relationship will be calculated in HydroCAD". The maximum storage elevation of the stage-storage 
relationship is the elevation of the basin corresponding to the required stormwater storage volume and 
needed to route the design storm. 

Flood routing through the basin utilizing just the principal and no emergency spillway will be used 
in the design of Basin #4. The borrow area within itself is a basin and would retain the stormwater in the 
area with no emergency spillway required. 

Basin #4 is located in an all cut area so no berm (around the basin) will be constructed. One foot 
of free board was added to the 25-year storm water elevation. 

The principal spillway riser structure base was designed with a minimum factor of safety of 1.1 to 
protect against flotation. Because concrete will be used as the base material, the following formula was 
used to calculate the minimum amount of concrete needed. The volume of concrete needed to protect 
against flotation is: 

Hw, V = 0.62 ID2 - - 
87.6 

V = Volume of concrete 
H = Riser height (ft) 
D = Diameter of riser (ft) 
W, = Riser weight (lb/ft) 

WSDA-SCS, March 19871 

The outlet pipe extends 13 ft out into the pond so that the 36 in. to 48 in. diameter CMP extender 
could be constructed, and so that when the pond is made permanent!a-ka&dl can be constructed easily. 
The above equation will be used to protect against flotation of the pipe extending out of the cut slope. 

Anti-seep collars are required for all outlet pipes that are located within a berm where the distance 
between the top of the outlet pipe to the crest of the berm is 5 ft or greater. Anti-seep collars are installed 
along the outlet pipe to protect the embankment from seepage forces. The anti-seep collars should increase 
the flow length along a pipe by a minimum of 15 percent and will be installed approximately 25 ft apart. 
Four foot projection collars will be used for this design. The following equation was used to solve for the 
number of collars. 0 
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[USDA-SCS, March 19871 L N = .075 - 
V 

V = Collar radius (ft) 
L = Length of pipe (ft) 
N = Numbered of collars 

The outlet pipe will discharge approximately the lowest elevation at the downstream toe of the berm. 
Riprap rock placed on a geotextile filter will be used for the outlet protection. The outlet protection apron 
will be dimensioned and the riprap sized according to Figure 5 in the calculations with: 

W = Do + Lo [USDA-SCS, March 19871 

W = Downstream width of protection 
Do = Pipe diameter 
La = Length of protection apron along the channel 

If the basin outlets into an existing channel, then the riprap shall extend up the side of the channel 
to the maximum t&?wata elevation. 

+ai\* 

The pipe structural stability must be checked in order to specify the type and thickness of CMP. 
The pipe structural stability calculations follow those provided in "The Handbook of Steel Drainage and 
Highway Construction Products" [AISI, 19831. The procedures for the structural design are: 

1) Make needed assumptions concerning pipe backfill. 

2) Calculate design pressures. 

P,, = DL + LL 

P, = Design pressure @sf) 
DL = Dead load pressure (psf) 
LL = Live load pressure (psf) 

GE3900-8.2/9/F9630 107 



GEOSYNTEC DNS~TANTS PAGE / / O F  

Written by: Date: 3 April 1996 Reviewed by: pep Date: 3 4PL1 L 9 6 

Client: FERMCO Project: FERNALD OSDF Projectmroposal No.: GE-3900 Task No.: 82 

3) Calculate ring compression on pipewall. 

S 
2 

C = P , + -  

C = Ring compression (lb/ft) 
P, = Design pressure (1b/ft2) 
S = Span (ft) = Pipe diameter (ft) 

4) Calculate allowable wall stress. 

33,000 
2K 

f a  = -for D/r < 294 

fa 
D = Pipe diameter (in.) 
r = Radius of gyration (in.) 
K = Load factor based on backfill density 

= Allowable wall stress (lb/in2) 

5 )  Calculate wall thickness. 

A =  
c =  
fa = 

Required wall area (in2/ft) 
Ring compression (lb/ft) 
Allowable wall stress (lb/in2) 

Find a CMP section with a wall thickness that has an area that is greater than or equal to the 
required wall thickness. 

GE39OO-8.2/10/F9630 107 
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6) Check handling stiffness. 
.- . - .  - . -  

D2 FF = - 
EI 

FF = Flexibility factor 
D = Pipe diameter (in.) 
E 
I 

= Modulus of elasticity (lb/in2) 
= Moment of inertia (in4/in.) 

In steps 5 and 6, check to insure all pipe assumptions were correct based on these calculations. 

GE3900-8.2/11/F9630 107 
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DATA VERIFICATION 

Drainage Area 

The drainage area for Basin #4 is shown in Figure 1. It will be assumed that during borrow 
activities, the contractor may expose up to 10 ares of bare soil at a time. For the purposes of these 
calculations, it will be assumed that 10 acres of bare soil is exposed, and only 5 acres of the previous 10 
acres of exposed soil have established vegetation for a conservative total of 15 acres of exposed bare soil. 
The total area is 72.0 acres, 15 of which are disturbed and 57 are undisturbed. Also shown on Figure 1 
is the maximum drainage path within the subarea. The drainage path flow segments are defined as: 

Flow Type Length Cft) SloDe Cft/ftl 

Sheet Flow, fallow (n = .05) 100 I .01 
Shallow Concentrated, Unpaved (Kv = 16.1345) 480 ' .004 

Shallow Concentrated, Unpaved (Kv = 16.1345) 1,430 A .01 

/ 

Shallow Concentrated, Unpaved (Kv = 16.1345) 310 .058 

Runoff Curve Number 

The soil types within the drainage area are defined on Figure 2, which is a composite soil map of 
Hamilton and Butler counties [USDA-SCS, Aug. 1952, USDA-SCS, Jan. 19801. The hydrologic soil 
groups (HSG) are based on the soil type and can be found in TR-55, Exhibit A-1 [USDA-SCS, 1986al and 
the runoff curve numbers are from Table 2-2 of TR-55. 

Symbol Name Total Area HSG 

FdA Fincastle Silt Loam 9.0 C 
XFA Xenia Silt Loam 3.5 B 
XFB2 Xenia Silt Loam 52.0 B 
RdA Raub Loam 7.5 C 

72.0 

GE3900-8.2112lF9630107 
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Condition Cover Tme HSG Runoff Curve Number 
- 

Disturbed Fallow, Bare Soil B 86 ' 
Disturbed Fallow, Bare Soil C 91 A 

Undisturbed Pasture, Poor B 79 ' 
Undisturbed Pasture, Poor C 86 / 

Pasture at poor condition was used to describe the undisturbed areas since the actual use of these 
areas will be variable during the borrow area activities. This assumption is considered to be conservative. 

Rainfall DeDths for Designs Storms 

The following design storm events are needed in the design of Sediment Basin #4. The rainfall 
depths were taken from Table 1 [Parsons, 19951. 

2 Year - 24 Hour 
25 Year - 24 Hour 

= 2.552 in. 
= 4.7 in. / 

The rainfall distribution for all design storms in this area is a Type I1 distribution (see Figure 3). 

Basin Sediment Volume 

The design sediment volume is to be stored between the elevations of 567 ft and 571 ft. The surface 
areas for the actual storage are as follows: 

Elevation (ft) Area (sf) 

567 782 
568 3,344 
569 7,524 
570 13,308 
57 1 20,793 

The areas were provided by AutoCAD, and were checked with a planimeter using the design 
drawing titled "Borrow Area Grading Plan. 
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Principal Spillwav 
- 

The principal spillway is designed with a CMP riser connected to a CMP outlet pipe. A trash rack 
anti-vortex device will be placed at the top of the riser. The low flow structure is an 8 in. perforated CMP 
pipe that is connected to the riser. The following coefficients were used in the design equations. 

Low Flow Structure 

Vertical Orifice 

C = 0.6 

Pipe Flow 

n = 0.023 
K, = 1 
Kp = 0.168 
L = 8 f t  

Riser Structure 

Sharp Crested Weir 

C = 3.27 + 4 H l R  

Outlet Pipe 

Vertical Orifice 

C = 0.6 

[Applied Microcomputer Systems, HydroCAD" Manual] 

[USDA-SCS Eng. Field Manual, Nov. 19861 

[USDA-SCS Eng. Field Manual, Nov. 19861 

[USDA-SCS Eng. Field Manual, Nov. 19861 

, [Applied Microcomputer Systems, HydroCAD" Manual] 

[Applied Microcomputer Systems, HydroCAD" Manual] 

GE39W-8.2/ 14/F9630 107 
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Pipe Flow 

n = 0.023 
K, = 1  
Kp = 0.0226 
K, = 0.4 
L = 13ft  

[USDA-SCS Eng. Field Manual, Nov. 19861 

[USDA-SCS Eng. Field Manual, Nov. 19861 

[USDA-SCS Eng. Field Manual, Nov. 19861 

Nodern Sewer Design, 1980, American Iron and Steel Inst. (AISI)] 

PiDe Structural Analvsis 

Soil unit weight = 120 lb/ft3 
. Height of fill (from x-section on drawings) = 11 ft 

Assume 85% standard density (this assumption is considered to be conservative) 

Pipe diameter = 4 ft , 

K = 0.86 
E = 30 X lo6 lb/in2 
I = 0.0227 in4/ft (> 0.00189 in4/in.) 

[AISI, 19831 

[AISI, 19831 

The recommended maximum value of FF for factory-made pipe is 0.0433 (AISI, 1983). 

Riser Base 

Wr = 24 lb/ft (1/2 + published W,, this assumption is considered to be 
conservative) [AISI, 19831 

H(riser) = 4 ft 
H(wfla) = Length of outlet 13 ft 
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25-year - 24-hour 

CALCULATIONS 

~~~ ~~ ~ 

174.2 15.56 / 

. -  

Curve Number 

The actual or weighted curve number (CN) is a weighted average based on the amount of area that 
each hydrologic soil group (HSG) occupies. Since the location of the disturbed f t ~ ~  will be variable during 
the borrow are activities, two different weighted curve numbers will be developed. One for the runoff from 
disturbed area and one for runoff from undisturbed area. 

arm 

CN = C (CN, Area,) / Total Area 

Disturbed 

CN = [(91 X 16.5ac) + (86 X 55.5ca) / 72.0ac 
CN = 87 

Undisturbed 

CN = [(86 X 16.5ac) + (79 X 55.5ac) / 72.0ac , 
CN = 81 

Storm Runoff 

The output from the HydroCAD" models simulations are located in Appendix B. The results are 
summarized in the following table. 

Peak Runoff Storm Volume I (cfs) 

I 2-year - 24-hour I 64.70 I 5.82 I - -  

GE39W-8.2/ 16/F9630 107 
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Desim Sediment Volume 

V = 1800 cf/Acre of Disturbed Soil X Area of Disturbed Soil (in acres) 
V = 1800 cf/ac X 15.0 ac = 27,000 cf / 

Actual Sediment Volume 

v = c [ !(Al 3 + A, + JAIA2, x (E+,)] 

Elevation Cft) 

567 
568 
569 
570 
57 1 

Area (sf) Volume (cQ A Cumulative Volume Ccf) 

782 -- -- 
3,344 1,914 1,914 
7,524 5,295 7,209 
13,308 10,279 17,488 
20,793 16,912 34,400 

El-& = 1 ft for each interval 

Sediment Cleanout 

Sediment shall be cleaned out of the basin when the available sediment capacity has been reduced 
to 60 percent of the design sediment volume. 

Cleanout volume = 27,000 cf x 0.6 = 16,200 cf I 

This corresponds to an approximate volume cleanout elevation of (see table above) 569.4 ft 

GE3900-8.2/17/F9630 107 
I 
I.- 002598 - 
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PrinciDal SDillwav 

The design is based on a 36 in. diameter outlet ckcular Cl\ilp connected to an expaiider connected 
to a 48 in. diameter circular CMP. According to \- guidelines, the cross sectional area of the riser 
should be at least 1.3 times the cross sectional area of the outlet pipe. 

~ ( 2  ft)2 > 1.3 ~ ( 1 . 5  ft2) 

12.57 ft2 > 9.19 ft2 ' 
A 48 in. riser will work with a 36 in. outlet. 

The riser will have an 8 in. diameter perforated CMP pipe for a low flow structure. The following 
calculations will present the methodology used in each column of Table 2. Table 2 was prepared using the 
spreadsheet program Microsoft Excel 5.0. Elevations used in the following calculations were obtained from 
the design drawing titled "Temporary Sediment Basin 4. 'I 

Low Flow Discharge Rate 

8 in. diameter perforated CMP - 1-112 in. diameter perforations on each side (vertical spacing is 
8 in.). The flow is summed over the perforations as the level water rises. 

Orifice Flow (Vertical Circular) 

Head = elevation of bottom of rise - elevation of perforation series 

The following equation is used to calculate the flow into one set of 2 perforations. 

C = .6 
a 

0.0123 ft2 
h = Head (H) 

= cross-sectional area of 2 perforations. 27d = 2 ~ ( 1 . 5  in. x 0.5 x 1 W12 in.)* = 
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g = Gravitational constant (32.2 ft/s2) 
. _  

Pipe Capacity 

a =  
g =  
h =  
K, = 
L =  
K p =  

n =  
di = 

Pipe area = d = n(8 in. x 0.5 x 1 ft/12 in.)2 = 0.349 ft2 
Gravitational constant (32.2 ft/s2) 
Head (ft) 
Coefficient of minor loses (1) 
Pipe length (8 ft) 
Pipe friction coefficient (. 168) 

5087 n2 K, = c3 

Manning’s number (.023) 
Pipe inside diameter (8 in.) 

Low Flow Discharge 

The lower of either the orifice flow or pipe capacity is used as the low flow discharge. 

Principal Spillway Discharge Rate 

48 in. diameter CMP riser connected to a 36 in. diameter CMP outlet. 

Weir Flow (Sharp Crested) 

Head = principal spillway crest (571) minus pool elevation. 

Q = C Le P” 

GE3900-8.2/19/F9630 107 
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H = Head 
P = Crest height = 4 ft 
Le = Effective crest length = 271-r = 2742 ft) = 12.57 ft ’ 
C = Weir coefficient = 3.27 + 0.4 H/P 

Pipe Inlet 

- Head for pipe inlet = pool elevation - (pipe inlet centerline elevation) 
= pool elevation - 568.5 ft 

- Pipe Inlet (Vertical Orifice) 

Q = caJ2gh 

C = 0.6 
a = d = ~ ( 1 . 5  ft)* = 7.07 ftz 
g = Gravitational constant (32.2 ft/s2) 
h = Pipe inlet head 

/ 

The weir and orifice flows were checked with Table 3. 

Full Flow (Pipe Flow) 

- Head for pipe full flow = pool elevation - pipe outlet centerline elevation 
= pool elevation - 566 ft 

a = Pipe area = d = n(1.5 ft)2 = 7.07 ft ’ 
h = Head (ft) 
g = Gravitational constant (32.2 ft/s2) 
K,,, = Coefficient of minor loses (1) 
L = Pipe length (13 ft) 
K, = Coefficient transition loss (0.4) 

GE3WO-8.2/20/F9630 107 
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I$, = Pipe friction coefficient = (0.0226) 

5087 n2 K, = 
df13 

n = Manning’s number (.023) 
di = Pipe inside diameter (36 in.) 

The pipe flows were checked with Table 4. 

- Limiting Q 

This is an if statement written to yield the lower of either the pipe inlet Q or the full flow Q: 

Principal Discharge 

This column’s cells are set up as if statements that return the minimum value of either riser 
structure weir flow or the limiting pipe flow, plus the low flow structure discharge. a 
Rate for Principal Spillway 

This column is the actual principal discharge. The maximum principal discharge (flow through the 
principal spillway) is 83 cfs at the maximum storm water elevation of 574.2. 

Berm Crest 

Basin #4 was constructed in a cut area, so no berm was required. 

Riser Base 

The minimum factor of safety against riser flotation is 1 .1 .  The riser is 16 gauge aluminum-coated 
CMP. The base is concrete with #4 steel reinforcing bars on 12 in. center to center spacings each way. 

GE39OO-8.212 llF9630107 
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wr Volume of concrete = 0.62 I D 2  - - 
87.6 

Riser 

H(~e r )  
D = Diameter of riser (4 ft) 
wr 

= Height of riser (4 ft) 

= Weight per foot of riser (24 lb/ft) 

V = 38.6 ft3 ' 

Outlet PiDe 

H(0"tIet) 
D 
Wr 

= Length of pipe extending into basin (13 ft) 
= Diameter of outlet pipe (4 ft) 
= Weight per foot of riser (24 lb/ft) 

V = 125.4 ft3 ' 

Total minimum volume of concrete required. 

V,, = 38.6 ft3 + 125.4 ft3 
= 164ft3 

L U a J  = Volume of base design 

v,, = 9.5 ft x 9.5 ft x 2 ft / 
V,,, = 180.5 ft3 < 164 ft3 

Use a 9.5 ft X 9.5 ft X 2 ft concrete base with #4 bars 12 in. O.C. each way. 

Anti-SeeD Collar 

The design of the anti-seep collar is supposed to increase the flow length by 15 percent along the 
outlet pipe; 4.6 ft extension collars will be used. The minimum number of collars is: 

GE39W-8.2/22/F9630 107 
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L N = .075- 
. .  - - v  

V = Collar projection (4.6 ft) 
L = Outlet pipe length in berm (245 ft) 
N = Minimum number of collars = 4 / 

The radius of the anti-seep collar is the distance from the outer edge of the outlet pipe to the outer 
edge of the collar. Square collars will be used for this design. 

Outlet Protection 

Using Figure 4 (from the 4Bl& USDA-SCS 698s) and a maximum outflow of 
83 cfs from Table 2, the d,, of the riprap will be at least -6 ft (10 in.) (use ODOT Class C) and La (length) 
shall be a minimum of 24 ft. The minimum width at the end of the apron is calculated as: 

W = Do + L, 

Do = 3 f t  
La = 24 ft 
W = 27ft / 

The minimum width is 27 ft unless the outlet pipe outlets into a channel in which case the apron will 
conform to the channel. This design is considered to be conservative since the outlet pipe is the 48-inch 
diameter pipe. 

PiDe Structural Analvsis 

This analysis method was taken from "Handbook of Steel Drainage and Highway Construction 
Products" [AISI, 19831. 

1) Assume 85 % standard density (less than specified 95 %). This assumption is considered to be 
conservative. 

Unit weight = 120 lb/ft3 

GE3900-8.2/23/F9630107 
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Height of overfill pipe = 11 ft 

.. 

2 2/3 x 1/2 in. 16 gauge CMP (0.064 in. thick) 

2) Design Pressure, P,, 

Pu = DL + LL 

DL = 120 lb/ft3 X 11 ft = 1,320 lb/ft2 
LL = Negligible for cover greater than 8 ft 

I P, = 1,320 psf + 0 = 1,320 psf/ft2. 

3) Ring Compression, C (Used in Step 5 )  

S 
2 

C = P u -  

S = Span (ft) = pipe diameter = 4 ft 
P,, = Design pressure (lb/ft2) 

C = 1,320 lb/ft2 X 4 ft/2/ 
C = 2,640 Ib/ft 

4) Allowable Wall Stress, fa (Used in Step 5 )  

fa=- 339000 for D/r 294 
2K 

D = Pipe diameter (in.) 
r = Radius of gyration 
K = 0.86 for 85% standard density 

fa = 19,186 I b h 2  

GE3900-8.2/24/F9630 107 
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5) Wall Thickness Criteria 

c A = -  
& 

A 
C 
fa 

= Required wall area (in.‘/ft) 
= Ring compression (step 3) (Ib/ft) 
= Allowable wall stress (step 4) (Ib/h2) 

A = 0.1376 in.2/ft 

The wall area for a 16 gauge CMP (0.064 in. thick) of 0.775 in.2/ft exceeds the required wall 
area (0.1376 h 2 / f t )  and thus the wall thickness criteria is satisfied. 

6) Handling Stiffness Criteria 

D 2  
EI 

FF = - .0433 

FF = Flexibility factor 
D = Diameter (in.) 

, E 
I 

= Modulus of elasticity (30 X lo6 Ib/in.’) 
= Moment of inertia ( i~~ .~ / in ) ;  (0.0227 in4/ft)/(12 in/ft) = 0.00189 h4/ in .  I 

FF = 0.0406 < 0.0433; therefore 2 2/3 X 1/2 in. 16 gauge is ok. 

The value of FF (0.0406) is less than the recommended maximum value of FF (0.0433) and 
thus the handing stiffness criteria is satisfied. 
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TABLE A-1 - RAINFALL DEPTH FOR A GIVEN DURATION 
(INCHES) 

0 
DESIGN OF SMALL DAM 

NOTE: Rainfall Points For 2, 5, and 1 0  year rainfall events were adjusted per TP40. Values for the 
500, 2000, and 10,000 Year Events were interpolated from Figure 3 (Appendix E) 

These values are used on PH Records for HEC-1. 

- 

\PO1 48\CALCSEllCALCAP? A-2 
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. .  . .  
APPENDIX A 

COMPUTER SOFTWARE USED TO PREPARE CALCULATION PACKAGE 
HydroCAD" STORMWATER MODELING SYSTEM 

Applied Microcomputer Systems, "HydrocQD " Stomwater Modeling Sysrem ", version 3.10, 
Chocorva, NH, 1993. 
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APPENDIXB - 

HYDROCADTM 
OUTPUT 



Data for 

Prepared 
HvdroCAD 

SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM 
TYPE I1 24-HOUR RAINFALL- 4.7 IN 
by Applied Microcomputer Systems 
4.51 000663 (c) 1986-1996 ADDlied MicrocomDuter Systems 

A PONO 0 LINK 



P Z A  I&& 4w Page 2 Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM 
Prepared by Applied Microcomputer Systems 
HvdroCAD 4.51 000663 (c) 1986-1996 Applied Microcomputer Svstems 

.- Q G p  gpg3 1 Apr 96 TYPE I1 24-HOUR RAINFALL= 4 . 7  IN 

@ATCHMENT 1 SEDIMENT BASIN 4 - BORROW AREA 
PEAK= 174.2 CFS @ 12.20 HRS, VOLUME= 15.56 AF 

ACRES CN 
15.00 87 
57.00 81 
72.00 82 

~ 

3vff 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 
SPAN= 2-20 HRS, dt=.l HRS 

- 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 6.0 
Fallow 
SHALLOW 
Unpaved 
SHALLOW 
Unpaved 
SHALLOW 
Unpaved 

- 
n=.05 L=lOO' P2=2.6 in s=.Ol 
CONCENTRATED/UPLAND FLOW Segment ID: 7.8 

CONCENTRATED/UPLAND FLOW Segment ID: 1.3 

CONCENTRATED/UPLAND FLOW Segment ID : 14.8 

Kv=16.1345 L=480' Sz.004 I / '  V=1.02 fps 

Kv=16.1345 L=310' S=.O58 ' / I  V=3.89 fps 

K~=16.1345 L=1430 ' S=.O1 ' / I  V=1.61 fps 
- - - - - - - - - -  

Total Length= 2320 ft Total Tc= 29.9 

I78 
168 
158 
148 
138 

r\ 128 
J) 118 

188 U 
w 98 

80 
3 70 0 

LL 50 
40 

28 

-J 60 

SUBCATCHMENT 1 RUNOFF 
SEDIMENT BASIN 4 - BORROW AREA 

AREA= 72 AC 
Tc= 2 9 . 9  M I N  

CN= 82 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFALL= 4 . 7  I N  

PEAK= 174.2 CFS 
@ 12 .2  HRS 

UDLUME= 15.56 AF i 
I \  

TIME (hours) 

002G13 



Prepared by Applied Microcomputer Systems 
HvdroCAD 4.51 000663 (c) 1986-1996 Amlied MicrocomDuter Svstems 

1 Apr 96 

SEDIMENT BASIN 4 - BORROW AREA 
Qin = 174.2 CFS @ 12.20 HRS, VOLUME= 15.56 AF 
Qout= 83.13 CFS @ 12.53 HRS, VOLUME= 15.45 AF, ATTEN= 52%) LAG= 20.0 MIN 

ELEVATION AREA 1NC.STOR CUM.STOR 
(FT) (SF) (CF) (CF) 
567.0 782 0 0 
568.0 3344 2063 2063 
569.0 7524 5434 7497 
570.0 13308 10416 17913 
571.0 20793 17051 34964 
572.0 30565 25679 60643 
573.0 42773 36669 97312 
574.0 85418 64096 161407 
575.0 144176 114797 276204 
576.0 215775 179976 456180 
577.0 299975 257875 714055 
578.0 395843 347909 1061964 

STOR-IND METHOD 
PEAK STORAGE = 185089 CF 
PEAK ELEVATION= 574.2 FT 
FLOOD ELEVATION= 577.5 FT 
START ELEVATION= 571.0 FT 
SPAN= 2-20 HRS, dt=.l HRS 
Tdet= 48 MIN (14.65 AF) 

# ROUTE INVERT OUTLET DEVICES 

1 P  567.0' 48" RISER - 36" INTO 48" OUTLET ELEV(FT) DISCH(CFS) 
567.0 0.00 
569.0 .40 
570.3 .81 
571.0 1.04 
571.1 
571.2 
571.5 
572.0 
572.5 
573.0 
573.5 
574.0 
575.0 
576.0 
577.0 

2.48 
4.98 

16.19 
43.87 
69.70 
73.90 
77.87 
81.66 
88.64 
95.13 

101.22 

002620 



m -  - 2 S 3 , + . p a  5 - / W  
Page 4 %p 34Pnv16 

Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM 
Prepared by Applied Microcomputer Systems 1 Apr 96 
HvdroCAD 4.51 000663 (c) 1986-1996 ADDlied MicrocomDuter Systems 

TYPE I1 24-HOUR RAINFALL- 4.7 IN 

n 
4 
G 

z 
0 

I- 
ff 
3 
W 
-I 
w 

v 

H 

n 
J) 

G 
U 

3 
0 
-I 
L L  

v 

578 
577 
576 
575 
574 
573 
572 
57 1 

569 

POND 1 DISCHARGE 
SEDIMENT B A S I N  4 - BORROW AREA 

/ 
I 

I 
/ , . 

DISCHARGE ( c f s )  

POND 1 INFLOW 8 OUTFLOW 
SEDIMENT B A S I N  4 - BORROW AREA 

STOR-IND METHOD 
STOR= 185889 CF 

PEAK E L E W  5 7 4 . 2  FT 

Qin= 174 .2  CFS 
Qout= 83 .13  CFS 

LAG= 28 M I N  

I70 
I60 
I50 
I40 
130 
120 
I I0 
I00 
90 
80 - 
70 - 
60 - 
50 - 
40 - 
30 - 
20 - 
10 
0 n J m V l n u I I - m m m - n J m P l n u 3 I - m m m  - - - - - - - - - - n J  

T IME (hours) 

002621 



i - -  - 2 5  3 8- 3 v / f ~ /  
Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM Page 1 

3GP 3AfM'L Y Q TYPE I1 24-HOUR RAINFALL= 2.6 IN 

65 
60 
55 
50 

n 4 5 -  ' 4 0 -  
u 3 5 -  

2 2 5 -  
J 2 0 -  LL 

G 

v 
30 

15 
10 
5 -  

BIN 

Prepared by Applied Microcomputer Systems 1 Apr 96 
HvdroCAD 4.51 0 0 0 6 6 3  (c) 1986-1996 ADDlied MicrocomDuter Svstems 

I 
- AREA= 72 AC 
- T c =  2 9 . 9  MIN 
- CN= 82 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFALL= 2 . 6  I N  

- PEAK= 6 4 . 7 3  CFS 
@ 12.21 HRS 

UOLUME= 5 . 8 2  AF 
- 
- 

A 0 lil i F: c;, & &I A ; l A i F : c ; , & m  

SEDIMENT BASIN 4 - BORROW AREA 
PEAK= 64.73 CFS @ 12.21 HRS, VOLUME= 5.82 AF 

ACRES CN SCS TR-20 METHOD 
15.00 87 TYPE I1 24-HOUR 
57.00 81 RAINFALL= 2.6 IN 
72.00 82 SPAN= 2-20 HRS, dt=.l HRS 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 6.0 
Fallow n=.05 L=lOO1 P2=2.6 in s=.O1 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 7.8 
Unpaved Kv=16.1345 L=4801 s=.OO4 V=1.02 fps 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 1.3 
Unpaved Kv=16.1345 L=310f s=.O58 V=3.89 fps 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 14.8 
Unpaved Kv=16.1345 L=14301 S=.Ol ' / I  V=1.61 fps 

- - - _ _ _ _ _ _ _  
Total Length= 2320 ft Total Tc= 29.9 

TIME (hours) 

002622 



/ A ? g A .  7/%?&4 
Page 2 lib-"- 2 5 3  s p  

~ A B / ~ I L  76 Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM 
TYPE I1 24-HOUR RAINFALL- 2.6 IN 

Prepared by Applied Microcomputer Systems 1 Apr 96 
HvdroCAD 4.51 000663 (c) 1986-1996 ADplied MicrocomDuter Svstems 

SEDIMENT BASIN 4 - BORROW AREA 

Qin = 64.73 CFS @ 12.21 HRS, VOLUME= 5.82 AF 
Qout= 50.96 CFS @ 12.38 HRS, VOLUME= 5.79 AF, ATTEN= 21%, LAG= 9.9 MIN 

ELEVATION AREA 1NC.STOR CUM.STOR STOR-IND METHOD 
(FT) (SF) (CF) (CF) PEAK STORAGE = 65568 CF 
567.0 782 0 0 PEAK ELEVATION= 572.1 FT 
568.0 3344 2063 2063 FLOOD ELEVATION= 577.5 FT 
569.0 7524 5434 7497 START ELEVATION= 571.0 FT 
570.0 13308 10416 17913 SPAN= 2-20 HRS, dt=.l HRS 
571.0 20793 17051 34964 Tdet= 72.5 MIN (4.99 AF) 
572.0 30565 25679 60643 
573.0 42773 36669 97312 
574.0 85418 64096 161407 
575.0 144176 114797 276204 
576.0 215775 179976 456180 
577.0 299975 257875 714055 

. 578.0 395843 347909 1061964 

# ROUTE INVERT OUTLET DEVICES 

1 P 567.0' 48" RISER - 36" INTO 48" OUTLET ELEV(FT) DISCH(CFS) 
567.0 0.00 
569.0 -40 
570.3 .81 
571.0 1.04 
571.1 2.48 
571.2 4.98 
571.5 16.19 
572.0 43.87 
572.5 6-9 . 70 
573.0 73.90 
573.5 77.87 

' 574.0 81.66 
575.0 88.64 
576.0 95.13 
577.0 101.22 



p -  2 5  3 f l a  3 p J  [iv' 
Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM >G? 3APe1~96 Page 3 

Prepared by Applied Microcomputer Systems 1 Apr 96 
HvdroCAD 4.51 000663 (c) 1986-1996 ApDlied Microcomputer Systems 

TYPE I1 24-HOUR RAINFALL= 2.6 IN 

POND 1 DISCHARGE 
SEDIMENT BASIN 4 - BORROW AREA 

Lf 574 

0 
0 

0 
0 

0 
0 

0 
0 , 

568 56gl 
, 4@" RISER 7 36': INT,O 48: OUTLET 

m m m m m m m m m m  - N m -r UI CI fi m 0 . m  
56 7J 

- 
. DISCHARGE (cfsl 

POND 1 INFLOW 8 OUTFLOW 
SEDIMENT BASIN 4 - BORROW AREA 

65 
60 
55 
50 

n 45 * 40 
u 35 

30 
2 25 
-I 20 IL 

15 

4- 

v 

STOR-IND METHOD 
PEAK STOR= 65568 CF 
PEAK ELEU= 572.1 FT 

O i n =  6 4 . 7 3  
Oout= 50.96 

LRG= 9 . 9  

CFS 
CFS 
MIN 

T I M E  (hours) 

002629. 



16. IMPACTED MATERIALS MlANAGEMlENT 

16.1 Haul Road Design 
16.2 
16.3 OSDF Methane Generation 
16.4 OSDF Radon 222 Release 

Impacted Runoff from Haul Road 
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16.1 Haul Road Design 

c 
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Client: FERMCO Project: OSDF ProjectlProposal No.: GE3900 Task No.: 10.4 

IMPACTED MATERIAL HAUL ROAD 
EXECUTIVE SUMMARY 

PurDose: 

The purpose of this calculation is to design an aggregate-surfaced haul road for transport of 
impacted material from the battery limit to the OSDF for placement. This road will connect with 
roads from the operable units. The total volume of impacted rubble is 274,615 unbulked cubic yards 
(CY) and of impacted soil is 2,360,251 bank CY is expected for transport. Transport will be 
accomplished using articulated trucks. 

Desian Method: 

Analyses are performed using an AASHTO method for design of aggregate-surfaced roads 
(AASHTO, 1993) and an ODOT method for design of flexible pavement roads (pavement 
thickness = 0). Analyses considered roadbed conditions during the normal period of operation and 
the spring-thaw period of operation. A design cross-section was selected based on calculations 
considering a performance period (or maintenance interval) of I to 2 weeks. 

Conclusions: 

Aggregate-surfaced road cross-section (top to bottom): 

0 Base: 9 in. of ODOT spec. #304 Base Aggregate; 
0 Subbase: 15 in. of ODOT spec. #310 Subbase Aggregate; 
0 Geotextile separator; and 
0 Prepared subgrade 

Maintenance: 

0 Required Maintenance includes regrading of the road surface and the addition of 
aggregate to the base. 

0 Maintenance Intervals: 
Biweekly for normal period of operation. 
Weekly for spring-thaw period of operation. 

Su bgrade Requirements: 

Fill sections: Brown till compacted to 100% of Standard Proctor maximum dry density. 
Cut sections: Existing subgrade compacted to 100% of Standard Proctor maximum dry 
density. 

File: CONHAUL2.DOC 
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Written by: (;)G f Date: 17 j n u  96 Reviewed by: cd Date: 2 5 - q ~ ~  

Client: FERnlCO Project: OSDF Projectmroposal No.: GE3900 Task No.: 10.4 

k L l 9 6  IMPACTED MATERIAL HAUL ROAD 
. - . - - - - - 

Contents: 

1. Introduction 

2. Calculation Procedure 

3. Collection and Verification of Engineering Data 
Re&ed,e E 

4. Calculations and Results 

1/16 

' 
5 /  5 

I n trod uction : 

An aggregate-surfaced impacted material haul road will be used to transport impacted material from 
the operable units to the OSDF for placement. A mix of 20 and 40 ton articulated trucks will be used 
to transport impacted material. An expected 274,615 unbulked cubic yards (CY) of impacted rubble 
and 2,360,251 bank CY of impacted ubbkwi l l  be transported over the haul road. 

The haul road is divided into the following sections: 
So i l  TW 

1. From the battery limit to the OSDF: The location of this haul road is expected to change 
for each of the OSDF stages, the haul road for a preceding phase will be removed in order 
to allow for progressive construction of OSDF components. The road for each stage will 
be kept in service for approximately 3 years (corresponding to the expected length of a 
stage). The location of the haul road for the early stage of OSDF construction is shown in 
Figure 1. 

2. From Operable units to the OSDF battery limit: Parsons is responsible for design of the 
haul road outside the OSDF battery limits (PARSONS, 1996). 

File: CONHAUL2.DOC 002629 
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Calculation Procedure: 

The procedure used to design the impacted haul road cross-section is based on two design 
methods: 1) the AASHTO method for design of low-volume aggregate-surfaced roads (AASHTO, 
1993); and 2) the ODOT method for design or flexible pavement (ODOT, 1992). Calculations were 
performed using a performance period of two weeks. The performance period corresponds to the 
interval of time for which no road maintenance is required. 

0 For the AASHTO method, the traffic loading for a given performance period is represented in 
terms of 18-kip equivalent single axle load (ESAL) applications. The total number of 18-kip ESAL 
applications along with other input parameters are used with the design charts shown in Figures 
2, 3 and 4. A road section is determined which will be serviceable for the duration of the 2 week 
performance period. 

0 For the ODOT method, the traffic loading for a given performance period is also represented in 
terms of 18-kip Equivalent Single Axle Load (ESAL) applications. The method is a modification 
of the 1986 AASHTO method for flexible pavement design. The total number of 18-kip ESAL 
applications along with other input parameters are used with the design charts shown in 
Figures 5 and 6. A road cross-section is determined which will be serviceable for the duration of 
the 2 week performance period. a 

Analysis is also performed using both methods to determine the road cross-section requirements for 
spring-thaw conditions, assuming a performance period of 1 week. 

Step 1: Estimate the total 18-kip ESAL applications, WTotal-18 for a 2 week performance period. 
Truck traffic to and from the OSDF are considered. A traffic mix of 75% 20 ton and 25% 40 
ton trucks is assumed. 

The following are 18-kip ESAL applications corresponding to the different truck traffic axle load 
types; 

-wFL-18, for front axle, 
20 and 40 ton trucks hauling impacted rubble to the OSDF; and 
20 and 40 ton trucks hauling impacted soil to the OSDF. 

20 and 40 ton trucks hauling impacted rubble to the OSDF; and 
20 and 40 ton trucks hauling impacted soil to the OSDF. 

'WRL-18, for rear axle, 

'WFE-18, for front axle, empty 20 or 40 ton truck returning to the operable units. 
-WRE-18, for rear axle, empty 20 or 40 ton truck returning to the operable units. 

File: CONHAUL2.DOC 
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The following equation (MSHTO, 1993) is used to convert each expected truck axle load type 
into an equivalent 18-kip ESAL axle load and to sum these loads over the performance period: 

Where, 

wFL,RL,FE,RE-18 = the 18-kip ESAL applications for a given truck axle load type. 
wN = the number truck passages to (or from) the OSDF over the performance period. 
N FL,RL,FE,RE = a given truck single axle load type, kips 
4.5 = coefficient determined from AASHTO axle load equivalency factors (for a terminal 

18 = an 18-kip equivalent single axle load, kips 
serviceability index, pt of 2.5 and a pavement structural number of 2.5). 

The total 18-kip ESAL applications, wTotal-18 is calculated for the performance period by summing 
18-kip ESAL applications for each of the above truck axle load types, as follows: 

1.1 The single axle load, N, for each truck axle load type is calculated using the following equation 
(Caterpillar, 1995): 

Where, 

NFL,FL,FE,RE = Single axle load for each truck axle load type. 
W, = Weight of truck and rated load (soil load = 0 for empty truck), see Collection and 

Ldist = Load distribution for a given truck axle load type, ratio (See CVED). 
Verification of Engineering Data (CVED). 

File: CONHAUL2.DOC 
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1.2 Calculate the number of truck passages to (or from) the OSDF, wN over the performance period, 

using the following equations: 
- - . -  - . -  

For20 ton truck applications 

For 40 ton truck applications: 

Where, 

0.55,0.45 = coefficients for percentage of material transported by a given truck, based on 

WN20-R = number of axle load applications for 20 ton truck hauling rubble. 
wN2O-s = number of axle load applications for 20 ton truck hauling soil. 
WN40-R = number of axle load applications for 40 ton truck hauling rubble. 
wN4O-s = number of axle load applications for 40 ton truck hauling soil. 
VR = Total volume of rubble to be placed in OSDF (unbulked CY). 
Vs = Total volume of soil to be placed in OSDF (bank CY). 
SR = Swell of rubble from unbulked to bulked condition. 
Ss = Swell of soil from bank to loose condition. 
V20 = Capacity of 20 ton truck at rated load (CY). 
V40  = Capacity of 40 ton truck at rated load (CY). 

truck capacity and traffic mix. 

File: CONHAUL2.DOC 
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1.3 Calculate WTotal-18 (for placement of all impacted material; i.e. performance period of 9 yearsj, 

using equation 2 and inputs from equations 1, 3 and 4. Calculate the 18-kip ESAL applications 
for performance periods of 1 and 2 weeks which correspond to spring-thaw and normal periods 
of operation, respectively. 

Step 2: Select a design cross-section using the AASHTO design charts shown in Figures 2, 3 and 4 
(AASHTO, 1993) and WTotal-18 (calculated in section 1.3). Analyses are performed 
considering the normal period of operation (end of spring thaw to end of placement season) 
assuming a 2 week performance period and for the spring-thaw period of operation 
assuming a 1 week performance period. A final base layer thickness, DBS-F, and a final 
subbase thickness, DSB-F, is determined from the analyses. 

2.1 Estimate the required base layer thickness, DBs, based on an allowable serviceability loss and 
an allowable rut depth (see Figures 2 and 3) for both the normal period of operation and the 
spring-thaw period of operation . 

a) Select, for the normal period of operation, DBS from Figure 2 based on allowable serviceability 
loss, MSI. 

Figure 2 requirements: 

0 Allowable serviceability loss, M S I  calculated from selected values of: 1) an initial 
serviceability index (po); and 2) a terminal serviceability index (pJ. 

0 Resilient modulus of roadbed material, MR 
Base modulus, EBs 

0 Allowable 18-kip ESAL applications, w18psi 

The following explains how they are obtained. 

APSI is defined as the total change in serviceability index. The Serviceability Index is a 
measure of the ability of the road section to serve the type of traffic using the road. 

File: CONHA JL2.DOC 
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62 PG 
0 APSI is calculated as follows (AASHTO, 1993); 

M S I  = p,  - p,  

where, 

po = the initial serviceability index, serviceability index at time of construction. 
pt = the terminal serviceability index, lowest serviceability index tolerated at the end of 

the performance period. 

Estimate the resilient modulus of roadbed material, MR: 

The roadbed material is expected to be either compacted brown till or existing brown till. Use 
lower value of the MR values determined for compacted and undisturbed brown till material. 
Values of MR, for compacted and undisturbed brown till material, are determined based on 
site specific CBR testing of brown till. (PARSONS, 1995 and COE, 1952). MR a CBR 

Base Modulus, Ess: 

Use value recommended in ODOT (1992) for #304, Aggregate Base (crushed stone). 

0 Allowable 18-kip ESAL applications , w18pSI: 

Corresponds to WTotal-18 calculated in step 1 , section 3. 

b) Select, for the normal period of operation, from Figure 3 a value of DBs based on RD. 

Figure 3 requires selection of an allowable rut depth, RD and knowledge of: 

0 Resilient Modulus of road bed material, MR, 
0 Base Modulus, EBs, and 

Allowable 18-kip ESAL applications, W18RD. 

which are obtained in the above part a. 

A rut depth failure of an aggregate surfaced road refers to deformation of the pavement 
structure and roadbed support and not simply surface rutting of the base layer (MSHTO, 
1993). Hence, after the specified allowable rut.depth is reached, an addition of aggregate to 
the base will likely be required as well as grading of the road surface to regain the initial 
serviceability of the road. 

File: CONHAUL2.DOC 
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c) Estimate DBS for spring-thaw operation period using the procedure from the above parts a and 
b. 

Input parameter values are the same as determined for the above section 1 with the following 
exceptions. 

Allowable 18-kip ESAL applications; w18pSI: 

Corresponds to 112 the WTotal-18 calculated in step 1 , section 3. This value corresponds to a 1- 
week instead of a 2 week performance period. 

Calculate Resilient Modulus of Roadbed Material, MR for spring thaw conditions.: 

Calculate MR based on the value of MR assumed in the above part a. 

2.2 Select the required DBS-R value as the maximum value of DBS determined in the above 2.1. 

0 Add 1 inch to DBs for aggregate loss. Aggregate loss is a reduction of the base layer 
thickness due to traffic and erosion (AASHTO, 1993). 

2.3 Select a final base thickness, DBS-F and convert the difference between DBS and DBs-F to a 
required subbase thickness, DsB using Figure 4. 

Figure 4 requires selection of D6S-F and knowledge of 

0 Resilient Modulus of road bed material, MR, 
0 Base Modulus, EBs, and 
0 Allowable 18-kip ESAL applications, w18pSI. 
0 Subbase Modulus, EsB. 

which are obtained in the above part a, excepting EsB which is obtained as follows. 

Subbase Modulus, EsB: Use value recommended in ODOT (1992) for #310, subbase 
aggregate (bank run gravel). 
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Step 3: Calculate required section using the ODOT design method for flexible pavement design 
(ODOT, 1992). +. 25I=&.Pfi 

3.1 Select a design structure number, SN, using Figures 5 and 6 and the following input 
parameters. The SN is used in Equation 6 to determine the thickness of the road cross-section 
aggregate layers. 

e 

e 

Reliability, R (%): Reliability is the probability that serviceability will be 
maintained at an adequate level for the Performance period considered. 
This value will be assumed. 

Overall Standard Deviation, So: Overall Standard Deviation is a measure of 
the variability of input parameters. The value used is as recommended in 
ODOT (1 992). 

Estimated Total 18-kip ESAL Applications, w18: Use values of wI8 for 2 and 1 
week performance periods as calculated in Step 1. 

Effective Roadbed Soil Resilient Modulus, MR (psi): Use values of MR for 
normal and spring-thaw operating periods as calculated for the AASHTO 
method. 

Design Serviceability Loss, @SI : Use value of APSI determined for the 
AASHTO method. 

Structural Coefficients: The structural coefficient for a soil is a measure of 
the relative ability of a material to function as a structural component of the 
road. Use Structural Coefficient recommended in ODOT (1992) for 
aggregate base (ODOT spec. #304) and subbase (ODOT spec. #310) 

Asphalt pavement thickness: Assume zero for aggregate-surfaced road. 

3.2 Select a Final Base Thickness, D6S-F. Calculate a Required Subbase Thickness, DsB using the 
following equation; 

Where, 

ass, asB = Structural Coefficients for base anG subbase aggregate, respeclldely. 
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Step 4: Select a final design cross-section based on analysis in Steps 1 to 3. 

Select geotextile to act as separator between subbase and base. 
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Design of Pavement Slrucrures 

a Resilient Modi lus of Roadbed 
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Lm+)blwnt Road Design 

Allowable .18-kip Equivalent 

. -  
Single Axle Load Applications, W I8R"T (thousands) 

. _ .  

Modulus of Aggregate /Bare Layer, E,, (pi) 
Example : 

O,, : 8 inchor 
RO : 2.5 inchor 
MR : 4,900 psi 
E,, = 30,000 psi 
Solution: W,, : 29,000 
(18-kip €SAL) 

RUT 

+ 
Resilient Modulus of Roadbed 

Material, M, (psi) 

Allowable Rut Depth, RD (inches) 

II- 75 

Thickness of Aggregate Base Layer Considered 
for Rutting Criteria, D, (inches) 

Figure 4.3. Design Chart for Aggregate-Surfaced Roads Considering Allowable Rutting 
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Figure 4.5. Chart to Convert a Portion of the Aggregate Base Layer Thickness To an 
Equivalent Thickness of Subbase 
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Example: 

R=85% (Figure 701-1 I) 
So=0.49 (Figure 101-11) 
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Design Structure Number, SN 

Exarnple:nPSI= 2.0 

Solution: SN= 4.65 
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2 5 ~ 6 %  Data Verification 

33.1 kip 

40 kiD 

Step 1: Estimate the total 18-kip Equivalent Single Axle Load applications, WTotal-18, for a 2 week 
performance period. 

Design Vehicle: 
The following table summarizes input parameters for the design vehicles - Cat D20D (20 ton) and 
D40D (40 ton) articulated trucks. (Caterpillar, 1993) 

Weight 
Distribution: 

Empty 
Front 
Rear 

Front 
Rear 

Loaded 

67% 
.33% 

45% 
55% 

II CaDacitv I 12.7CY (Struck) 

40 ton truck 7 1 1  

62% 
38% 

39% 
61 % 

29.3 CY (Struck) 

0 Capacity of design vehicles: Assume load is struck. 

20 ton truck haulina rubble: The weight of the rubble hauled in a 20 ton truck is controlled 
by the struck capacity, assuming a concrete unit weight of 150 PCF, swell of 100% and 
struck capacity of 12.7 Loose CY. The capacity of the truck is = 19.6 kip. 

20 ton truck haulina soil: The weight of soil hauled in a 20 ton truck is controlled by the 
struck capacity, assuming a soil unit weight of 135 PCF, swell of 25% and struck capacity 
of 12.7 Loose CY. The capacity of the truck is = 28.3 kip. 

40 ton truck haulina rubble: The weight of rubble hauled in a 40 ton truck is controlled by 
the struck capacity, assuming a concrete unit weight of 150 PCF, swell of 100% and a 
struck capacity of 29.3 Loose CY. The capacity of the truck is = 44.8 kip. 
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40 ton truck haulina soil: The weight of soil hauled in a 40 ton truck is controlled by the 
struck capacity, assuming a soil unit weight of 135 PCF, swell of 25% and a struck capacity 
of 29.3 Loose CY. The capacity of the truck is = 64.4 kip. 

0 

Impacted Material to be placed: 

Total volume of expected impacted soil from the $276 Million Plan (FERMCO, 1995): 
V,=2,360,251 Bank CY. 

0 Total volume of expected impacted rubble from the $276 Million Plan: VR=274,615 
Unbulked CY. 

0 Assume total volume of impacted material is placed at a constant rate over a 9 year period. 
Placement season is 9 months per year. 

Impacted Material Characteristics: 

0 Swell, S: Swell of impacted rubble from unbulked to bulked condition is assumed as 100% 
(GeoSyntec, 1996b) 

0 Swell, S: Swell of impacted soil from bank to loose condition is assumed as 25% 
(Caterpillar, 1993b) 

a 
0 Unbulked Unit Weight of impacted rubble: 150 pcf assumed as typical for concrete. 

0 Bank Unit Weight of soil: 135 pcf (GeoSyntec, 1996~). 

Step 2: For determination of a design road cross-section using the AASHTO design method. 

Allowable Serviceability Loss. MSI; 

Initial Serviceability Index, po: Assume po 4.2 (recommended for flexible pavements 
[AASHTO, 19931) 

0 Terminal Serviceability Index, pt : Assume pt = 2.0 (recommended for rural 
roads [AASHTO, 19931) 
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Resilient Modulus of Roadbed Material. MR: - 

0 For normal period of operation (period from end of spring-thaw to end of placement 
period): Use value of 5,400 psi based on correlation of cone penetration testing (CPT) 
results to CBR results (Parsons, 1995) for undisturbed upper and lower horizon brown till 
and using the following equation (ODOT, 1992): 

MR = 1200CBR (7) 

CBR values from correlation by Parsons average between 4 and 5. CPT soundings 
were conducted at locations within the East Field borrow area and OSDF battery limits. 

0 For spring thaw period of operation: assume a 50% reduction in MR from normal period of 
operation. 

Note: Values of MR for compacted brown till are expected to be higher than values of MR for 
undisturbed brown till. This is based on the results of two test programs: 

0 PARSONS’ (1995) testing program: Upper horizon brown till samples were 
compacted to 95% of standard Proctor. Measured values of CBR ranged from 1.95 
to 4.4. The corresponding MR range is 2,340 to 5,280 psi. 

0 US Army Corps of Engineers’ (1952) testing program: Brown till samples were 
compacted to 100% of standard Proctor. Measured value of CBR was 8. The 
corresponding value of MR is 9,600 psi. 

The average value of MRfor upper horizon brown till compacted to 95% of standard Proctor 
(3,600 psi) is lower than the MR value of undisturbed brown till selected for design. On this 
basis compacted brown till used for road f i l l  must be compacted using a higher compactive 
effort (i.e., 100% of standard Proctor or higher). The lower horizon brown till exhibits a higher 
measured maximum dry density than the upper horizon material. (GeoSyntec, 1996a). 

Base Modulus. EBs: - Assume 304, Aggregate Base, EsB=30,000 psi (ODOT, 1992).. 

Allowable wl&pSI: Calculated using po and pt 

Allowable rut depth: Assume 3 in. (The road will largely be confined to off- 
highway vehicles). 

Subbase Modulus. EsB: - Assume ODOT spec. 310, Aggregate Subbase, EsB 15,000 psi 
(ODOT, 1992) 
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Step 3: For determination of design cross-section using the ODOT method (ODOT, 1992). 

0 Reliability, R: 50% to 80% is recommended for low volume roads; Assume 
value of 70%. 

0 Overall Standard Deviation, So: Assume value of 0.49 as recommended for 
flexible pavements in ODOT, 1992. 

Estimated Total 18-kip ESAL Applications, w18: Obtain from calculation in 
Step 1.3. 

Effective Roadbed Soil Resilient Modulus, MR: Use values estimated in step 
2; for normal operating and spring thaw periods; MR= 5,400 psi, and 2,700 
psi, respectively. 

0 Design Serviceability Loss, APSI. 

APSI = po - pi = 4.2 - 2.0 = 2.2 (Step 2) 

0 Structural Coefficients: Use values recommended in ODOT (1992) for 
materials selected for base and subbase, as follows; 

Aggregate base (#304) = 0.14. 
Subbase (#310) = 0.1 1. 

0 Asphalt pavement thickness: Assume zero for aggregate-surfaced road. 
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'""i" 
Allowable 18-kip 

Single Axle Load Applications, 

I I 1 I I l l l l l  , 

Example : 

D,, = 8 inches 
RD = 2.5 inches 

MR = 4,900 psi 
E,, = 30,000 psi 
Solution : W,,RUT= 29,000 
(18-kip ESAL) - + 

h r i a t ,  M, (psi) 

-g 0 f 
0 \ 

I I  Thickness of Aggregate Base Layer Considered 
for Rutting Criteria, DBS (inches) 

I Figure 4.3. Design Chart for Aggregate-Surfaced Roads Considering Allowable Rutting 
IY.58 rJ 
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Required Subbaso Thickness, Os, (inches) 

Figure 4.5. Chart to Convert a Portion of the Aggregate Base Layer Thickness To an 
Equivalent Thickness of Subbase 
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Design Structure Number, SN 
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Examp le :nPSI=  2 .O 

@ Solution: SN= 4.65 002663 
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IMPACTED RUNOFF FROM HAUL ROAD 

EXECUTIVE SUMMARY 

PurDose of Analvsis 

The purpose of this analysis is to calculate the amount of impacted runoff from the haul 
road from a 25-year, 24-hour design storm event. The design of the haul road must contain the 
impacted runoff within the haul road and divert it into the former production area. The haul 
road will be constructed with a berm on either side to contain the runoff. 

Method of Analvsis 

Stormwater Runoff The amount of impacted runoff was calculated using the computer program 
"HydroCAD" Stormwater Modeling System" (HydroCAD"). This program uses the hydraulic 
modeling methods presented in USDA-SCS Technical Releases 20 and 55. 

@ 

Drainage Control Structures: The height of the containment berms to be constructed adjacent 
to the haul road was evaluated using HydroCAD". 

Conclusions 

The peak runoff from the haul road due to a 25-year, 24-hour design storm event is 33 cfs. 
The impacted runoff can be controlled with a 1 ft containment berm constructed adjacent to the 
road. 
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IMPACTED RUNOFF FROM HAUL ROAD 

CALCULATION PROCEDURES 

PurDose 

The purpose of this document is to present the procedures used to calculate the impacted 
runoff from the haul road and to calculate the maximum depth of flow of runoff along the haul 
road containment berm. The calculations are performed in accordance with, and to verify 
compliance with, the DCP. The DCP requirement relevant to these calculations is: 

the freeboard along the containment berms should be at least 6 in. during the design 
storm event; -d 

-LA 54J&.=3 slyen L J e r : y L  co -L .4%C+i 
&- L Z50~~~2'1-R. '  rCb(- e v d j  

ScoDe 

The procedures presented in this document will be used to perform the following 
calculations for the drainage area and design storm event: 

runoff quantities; and 

maximum depth of flow along the containment berms. 

Calculation Procedures 

General 

The computer program "HydroCADTM Stormwater Modeling System" [Applied 
Microcomputer Systems, 19931 (HydroCADTM), will be used to calculate quantities, and 
maximum depth of flow along the containment berms. HydroCADTM uses the hydrologic 
modeling methods presented in Technical Release 20 (TR20) [USDA-SCS, 19751 and TR55 
[USDA-SCS, 1986al. (See Appendix A for information related to HydroCADm.) e 
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6 2 3  fcb  % Stormwater Runon and Runoff Ouantities 

The procedure for calculating stormwater runoff quantities consists of the following steps. 

1. Define the drainage area to be analyzed. These data are presented in the design verification 
document. 

2. Define the runoff curve number. 
document. 

This value is presented in the design verification 

3.  Define the parameters associated with the surface-water flow segments for the drainage 
area. The flow segments consist of sheet flow and open channel flow. The engineering 
parameters needed to define these flow segments are listed below: 

for sheet flow: 

- 
- the flow length (ft); 
- slope of land (Wft); 

surface type which yields a Manning's coefficient for sheet flow; 

for open channel flow: 

- 
- channel length (ft); 

- 

Manning's coefficient for open channel flow; 

channel slope (Wft); and 
pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or cross- 
sectional area @), and wetted perimeter (ft)). 

These data are also presented in the data verification document. 

4. Calculate the amount of runoff for the drainage area, the design storm event, and the 
vegetative cover type. The data defined in Steps 1 through 3 are used as input to 
HydroCADm. HydroCADm uses the data to develop a "runoff hydrograph" as described 
below. 

a. Calculate the Time of Concentration (T,J for a drainage area. The Tc represents the 
time required for stormwater to travel from the most hydrologically distance point of 

GE3900-08.llF9630076 
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t 3 ~ r c 6 9 +  
a drainage area to the point of interest. Tc is calculated by summing the individual 
travel time (TJ for each flow segment define in a drainage area. 

Travel time for each flow segment is calculated as follows: 

for sheet flow: 

0. 007(nL)O.’ T, = 
~ ~ 0 . 5  s0.4 

where: T+ = Travel time for sleet flow (hours); 
n = Manning’s coefficient for sheet flow, based on surface types; 
L = flow length (ft); 
P2 = amount of rainfall from a 2-year, 24-hour design storm event (in.); and 
S = slope of land (Wft). 

for open channel flow: 

nL 
Tt = (3600) ( 1 .486) r 0.67 So.’ 

where: T, = Travel time for open channel flow (hours); 
n = Manning’s coefficient for open channel flow; 
L = channel length@) 
r = hydraulic radius (ft) = a/Pw; 
a = cross-sectional area of flow (ft2); 
P, = wetted perimeter (ft); 
S = channel slope (ft). 

b. Develop a unit hydrograph for the project site. The unit hydrograph is a dimensionless 
curve that represents the runoff distribution resulting from 1 in. of rainfall excess over 
the drainage area during a specified period of time. To develop a unit hydrograph, 
HydroCADm uses the CN value and the anticipated rainfall distribution. 
HydroCADm develops the runoff hydrograph by summing the amount of runoff 
calculated over a series of discrete time intervals during the storm event. The amount 
of runoff is calculated as follows: 

GE3900-08.llF9630076 
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where: Q = amount of runoff (in.); 
P = cumulative rainfall (in.); 
S = potential maximum retention after run off begins (in.); 

CN = runoff curve number. 
S = 1000KN - 10 

The discrete time interval or duration during which runoff calculations are performed is 
calculated as follows: 

2 
15 

D = -Tc 

where: D = duration (hours); and 
T, = time of concentration (hours). 

5 .  The resulting runoff hydrograph provides the runoff quantities for the storm event as well 
as the peak runoff quantity. 

Maximum DeDth of Flow in Drainage Channels 

The procedures for calculating the maximum depth of flow along a containment berm 
consists of the following steps. 

1. Define the dimensions and geometry of the containment berm. 
presented in the data verification document. 

This information is 

2. Develop a discharge versus depth curve for the drainage berm by calculating the flow rate 
for various flow depths within the drainage berms based on the berm geometry. Flowxate 
is calculated as follows: 

1 . 4 8 6 ~ O . ~ ~  so.’ 
n Q =  

where: Q = flow rate (cfs); 
a = cross-section area of flow (ft2); 

GE3900-08.1lF9630076 
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r = hydraulic radius (ft) = a/P,; 
P, = wetted perimeter (ft); 
s = channel slope (Wft); and 
n = Manning's coefficient for open channel flow. 

3. Verify that the drainage berm satisfies the design criteria. 
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IMPACTED MATERIALS MANAGEMENT 

IMPACTED RUNOFF' FROM HAUL ROAD 

DATA VERIFICATION 

PURPOSE 

The purpose of this document is to present the engineering data used to calculate the 
amount of impacted runoff from the haul road. The impacted runoff will be contained on the 
haul road using containment berms and will be diverted into the former production area. 

The data presented in this document are used to satisfy the requirement presented in the 
DCP. The DCP requirement relevant to the data verification are: 

the drainage control structures shall be designed to contain runoff from the 25-year, 
24-hour design storm event; and 

the freeboard along the containment berms should be at least 6 in. during the design 
storm. 

SCOPE 

The data presented in this document will be used to perform the following calculations: 

runoff quantities; and 

maximum depth of flow along the containment berms. 

PARAMETERS FOR DESIGN 

General 

Data required to perform the calculations include: (i) rainfall information (Le., 
quantities, durations, distribution); and (ii) drainage area information (Le., drainage channel 
dimensions and geometries, Manning's coefficients for sheet flow and open channel flow, 
soil and vegetative cover types). Engineering data will be obtained from site-specific studies a and published engineering texts. 
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Rainfall Information 

Rainfall Quantities and Durations 

Rainfall quantities for specific design storm events were summarized by Parsons [1995] 
and are presented in Table 1. Rainfall for the design storm required by the DCP or by the 
calculation method include: 

Storm Event Rainfall (in.) 

2-Year, 24-Hour 
25-Year, 24-Hour 

2.55 
4.7 

Rainfall Distribution 

According to USDA-SCS [1986a], storm events that occur in the area of the OSDF site 
will have a Type 11 storm distribution, see Figure 1. Rainfall intensities for a Type 11, 24- 
hour storm are shown on Figure 2. 

0 Drainage Area Data 

Drainage Areas 

The drainage area is shown on Figure 3. 

Drainage Flow Types 

Surface water flow within a drainage area is characterized as a series of flow segments. 
The flow segments will consist of sheet flow, and open channel flow. The engineering 
parameters needed to define these flow segments, along with the reference source for the 
data, is listed below: 

for sheet flow: 

- 
- 
- slope of land (Wft); 

surface type which yields a Manning’s coefficient for sheet flow, Table 2 
[USDA-SCS, 1986al; 
flow length (ft), Figure 3; 

GE3900-08.llF9630076.DV 002675 
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for open channel flow: 

. 

- 
- channel slope (Wft); - 

Manning’s coefficient for open channel flow, Figure 3 [USDA-SCS, 1986b and 
Chow, 19591; 
channel length (ft), Figure 3; 

pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or cross- 
sectional area (ft2), and wetted perimeter (ft)), Figure 4. 

l3ydrologic Soil Group (HSG) 

The soil types found within the OSDF watershed are illustrated in Figure 5 [USDA- 
SCS, 19921. The HSG classification for each soil type, identified were obtained from Table 4 
[USDA-SCS, 1986al. Soils found within the OSDF watershed and their associated HSG are: 

SCS MaD Designator Soil Name HSG Grow 

FcA 
FdA 

Fincastle 
Fincastle 

C 
C 

Vegetative Cover Type 

The HSGs identified within the drainage are subdivided by vegetative cover type. 
Vegetative cover types recognized by Technical Release 55 [USDA-SCS, 1986al (i.e., the 
hydrology model used in these calculations) are presented in Table 5 [USDA-SCS, 1986al. 
The impacted material haul road will be gravel. 

Runof Curve Number 

The Runoff Curve Number (CN) is a factor used to account €or the influence that each 
of the HSG, vegetative cover type, and hydrologic condition and treatment have on the 
amount of runoff. The CN value for the analysis is 89, see Table 5 [USDA-SCS, 1986al. 

The Manning’s n value for gravel-lined channels is 0.022, see Table 4. [Chow 19591. 

Summary 

A summary of the drainage area data is presented in Table 6. 
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TABLE 1 - RAINFALL DEPTH FOR A GIVEN DURATION 

(INCHES) 

NOTE: Rainfall Points For 2, 5, and 10 year rainfall events were adjusted per TP-40. Values for the 
500, 2000, and 10,000 Year Events were interpolated from Figure 3 (Appendix E) 

These values are used on PH Records for HEC-1. 
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Curve numbers for 
Cover description hydrologic soil group- 

,I / 
Average percent c over type and hydrologic condition impervious area2 A B C 0 

Fully developed urban ames (vegetation established) 
Open space (lawns, parks, golf courses, cemeteries, etc.)? 

Poor condition (grass cover e 50%). ....................... 

Good condition (grass cover > 75%). ..................... 
. Fair condition (grass cover 50% to 75%) . . . . . . . . . . . . . . . . . . .  

Impervious areas: 
Paved parking lots, roofs, driveways, etc. (excluding right-of- 

Streets and roads: 
way). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Paved; curbs and storm sewers (excluding right-of-way) . 
Paved; open ditches (including right-of-way) . . . . . . . . . . . . . . . .  
Gravel (including right-of-way) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dirt (including right-of-way). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  
Western desen urban areas: 

Natural desen landscaping (pervious areas only) 
Artificial desert landscaping (impervious weed barrier, desert 

shrub with 1- to 2-inch sand or gravel mulch and basin bord- 
ers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . .  

Urban districts: 
Commercial and business . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Residential districts by average lot size: 
118 acre or less (town houses) . . . . . . . . . . . . . . . . . .  
114 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 acre .................................................. 
2 acres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Developing urban areas 
Newly graded areas (pervious areas only, no vegetat i~n)~ . . . . . . . . . . .  
Idle lands (CN's are determined using cover types similar to those 

in table 2-2a). 

85 
72 

65 
38 
30 
25 
20 
12 

68 
49 
39 

98 

98 
83 
76 
72 

63 

96 

89 
81 

77 
61 
57 
54 
51 
46 

77 

79 
69 
61 

98 

98 
89 
85 
82 

77 

96 

92 
88 

85 
75 
72 
70 
68 
65 

86 

86 
79 
74 

98 

98 

& 
87 

85 

96 

94 
91 

90 
83 
81 
80 
79 
77 

91 

89 
04 
80 

98 

98 
93 
91 e 
89 

88 

96 

95 
93 

92 
87 
86 
85 
84 
82 

94 

~~ ~ ~~ ~ 

1 Average runoff condition. 
2The average percent impervious area shown was used to de- 
velop the composite CN's. Other assumptions are as follows: im- 
pervious areas are directly connected to the drainage system. 
impervious areas have a CN of 98. and pervious areas are consi- 
dered equivalent 10 open space in good hydrologic condition. 

3CN's shown are equivalent to those of pasture. Composite CN's 
may be computed for other combinations of open space cover 

"Composite CN's for natural desert landscaping should be com- 
pu!ed based on the impervious area (CN = 98) and the pervious 
area CN. The pervious area CN's are assumed equivalent to 
oesert shrub in poor hydrologic condition. 

*Composite CN's to use for the design of temporary measures 
during grading and construction should be computed using the 
degree of development (impervious area percentage) and the 
CN's for tne newly graded pervious areas. 

type. 
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IMPACTED MATERIALS MANAGEMENT 

IMPACTED RUNOFF FROM HAUL ROAD 

CALCULATIONS 

PurDose 

The purpose of this document is to provide the engineering calculations used in the 
design of the impacted material haul road for the On-Site Disposal Facility (OSDF). 

ScoDe 

The calculation procedures used in this document are presented in the calculations 
procedures document. The data used in the calculations is presented in the data verification 
document. 

The calculations consists of  (i) a summary of the input data; (ii) a summary of the a calculation results; and (iii) the calculations (Le., worksheets, computer runs). 

Calculations 

Summary of Inuut Data 

A summary of the HydroCAD" input data is presented in Table 1. 

Summarv of Calculation Results 

The peak runoff from the haul road due to a 25-year, 24-hour design storm event is 33 
cfs. Maximum flow depth on the haul road will not exceed 0.2 ft. Therefore, the 1-ft high 
containment berms will be sufficient to contain the runoff from a 25-year, 24-hour design 
storm event. 

GE3900-08.llF9630076.CAL 
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Data for IMPACTED MATERIAL HAUL ROAD RUNOFF DEPTH 
Prepared by GeoSyntec Consultants 19 Feb 96,: 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems _-_ -1. 

SUBCATCHMENT 1 AREA DRAINING TO 1 SIDE OF ROAD 

98 SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

" /  ACRES 
2.60 

PEAK= 16.5 CFS @ 11.85 HRS 
VOLUME= .78 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW FLOW FROM CENTER LINE OF ROAD 1.5 
Smooth surfaces n=.011 L=26' P2=2.6 in s=.OOl I / '  

A 
J) 
cc 
U 

W 

SUBCATCHMENT 1 RUNOFF 
AREA DRAINING TO 1 SIDE OF ROAD 

RRER= 2.6 RC 
l e =  I . 5  HIN 
CN= 9e 

5CS TR-20 METHOD 
TYPE I1 24-HOUR 

RRINFRLL= 4.7 IN 

PERK= 16 5 CFS 

UOLUHE- 78 RF 
e I I  .e5 HRS 

TIME (hours) 



HYDROCADTM RUNS 

DRAINAGE CHANNEL ROUTING 
m 



R=. 
Data for IMPACTED MATERIAL HAUL ROAD RUNOFF DEPTH 
Prepared by GeoSyntec Consultants 19 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 
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/tK- 
Data f o r  IMPACTED MATERIAL HADL ROAD RUNOFF DEPTH w A  .L 3 P a g e a 6  /6 
Prepared by GeoSyntec Consultants 19 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomuter Svstems 

RgACH 1 
,fi2 

CURB DEPTH FOR RUNOFF FLOWING LENGTH OF RD @ f f  
DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 50’ x 1.5’ CHANNEL 

0.0 0.0 0.0 SIDE SLOPE= -33 ’ / ’  
.2 7.6 2.0 n= .022 
.3 15.3 6.5 LENGTH= 2000 FT 
.5 23.1 12.7 SLOPE= .0002 FT/FT 
-6 33.5 23.3 
.9 47.5 40.7 

96.6 66-2 /’ 1.2 64.4 
1.5 81.8 

STOR-IND METHOD 
MAX. DEPTH= -18 FT 
PEAK VELOCITY= .3 FPS 
TRAVEL TIME = 106.6 MIN 
Qin = 16.5 CFS @ 11.85 HRS 
Qout= 2.9 CFS @ 12.05 HRS 
ATTEN= 83 % LAG= 11.7 MIN 

/” 

IN/OUT= -78 / .73 AF 

REACH 1 DISCHARGE 
CURB DEPTH FOR RUNOFF FLOWING LENGTH OF RD 

A 

3 
G 

I 
l- a 
W 

W 

n 

/ 58’ x 1 .5 ’  CHCINNEL 
SIDE SLOPE= - 3 3  */; 

n= 8 2 2  L=2RER’ S= 8892 

DISCHARGE ( c f  5 1 

REACH 1 INFLOW 8 OUTFLOW 
CURB DEPTH FOR RUNOFF FLOWING LENGTH OF RD 

A 

In 
G 

U 

3 
0 
-I 
LL 

W 

15 - 
14 - 
13 - 
I 2  - 
I 1  - 
18 - 
9 -  

8 -  

7 -  
6 -  

5 -  
4 -  

58’ x 1 . 5 ‘  CHFINNEL 
SIDE SLOPE= .33 ’/ 

n=.822 L32888‘ s=.8882 

STOR-IN0 METHOD 
VELOCITY= . 3  FPS 

TRFIUEL- 186.6 MIN 

O i n r  16.5 CFS 
OoutE 2 . 9  CFS 
LFIG: 1 1 . 7  M I N  

/’ 

TIME (hours) 
002697 
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APPENDIX A 

COMPUTER SOFIWAIUI USED TO PREPAIUI CALCULATION PACKAGE 
HydroCAD" STORMWATER MODELING SYSTEM 

Applied Microcomputer Systems, "HydroC2.D " Stomwater Modeling System 'I, version 3.10, 
Chocorva, NH, 1993. 

See Section 1.2 for the Design Parameter Summary. 

GE3900-08.1IAF'P.A 
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OSDF METHANE GENERATION 

EXECUTIVE SUMMARY 

Purpose 

The purposes of this analysis are to: (i) estimate a reasonable range of methane and total 
landfill gas generation rates within the On-Site Disposal Facility (OSDF); (ii) evaluate the 
potential health and safety impacts of the generated gas; and (iii) evaluate the potential effects 
of the generated gas on the OSDF final cover system. 

Procedure 

The following procedure was used to estimate methane and total landfill gas generation 
within the OSDF: 

estimate the weight, volume, and volumetric concentration of organic material that will 
be placed in the OSDF; 

estimate the rate at which the organic material will be placed in the OSDF; 

estimate the total methane generation potential of the OSDF; 

estimate the weight of typical municipal solid waste (MSW) equivalent to the estimated 
weight of organic material; 

estimate the methane and total landfill gas generated within the OSDF over time using 
a model developed for MSW (Le., the United States Environmental Protection 
Agency’s Landfill Air Emissions Estimation Model (EPA LAEEM), also know as the 
Scholl Canyon or first order methane generation model); 

use a simple landfill gas balance model to aid in evaluating health and safety impacts 
and potential effects on the final cover system; and 

@ GE3900- 10.2IMethane. cal 
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evaluate the results of the landfill gas balance model. 

Conclusion 

1. 

2. 

3.  

Conservative methane and total landfill gas generation rates were calculated; the calculated 
peak annual methane generation rate is 1 .56x104 ft3/yr. 

The landfill gas balance model shows that this gas generation rate does not cause the 
buildup of any significant gas pressure against the OSDF final cover system. Thus, 
methane generation should not have any adverse impact on the OSDF final cover system. 

The OSDF may generate enough methane to cause methane to migrate through the OSDF 
leachate collection, and possibly leak detection, pipes. All outlet points from these pipes 
should be periodically monitored. Should methane be detected at concentrations 
approaching 25 percent of the methane lower explosive limit in any confined space, then 
mitigation measures, such as venting, should be implemented. 

@ GE3900- 10.2hlethane. cal 
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.-- .. ' qb OSDF METHANE GENERATION 

CALCULATION PROCEDURES 

PurDose 

The purpose of this document is to present the procedures used to calculate methane 
generation within the OSDF and to evaluate health and safety impacts and potential effects on 
the final cover system. The calculations are performed in accordance with, and to verify 
compliance with, the Design Criteria Package. 

ScoDe 

The procedures presented in this document are used to: 

conservatively estimate a methane generation rate that can be expected within the 
OSDF; and 

perform a simple landfill gas balance model to aid in estimating the effect of the 
4 generated gas on the final cover system. 

Calculation Procedures 

A. Procedure Outline 

The calculation procedure used is comprised of the following steps: 

estimate the organic content of the OSDF; 

estimate the rate at which organic material will be placed in the OSDF; 

estimate the total methane generation potential of the OSDF; 

0 GE3900- 10.2hlethane. cal 
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estimate the rate of methane generation within the OSDF; 

use a simple landfill gas balance model to aid in evaluating the effect of the generated 
gas on health and safety and on the final cover system; and 

evaluate the results of the landfill gas balance model. 

Each of the steps is described below. 

B. Organic Content 

The following procedure was used to estimate the weight, volume, and volumetric 
concentration of organic material that will be placed in the OSDF: 

identify sources or organic material and approximate volume of each source; 

estimate the volume, unit weight, and organic content of each source containing 
organic material; 

calculate a weight and volume of organic material from each source containing 
organics; 

estimate how much of the organic material will be placed in Cells 1 through 3 and 
how much will be placed in Cells 4 through 8; and 

calculate a volumetric concentration of organic material. 

C. Rate of Placement of Organic Material 

For planning purposes, it was assumed that Cells 1 through 3 will be filled in five years 
and that Cells 4 through 8 will be filled in an additional five years. This assumption was 
combined with the organic weight and distribution estimates previously developed to 
estimate the weight of organic material that will be placed in the OSDF each year. 
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D. Methane Generation Potential 

A value for methane generation potential (Lo), in units of cubic feet of methane per 
megagram of municipal solid waste (MSW) (ft3/Mg), was obtained from a literature search. 

E. Methane Generation Rate 

1. Methane Generation Rate Constant 

The rate of methane generation has been report& to be directly proportional to organic 
concentration [Amaral and Knowles, 19941. A methane generation rate constant (k), 
in units of l/year, was estimated by comparing the concentration of organic material 
in the OSDF to that of typical MSW. The methane generation rate constant used for 
the OSDF is lower than the rate constant applicable to MSW landfills. 

\ 

2. Methane Generation Over Time 

The annual volume of methane generated within the OSDF for 100 years after waste 
placement begins was estimated using the following equation: 

Q = ckLo Mi (e-bi ) 

. where: 
Q = methane generated (ft3/yr at 20°C and 1 atm) 
k = methane generation rate constant (l/yr) 
Lo = methane generation potential (ft3/Mg of MSW) 
Mi = mass of MSW placed in year i 
4 = age of waste placed in year i 

@ GE3900- 10.2/Methane .cal 
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This equation is used in the EPA's Landfill Air Emissions Estimate model [USEPA, 19911 
and is also referred to as the Scholl Canyon or first order methane generation model. 
GeoSyntec has used a spreadsheet to implement this equation and has verified that the 
spreadsheet results are identical to the results of the EPA model. 

F. Landfill Gas Balance Model 

The simple landfill gas balance consists of the following equations: 

1.  Total Landfill Gas (LFG) Generated = 2 x Methane Generated (assuming LFG is 50% 
CH,) 

2. Emission to Atmosphere = Landfill Gas Generated 
Prior to Completion of Final Cover 

3. Emission to Atmosphere = Landfill Gas Diffused 0 After Completion of Final Cover 

4. Landfill Gas Stored = Landfill Gas Generated - Landfill Gas Diffused 

5 .  Air-Filled Void Space = (Total OSDF Volume)(porosity)(saturation) 

6 .  Landfill Pressure = (Initial Pressure) Cumulative Storape + Air-Filled Void SDace c Air-Filled Void Space I 
G. Evaluation of Landfill Pressure 

1 .  To evaluate the potential for generated gas to affect the final cover system by causing 
uplift or cracking, the calculated landfill pressure is compared to the vertical stress at 
the base of the final cover system due to the weight of the final cover system. 

2. The evaluation of health and safety concerns is addressed at the end of the calculations 
and in the executive summary. 

0 GE3900- 10.2IMethane. cal 
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OSDF METHANE GENERATION 

DATA VERIFICATION 

Pumose 

The purpose of this document is to present the engineering data used to calculate the 
methane generation within the OSDF. 

Scooe 

The data presented in this document will be used to: 

prepare estimates of the volume of methane that will be generated within the OSDF 
over time; and 

evaluate the potential for the generated gas to cause cracking or uplift of the final 
cover system or to cause health and safety concerns. 

a 
Parameters for Design 

A. General 

Engineering data were obtained from site-specific information and engineering texts. 

B. Organic Content 

1. Sources of Organic Material 

Information regarding sources of organic material was obtained from Table 7-3 of the 
Draft Operable Unit 5 (OU5) Feasibility Study, which is attached, and from discussion 
with design team members regarding the amount of grubbing waste expected to be 
placed in the OSDF. 

0 GE3900- 10.2/Methane. cal 
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TABLE 7-3 

- _  
MATERIAL ASSUMED TO MEEX WASI'E ACCEPTANCE CIuTERlA FOR 

ON-PROPERTY DISPOSAL 
(Assumed for CRARE Analysis) 

QmticY 

g, South Field material 120,000 
18,000 
80,000 

F4 Inactive fly ash pile material 109.000 
Subtotal 345,000 

source Material (cubic yards) 
ou2  F3 Solid waste landfill matcfial l8,000c, 

rG Lime sludge ponds material 
c4 Active fly ash pile material 

OU3 

OU4 

OUS 

&, Windows, wood, insulation 
F2 Asphalt and concrete 
Fb Structural steel 
cb Equipment, conduivwire, piping 

. G,, Painted light gauge metals 
fb Brick 
F'Transite, floor tile, fire brick 

Subtotal 

58,571 
167,797 
. 2274 
64,485 

224 
766 

297,960 
3843 

Fz Concrete 3ooo 
Subtotal 3000 

$ 1  soil 1,750,000 
30.000 

Subtotnl 1,780,000 
C. Sludge - groundwater/wastewater treatment facilities 

TOTAL 2,425,960 

7.1.3 0fY-m D i s d  I 

'Ibis section provides information on the material assumed, as part of the adopted criteria remedy, to 
be disposed of off-property. Table 7 4  lists these wastes. Assumed quantities given are h-place 
cubic yards and no allowances have been made for volumes following excavation, treatment, and/or 

2 

3 

4 

containerizazion. J 
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The identified sources of organic material are as follows: 

ComDonent Source Volume (vd3) 

Solid Waste Landfill o u 2  
Material(MSW) 

Windows, Wood, Insulation OU3 

Grubbing Waste 200 acres of the site 

2. Unit Weight and Organic Content 

ComDonent Unit Weight 

MSW (refuse only) 50 ibm3 

Windows. Wood. Insulation 50 l b / e  a (Wood only) 

Grubbing Waste (mostly 110 iwft3 
soil) 

18,000 

58,571 

161,333 (assuming an 
average thickness of 0.5 ft) 

Source 

[NAVFAC DM-7.3, 19831 

G, = 0.7 (Ranges from 0.12 
to 0.74 for various woods 
[Merritt, 19831) 

Typical for Silty Clay 
[NAVFAC DM-7.1, 19861 

ComDonent Organic Content Source 

MSW 50% [Franklin Associates, 19921 

Wood 100% Conservative assumption 

Grubbing Waste 1% Estimate 

C. Rate of Placement of Organic Material 

For planning purposes, it is assumed that Cells 1 through 3 will be filled in five years and 
that Cells 4 through 8 will be filled in an additional five years. This assumption is combined 
with the organic weight and distribution estimates previously developed to estimate t k  

weight oforganic material that will be placed in the OSDF each year. 

a GE3900-10.2h4ethane.cal 
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D . Methie  Generation Potential, Lo 

A theoretical maximum value for methane generation potential for organic material 
(Lo = 420 literslkg) was obtained from Thorneloe et al. [1993]. A typical value for the 
methane generation potential of MSW (Lo = 125 literslkg) was obtained from USEPA 
[1994]. A minimum methane generation potential for typical MSW (Lo = 38.6 literslkg) 
was obtained from Pacey [1989] as reported in Thorneloe et al. [1993]. The minimum 
methane generation potential for MSW is believed to be conservative for estimating the 
methane generation potential for the OSDF. 

E. Methane Balance Model 

To estimate the air-filled void space in the OSDF, the following data were used. 

Parameter I Value 

Total Air Space 27.5 x lo6 yd 

Average Porosity 0.445 

Average Saturation h 

Source 

Calculation Package 2.1, 
required OSDF volume 

Calculation Package 7.1, 
porosity of impacted 
material. 

Calculation Package 7.1, 
calculated from porosity 
and moisture content of 
impacted material 

0 GE3900- 10.2Methane.cal 
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OSDF METHANE GENERATION 

CALCULATIONS 

The purpose of this document is to present engineering calculations used to estimate 
methane generation within the OSDF and to evaluate its potential affects on the f i i l  cover 
system and on health and safety. 

Scope 

The calculation procedures used in this document are presented in the calculations 
procedures document. The data used in the calculations are presented in the data verification 
document. 

0 Calculations 

Estimate Weight Of Organic Material In OSDF 

A. Sources of Organic Material: 

1 .  The 18,000 yd’ of MSW has an average age of 30 years, and therefore has expended 
most of its methane generation potential. Assume that the original organic content 
was 50% and that 25% of the original remains (Le., 12.5%). (18,000 yd’) (1,350 
Ib/yd3) (.125 organic content) = 3.04 x lo6 lbs. r/ 

2. Assume the 58,571 yd3 of windows, wood, and insulation is 30% wood (i.e., 17,571 
yd3) and has a unit weight of 0.7 x 62.4 Ib/ft? = 43.7 lb/ft3 (i.e., 1,180 Ibs/yd3). 
(17,571 yd’) (1,180 lbs/yd3) = 2.07 x lo7 lbs. / 

/ 
3. Assume grubbing waste is top 6-in. of a 200-ac area and is 1 % organic by weight: 

(200 ac. x 43,560 ft2/ac) (0.5 ft) (110 lb/ft3) (.01 organic content) = 4.79 x lo6 lbs. 

0 GE3900- 10.2Methane .cal 
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Component 

MSW 

Wood 

Grubbing Waste 

Total 

Page E of t'l/ 

Organic Weight Organic Weight Organic Volume 
( W  (Mg) Old3) 

3.04 x lo6 1.38 x lb ' 2,250 (12.5%) J 

2.07 x 107 9.41 x 1b ' 17,571 (30%) J 

4.79 x lo6 1,613 (1%) 

21,434 

/ 

d 

2.18 x lb 

2.85 x 107 1.30 x 104 

0 Written by: y A  Date: 6 / M I  %Reviewed by: v+ Date: I b ~ l p 6  
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Table 1: Organic Material 

B. Filling Rate 

1. Cells 1 Through 3 

Assume all MSW and half of wood and grubbing waste goes into Cells 1-3 in first 
five years; then total organic weight in Cells 1-3 is: 

< 
1.38 x 103 + (0.5) (9.41 x l@ + 2.18 x lo3) = 7,175 Mg 

Organic material filling rate: 7,175 Mg/5 yr = 1,435 Mg/yr 
Equivalent MSW Filling rate: 2 x 1,435 Mg/yr = 2,870 Mg/yr 

(assuming MSW is 50% organic) 

2. Cells 4 Through 8 

Total organic weight in Cells 4-9: 1.30 x 10" - 7.175 x 103 = 5,825 
Organic material filling rate: 5,825 x lo3 Mg/5 yr = 1,165 x lo3 Mg/yr 
Equivalent MSW filling rate: 2 x 1,165 Mg/yr = 2,330 Mg/yr 

(assuming MSW is 50% organic) 
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ESTIMATE OF METHANE GENERATION 

I. Total Methane Generation Potential 

A. Consider a Theoretical Maximum Based on Stoichiometric Conversion 

This is a highly conservative upper bound presented only to define the physical 
limit of the methane generation potential. 

1. From Thornloe et al. [1993]: 

Methane generation potential of cellulose is 415 liters CH4/dry kg and 
of hemicellulose 424 liters CH,/dry kg; these materials account for 
most of the methane generation potential of MSW. Use an average 
value of 420 liters/kg (14,830 ft?/Mg) for the following calculation. 

2. Conservatively assume that the estimated organic content of the OSDF 
(i.e., 1.30 x 104 Mg, moist, from Table 1) is all cellulose and 
hemicellulose and has a moisture content of 90% (dry wt. basis) 

Dry Weight = '030 lo4 Mg X lo3 ks = 6.84 X lo6 kg, dry organic material 
1 + 0.9 Mg 

CH4 Potential = (6.84 x lo6 kg) (420 liters CH4/dry kg) 
= 2.87 x lo9 liters 

3. Convert to LFG industry standard temperature (20°C): 
(at constant pressure) 

J 

The theoretical maximum methane generation is 109 x IO6 ft3. J 

J 

J 

A 
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B. Consider a Typical MSW Material 

The methane generation potential for typical MSW is 4,411 ft3/Mg (125 
literdkg) [USEPA, 19941. 

C. Consider a Lower Bound MSW Material 

1 .  A lower bound methane potential of MSW measured during a field 
study [Pacey, 19891 was 38.6 liters CH,/dry kg refuse. Applying this 
to the OSDF results in the total methane potential shown below. 

2. Convert 38.6 liters/kg to units of ft3/Mg 
(38.6 literdkg) (103 kg/Mg)/(28.32 liters/ft3) = 1,363 ft3/Mg d 

D. Consider OSDF Impacted Material 

1. The total methane generation potential will be less than typical MSW 
(which in turn is only about one-third to one-quarter of the theoretical 
maximum based on a stoichiometric conversion) because of the lower 
temperatures, decreased moisture availability, and less vigorous 
methanogenic bacteria community in the OSDF compared to a MSW 
landfill. 

2. It is believed to be conservative to assume that the OSDF methane 
generation potential is equal to the lower-bound MSW methane 
generation potential of 1,363 V/Mg reported above. 

a GE3900- 10.2/Methane.cal 



GEOSYNTEC CONSULTANTS P a g d X  of & 
Written by: Date:6 &l9r Reviewed by: ,+ Date:& I d !  1% 

Client: FERMCO Project: OSDF Proj.1FYoposal No.: GE3900 Task No.: 10.2 
- 

11. Concentration of Organic Material (use volume basis) 

A. Methane generation rate is directly proportional to organic concentration [Amaral and 
Knowles, 19941. Therefore, compare the organic content of the OSDF to that of 
typical MSW and, in the next step, reduce the methane generation rate expected for 
the OSDF accordingly. 

B. Organic Contents 

1. Organic content of typical MSW: Assume 50% organic [Franklin Associates, 19921 

2. Organic Content of Cells 1-3 

Using the volumes of organic material from Table 1 and the distribution of organics 
described under "Filling Rate", the volume of organic material in&lls 1-3 is 
estimated as follows. 

Organic volume: 2,250 + 0.5 (17,571 + 1,613) = 11,842 yd3 
Cells 1-3 account for approximately 30% of the total volume of the OSDF (i.e., 
27.5 x lo6 yd3) 
Total Volume: 27.5 x lo6 yd3 + 3 = 9.2 x lo6 yd3 
Organic Content: (11,842 yd3/9.2 x lo6 yd3) x 100% = 0.13% ( < 1/30Oth of 1/ 

typical MSW) 

3. Organic Content of Cells 4-8 

Organic Volume: 21,434 yd3 - 11,842 yd3 = 9,592 yd3 
Total Volume: 27.5 x lo6 - 9.2 x lo6 = 18.3 x lo6 yd3 
Organic Content: (9,592D8.3 x lo6 yd3) x 100% = 0.05% (l/lOOOth of typical / 

MSW) 

@ GE3900-10.2lMethane .cal 
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w. The organic concentration in the OSDF will be about 1/30Oth to 
1/1OOOth of the organic concentration of a MSW landfill. It is unknown whether the 
proportionality is linear, but it is believed to be conservative to assume the linearity 
exists. The actual methane generation rate may be lower than predicted by a linear 
proportionality because of the lower temperatures, decreased moisture availability, 
and less vigorous methanogenic bacteria community in the OSDF compared to a 
typical MSW landfill. 

II. 

Provisions are included in the impacted material placement plan that are intended to 
achieve as uniform a distribution of organic material throughout the OSDF as is 
operationally feasible. 

Based on the factors discussed, it is believed to be conservative to assume that the 
actual methane generation rate in the OSDF is 1/1OOth of that for typical MSW. 

A typical MSW methane generation rate constant value is: k=0.04 l/yr [USEPA, 
19941 . 

Therefore, a conservative value for the methane generation rate constant for the / 
OSDF is k=0.0004 l/yr. This value is used for the subsequent calculations. 

Methane Generation Rate 

Method: Use a methane generation model developed for MSW &e., the EPA Landfill 
Air Emissions Estimation Model [EPA, 19911) as implemented by a spreadsheet 
developed by GeoSyntec. Computer output from the EPA model is attached to show that 
the spreadsheet provides identical results. 

Assumptions: Assumptions for filling rate (10 years) and equivalent weight of MSW in 
the OSDF were presented previously. To simplify the calculation, the same methane 
generation rate constant is used for waste in all cells of the OSDF. 

@ GE3900- 10.2Methane .cal 
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Analysis: Methane generation is calculated using the methane generation potential and 
the methane generation rate constant selected for the OSDF as presented above (i.e., L, 
= 1,363 ft3/Mg and k = 0.0004 l/yr). The spreadsheet was used to model a period of 
100 years; results from years 1 through 30 are printed on the attached spreadsheet; 
results from years 1 through 100 are plotted on the attached graph. 

Results: The maximum annual methane generation rate is 1.42 x lo4 ft3 CH,/yr. J 

0 GE3900- 10.2Methane .cal 
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____________---------------------------------------------------------- ---__---____---------------------------------------------------------- 
1 9 9 7  2.8703+003 9 . 5 6 6 3 - 0 0 1  
1998 5.7403+003 1.9093+000 
1999  8.6103+003 2.8583+000 
2000 1.1483+004 3.8043+000 
2 0 0 1  1.4353+004 4.7453+000 
2002 1.6683+004 5.5033+000 
2003 1.9013+004 6.2583+000 

7.0093+000 2004 2.1343+004 
2005 2.3673+004 7.7583+000 
2006 2.6003+004 8.5043+000 
2007 2.6003+004 8.4703+000 
2008 2.6003+004 8.4363+000 
2009 2.6003+004 8.4023+000 
2010 2.6003+004 8.3693+000 

8.3353+000 2 0 1 1  2.6003+004 
2012 2.6003+004 8.3023+000 
2013 2.6003+004 8.2693+000 
2014 2.6003+004 8.2363+000 

2.6003+004 8.2033+000 2015 
2016 2.6003+004 8.1703+000 

***  
PL 

5 ._0643+004 
1.0113+005 
1.5133+005 
2.0133+005 
2.5123+005 
2.9133+005 
3.3123+005 
3.7103+005 
4.1073+005 
4.5013+005 
4.4833+005 
4 .4653+005  
4.4483+005 
4.4303+005 
4.4123+005 
4.3943+005 
4.3773+005 
.4.3593+005 
4.3423+005 
4.3253+005 

* 4 
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LANDFILL GAS BALANCE MODEL 

Objective: Evaluate the likelihood of health and safety problems occurring and the 
potential for cap geomembrane uplift occurring by using a simple landfill gas 
(LFG) balance model. 

Description: The LFG balance model is described by the following equation: 

LFG Generated = LFG Collected + LFG Emitted to Atmosphere + 
LFG Oxidized + LFG Lost + 
LFG Stored 

Assumptions: 

1. LFG Collected = 0 , no gas collection system 
LFG Lost = 0 

LFG Oxidized = 0 
LFG Emitted to Atmosphere = LFG Diffused 

, the geosynthetic liner will effectively prevent 
subsurface gas migration 

For this calculation, the relevant parameter is total LFG losses from the landfill interior. 
Assume the only losses are due to diffusion through the geomembrane cap. Ignore 
oxidation of the methane portion of LFG because this can only occur after methane has 
entered oxygenated soils (i.e., soils above the geomembrane cap. The purpose of this 
model is to estimate internal landfill pressure, therefore the fate of methane that leaves 
the landfill interior is not considered. It is possible that all of the methane that diffuses 
through the geomembrane cap will be oxidized in the cover soils and that none of it will 
be emitted to the atmosphere, as discussed in the attached narrative. 

The simplified LFG balance model is : 

LFG Generated = LFG Diffused + LFG Stored 

002725 
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2. Assume the pressure in the landfill is initially 1 atm and the pressure change can be 
calculated using the ideal gas law based on the amount of landfill gas stored in the 
landfill. 

/ 

3. LFG Diffused = Flux through Geomembrane Cap J 

Methane flux through geomembrane cap = 0.003 g/m2.day [Bogner and Scott, 19951 r /  

This value is the lowest reported measured methane flux rate at the surface of an MSW 
landfill. It is conservatively assumed that no carbon dioxide diffuses because data on 
carbon dioxide flux rate are not available. 

Calculations: 

1 .  Pressure in Landfill 

Use PV = nRT 

where: 
p = pressure (atm) 
v = volume (liters) 
n = number of moles (dimensionless) 
R = 0.0821 liter atm/mole OK 
T = temperature (OK) 

Assume for the OSDF T1=T2, Vl=V2 

PP2 P2 = - 
n1 

Volume of 1 mole of any gas at STP = 22.4 liters 

- p O ° C  

@ GE3900-10.2/Methane.cal 
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Volume at 20°C: 

24*04 
= 0.8489 fi31mole at 20°C 

28.32 lljV 

2. Diffused Landfill Gas 

/ vi + " ,  use volumes calculated at STP by EPA LAEEM vi n, = ~ 

0.8489' ' = 0.8489 

vi + AV 

Pz = PI = + " ,  where all volumes are at STP 4 vi [&] 

Assume methane flux through geomembrane is 0.003 g/m2 day 
lg  CH, = 1/16 mole (gram atomic weight of CH, is 16) 

liters = 0.053 f i 3 / g  CH, at 20°C. 1 atm 
28.32 literslf' 

Assume surface area of cap is 64 acres. 

Flux = (.003 g/m2 day) (.053 ft3/g) (64 ac x 43,560 ft3/ac) (.3048 m/ft)2 
= 41 standard ft3 CH,/day 

GE3900- 10.2/Methane .cal 
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41 f?/day x 365.25 day/yr = 15,000 f?/yr 

Total diffused landfill gas: 15,000 ft3/yr 

3. Landfill Gas Balance Calculation 
See attached spreadsheet. 

GE3900- 10.2/Methane .cal 
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OSDF METHANE GENERATION 
LANDFILL GAS BALANCE MODEL 

Methane generation was calculated using parameters 
for low end of expected range for the OSDF 
(Lo = 1363 cf/Mg, k = 0.0004 l/yr) 

Air Filled Void Space Estimatation 

Total air space 7.43E+08 cf 2.75E+07 cy 
Ave. porosity 0.445 
1 - Ave. saturation 
Air filled void space 

0.12 (Ave. saturation is 0.88) 
3.96E+07 cf 

Emission, Storage, and Pressure Calculation 

Year 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

. 30 

Methane 
Generated 

(c9 
1.56E+03 
3.1 3E+03 

6.26E+03 
4.69E+03 

7.82E+03 
9.08E+03 
1.04E+04 
1.16E+04 
1.29E+04 
1.41 E+04 
1.41 E+04 

1.41 E+04 
1.41 E+04 
1.41 E+04 

1.41 E+04 
1.41 E+04 
1.41 E+04 
1.41 E+04 
1.41 E+04 

1.41 E+04 

1.41 E+04 

1.41 E+04 
1.41 E+04 
1.41 E+04 
1.41 E+04 
1.41 E+04 
1.41 E+04 
1.40E+04 
1.40E+04 
1.40E+04 

Gas Gas Gas 
Generated Emitted Diffused 

(c9 (c9 (c9 
3.1 3E+03 3.1 3E+03 
6.26E+03 6.26E+03 
9.38E+03 9.38E+03 
1.25E+04 1.25E+04 
1.56E+04 1.56E+04 
1.82E+04 1.82E+04 
2.07E+04 2.07E+04 
2.32E+04 2.32E+04 
2.58E+04 2.58E+04 
2.83E+04 2.83E+04 
2.83E+04 1.50E+04 
2.83E+04 1.50E+04 
2.83E+04 1.50E+04 
2.83E+04 1.50E+04 
2.82E+04 1.50E+04 

2.82E+04 1.50E+04 
2.82E+04 1.50E+04 

2.82E+04 1.50E+04 

2.82E+04 1.50E+04 
2.82E+04 1.50E+04 
2.82E+04 1.50E+04 
2.82E+04 1.50E+04 
2.81 E+04 1.50E+04 
2.81 E+04 1.50E+04 
2.81 E+04 1.50E+04 
2.81 E+04 1.50E+04 
2.81 E+04 1.50E+04 
2.81 E+04 1.50E+04 
2.81 E+04 1.50E+04 
2.81 E+04 1.50E+04 

Project No. GE3900 '& 4 - 
Task No. 10.2 
Prepared by T. Maier 
5-Apr-96 

Gas Cumulative 
Stored Storage Pressure 

(c9 (c9 (atm) 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 
1 .ooo 

1.33E+04 1.33E+04 1.0003 
1.33E+04 2.66E+04 1.0007 
1.33E+04 3.98E+04 1 . O O l O  
1.33E+04 5.31 E+04 1.001 3 
1.32E+04 6.63E+04 1.0017 
1.32E+04 7.95E+04 1.0020 
1.32E+04 9.28E+04 1.0023 
1.32E+04 1.06E+05 1.0027 
1.32E+04 1.1 9E+05 1.0030 
1.32E+04 1.32E+05 1.0033 
1.32E+04 1.46E+05 1.0037 
1.32E+04 1.59E+05 1.0040 
1.31 E+04 1.72E+05 1.0043 
1.31 E+04 1.85E+05 1.0047 
1.31 E+04 1.98E+05 1.0050 
1.31 E+04 2.1 1 E+05 1.0053 
1.31 E+04 2.24E+05 1.0057 
1.31 E+04 2.37E+05 1.0060 
1.31 E+04 2.50E+05 1.0063 
1.31 E+04 2.64E+05 1.0066 

J:WDENGWROJECNERMCOWRESSURE.XLS, Low OSDF 41696 
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4. Evaluation of Landfill Gas Balance Model 

The generated landfill gas expected to have no effects on the final cover system if the 
difference between the internal landfill pressure and atmospheric pressure remains 
substantially less than the vertical stress at the base of the final cover system due to the 
weight of the final cover system. The vertical stress at the base of the final cover 
system is calculated below. The thicknesses of the cover system layers were obtained 
from the design drawings and the unit weights of the cover system materials were 
obtained from Calculation Package 1.1. 

Thickness Unit Weight Vertical Stress 
Cap Laver 0 IDcf) Due to Laver hsf)  

Topsoil 

Vegetative Soil ab Granular Filter 

0.5 125 

1.75 125 

0.5 125 

62.5 

218.8 

62.5 

Biointrusion Layer 3.0 125 375 .O 

Cover Drainage Layer 1 .o 125 125.0 

Clay Cap 2.0 130 260.0 

TOTAL 1,103.8 PSF (0.52 atm) 

Total vertical pressure on cap = 1 atm + 0.52 atm = 1.52 atm 

Comparison of the calculated internal landfill pressure to the vertical stress at the 
base of the final cover system shows that there is no potential for the generated gas 
to affect the final cover system. 

The OSDF may generate enough methane to cause methane to migrate through the 
OSDF leachate collection, and possibly leak detection. DiDes. All outlet points from 
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these pipes should be periodically monitored. Should methane be detected at 
concentrations approaching 25 percent of the methane lower explosive limit in any 
confiied space, then mitigation measures, such as venting, should be implemented. 
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1. INTRODUCTION 

The purpose of this document is to provide a technical basis for the gas management 
activities design criteria presented in the Design Criteria Package. The following topics are 
addressed: (i) the biological process of methanogenesis; (ii) environmental impacts on landfill 
gas generation; and (iii) potential modifications to landfill construction and operating practices. 

2. METHANOGENESIS 

The biological generation of gaseous methane, commonly known as methanogenesis, is 
mediated by a class of bacteria known as methanogenic bacteria or methanogens. Methanogens 
are primitive bacteria that form methane as the endproduct of an anaerobic respiratory 
mechanism. Some of the more common methanogenic bacterial genera include 
Methanobacterium, Methanobrevibacter, Methanosphaera, Methanococcus, and Methanosarcina 
[Atlas, 19841. Within each genus, several species exist which are capable of mediating @ methanogenesis. 

Methanogenesis is an obligately anaerobic process; that is, it will not occur in the presence 
of oxygen, but has the possibility to occur wherever the oxygen content of the surrounding 
environment is low. In nature, anaerobic microzones may exist in which methanogenesis can 
occur shielded from the inhibitory effect of oxygen. Common anaerobic environments include 
the mammalian gastrointestinal tract, swamps, salt marshes, and landfills. 

At the molecular level (Le., in pure culture), methane is formed by the reduction (Le., 
hydrogen addition) of oxidized forms of carbon, principally carbon dioxide, formate, acetate, 
methanol, methylamines, and other, simple carbohydrates [Atlas, 19841. However, in nature, 
these substances rarely occur naturally in substantial quantities. Invariably, the action of other 
bacterial populations is responsible for the initial metabolism of more complicated carbon 
sources (i.e., lignocellulose, hemicellulose, etc.) to a simpler form that is more easily 
assimilated by methanogenic bacteria. This action is frequently mediated aerobically or under 
microaerophilic (i.e., low oxygen) conditions. The metabolized carbon is then translocated to 
an anaerobic zone where various anaerobic processes, including methanogenesis, will occur. 
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3. ENVIRONMENTAL IMPACTS ON LANDFILL GAS GENERATION 

3.1 Introduction 

The purpose of this section is to discuss the environmental factors that control the rate of 
gas generation due to biological activity. In Section 3.2, the environmental factors conducive 
to the growth of soil bacteria in general are summarized. In Section 3.3, the most critical 
environmental factors that can limit the rate of methanogenesis are discussed. In Section 3.4, 
the most critical environmental factors that can limit the rate of carbon dioxide generation are 
discussed. 

3.2 Environmental Factors Influencinp Microbial Activity 

Several environmental factors have been identified that impact overall microbial activity in e soils. These factors are as follows: 

available soil water; 

oxygen availability; 

redox potential; 

pH; 

nutrient availability; and 

temperature. 

A brief discussion of the impacts of these factors follows. 
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Available Soil Water 

Optimum moisture levels for microbial activity are 25 to 85 percent of soil water holding 
capacity [Sims et al., 19891 Soil water is important for bacterial growth in that it is required 
for growth of bacteria, serves as a transport medium for nutrients and organic constituents, and 
also affects soil aeration by physically displacing oxygen [Sims et al., 19891, thereby 
accelerating the attainment of anaerobic conditions. 

Oxygen Availability 

Oxygen availability determines the degree to which aerobic or anaerobic processes will 
predominate in a given environment. Generally, when the air filled pore space of soil is less 
than 1 percent, anaerobic conditions exist [Sims et al., 19891. 

Redox Potential 

This factor, which correlates to the oxygen content of the soil, determines which processes 
will predominate in a given environment. Generally, when the redox potential is less than 50 
millivolts, anaerobic bacterial growth is promoted [Sims et al., 19891. However, some species 
of anaerobic bacteria, specifically methanogens, require more reducing conditions than 50 
millivolts to effectively grow. 

Soil pH 

A general range conducive to bacterial growth is 5.5 to 8.5 [Sims et al., 19891. Specific 
types of bacteria will grow better under a narrower range of pH conditions. The optimum pH 
range for methanogenesis is 6.8 to 7.9; methane production decreases sharply with pH less than 
about 6.5 [Thorneloe et al., 1993, p. 3661. 
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Nutrient Levels 

Bacterial growth is largely dependent on nutrient levels required for organic carbon 
metabolism. The chief types of nutrients required for microbial growth are nitrogen and 
phosphorus. A suggested ratio of these nutrients to carbon is a C:N:P ratio of 120: 10: 1 [Sims 
et al., 19891. This ratio is generally recommended for aerobic, high rate applications, however, 
and will vary widely depending on the populations under consideration and the organic 
constituents to be degraded. 

Temperature 

Most bacteriological processes will occur most rapidly in the mesophilic (1545°C) 
temperature range [Sims et al., 19891. Biological activity slows dramatically at temperatures 
less than 4°C and halts completely at temperatures less than 0°C [Sims et al., 19891. 

0 3.3 Environmental Factors Influencin? Methanopenesis 

In naturally anaerobic environments, methanogenesis will always occur to some degree. The 
rate at which methane is produced is largely regulated by the concomitant effects of several 
environmental factors, predominantly: 

oxygen availability; 

competitive inhibition from sulfate reducing and denitrifying bacteria; and 

carbon availability 

In addition, consumption of methane by methanotrophic bacteria in aerobic zones can reduce 
the emission of methane to the atmosphere. The effects of these environmental factors are 
described individually below. 
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Oxygen Content 

Oxygen availability is the single most critical environmental factor that is limiting to 
methanogenesis rates. Methanogenesis will not occur to a significant degree in aerobic or 
oxygen enriched environments. The interior of a landfill is a predominantly anaerobic 
environment, and, therefore, no oxygen inhibition is expected within the OSDF. 

Competitive Inhibition 

Some other types of anaerobic respiration include denitrification, sulfate reduction, iron 
reduction, and manganese reduction. All of the above processes are more energetically 
favorable than is methanogenesis, and, consequently, bacterial populations responsible for the 
execution of these reactions compete with methanogens for available carbon and hydrogen. In 
many natural environments, the two principal types of competing anaerobic respiratory processes 
are denitrification and sulfate reduction. Thus, when nitrates and/or sulfates are present in 
excess in the environment of interest and anaerobic conditions exist, denitrifying and/or sulfate 
reducing bacteria will likely proliferate at the expense of methanogens, thereby inhibiting 
methanogenesis. An oversupply of nitrates and/or sulfates is not expected in the interior of a 
landfill, and thus competitive inhibition of methanogenesis is not expected to be significant 
within the OSDF. 

@ 

Carbon Availability 

A critical environmental factor regulating the production of methane in ecosystems is the 
availability of extractable metabolizable (Le., labile) organic carbon [Kelly and Chynoweth, 
19811. In several studies performed on swamp and peat bog systems, high rates of 
methanogenesis were correlated to high levels of labile organic carbon [Amaral and Knowles, 
19941 and also to high levels of easily decomposed vegetation [Amaral and Knowles, 19941. 
Because the mechanism of methanogenesis does not typically vary with environment, similar 
correlations should be expected in landfill environments (Le., the level of labile organic carbon 
should be correlated with the rate of methanogenesis). 
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Methane Consumption 

It is important to note that, from a biological standpoint, anaerobic environments, while 
usually physically separate and distinct from aerobic environments, actively interact with aerobic 
environments. The interaction frequently involves the generation of one compound or group of 
compounds by one type of microbial group as a metabolic byproduct, which is subsequently used 
as a primary substrate by another group of bacteria. For example, in many swamp and marsh 
sediment systems, an aerobic layer overlays an anaerobic one at the soi1:air interface. 
Frequently, complex carbon sources found in nature, such as cellulose and lignocellulose, are 
aerobically oxidized in the aerobic zone to simpler carbohydrates, such as acetate. These soluble 
carbohydrates are then translocated to the anaerobic zone to be used as a carbon and energy 
source for methanogenesis, sulfate reduction, or another type of anaerobic respiration. The 
exchange is two way in that compounds produced as a byproduct of anaerobic respiration (e.g., 
sulfide from sulfate reduction, methane from methanogenesis, nitrogen from denitrification, etc. ) 
can be used by aerobic species in the aerobic zone. Similarly, certain species of methanotrophic 
bacteria, including Methylobacter, Methy losinus and Methylomonas species, have the capability 
to oxidize methane and other single carbon compounds to carbon dioxide and water in the 
presence of oxygen [Atlas, 19841. This phenomenon can occur at landfill sites. In bench-scale 
studies conducted on landfill site spils from a United Kingdom landfill, the type of cover soils 
affording the maximum rates of methane oxidation, and hence the lowest rates of methane 
evolution, were investigated; the most effective cover soils in this regard were coarse sandy 
soils, the methanotrophic bacterial populations of which exhibited low affinity and high capacity 
methane oxidation kinetics when exposed to methane in a laboratory microcosm m g h t l y ,  et. 
al. 19951. In this study, the efficiency of the coarse soil types relative to the finer grained clays 
and sands was attributed largely to establishment of a significantly active methanotrophic 
community in the upper coarse grained cover soils that consumed oxygen as methane was 
oxidized, thereby preventing the permeation of oxygen to the lower, finer grained soils and 
maintaining their anaerobicity m g h t l y ,  et. al. 19951. 

@ 
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3.4 Environmental Factors Influencky Carbon Dioxide Generation 

Carbon dioxide is generated as a byproduct of various types of respiration, both aerobic and 
anaerobic. Carbon dioxide is formed when organic carbon is oxidized during respiratory 
processes. In a landfill, the predominant respiratory mechanism generating carbon dioxide is 
methanogenesis. Therefore, factors that mitigate methane generation, with the exception of 
oxygen introduction and competitive inhibition by other anaerobic species, would also tend to 
mitigate carbon dioxide production. The most critical limiting factor for carbon dioxide 
generation is the availability of carbon. 

4. POTENTIAL MODIFICATIONS TO LANDFILL CONSTRUCTION AND 
OPERATING PRACTICES 

Several factors regarding landfill construction and operating practices may be implemented 
that can mitigate the generation and release of methane from the landfill. These practices are 
grouped according to the parameter influencing the rate of methane synthesis and are 
summarized below. 

@ 

Oxygen Availability 

Because the injection of oxygen into a landfill could present a fire hazard and would be very 
costly, it is not feasible to use oxygen injection to suppress methanogenesis. 

Carbon Availubility 

As noted by Amaral and Knowles [ 19941, methanogenesis rates are directly proportional to 
the concentration of labile organic carbon in the environment. The amount of potentially 
utilizable carbon proposed for disposal in the landfill is small relative to the total capacity of the 
landfill. By strategically spreading out the carbon (principally woody material) inside the 
landfill, the availability of the carbon to methanogenic bacteria may be somewhat restricted, and 
thus methanogenesis rates may be suppressed. The degree to which methanogenesis rates are 
suppressed, if any, will depend on the specific bacterial populations present in the landfill. 
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Because this is a relativelyeasy procedure to -implement, it is recommended for this landfill. 

Competitive Inhibition 

As noted previously, other types of anaerobic respiration, specifically sulfate reducing and 
denitrifying bacteria, are much more energetically favorable than is methanogenesis, and in 
many cases, sulfate reducing bacteria and denitrifying bacteria are able to outcompete 
methanogens for available hydrogen and organic carbon. The potential for other types of 
anaerobic growth can be maximized by ensuring that sufficient electron acceptors relevant to the 
type of respiration under consideration (Le., nitrate for denitrifiers, sulfate for sulfate reducers) 
is supplied. It would be very difficult to exogenously supply nitrates and sulfates in sufficient 
concentration to ensure that denitrifying and sulfate reducing bacteria will be able to overgrow 
the methanogens. Therefore, mitigation of methanogenesis by this procedure is not 
recommended. 

Methane Consumption 0 
As previously noted, certain methanotrophic species of bacteria are capable of aerobically 

oxidizing methane produced in underlying soil layers [Knightly, et. al., 19951. This 
relationship has been demonstrated to exist between refuse and cover soils in landfills [Knightly, 
et. al., 19951. By selecting the type of cover soils appropriately, the consumption of methane 
in this layer will be maximized. This procedure can be implemented fairly easily and is 
recommended. It should be noted that because the rates of methane oxidation will be dependent 
on site-specific environmental factors, bench and/or pilot-scale studies should be undertaken to 
ascertain rates of methane oxidation relative to methane production at the site under 
consideration. 

I 
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OSDF RADON 222 RELEASE 

EXECUTIVE SUMMARY 

PurDose of Analvsis 

The purpose of this analysis is to estimate radon emission rates from the On-Site Disposal 
Facility (OSDF). The estimated emission rates can then be compared to the regulatory limit to evaluate 
regulatory compliance. In general, regulatory compliance requires prevention of emission of radon at 
rates that: (i) exceed an average release rate of 20 picocuries per square meter per second @Ci/d/s); 
or (ii) increase the average annual concentration of radon at or above any location outside the disposal 
site by more than 0.5 pCi per litre @Ci/l) (ARAR: 40 CFR 9 192.02(b)). 

e Method of Analvsis 

Radon emission rates were calculated using the computer program "Radiation Attenuation 
Effectiveness and Cover Optimization with Moisture Effects (RAECOM)". This program is a one- 
dimensional, steady-state radon diffusion program which calculates the radon fluxes and concentrations 
in multilayer waste material and cover systems, and estimates radon emission rates from the cover 
systems. 

Conclusions 

Estimated radon emission rates were compared to the regulatory limit. Based on the estimates, 
release of radon to atmosphere will not: (i) exceed an average release rate of 20 pCi/d/s; or (ii) 
increase the average annual concentration of radon at or above any location outside the disposal site by 
more than 0.5 pCi per litre (pCi/l) (ARAR: 40 CFR 8 192.02(b)). 
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OSDF RADON 222 RELEASE 

CALCULATION PROCEDURES 

PurDose 

The purpose of this document is to present the procedures used to calculate the release of radon 
from the OSDF both prior to and after construction of the final cover system. The calculations are 
performed in accordance with, and to verify compliance with, the DCP. The DCP requirements 
relevant to these calculations are: 

8 the radon emission rate shall be estimated using the computer code RAECOM [U.S. 
Nuclear Regulatory Commission (NRC), 1984al (Appendix A); and 

8 the release of radon to atmosphere will not: (i) exceed 20 percent of the regulatory- 
established average release rate of 20 pCi/m2/s; or (ii) increase the average annual 
concentration of radon at or above any location outside the disposal site by more than 0.5 
pCi per litre (pCi/l) (ARAR: 40 CFR 8 192.02(b)). 

ScoDe 

The procedures presented in this document will be used to prepare emission estimates for the 
release of radon from the OSDF prior to and after construction of the final cover system. 

Calculation Procedures 

Radon-222 will be generated within the OSDF due to the radioactive decay of U-238, via the 
decay series of Th-234, Pa-234, U-234, Th-230, and Ra-236. Radon-222 is an inert, heavier-than-air, 
radioactive gas which will have the potential to migrate within the OSDF. For the purpose of this 
calculation, it is assumed that the radioactive production of Radon-222 from U-238 has achieved 
equilibrium and therefore the specific activity of Radon-222 is the same as U-238 (i.e., secular 
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equilibrium, as defined by Friedlander et al. [1981], is established within the OSDF). This assumption 
results in the most conservative (ie. ,  highest) estimate of radon emission rate. 

Assuming secular equilibrium, the activity of Radon-222 will be determined by, and will be 
equal to the activity of U-238, which has the longest half-life (approximately 4.55 billion years) of the 
decay series, and is much longer than the half-life of Radon-222 (approximately 3.8 days). Estimates 
of Radon-222 emission rates from the waste materials without the attenuating capacity of the final cover 
system can then be based on the average U-238 concentration of the waste material. Based on 
discussions with FERMCO, the average U-238 concentration of the waste material is expected to be 
only about ten percent of the OSDF waste acceptance criteria (WAC) of 346 picoCuries per gram 
@Ci/g) of U-238, or 34.6 pCi/g. 

The first step in estimating radon emission rates from the OSDF is to calculate the moisture 
saturation of the waste material and the layers of the cover system. The moisture saturation is 
calculated as follows: 

Wvi 
m =  

where: m = moisture saturation of the waste material; 

n 

Wvi = volumetric water content; and 
n = porosity of the waste material. 

The diffusion coefficient of the waste material may then be derived from Figure 1 (from NRC 
[ 1984b]), which represents the correlation between moisture saturation and radon diffusion coefficients. 

The radon flux rate from the waste material may then be estimated using the procedures for estimating 
radon flux from bare uranium-mill tailings presented in the document titled "Radon Attenuation 
Handbook for Uranium-Mill Tailings Cover Design" [NRC, 1984bl. The flux rate from the waste 
material is calculated as follows: 

where: 

J, - - 104RpE1/ ; ;~ ; ,  m @ ~ j  J . 
J, = radon flux from the waste material @Ci/m2/s); 
R = specific activity of radon in the waste material (pCi/g); 
p = dry bulk density of the waste material (g/cm3); 
E = radon emanation coefficient (dimensionless); 
X = decay constant of radon ( 2 . 1 ~ 1 0 ~  s-'); 
D, = diffusion coefficient for radon in the total pore space (cm2/s); and 
X, = thickness of the waste material (cm). 
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The computer program "RAECOM" [NRC, 1984al will then be used to estimate radon emission 

rates from the OSDF given the radon flux once the final cover system is constructed. RAECOM uses 
the radon diffusion modeling methods presented in the document titled "Radon Attenuation Handbook 
for Uranium-Mill Tailings Cover Design" [NRC, 1984bl. The procedure for calculating attenuated 
rates of radon emission (i.e., with the final cover system in place) using this model consists of the 
following steps. 

1. Establish the thickness of each layer of the OSDF final cover system. 

2. Estimate the porosity of each layer of the OSDF final cover system. 

3. Estimate the moisture content (dry-weight percent) of each layer of the OSDF final cover 
system. 

4. Calculate the radon diffusion coefficient for each layer of the final cover system based on a 
correlation to moisture saturation. 

5 .  Estimate radon emission rates using the estimations and calculations made in steps 1 through 5 
as input parameters for RAECOM. 

References 

Friedlander, G., Kennedy, J., Marias, E., and Miller, J., Nuclear and Radiochemistry, 3rd Edition, 
John Wiley & Sons, 1981. 

NRC, "Radon Attenuation Effectiveness and Cover Optimization with Moisture Effects (RAECOM)" , 
Computer Program prepared by Rogers and Associates Engineering, Salt Lake City, Utah, for the U.S. 
Nuclear Regulatory Commission, Washington, D.C., 1984a. 

NRC, "Radon Attenuation Handbook for Uranium Mill Tailings Cover System", NUREGKR-3533, 
prepared by Rogers and Associates Engineering, Salt Lake City, Utah, for the U.S. Nuclear Regulatory 
Commission, Washington, D.C., 1984b. 
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DATA VERIFICATION 

Purpose 

The purpose of this document is to present the engineering data used to calculate the radon 
emission rates from the OSDF. The radon flux rate from the impacted waste materials will be 
calculated first (without the attenuating capacity of the f i l  cover system), and then the attenuating 
capacity of the final cover system will be used to estimate radon emission rates. The f i i l  cover system 
consists of the following layers: 

topsoil layer; 
vegetative soil layer; 
granular filter layer; 
biointrusion barrier; 
cover drainage layer; 
1.5 - mm thick high density polyethylene (HDPE) geomembrane cap; 
geosynthetic clay liner (GCL); and 
compacted clay cap. 

Radon release from waste material placed within the OSDF will be attenuated by these layers. For 
purposes of this analysis, the attenuation capacity of the HDPE geomembrane cap is neglected. 

The data presented in this document are used to demonstrate that the requirements presented in 
the DCP are satisfied. The DCP requirements relevant to the data verification are: 

0 the radon emission rate shall be estimated using the computer code RAECOM [NRC, 
1984al; and 

0 the release of radon to atmosphere will not:(i) exceed 20 percent of the regulatory- 
established average release rate of 20 pCi/m%; or (ii) increase the average annual 
concentration of radon at or above any location outside the disposal site by more than 0.5 
pCi/l (ARAR: 40 CFR 8 192.02(b)). 

GE3900- 10.2 
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Scoue 

The data presented in this document will be used to prepare emission estimates for the release of 
radon from the OSDF prior to and after construction of the final cover system. 

Parameters for Desim 

General 

Data required to estimate radon emission rates include: (i) cover system individual layer 
thicknesses; (ii) specific activity of radon in the waste material; ( 5 )  dry bulk density of the waste 
material; (iv) radon emanation coefficient; (v) decay constant of radon; (vi) radon diffusion coefficients 
for each layer of the final cover system; (vii) thickness of the waste material; (viii) volumetric water 
content; (ix) porosity of each layer of the OSDF final cover system; (x) moisture content (dry-weight 
percent) of each layer of the final cover system; and (xi) radon concentration and flux of the cover 
materials. Engineering data will be obtained from site-specific information and published engineering 
texts. 

Cover System Thickness 

The components of the final cover system and the individual thickness of each of these 
components are specified in the DCP and are: 

Cover Layer Thickness (mm)' 

Topsoil Layer 
Vegetative Soil Layer 
Granular Filter Layer 
Biointrusion Barrier 
Cover Drainage Layer 
GCL 
Compacted Clay Cap 

150 
530 
150 
910 
300 
3.0 
610 

Note: 'Thicknesses of the final cover system layers are entered into the RAECOM model in units.of centimeters (cm). 

GE3900-10.2 0027S2 
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Specific Activity of Radon in the Waste Material 

For this analysis, it is assumed that the specific activity of radon in the waste material (R) is 
equivalent to the average U-238 concentration of the waste material (secular equilibrium is established). 
Based on discussions with FERMCO, the average U-238 concentration of the waste material is expected 
to be only about ten percent of the WAC, or 34.6 pCi/g. 

Dry Bulk Density of the Waste Material 

As presented in the design calculation package, it is assumed that the impacted waste material 
will have an average total unit weight of 125 pounds per cubic foot (pcf). The dry bulk density @) of 
the waste material will be based on this value. 

Radon Emanation Coeficient 

The radon emanation coefficient (E) is a dimensionless value that is used in calculating the radon 
flux from the waste material. This value represents the fraction of the radon generated that is free to 
diffuse in the pore spaces (NRC, 1984b). While it has been shown that the radon emanation coefficient 
can vary considerably with moisture and with different waste materials, a value of 0.2 represents a 
reasonable average for calculation purposes (NRC, 1984b). A value of 0.2 will be used in calculating 
the radon flux from the waste material. 

Decay Constant of Radon 

A value of 2.lxlO4s-' is given by the NRC (1984b) for the decay constant of radon (A). 

GE3900- 10.2 
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Radon Dimsion Coefsicients 

Radon diffusion coefficients (DJ for each layer are based on a correlation with the moisture 
saturation (m) values of the materials as presented in Figure 1 (from NRC [1984b]). The diffusion 
coefficients for each layer were derived from this figure and are provided in Table 1. 

Thickness of the Waste Material 

The total thickness of the impacted waste material varies across the OSDF. Based on the Design 
Drawings, the average impacted waste material thickness (XJ is estimated to be 34 ft. 

Volumetric Water Content 

The volumetric water content (Wvi) is used to calculate moisture saturation given the porosity of 
the material. The volumetric water content for the waste material and each layer of the final cover a system, except for the GCL, was taken from OSDF Calculation Package 7.1. The volumetric water 
content for the GCL is estimated based on information presented in Bonaparte et al. [ 19951. 

Porosity 

The values for porosity of each layer of the final cover system are the same as the values used in 
the leachate generation calculations (Le., Calculation Package 7. l),  with the exception that the porosity 
value provided for the GCL is based on technical literature regarding hydrated GCLs [Bonaparte et al., 
19951. The porosity values are considered to be conservative values for this analysis and are provided 
in Table 1. 

Moisture Content 

Increasing moisture causes lower diffusion coefficients. The values of moisture content of each 
layer of the final cover system are the same as those values used in the leachate generation calculations, 
with the exception that the moisture content value provided for the GCL is based on technical literature 
regarding hydrated GCLs [Bonaparte et al., 19951. The moisture content values are provided in Table 

GE3900- 10.2 
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Radon Concentration and Flux of the Cover Materials 

For each layer of the final cover system, the radon concentration and flux from the cover 
materials is set equal to zero. The cover materials are considered to contain no background 
concentrations of radon. 

References 

Bonaparte, R., Othman, M.A., Rad, N.R., Swan, R.H., and Vander Linde, D.L., "Evaluation of 
Various Aspects of GCL Performance, 'I Proceedings of Geosynthetic Clay Liner Workshop, U.S. 
Environmental Protection Agency, Cincinnati, Ohio, August 1995. 

NRC, "Radon Attenuation Effectiveness and Cover Optimization with Moisture Effects (RAECOM) " , 
Computer Program prepared by Rogers and Associates Engineering, Salt Lake City, Utah, for the U.S. 
Nuclear Regulatory Commission, Washington, D.C., 1984a. 

NRC, "Radon Attenuation Handbook for Uranium Mill Tailings Cover System", NUREGKR-3533, 
prepared by Rogers and Associates Engineering, Salt Lake City, Utah, for the U.S. Nuclear Regulatory 
Commission, Washington, D.C., 1984b. 
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CALCULATIONS 

Purpose 

The purpose of this document is to provide the engineering calculations used in estimating radon 
emission rates from the f i i l  cover system of the On-Site Disposal Facility (OSDF). 

Scope 

The calculation procedures used in th is  document are presented in the calculations procedures 
document. The data used in the calculations are presented in the data verification document. 

The calculations consist of : (i) a summary of the input data; (ii) a summary of the calculation 
results; and (iii) the calculations (i.e., worksheets, RAECOM computer output sheets). 

Calculations 

Summary of Input Data 

A summary of the RAECOM [NRC, 1984al input parameters is presented in Table 1. The 
radon emission estimates were computed given an input value of 4.48 pCi/m2/s for the radon flux from 
the waste material, which corresponds to an average specific activity of radon of 34.6 pCi/g in the 
waste material (FERMCO RUN 1). For comparison, the RAECOM model was also run for each of the 
following input values: 

e radon flux = 44.8 pCi/m2/s; which corresponds to a specific activity of radon of 346 
pCi/g (WAC) (FERMCO RUN 2); 

e radon flux = 3,275 pCi/m2/s; the maximum radon flux that will be attenuated by the 
cover system to attain a radon emission rate below 4 pCi/m2/s (FERMCO RUN 3); 

GE3900- 10.2 002756 
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e radon flux = 16,376 pCi/m2/s; the maximum radon flux that will be attenuated by the 

cover system to attain a radon emission rate below 20 pCi/m2/s (FERMCO RUN 4); and 

e number of layers = 8; used to estimate the radon exit concentration @Ci/l) below the 
surface to evaluate compliance with the regulatory limit (FERMCO RUN 5). 

Summary of Calculation Results 

Given an average specific activity of radon in the waste material of 34.6 pCi/g, the radon 
emission rate from the impacted material without any attenuation by the OSDF final cover system is 
conservatively calculated to be 4.48 pCi/m2/s. This is a conservative estimate of the flux rate, prior to 
construction of the final cover system, because it is based on the assumption that secular equilibrium 
has been established. Because of the extremely long half-life of U-238 (approximately 4.55 billion 
years), actual equilibration will take many years, and thus the actual radon flux rate will be lower than 
the calculated equilibrium value. 

The calculated value of 4.48 pCi/m2/s is below the regulatory limit of 20 pCi/m2/s. The 

The radon exit concentration is estimated to be 0.13587 pCi/l, and thus is not expected to increase the 
average annual concentration of radon at or above any location outside the disposal site by more than 
0.5 pCi/l. Accordingly, the estimated radon emission rates from the OSDF are in compliance with the 
regulatory requirements. 

0 attenuating capacity of the final cover system reduces the radon emission rate to 4.7353 x lo3 pCi/m2/s. 

Calculations 

The calculations are provided on the attached worksheets and RAECOM computer output sheets. 
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CALCULATION OF MOISTURE SATURATION (m) 

Moisture Saturation (m) is the ratio of volumetric water content to porosity of the material, and may be 
calculated as follows: 

Wvi 
m =  

n 

where: m = moisture saturation of the waste material; 
Wvi = volumetric water content; and 
n = porosity of the waste material. 

For the impacted waste material and each layer of the final cover system, except the GCL, the values 
for Wvi and porosity are defined by OSDF Calculation Package 7.1. 

Example Calculation for Impacted Waste Material: 

m = (0.3930)/(0.4450) 

m = 0.88 

For the GCL, moisture content is calculated based on information presented by Bonaparte et al. [1995]. 
Bonaparte et al. [1995] defines water content of the GCL at saturation to be approximately 150%, and 
long-term moisture content to be 50% - 100%. For purposes of this analysis, 100% is chosen because 
the GCL overlies the clay cap which is saturated and provides a moisture source. 

Example Calculation for GCL: 

m = (moisture content) / (moisture content at saturation) 

m = (100)/(150) 

m = 0.67 

GE3900- 10.2 
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CALCULATION OF FLUX (JJ OF THE OSDF WASTE MATERIAL 

Average, specific activity of radon in the waste material = 34.6 pCi/g. 

From NRC [1984B], radon flux from the waste material is calculated as follows: 

J, = 104 R p  E 6, tanhp~j 4 
where: J, = radon flux from the waste material @Ci/m2/s); 

R = specific activity of radon in the waste material @Ci/g); 
p = dry bulk density of the waste material (g/cm3); 
E = radon emanation coefficient (dimensionless); 
X = decay constant of radon (2.1xlOQ d); 
D, = diffusion coefficient for radon in the total pore space (cm2/s); and 
X, = thickness of the waste material (cm). 

First, convert dry bulk density of the waste material @) in pounds per cubic foot @cf) to grams per 
cubic centimeter (g/cm3) as follows: 

125 pcf=(125 lbs. / ft3)(0.45359 kg / 1 lb.)(1,000 g / 1 kg)(l ft? / 28.31685 1)(0.001 1 / 1 cm3) = 

2.00 g/cm3 / 

Then calculate radon flux as follows: 

(5x104 cm2s-1) 
J,= lv(34.6 pCi/g)(2.0 g/cm3)(0.2) (2.1xl0%')(5xl~ cm2s-') 

J, = 4.48 pCi/m2/s 

GE3900- 10.2 
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FIGURE 1 

COMPARISON OF MEASURED RADON DIFFUSION COEFFICIENTS WITH 
A SIMPLE CORRELATION FUNCTION ASSUMING DIFFERENT POROSITIES 
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RAECOM COMPUTER OUTPUT SHEETS 
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RAECOM - FERMCO RUN 1 

7,4.48,0. ,O,O., .001 
6 1 ., .0003, .4270, .O, 24.84 
l. ,  0.005, 0.8049, .O, 1. 
30.. .07, .3970, .O, 2.48 
91., .08, .35,.0, 1.83 
15., .03, .4370,.0, 11.72 
53., .005, .4, .O, 17.86 
15., .01, .3980, .O, 12.47 

RAECOM - FERMCO RUN 2 

7,44.8,0.,0,0.,.001 
6 1 ., .0003, .4270, .O. 24.84 
l. ,  0.005, 0.8049, .O, 1. 
30., .07, .3970. .O, 2.48 
91.. .08, .35,.0, 1.83 
15.. .03, .4370,.0, 11.72 
53., .005, .4, .O, 17.86 
15., .01, .3980, .O, 12.47 

RAECOM - FERMCO RUN 3 

7,3275. ,O. ,O,O., .001 
6 1 ., .0003, .4270, .O, 24.84 
l., 0.005, 0.8049, .O, 1. 
30., .07, .3970, .O, 2.48 
91., .08, .35,.0, 1.83 
15., .03, .4370,.0, 11.72 
53., .005, .4, .O, 17.86 
15., .01, .3980, .O, 12.47 

+9’ 
RAECOM INPUT VALUES 

RAECOM - FERMCO RUN 4 

7,16376.,0.,0,0.,.001 
6 1 ., .OO03, .4270, .O, 24.84 
l., 0.005, 0.8049, .O, 1. 
30., .07, .3970, .O, 2.48 
91., .08, .35,.0, 1.83 
15., .03, .4370,.0, 11.72 
53., -005, .4, .O, 17.86 
15., .01, .3980, .O, 12.47 

RAECOM - FERMCO RUN 5 

8.4.48,O. ,O,O., .001 
6 1 ., .OO03, .4270, .O, 24.84 
l., 0.005, 0.8049, .O, 1. 
30., .07, .3970, .O, 2.48 
91., .08, .35,.0, 1.83 
15., .03, .4370,.0, 11.72 
53., .005, .4, .O, 17.86 
14., .01, .3980, .O, 12.47 
l . ,  .01, .3980, .O, 12.47 
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0 RAECOM - FERMCO RUN 1 

********** I N P U T P A R A M E T E R S ********** 

NUMBER OF LAYERS : 7 
RADON FLUX INTO LAYER 1 : 4.48 pCi/m2/sec 
SURFACE RADON CONCENTRATION : .OOO pCi/liter 
BARE SOURCE FLUX (Jo) FROM LAYER 1 : .OOOO pCi/m2/sec 

LAYER THICKNESS 

(cm) 

1 61. 
2 1. 
3 30. 
4 91. 
5 15. 
6 53. 

15. 

DIFF COEFF POROSITY 
(cm2/sec) 

3.0000E-04 .4270 
5.0000E-03 .8049 
7.0000E-02 .3970 
8.0000E-02 .3500 
3.0000E-02 .4370 
5.0000E-03 .4000 
1.0000E-02 .3980 

SOURCE MOISTURE 
@Ci/cm3/sec) (dry wt. percent) 

0.0000E +00 24.84 
0.0000E + 00 1 .oo 
0.0000E +00 2.48 
0.0000E +00 1.83 
0.0000E +00 11.72 
0.0000E +00 17.86 
0.0000E +00 12.47 

***** R E S U L T S  O F  R A D O N  D I F F U S I O N  C A L C U L A T I O N * * * * *  

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m*/sec) (pCi/liter) 

61. 
1. 

30. 
91. 
15. 
53. 
15. 

5.2440E-02 1.8515E+01 
5.1518E-02 5.3874E+O 1 
3.9638E-02 4.5153E+01 
1.2469E-02 3.7195E+01 
8.72 15E-03 2.6655E +O 1 
4.8477E-03 1.3415E+00 
4.7353E-03 0.0000E +00 

.3340 

.9952 

.9247 

.9321 

.6983 

.4647 

.623 1 



0 RAECOM - FERMCO RUN 2 

********** I N P U T P A R A M E T E R S ********** 

NUMBER OF LAYERS : 7 
RADON FLUX INTO LAYER 1 : 44.8 pCi. d / s e c  

SURFACE RADON CONCENTRATION : .OOO pCi/liter 
BARE SOURCE FLUX (Jo) FROM LAYER 1 : .OOOO pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cm2/sec) @Ci/cm3/sec) (dry $. percent) 

1 61. 3.0000E-04 .4270 0.0000E+00 . 24.84 
2 1. 5.0000E-03 .8049 0.0000E +00 1 .oo 
3 30. 7.0000E-02 .3970 0.0000E+00 2.48 
4 91. 8.0000E-02 .3500 0.0000E +00 1.83 
5 15. 3.0000E-02 .4370 0. OOOOE +00 11.72 
6 53. 5.0000E-03 .4000 0.0000E +00 17.86 

15. 1.0000E-02 .3980 O.OO00E +00 12.47 e 7  
***** R E S U L T S  O F  R A D O N  D I F F U S I O N  C A L C U L A T I O N * * * * *  

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m*/sec) (pCi/liter) 

1 61. 5.2450E-01 1.84 19E +02 .3340 
2 1. 5.1533E-01 5.3588E+02 .9952 
3 30. 3.9720E-O 1 4.4881E+02 .9247 
4 91. 1.2750E-01 3.6863E+02 .9321 
5 15. 9.0387E-02 2.6373E+02 .6983 
6 53. 5.4723E-02 1.5379E-01 .4647 
7 15. 5.47 10E-02 0.00OOE +00 .6231 



@ RAECOM - FERMCO RUN 3 

********** I N P U T P A R A M E T E R S 

NUMBER OF LAYERS : 
RADON FLUX INTO LAYER 1 : 
SURFACE RADON CONCENTRATION : 
BARE SOURCE FLUX (Jo) FROM LAYER 1 : 

LAYER THICKNESS 

(cm) 

1 61. 
2 1. 
3 30. 
4 91. 
5 15. 
6 53. 

15. 

********** 

DIFF COEFF POROSITY 
(cm2/sec) 

7 
.328E+04 pCi/m2/sec 
.ooo pCi/liter 
.OoOo pCi/m2/sec 

3.0000E-04 .4270 
5.0000E-03 .8049 
7.0000E-02 .3970 
8.0000E-02 .3500 
3.0000E-02 .4370 
5.0000E-03 .4000 
1.0000E-02 .3980 

SOURCE MOISTURE 
@Ci/cm3/sec) (dry wt. percent) 

0.0000E+00 24.84 
0.0000E+OO 1 .OO 
0.0000E+00 2.48 
0.0000E+OO 1.83 
0.0000E+00 11.72 
0.0000E +00 17.86 
0.0000E +00 12.47 

***** R E S U L T S  O F  R A D O N  D I F F U S I O N  C A L C U L A T I O N * * * * *  

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2/sec) (pCi/liter) 

61. 3.8342E+01 1.3465E+04 
1. 3.76728 +01 3.9174E+04 

30. 2.9036E +O 1 3.2810E+04 
91. 9.3205E+00 2.6948E +04 
15. 6.6075E + 00 1.9279E+04 
53. 4.0004E+00 1.1242E+01 
15. 3.9994E +00 0.0000E +00 

.3340 

.9952 

.9247 

.9321 

.6983 

.4647 

.6231 

002767 



@ RAECOM - FERMCO RUN 4 

********** I N P U T P A R A M E T E R S 

NUMBER OF LAYERS : 
RADON FLUX INTO LAYER 1 : 
SURFACE RADON CONCENTRATION : 
BARE SOURCE FLUX (Jo) FROM LAYER 1 : 

P 8 5 3  

********** 

7 
.164E+05 pCi/m2/sec 
.om pCiniter 
.0000 pCi/m*/sec 

LAYER THICKNESS 

(cm) 

1 61. 
2 1. 
3 30. 
4 91. 
5 15. 
6 53. 

15. 

DIFF COEFF POROSITY SOURCE MOISTURE 
(cm2/sec) @Ci/cm3/sec) (dry wt. percent) 

3.0000E-04 .4270 0.0000E+OO 24.84 
5.0000E-03 .8049 0.0000E+00 1 .OO 
7.0000E-02 .3970 0.0000E+00 2.48 
8.0000E-02 .3500 0.0000E+00 1.83 
3.0000E-02 .4370 0.0000E+00 11.72 
5.0000E-03 .4000 0.0000E+00 17.86 
1.0000E-02 .3980 0.0000E+OO 12.47 

***** R E S U L T S  O F  R A D O N  D I F F U S I O N  C A L C U L A T I O N * * * * *  

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2/sec) @Ci/liter) 

61. 1.9172E+02 6.7328E+04 
1. 1.8837E+02 1.9588E + 05 

30. 1.45 19E +02 1.6406E+05 
91. 4.6605E +01 1.3475E +05 
15. 3.3040E +01 9.6402E +04 

53. 2.0003E +O 1 5.6215E+01 
15. 1.9998E+01 0.0000E +00 

.3340 

.9952 

.9247 

.9321 

.6983 

.4647 

.623 1 

002768 



0 RAECOM - FERMCO RUN 5 

********** I N P U T P A R A M E T E R S ********** 

NUMBER OF LAYERS : 8 
RADON FLUX INTO LAYER 1 : 4.48 pCi/m2/sec 
SURFACE RADON CONCENTRATION : .OW pCi/liter 
BARE SOURCE FLUX (Jo) FROM LAYER 1 : .0000 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cm2/sec) @Ci/cm3/sec) (dry wt. percent) 

1 61. 3.0000E-04 .4270 0.0000E +00 24.84 
2 1. 5.0000E-03 .8049 0.0000E+OO 1 .oo 
3 30. 7.0000E-02 .3970 0.0000E+00 2.48 
4 91. 8.0000E-02 .3500 0. OOOOE + 00 1.83 
5 15. 3.0000E-02 .4370 0.0000E+00 11.72 
6 53. 5.0000E-03 .4000 0.0000E +00 17.86 
7 

* 8  
14. 
1. 

1.0000E-02 .3980 0.0000E +00 12.47 
1.0000E-02 .3980 0.0000E+OO 12.47 

***** R E S U L T S  O F  R A D O N  D I F F U S I O N  C A L C U L A T I O N * * * * *  

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2/sec) @Ci/liter) 

61. 
1. 

30. 
91. 
15. 
53. 
14. 
1. 

5.2449E-02 
5.1532E-02 
3.97 14E-02 
1.2729E-02 
9.0147E-03 
5.4251E-03 
5.408 1 E-03 
5.4075E-03 

1.8426E +01 
5.3610E+01 
4.4902E +O 1 
3.6888E +01 
2.6394E+01 
1.1554E-01 
1.3587E-01 
0.0000E +00 

.3340 

.9952 

.9247 

.9321 

.6983 

.4647 

.623 1 

.6231 
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APPENDIX A 

COMPUTER SOFTWARE USED TO PREPARE CALCULATION PACKAGE 
RADIATION ATTENUATION EFFECTIVENESS AND COVER 

OPTIMIZATION WITH MOISTURE EFFECTS (RAECOM) 

NRC, "Radon Attenuation Efsectiveness and Cover Optimization with Moisture Efsects ( M C O M )  " , 
Computer Program prepared by Rogers and Associates Engineering, Salt Lake City, Utah, for the U.S. 
Nuclear Regulatory Commission, Washington, D.C., 1984. 
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