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DRAINAGE CONTROL STRUCTURE EROSION RESISTANCE

EXECUTIVE SUMMARY

u S¢

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
e Executive Summafy
e Calculation Procedure
e Collection and Verification of Data

e Calculations and Results

Findings

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.
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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., 1987]

2. Evaluate resistance of the planned riprap channel lining to erosion in the 2000-year storm using the
Safety Factors Method [NRC, 1990]
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DRAINAGE CONTROL STRUCTURE EROSION RESISTANCE

COLLECTION AND VERIFICATION OF DATA

1. Design Flow and Channel Geometry
2. Temple Method

3. Safety Factors Method

1. DESIGN FLOW AND CHANNEL GEOMETRY

Design flow parameters are taken from the OSDF calculations for stormwater runon/runoff 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 o
East Channel: Flow per unit width ~ total flow divided by the channel base width

A
A S
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Table 1 - Peak Flows in East Drainage Channel for 2000-Year Storm. From GeoSyntec [1996a, 1996b]

Pointin | Peak Flow | Peak Flow | Peak Flow
Channel | Rate (cfs) | Depth (ft) | Velocity (fps)

East Channel:

Light Cover 179.5 0.9 3.1
Moderate Cover A 155.5 0.8 2.9
Heavy Cover 142.9 1.5 1.3
Light Cover 278.5 1.1 3.6
Moderate Cover B 233.3 1.0 34
Heavy Cover 215.0 1.9 1.5
Light Cover - 3614 1.2 3.8
Moderate Cover C 303.1 1.1 3.6
Heavy Cover 269.2 2.1 1.6
Light Cover 462.7 14 4.2
Moderate Cover D 389.7 1.3 4.0
Heavy Cover 355.0 2.45 1.7
Light Cover 755.8 1.9 5.1
Moderate Cover E 650.8 1.75 4.8
Heavy Cover 555.0 3.2 S 21
North Channel:

Light Cover 68.3 1.8 3.3
Moderate Cover F 63.5 1.8 3.2
Heavy Cover 63.5 2.7 1.3
Light Cover 397.8 3.5 5.2
Moderate Cover G 351.8 3.3 5.0
Heavy Cover 336.2 53 2.0

ﬁva Cod cmlati- ’P‘\%ﬂxs * S‘\'W\'\W &4'\mlﬂ(Aﬁr‘/—‘ ord ““\\MY\,
Cordrt Shwchonr" Secktar B \LP || 44
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Figure 1 - OSDF Final Cover Grading Plan, Showing Points in the North and East Draihage Channels
at Which Flow Parameters Were Evalulated. Modlified from GeoSyntec [1996¢ ]

00%01’? —



'
GEOSYNTEC CONSULTANTS

Page .(0 of 35

Written By : . WAEL &N

. 2% ek,
B 740 s
Date: ZIFEpG0, Reviewed by: D Date: 3 FERO . ' ' |
Client: Felrco Project: O D= '
o

%/ 23tk
Project/Proposal No.: (€ 3900

Task No.: ©%.2

VEOETATTVE mv:
awr ' Ve | .
[} 4 1} 4 nae : %’_ | 3 x4 ) it
; i e
T —— CONTROL. m/
LN MW <
LOOKING EAST
;&mmm-—-" mum:m
'?W’Tmmmﬂ
= e —t, w )
QRN FILIER ’l' e .
- : - .
D , " LOOKING NORTH
. DETAIL - EAST DRAINAGE CHANNEL '

N

Figure 2 - Drainage C hannel Details. Modified from GeoSyntec [1996¢]



p_ 740

. —

GEOSYNTEC CONSULTANTS Page 7~ of 35

Written by: DAVE WARREN Date: 21-Feb-96  Reviewed by: M pate?3 FEEA,

Client: FERMCO Project:_ON-SITE DISPOSAL FACILITY _ Project/Proposal No.: GE3900 Task No.: 082

Table 2 - Idealized East Drainage Channel Geometry Used in Channel Sizing Calcu;tﬁon/s. 231‘2:(()’7?1}
GeoSyntec [1996b]
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2. TEMPLE METHOD

The Temple Method (more formally the Temple/USDA Method) is used to evaluate the erosion
resistance of the grass-lined portions of the OSDF north and east drainage channels.

2.1 Allowable Shear Stress For Bare Soil (1,)

1, is calculated from the following equation [Temple et al., 1987]:
T, =1, C.2 2 0.02 Ib/ft?
Where: T, = basic allowable shear stress (Section 2.1.1)
C. = void ratio correction factor (Section 2.1.2)

2.1.1 Basic allowable shear stress, t;,

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 clay loam, see line 11 in Table 4. Assuming a plast1c1ty index
(PI) < 10 which is conservative (Table 3):

Tap = 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: n=0.464 7
Void ratio (e) is: e =n/(l-n) = 0.464 / (1-0.464) = 0.866 v

From Figure 4, void ratio correction factor is: C.=0.99 (for CL) v/

2.2 Manning’s Roughness Coefficient for Bare Soil (n,)
For fine-grained soils, n, = 0.0156 [Temple et al., 1987]

GE3900-08.2 / PSCVD2.DOC
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Table 3 - Index Properties of Soils in the OSDF Area and North Borrow Area. Modified from Parsons
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Table 4 - Typical Porosities and USCS Classifications for Different USDA Soil Textures. From
Schroeder et al. [1994]

Satursted
Classification Touwl Field Wiking Hydmulic
Porosity Capacity Pount Conductivity
HELP USDA . USCs volvol vol/vol vol/vel cm/sec
1 CoS sp 0.417 0.045 0.018 1.0x10?
2 s SW - 0.437 0.062 0.024 $.8x10°
3 FS SW 0.457 0.083 0.033 3.1x10°
4 Ls SM 0.437 0.108 0.047 1.7x10?
[] LFs SM 0.457 0.131 0.058 1.0x10?
N 6 sL M "0.453 0.190 oo0ss | 7.2x10%
4 7 FSL SM 0.473 0.222 0.104 $.2x10%
9 s L ML 0.463 0.232 0.116 3.7x10°
J 9 SiL ML 0.501 0.284 0.13$ 1.9x10*
= 10 sCL sC 0.398 0.244 0.136 1.2x10*
'})f 1 cL cL 0.454 0310 0.187 6.4x10°
8 12 SiCL cL 0.471 0.342 0.210 4.2x10?
| 13 sC sC 0.430 0.321 0.221 3.3x10°
14 SiC CH 0.47 0371 0.251 2.5x10°
15 c CH 0.478 0.378 0.268 1.7x10"
[ e Barrier Soi 0.427 0.418 0.367 1.0x10°
17 Bentonite Mat (0.6 cm) - 0.750 0.747 0.400 3.0x10"
18 Municigal Waste
(900 IbARY8T 312 kg/m?) 0.671 0.292 0.0m 1.0x10
19 Municipsl Waste
(channeling and dead zones) 0.168 0.073 0.019 1.0x10°
20 Drainage Net (0.5 cm) 0.850 0.010 0.003 1.0x10°
21 Gravel 0.397 0.032 "0.013 3.0x10"
2 L ML 0.419 0.307 0.180 1.9x10°
3 siL ML 0.461 0.360 0.203 9.0x10*
24 scL’ sC 0.368 0.305 0.202 2.7x10%
28 cL cL 0.437 037 0.266 3.6x10¢
26 sicL’ cL 0.448 0.393 0.277 1.9%10°
EY] sC sC 0.400 0.366 0.288 7.8x10"
2 sicC” CH 0.452 0.411 0.311 1.2x10*
29 c CH 0.451 0.419 0.332 6.8x107
30 Coal-Burning Electric Plant ,
Fly Ash’ 0.541 0.1$7 0.047 $.0x10°
31 Coal-Buming Electric Plant o
Bottom Ash’ 0.578 : 0.076 0.025 4.1x10°
32 Municipal Incinerator : -
Fly Ash® .0.450 '0.116 0.049 1.0x10°?
33 Fine Copper Slag’ 0.375 0.058 0.020 4.1x10?
34 Oninage Net (0.6 cm) 0.850 0.010 0.008 3.3210°"
Moderately Compacted
—
- y Z. . N
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2.3 Vegetal Parameters (C; and Cy) /’ Z3cebdy

The Retardance Curve Index, C;, can be calculated with the following equation [Temple, 1987]:

C, =25(hJ M) Where: h = representative stem length
M = stems per area
C, can also be taken from Table 5 for good uniform stands of grass. Values for the Vegetal Cover
Factor (Cg) for good uniform stands of grass also appear in Table 5. Values of C; and C; for good
uniform stands of grass in each SCS vegetal retardance class are inferred from Table 5.

For uniform stands of grass other than “good” quality, Cg is changed following the guidance in
Table 5, and C, is changed by adjusting the stem density per the guidance in Table 5 and figuring the
corresponding change in C; from the equation above. For example, if the stem den51ty changes by a
factor of 2/3, C, changes by a factor of [(2/3)“2]”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 Vegetal Stress (t,,)

1,,=0.75C; [Temple et al., 1987]

25 Allowable Flow Per Unit Width - Stability Controlled by Allowable Soil Stress

q is calculated from the following equations [Temple et al., 1987]:
2
-b—-+b* -4ac /f{j/%

2a
e ‘:M'.H aF g Comm be e[gsg,,!(,«l &5 !
for 0.0025 C, < q < 36 cfs/ft

q =¢exp

a=0.0133C,
b=-0.0954C, — 0.429

¢=0297C, —051n(S) +0.714 ln(—T—‘—’——zj ~6.94
: (1 - CF )ns

Where: S =slope (ft/ft)
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AYTIN &
Table § - Values of C;and Cr for Good Uniform Stands of Grass. Modified from USDOE [1959]
. Reference
S¢S stem density
RETARDANCE Cover Cf Crd (stems/square foot)b
CLASS
/\ " Burmuda grass, 12-inch height 0.9 10.00 500
Weeping lovegrass T 500
Buffalo grass 400
ES Kentucky bluegrass 0.87 7.64 350
Blue gramma 350
Grass-legume mixture 0.75 5.60 200
(1 Weeping 1oVégrass 0.75 5.60 350
Burmuda grass, 6-inch height 0.75 5.60 350
Yellow bluestem 0.75 5.60 350
‘ Alfalfac 0.5 4.44 350
E> Lespedeza sericea, 2-inch
heightC 6.5 4.44 300
Common lespedeza 0.5 4.44 150
Sudan grass 0.5 2.88 S0
S Bermuda grass, burned stubble 0.5 2.88 50

d]f vegetation is not uniformly distributed over the areas present, C; and Cf
will be set equal to zero. In other words, the cover will be designed as if it
were bare soil only.

bMultiply the stem densities given by 1/3, 2/3, 1, 4/3, and 5/3, for poor, fair,
good, very good, and excellent covers, respectively. The equivalent adjustment
to Cf remains a matter of engineering judgment until more data are obtained or
a more analytical model is developed. A reasonable, but arbitrary, approach is
to reduce the cover factor by 20 percent for fair stands and 50 percent for
poor stands. Values of Cf for untested covers may be estimated by recognizing
that the cover factor is dominated by density and uniformity of cover near the
soils surface. Thus, the sod-forming grasses near the top of the table exhibit
higher C¢ values than the bunch grasses and annuals near the bottom.

CFor the legumes tested, the effective stem count for resistance (given) is
approximately five times the actual stem count very close to the bed. Similar

‘ adjustment may be needed for other unusually large-stesmed, branching, and/or
woody vegetation.

( Ref. Temple et al., 1987. 090028 e
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Table 6 - Prelimininary Recommended Grass Seed Mixes for Planting on the OSDF Final Cover. From
Earth Systems Associates [1996]

Species/Planting Period Class
Slope - Moisture Native Species/ Apr. - May' | Pasture Species / Mar. 15 - May
Class or Aug - Sep.
Reed Canary Grass 8
e Big Bivcstem 10 | KemuckyBlwgase | 10
Swales - Waterways Switchgrass s \lsike C1 p
Big Bluestem 5 Creeping Red Fescue 20
Moist mmm 5 Anmual Ryegrass 10
Canada Kye 1
Siopes of 1% - 9% Switchgrass ;| Koy Buegns? | 1S
Big Bluestem 5 Creeping Red Fescue 20
Indian grass 5 Axrual Ryegrass 10
Dry Canada Wild Rye 3 Kentucky Bluegrass® 10
Slopes of 10% - 17% Switchgrass p by ;

I- Switchgrass should be frost sceded (Jan. - Feb.) by broadcasting into wintercover.
- Speq.sotha'thanmtchmplmmdbydﬂlhgdming:iprﬂ - May.
- Substitute Red Top on strongly acid sites.
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2.6 Allowable Flow Per Unit Width - Stability Controlled by Allowable Vegefal Stress

q is calculated from the following equations [Temple et al., 1987]:

—-b—+b* - 4ac

7=¢Xp 2a vﬂ&c Wk og J can be deseribed st
a =0.0133C, ‘ =for 0.0025 C, < q < 36 cfs/ft
b=1-0.0954C,

¢=0297C, +117In(S)-1.67In(z ,, ) +2.33

2.7 Manning Roughness Coefficient (n)

Manning’s n is calculated from the ecjuation shown below [Temple et al., 1987], 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.

L001329C  (in )% - 0.09543C ;(Ing)+02971C, - 416

n-= 1 for 0.0025C; < q < 36 cfs/ft

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 < 0.0025C,, replace q with 0.0025C; in the above equation. q < 36 cfs/ft in all cases

considered in these calculations.

GE3900-08.2 / PSCVD2.DOC ‘ 000028 y——N
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Vegetal Retardance Class. From USDA-SCS [1986]

Figure 5 - Curves of Manning's n vs. VR for “Average Uniform Stands” of Grasses in Each SCS
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2.8  Allowable Velocity (V) | /% 23 eb]f

Allowable velocity can be calculated from Manning’s equation [Temple et al.,, 1987]. The
allowable velocity is just used for information

172 3/5
V= q(lAgS ) Where: g= allowable flow per unit width (Section 2.5 or 2.6)
qan '
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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., 1987]:

SF = cosO t.an¢
n'tan¢ + sinB cos B
Where: 0 = slope angle (angle of maximum side slope in channel)

¢ = angle of repose of riprap
n’ = factor calculated below
B = 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.,
1987]. From this information, a minimum factor of safety of 1.0 against erosion in the 2000-year storm
should be reasonable.

3.1 Slope Angle ()

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:1V or 9.56 degrees, and the maximum slope angle for the east drainage channel is 3H:1V
or 18.4 degrees.

3.2 Angle of Repose of Riprap (¢)

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

y J 9
08, . . N
GE3900-08.2 / PSCVD2.DOC Q092031
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7’ is calculated from the following equation [Abt et al., 1987]:

n,zn[nsm(mﬁ)J With: 7= 2L%
2 (G, -Dy.Dy
Where: A = angle between horizontal and velocity vector (~zero for this channel)

B = angle calculated in Section 3.4

1, = shear stress applied by flow

G, = specific gravity of riprap ~ 2.65 [USDOE, 1989]
Y = unit weight of water = 62.4 Ib/ft’

Ds, = mean size of riprap = 1 ft

3.3.1 Shear stress applied by flow (7,)

Shear stress applied by flow is calculated by the Duboys Formula [Abt et al., 1987]:

T, = YwDS Where: D = maximum flow depth
S = channel slope = 0.5%
34  Anglef
B 1s calculated from the following equation [Abt et al., 1987]:
B =tan™ - cosh - All terms have been previously defined
(2sinB)/(mtand) + sin A

GE3900-08.2 / PSCVD2.DOC
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Erosion Analysis of OSDF North and East Drainage Channels
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OSDF DRAINAGE CHANNELS - TEMPLE METHOD EVALUATION OF ALLOWABLE FLOW (q)

Channel Slope S= 0.5% Soil grain roughness” n,=  0.0156
Allowable stress for bare soil 1, = 0.029 psf
Calculations For Allowable Flow Per Unit Width
SCS Vegetal Stability Controlled By Allowable Soil Stress
Retardance| Stand Parameters Allow. flow, Manning
Class Quality C Cr a b c q (cfs/ft) n
A Good 10.00 0.90 0.133 -1.383 3.736 #NUM! #NUM!
A Fair 9.35 0.72 0.124 -1.321 2.807 18.88 0.053
B Good 7.64 0.87 0.102 -1.158 2.848 36.33 0.041
B Fair 7.14 0.70 0.095 -1.110 2.093 10.63 0.044
C Good 5.60 0.75 0.074 -0.963 1.775 9.27 0.036
C Fair 523 0.60 0.070 -0.928 1.331 5.13 0.039
D Good 4.44 0.50 0.059 -0.853 0.936 3.31 0.038
D Fair 415 0.40 0.055 -0.825 0.720 2.54 0.039
E Good 2.88 0.50 0.038 -0.704 0.473 2.01 0.031
E Fair 2.69 0.40 0.036 -0.686 0.287 1.53 0.031
Calculations For Allowable Flow Per Unit Width
SCS Vegetal Stability Controlled By Allowable Vegetal Stress
Retardance| Stand Parameters Allow. flow, Manning
Class Quality C Cr a b c q (cfs/ft) n
A Good 10.00 0.90 0.133 0.046 -4.264 242.7 0.089
A Fair 9.35 0.72 0.124 0.108 -4.345 2429 0.080
B Good 7.64 0.87 0.102 0.271 -4.515 236.1 0.058
B Fair 7.14 0.70 0.095 0.319 -4.551 231.5 0.053
C Good 5.60 0.75 0.074 0.466 -4.602 207.1 0.040
C Fair 5.23 0.60 0.070 0.501 -4.598 198.6 0.037
D Good 4.44 0.50 0.059 0.576 -4.559 176.0 0.032
D Fair 4.15 0.40 0.055 0.604 -4.533 166.3 0.030
E Good 2.88 0.50 0.038 0.725 -4.300 114.6 0.024
E Fair 2.69 0.40 0.036 0.743 -4.243 105.8 0.023
RESULTS
SCS Minimum Allow. Stability
Retardance| Stand [|Allow. flow,| Velocity |Controlled]
Class Quality || q (cfs/ft) (fps) By
A Good * * - *By inspection, good class A lining will have
A Fair 18.9 4.87 Soil an allowable flow per unit width >36 cfs/ft
B Good 36.3 743 Soil
B Fair 10.6 4.33 Soil
C Good 9.3 4.62 Soil
C Fair 5.1 347 Soil
D Good 33 297 Soil
D Fair 25 2.64 Soil
E Good 2.0 2.76 Soil
E Fair 1.5 2.46 Soil
GE3900-08.2/082PS 1. XLS(N&E Channel) Page 1 of 1 GeoSyntec Consultants
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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 was 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:

e 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.

e 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 significantly erode in the 2000-year storm” includes resistance to erosion gullies developing,
and resistance to scour occuring.
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14. SUPPORT FACILITIES

14.1
14.2
14.3
14.4
14.5

14.6
14.7
14.8
14.9

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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Client: FERMCO Project:_ FERNALD OSDF Project/Proposal No.: GE3%900 Task No.: 104

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:

° Construction Administration Area;
. North Side; and
. South Side;

. Construction Work Area;
. Decontamination Facility; and
. Permanent Lift Station.

The calculations presented are representative calculations for anticipated power demands.
Actual site development conditions at the time of construction may differ from these calculations, thus,
the results should be reviewed before use for construction. Additionally, the calculation for the
permanent lift station only includes components required by this design package, additional loads due to
pumps and related instrumentation are to be calculated in a separate design package.

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.
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CONCLUSIONS
e Construction Administration Area

. North Side of Facility: One 75 KVA 1 phase 120/240 VAC transformer loaded at

67.3 percent of rating;
. South Side of Facility: One 125 KVA 1 phase 120/240 VAC transformer loaded

at 65.8 percent of rating;

. Construction Work Area: One 15 KVA 1 pliase 120/240 VAC transformer loaded at
61.3 percent of rating;

o Decontamination Facility: One 10 KVA 1 phase 120/240 VAC transformer loaded at
54.0 percent of rating; and

. Permanent Lift Station: One 10 KVA 1 phase 120/240 VAC transformer loaded at 66.4
percent of rating.
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ELECTRICAL POWER DEMAND

TABLE OF CONTENTS
CALCULATION PROCEDURES ‘ 1 of 4.
DATA VERIFICATION 1 of2

ANALYSIS RESULTS 1 of 6

000053 ==



€4

S —

GEOSYNTEC CONSULTANTS Page —/ _of

Written By : BRIAN D. JACOBSON Date: JOTWE Yy Reviewed by: ,ﬁ/;/% Date: 12 JVVE fT5e
[4

Client: FERMCO Project:_ FERNALD OSDF Project/Proposal No.: GE3900 Task No.: 104

ELECTRICAL POWER DEMAND
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:

. Construction Administration Area;
. North Side; and
. South Side;

. Construction Work Area;

. Decontamination Facility; and

. Permanent Lift Station.

The location of each facility 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.

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

. 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.

000054 =
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FIGURE 1: FACILITY LOCATIONS
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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 Loads Calculated per Module
. heat pump/air conditioning; and
. general lighting, computers, appliances, etc.

. Loads Calculated per Trailer Unit

. Lunch Area including microwave, mini refrigerator, coffee pots, etc.;
. .water heater; and
. area lighting.

Construction Work Area

The following loads will be included:

® - area lighting;
. breaker panel heater; and
. miscellaneous equipment/hand tool demands.

Decontamination Facility

The following load will be included:

. sump pump;
. 2 - convenience outlets; and
o area lighting.
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Permanent Lift Station

The following loads will be included:

. 2 - LIC level indicator controllers;
. control panel;

. alarm light;

. alarm siren,;

e motor operated valve; and

i 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
. Loads Calculated per Module
. heat pump/air conditioning 3500

. ~ general lighting, computers, appliances, etc. 2300

o Loads Calculated per Trailer Unit

. Lunch Area including microwave, 1800
mini refrigerator, coffee pots, etc.

. water heater 2500

. area lighting (400 watt mercury vapor lights) 400

Construction Work Area

o area lighting (400 watt mercury vapor lights) 400
. breaker panel heater ‘ 2000
o miscellaneous equipment/hand tool demands 6000

Decontamination Facility

. pump (1 hp) 1000
o convenience oulet 2000
. area lighting (400 watt mercury vapor lights) 400
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Permanent Lift Station volt-amperes

i LIC level indicator controller 120

° control panel 2000

o alarm light _ 1000

o alarm siren ' 1000

d motor operated valve 2000

° area lighting. (400 watt mercury vapor light) 400
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POTABLE WATER DEMAND

EXECUTIVE SUMMARY
PURPOSE OF ANALYSIS

The purpose of this calculation package is to perform the required calculations to calculate the
potable water demand at (i) the construction administration area for both consumption and fire
protection, (ii) the tanker fill stations, and (iii) the decontamination facility.

METHODS OF ANALYSIS

The water demands at the following facility locations will be calculated:

° construction administration area potable water;
° construction administration area fire protection;
. tanker fill stations; 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. The calculations are provided as representative calculations for the facilities.
The calculations should be checked prior to construction of water lines to verify actual site conditions
are accurately represented. '

CONCLUSIONS

The construction administration area requires a potable water supply of 240 gallons per minute
at a dynamic head of 140 feet.

The construction administration area requires a fire protection water supply of 500 gallons per
minute at a dynamic head of 198 feet.

The tanker fill station and decontamination facility requires a water supply of 450 gallons per
minute at a dynamic head of 177 feet.

The decontamination facility requlres a water supply of 30 gallons per minute at a dynamlc head

of 105 feet. ‘ 6 3
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CALCULATION PROCEDURE




p_ ¢40

GEOSYNTEC CONSULTANTS race_C o |7

Written by: BRIAN D. JACOBSON " Date: /. j/a-e%aeviewed by: LDENIS B SAUSSYS pate;_I0 JULE ‘7&
Des

Cliest: FERMCO Project: FERNALD OSDF Project/Proposal No.: GE-3900 Task No.: 8.6 _

POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
CALCULATION PROCEDURE

PURPOSE OF ANALYSIS

The construction administration area is assumed to 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 may be supplied with potable water.
This calculation is provided to evaluate the water demand if water is supplied to the trailers. The
calculation should be checked prior to construction of water lines to verify actual site conditions.

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:

o the potable water supply shall be routed to the southeast corner of the construction
administration area as indicated on Figure 1; the proposed potable water supply lines within
the construction administration are and the trailers proposed layout are shown on Figure 2;
the calculations will be based on the worst case flow and head loss which is the supply to
Trailer #7;

o 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

o the required pressure head is calculated using the conservation bf energy equation:
2 2
Zl+5+ﬂ+Hp=Zz+E+&+Eh : 1)
oy 2 Yy 2 e
where:

AR
A A
GE3900-8.6/14/F9630136 RSy N 7'
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Z = elevation at Point 1
P, = pressure at Point 1

2% = unit weight of potable water

A\ = velocity at Point 1

g = acceleration due to gravity

Z, = elevation at Point 2

P, = pressure at Point 2

vV, = velocity at Point 2

H, = pressure head provided by the potable water supply

Lhy,, = summation of frictional head losses between Points 1 and 2

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

. 890’ of 4" Sch. 40 PVC; v’
. 150 of 2" Sch. 40 PVC; and v~
. 150’ of 1 1/2" Sch. 40 PVC. Vv~

‘ The friction head loss due to the fittings system is caused by:
o (1)4" tee - line v
o (1) 4"/2" reducer v
. (1) 2" tee - branch v’
o (1) 2"/1'2" reducer /
. (1) 1'2" regular flanged 90° elbow /

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

by

_sL W ”
' 5 25 v ¥)

where;

= friction head in pipe;

friction factor;

length of pipe;

velocity of the liquid = Q/A;

‘ Q = flow rate;

GE3900-8.6/15/F9630136 —

<g=F
I

p
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A = area of pipe = % (D)%, v’
D = inside diameter of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and
will be determined using the chart developed by Moody. The parameters will be calculated as follows:

o the Reynolds number will be calculated as follows:

Re-2v 3

14

where:
D = inside diameter of pipe;
\"/ = velocity of the liquid; and
v = kinematic viscosity of water.
I . the relative roughness was calculated as follows:
k/D = equivalent sand roughness of pipe / inside diameter of pipe.

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

- V2
M pons = & Koo 52 v o @
where:
Kfiings = loss coefficient for each types of fitting; and
\% = average velocity of liquid.

: AR,
y 4
y Z N
GE3900-8.6/16/F9630136 — y—% ? So
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FIRE PROTECTION WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
CALCULATION PROCEDURE

PURPOSE OF ANALYSIS

A fire protection water supply may be required at the construction administration area during
construction of the on-site disposal facility. This calculation is provided to evaluate the water demand if
fire protection water is supplied to the trailers. The calculation should be checked pnor to constructlon of
water lines to verify actual site conditions are accurately represented.

The NFPA code requires a minimum primary supply of water for a fire protection system of at least
500 gpm with a residual pressure of 10 psi. Therefore, the worse case configuration is at H#2 (Hydrant
#2 needs a supply of 500 gpm).

. The head losses expected in the system will be calculated to select the appropriate piping size and

the water supply pressure requirement. :
METHOD OF ANALYSIS

The following procedure will be used to calculate the expected head loss in the system:

o the proposed fire protection primary supply lines within the Construction Administration
Area are shown on Figure 3; '

o the calculation will be based on the required flow rate through the longest pipe run, which
would be the supply to Hydrant #2;

o the fire protection primary water demand is taken from the NFPA code as being 500 gpm
with a minimum 10 psi residual pressure;

o the required pressure head is calculafed using the conservation of energy equation:

GE3900-8.6/1/F9630136
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2 2
ZI+E+E+HP=ZZ+§+E+EhL \/ ©)
Yy 28 Yy 2 -
where:
Z, = elevation at Point 1;
P, = pressure at Point 1

¥ = unit weight of water;

Vv, = velocity at Point 1;

H, = elevation head provided by the fire protection water supply;
g = acceleration due to gravity;

Z, = elevation at Point 2;

P, = pressure at Point 2;

v, = velocity at Point 2; and

Lh, = summation of frictional losses between Point 1 and 2.

12

’ The friction head loss due to the pipe is caused by:
. 1100 ft of 4" carbon steel pipe. \/

The friction head loss due to the fittings are caused by:

. 1-4" 90° elbow; \/
. 1-4" tee;‘and /
o 1-4" 45° elbow. /

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

L Vv? v '
h,=f= —— 6
y =S D 2g ( ).
where:
. h¢ =  friction head in pipe;
f = friction factor;

GE3900-8.6/2/F9630136
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L = - length of pipe;
A% = average velocity of the liquid = Q/A; v’
Q = flow rate;
A = area of pipe = .} (D)%, v~
D = inside diameter of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and
will be determined using the chart developed by Moody. The parameters will be calculated as follows:

o the Reynolds number will be calculated as follows:

Re - 2V v~ ™
14
where:
. D = inside diameter of pipe;
\% = average velocity of the liquid; and
v = kinematic viscosity of water.
o the relative roughness was calculated as follows:
k/D = equivalent sand roughness of pipe / inside diameter of pipe.

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

_ v ' '
hLﬁuings =z Kﬁm‘nx: 2_g / . ®)
where:
Kitigs = loss coefficient for each types of fitting; and
v = average velocity of liquid.

GE3900-8.6/3/F9630136
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WATER SUPPLY DESIGN REQUIREMENTS FOR THE
TANKER FILL STATIONS
CALCULATION PROCEDURE

PURPOSE OF ANALYSIS

The tanker fill stations will require a supply of water durmg construction. This water will be needed
for dust prevention and soil conditioning.

To select the appropriate piping size and water supply requirement, the head losses expected for the
worst case scenario in this system must be calculated.
METHOD OF ANALYSIS
. The following procedure was used to calculate the expected head loss in the system:

. the water supply may be routed to the two tanker fills from the supply header near Building
78; the proposed supply line is shown on Figure 1;

. the calculation will be based on the flow for the worst case scenario, which would be to
supply the tanker fill station near the impacted material haul road; v~

o the water supply is taken from the demand estimates as being 450 gpm; and v~

o the required pressure head is calculated using the conservation of energy equation:
2 2
ZI+E+E+H=22+§+Z{+EhL / )
y 2 7 v 2 =
where:
Z, = elevation at Point 1;
P, = pressure at Point 1
0% = unit weight of water;
A\’ = velocity at Point 1;
‘ H, = elevation head provided by water supply;

GE3900-8.6/5/F9630136
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g acceleration due to gravity;
z, = elevation at Point 2;

P, = pressure at Point 2;

v, = velocity at Point 2; and

h, = summation of frictional losses between Point 1 and 2.

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

o 600 ft of 6" carbon steel. /

The friction head loss due to the fittings are caused by:
. (3) 4" long radius ﬂangeq 90° elbow; and v’
. (1) 4" globe valve. / |

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

vy (10)

L
h,=f=
ffpz

[}

where:

friction head in pipe;

friction factor;

length of pipe;

average velocity of the liquid = Q/A;
= flow rate;

<t ="F
I

> Ol

= area of pipe = % (D)%;
D

inside diameter of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and
will be determined using the chart developed by Moody. The parameters will be calculated as follows:

. ° the Reynolds number will be calculated as follows:

’ AR
GE3900-8.6/6/F9630136 ARnmmi. 8 '
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Re = DV v~ (11)
14
where:
D = inside diameter of pipe;
v = average velocity of the liquid; and
v = kinematic viscosity of water.
. the relative roughness was calculated as follows:
k/D = equivalent sand roughness of pipe / inside diameter of pipe.

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

V2

® T v 12)
where:
Keiings = loss coefficient for each types of fitting; and
A% = average velocity of liquid.

GE3900-8.6/7/F9630136
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POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR
THE DECONTAMINATION FACILITY

CALCULATION PROCEDURE

PURPOSE OF ANALYSIS

The decontamination facility will require potable a water supply during cell construction. To select
the appropriate piping size and supply requirement to deliver the potable water demand this location, the
pipe 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:
. the potable water supply at Building 78 which supplies the potable water header for the
decontamination facility should have an adequate capacity to supply the anticipated flow; the
proposed water line is shown on Figure 1; a detailed drawing of the system is presented in

Figure 4. v~

J the potable water demand is estimated to be 3600 gpd with a peak demand of 30 gpm in
Calculation Package 14.5, "Decontamination Facility Water Demand"; and v~

o the pressure head required at the supply is calculated using the conservation of energy
2 2
Zlé-_P_‘.+yi+H=Zz+£2_+_‘_,_2_+EhL ‘/ (13)
y 2 ° Yy 28 -
equation:
where:
Z, = elevation at Point 1
P, = pressure at Point 1
2% = unit weight of raw water
v, = velocity at point 1
g = acceleration due to gravity

GE3900-8.6/9/F9630136
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Z, = elevation at Point 2
P, = pressure at Point 2

vV, = velocity at Point 2
H, = pressure head provided by the water supply
Th, = summation of frictional losses between Point 1 and 2

L

12

- The friction head loss due to the pipe is caused by:
. (2) 2" gate valves; /
° (2) 2" 45° elbows; /
. (1) 2" tee (branch); /
. (1) 2"x1-1/4" reducer; /
o (3)1-1/4" 90° elbow; v
o (1) 1-1/4" tee (line); v~

(1) 3/4" hose bib; v~

The friction head loss due to the fittings are caused by:
e 500 ftof2" pipe.
. 105.5 ft of 1-1/4" pipe. \/

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

L V?
h =f—= — (14)
, = f D 2% v
where:
h; = friction head in pipe;
f = friction factor;
L = length of pipe;

GE3900-8.6/10/F9630136
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v

D

Q
A

average velocity of the liquid = Q/A;
= flow rate;

= area of pipe = % (D)%,

inside diameter of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and
will be determined using the chart developed by Moody. The parameters will be calculated as follows:

o the Reynolds number will be calculated as follows:
Re = DV v (15)
14
where:
- D = inside diameter of pipe;
\% = average velocity of the liquid; and

y

kinematic viscosity of water.

. the relative roughness was calculated as follows:

k,/D

equivalent sand roughness of pipe / inside diameter of pipe.

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

where:

GE3900-8.6/11/F9630136

Kﬁnings =

_ v?
e =% K 52V 16)

loss coefficient for each types of fitting; and
average velocity of liquid.

o
$
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POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
DATA VERIFICATION

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

Q = 240 gpm v~
Z, = 580 ft elevation - 3 ft pipe burial = 577 f&t Vv
Z, = 593 ft elevation + 6 ft to structure = 599 ft :
v = kinematic viscosity of water @ 50° = 1.41 X 10° ft/sec v/
h; terms
Inside Diameters: 12" = 0.125 ft /
' 2 = 0167ft
4 = 0333ft Vv

150 ft Sch. 40 PVC v~

Length of Pipes: 12"

2" = 150 ft Sch. 40 PVC
4" = 890 ft Sch. 40 PVC
Lhy fyings terms K Source
(1) 4" tee - line 0.145 H v
(1) 4"/2" reducer 0.065 R S
(1) 2" tee - branch 0.85 H v
(1) 2"/1%" reducer 0.058 R v
(1) 142" regular 90° elbow 0.4 H \/

R = Roberson/Crow, Engineering Fluid Mechanics, Fourth ed., Houghton Miffin Co., Boston, Mass.
H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cledveland, Ohio, 1961

GE3900-8.6/17/F9630136 JdS aaamn. 8 8
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FIGURE S

Resistance Coefficients K for Valves and Fittings

06 1 g
BELL - MOUTH ; REGULAR 0.4 rempiils i
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! K=0.05 45°ELL oI i1
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== K=0.5 FLANGED
Lot 45°gLL O
i 1
; D
. i INWARD PROJECTING PIPE SCREWED ¢
— ! K=1.0 - RETURN
i BEND
: 0.
; D
04
03—t !
NOTE : K DECREASES WITH FLANGED o2 '
INCREASING WALL THICKNESS OF RETURN i ILONGN :
PIPE AND ROUNDING OF EDGES BEND " | [RADIUS
; 0 1t 2 486 10 20
T T 7T
REGULAR N T IR
ooy TNC | 11 &2 K
SCREWED RETHIINSNE @ Flow 08=—= =
* 190° ELL : S 0.6 =17 T
0.6- L A p 0305 2 4,
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LONG K N FLow K 2 \\
RADIUS 0.4 — T INg T SRasri i
SCREWED 0.3 R NN
==L90°ELL : SRS LI 5 1
0%%365 1+ 2 Y 0 0305 2
K06 : =
[ o — |
N~ s
: - :
e
3 - "
f 2 46e 10 20 2 46
0.3 e — | FLANGED SRR
LONG . TEE K i
RADIUS B . \ 1 BRANCH OGL —
FLANGED BRI FLow i —
90°ELL O : - , 04T ]
p ' 2 46 10 205 D 1 2 4.6 10 30

2
. h=K ‘2’—9 FEET (METERS) OF FLUID

\GTE: D = nominal iron pipe size in inches (in X 25.4 = mm).

Seurce: Pipe Friction Manual, 3d ed., Hvdraulic Institute, Cléveland, 1961.
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LOSS COEFFICIENTS FOR VARIOUS TRANSITIONS AND FITTINGS

Additional
Description Sketch Data K
\ v r/d K,
Pipe entrance _— d 0.0 0.50
/ 0.1 0.12
h, = K, V*/2g /</’ f >0.2 0.03
K¢ Kc
Contraction D, | D,/D, 6=60° 6=180°
w : 00 0.08 0.50 ot 5%
D, 8 2%
[ 0.20 0.08 0.49 / el
—4 T 0. 007 0.42 \ pt!
g 0. 06 5032/ 9
% o 05 0.18
he = Ko VY2 0.90 0.04 0.10
KE K[_:
Expansion D, v D,/D, 8 =10° 6 = 180°
_11'/(—1;— 0.0 1.00
T\L_L 020 013 0.92
0.40 0.1 0.72 -
0.60 0.06 0.42 .
h, = K V3i/2g 0.80 0.03 0.16 B
| vanes  Without
\\ﬂr vanes K,=1.1
90° miter bend
l l With
vanes K, =02
r/d
9(° smooth ! K =035
bend 2 0.19
4 0.16
6 0.21
8 0.28
10 0.32
Globe valve — wide open K, =100
Angle valve — wide open K,= 50
Gate valve — wide open K, = 02
Gate valve—half open K,= 56
Thread
r'ea ed Return bend K, = 22
pipe Tee
ficti
Hngs straight-through flow K, = 0.4
* side-outlet flow K, = 18
90° elbow K,= 09
45° elbow K,= 04

ﬂo 0/)01& /Cfoa/ L:n I/\Co/uﬁ
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FIRE PROTECTION WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
DATA VERIFICATION

Using the Hydrant #2 pipe routing as the worst case scenario, for the following values are
established:

Q = 500 gpm = 1.11 ft*/sec (NFPA code) - /
Z, = 580 ft elevation - 3 ft pipe burial = 577 ft /
Z, = 593 ft elevation +3 ft to hydrant = 596 ft
(elevations estimated from site development Drawing G-2)
v = kinematic viscosity of water @ 50° = 1.41 X 10° ft¥/s v
h; terms
Inside Diamer of Pipe: 4" = 0.333 ft (Carbon Steel) v~
Length of Pipe: 1100 ft
Ehy fiings terms K Source
(2) 4" 90° elbow 0.31 H v
(1) 4" tee 0.15 H v
(1) 4" 45° elbow 0.18 H v
k, = 1.5E-4 ft (from table on Moody Chart)

H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cleaveland, Ohio, 1961

) 7N
GE3900-8.6/4/F9630136 _ y- N 9 ‘2
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Resistance Coefficients K for Valves and Fittings
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2
=K \2,_9 FEET (METERS) OF FLUID

\oTt: D = nominal iron pipe size in inches (in X 25.4 = mm).

Source: Pipe Friction Manual, 3d ed., Hvdraulic Institute, Cleveland, 1961.
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WATER SUPPLY DESIGN REQUIREMENTS FOR THE

TANKER FILL STATIONS

DATA VERIFICATION

Using the Tanker Fill Station near the impacted material haul road as the worst case scenario, the

following values are established:

Q = 450 gpm
Z, elevation 587 ft

v’
v

/

Z, = elevation 605 ft
v = kinematic viscosity of water @ 50° = 1.41 X 107 ft¥/sec
h; terms

Inside Diameter of Pipe:
Length of Pipe:

Ehy fiuings t€rms

(3) 4" 90° elbow
(1) 4" globe valve

4 " -
600 ft

K

0.31
10.0

0.333 ft

v

R = Roberson/Crow, Engineering Fluid Mechanics, Fourth ed., Houghton Miffin Co., Boston, Mass.
H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cleaveland, Ohio, 1961

GE3900-8.6/8/F9630136
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Resistance Coefficients K for Valves and Fittings
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h=K = FEET (METERS) OF FLUID

29

\0TE: D = nominal iron pipe size in inches (in X 25.4 = mm).

Soeurce: Pipe Friction Manual, 3d ed., Hydraulic_ Ins_titufé, Cleveland, 1961.
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FIGURE |

LOSS COEFFICIENTS FOR VARIOUS TRANSITIONS AND FITTINGS

Additional

Description Sketch Data K

\ | 4 '/d Kr
Pipe entrance _— d 0.0 0.50

/ 0.1 0.12
ho= K V2 ' /<' " >0.2 0.03

K¢ K¢

Contraction D, D,/D, 6=60° 6=180°

wyz 0.0 0.08 0.50
D 6 0.20 0.08 0.49
— T 0.40 0.07 0.42

0.60 0.06 0.32
0.80 0.05 0.18
h = Ke V2 0.90 0.04 0.10
: K¢ K,
Expansion D, v D,/D, 6=10° 6 =180°
_I:L'/\’_T— 0.0 1.00
— i 020 013 0.92
0.40 0.1 0.72 :
. 0.60 0.06 0.42
h, = K Vi/2g i 0.80 0.03 0.16
. L Vanes  Without
- \W\T vanes K, =11
90° miter bend
\ l With
vanes K, =02
r/d
90° smooth ! K =035
bend 2 0.19
4 0.16
6 0.21
8 0.28
10 0.32
(Globe valve — wide open K, =®
Angle valve — wide open K,= 50
Gate valve — wide open K,= 0.2
Gate valve — half open K,= 56
Th:;f“’ Return bend K, = 22
fittings Tee
straight-through flow K, = 04
side-outlet flow K, = 18
90° elbow K,= 09
45° elbow K, = 0.4
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POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR THE
DECONTAMINATION FACILITY

DATA VERIFICATION

Using the required flows to the farthest fitting as the worst case basis for the calculation, the
following values are established.

Q = 30 gpm v’
Z, = elevation 587 ft v
Z, = elevation 600 ft
v = kinematic viscosity of water @ 50° = 1.41 X 107 ft¥/sec \/
h; terms
Inside Diameters: 1-1/4" = 0.125 ft v
2" = 01671t v~
Length of Pipes: 1-1/4" = 105.5 ft Sch. 40 PVC ey
2 = 500ftSch. 0PVC v~
Ehy gy terms K Source
o (2) 2" gate valves 0.2 R v
. (2) 2" 45° elbows 0.3 H v
e (1) 2" tee (branch) 0.85 H v
. (1) 2"x1-1/4" reducer 0.06 R \/
. (3) 1-1/4" 90° elbow 1.6 H /
. (1) 1-1/4" tee (line) 0.9 H v
. (1) 3/4" hose bib 10.0 R ‘/

R = Roberson/Crow, Engineering Fluid Mechanics, Fourth ed., Houghton lefm Co., Boston, Mass.
H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cleaveland, Ohio, 1961

GE3900-8.6/12/F9630136
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Resistance Coefficients K for Valves and Fittings

T M 1 . 1
| 06" e
i BELL - MOUTH REGULAR Q.4 mmmiciil: —H
; INLET OR REDUCER SCREWED 0.3 =
! K=0.05 45°ELL 0.21 15 IR
: p 0305 1 2z a4,
1 .
: 03— SRS —
i LONG Kozi —
i SQUARE EDGED INLET RADIUS Ve[ T ==
[ K=0.5 FLANGED [ 7 7 1 hn oo
: 4 aseeLL O e Ui
! STELL b ! 2 4610 20
N NT T | IR
: 2 Nl’lil M
. INWARD PROJECTING PIPE SCREWED y t——+1Th !
—= KB1.0 RETURN S IINT T
; BEND ——— SS—
T —
! p 0305 1 2 4
: 4
I T 1]
03 R
NOTE: K DECREASES WITH FLANGED g2l t IS
INCREASING WALL THICKNESS OF | RETURN |~ LONG-PN !
PIPE AND ROUNDING OF EDGES : BEND " [ [RADWS] '
) D + 2 46 10 20
| SEE T T
i RECULAR 2N ‘ L i R
P ULAR ¢ SEEE ‘ K - :
- 5. N SCREWED o . L e t[\'oEw 08 AT
- i LAG0°ELL = = = 0.6 g
i 0.6° = e D 0305 2 4,
07ez0s 1 2 4
0.8 SIS scReweD EEIHIERNEEE
= T RAN o
RADILS 0.4 = N~ Ry e —
SCREWED 0.3+ INE pifug SIS
==lignegLL - SR § L 305 1 Y
00 %so y p 0305 2 |
el T T
KC'ES - 02 N =§:|‘|; IR ]
e s
et . . * i |
FLANGED °7 —— WA 0.1 —
90°ELL g-zg 0.06 : ~
o1 k- ! &
671 2 a6 w0 2o D ' 2 4 6 10 20
03 R : FLANGED RIRARIN
LONE gl T N & ; TEES K ~
RADIUS 4~ SNy R BRANCH ¢ +
FLANGED . T FLow o T 2
90°ELL O - = S i
c ' ¢ 48 10 20 D ' 2 4 6 10 20
.‘/2
heK 3 FEET (METERS) OF FLUID
. \oT1t: D = nominal iron pipe size in inches (in X 25.4 = mm).

Seurce: Pipe Friction Manual, 3d ed., Hydraulic Institute, Cleveland, 1961.
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Additional
Description ' Sketch Data K
) \ v r/d K,
Pipe entrance — d 0.0 0.50
0.1 0.12
b= K, V2 LR >0.2 0.03
K¢ Kc
Contraction D, D,/D, =60 6=180°
——{—ﬁ\;__/:": 0.0 0.08 0.50
D, 9 0.20 0.08 0.49
: — T 0.40 007 0.42
0.60 0.06 0.32
0.80 0.05 0.18
h = Ke V32 0.90 0.04 0.10
Ke Kg
Expansion D, v D,/D, 6=10° 6 =180°
e 0.0 1.00
_r\{_’:_’_ 020 013 0.92
0.40 0.11 0.72
0.60 0.42
h, = Kz V3i/2g 0.80 0.03 0.16
. | vanes  Without
- \\T vanes K, =1.1
90° miter bend
\ l With
vanes K, =0.2
r/d
90° smooth ! Ki=0.35
bend 2 0.19
4 0.16
6 0.21
8 0.28
10 0.32
Globe valve — wide open
Angle valve — wide open K,= 50
Gate valve — wide open
Gate valve—half open K, = 56
Thr.eaded Return bend P K,= 22
pipe Tee
firtings straight-through flow K, = 0.4
side-outlet flow ’ K.= 1.8
90° elbow K,= 09
45° elbow K,= 04

.ggur(e . AO LO/SOA /Crow/ Enaireeria F/mc( lﬂeof;mlfs) Four {[\ éJt’HW‘./
#-ﬁ CO, gos‘lbr/ M‘-IS.

Hodﬁ,“\"oa /"
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00m |- R ERIVEIEA Rl LALLM TR 005
T IR Wia N AR Wim 001
0060 1A% \ IWAN! |V ) W it '
E \—% ~ \L "'L—l\\ 111 1 1 i 1 AL L 003
. 0050 |- 2 E ~ \ \‘r \ \.l, .\ l \.\. 002
- F \% §§:\ HIIERRRY) RN NN R o015
3 oo SNBSS
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Z - e/ £ 1 ) X | W [ 0002 2
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i Equivalent sand 1] L ) { <111 1 - 0.0006
i  roughness. &, | 3 ‘i\ “L l‘ l‘ 00004 -
0.015 : Buoundary l'lT‘dlcrlal In millimeters (In l’eel) N 11 n
Glass. plastic Smooth (Smooth) ‘ | \ _%=‘=-‘ *= 00002
| Cupper or brass tubing 1.5 x 1073 (5 x 10°%) ] my ~ Y
=~ | Wrought iron. steel 46 x W2 (15 x 1079 Smooth pipe — 0.000]
[ | Asphalted casi iron on 4 x 107Y ~
0010 |- Galvanized iron 015 (5 x 0% —ﬂi 000005
i | 1 Cast wron 0.26 B85 x 10Y .
0009} | Concrete 031030 03w 10°2) -
i e e e e e T NI AT N N 0000.01
10? 2 4 6 8ge 2 4 6 8 g5 2 4« 6 806 2 4« 68197 2 « 6 88
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SANITARY SEWER DISCHARGE

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

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

Purpose

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.

Conclusions

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 surficial 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 Water Demand" calculation)

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.

AR
Ay
. A SRR,
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CALCULATION PROCEDURE

Water demand for dust control was calculated using the following equation:

Q; = [(An, + Ajn, + Asny) q) + [Q,]

where:

Q = construction water demand (gal/day);

A, = area of haul roads requiring dust control (ft);

n, = number of sprays per day on haul roads;

A, = area of landfilled material (i.e., impacted material) requiring dust control (ft?);
. n, = number of sprays per day on landfilled material;

A, = cell construction area requiring moisture maintenance (ft?);

n, = number of sprays per day on cell construction area;

q = volume of water sprayed per area (gal/spray/ft?); and

Qe = quantity of water needed to moisture condition clay liner and clay cap

materials (gal/day) (obtained directly from Calculation Package "Borrow Area
Water Demand ")

GE3900-8.4/2/F9630106
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- 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 Early 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.

. Area of Haul Roads (A,):
Construction Access Road

length = 4200 ft (main road from borrow area to east side of Celis 1 to 3) «

600 ft (stub road to Cell 3) «
width = 40 ft -

Impacted Material Haul Road

length = 800 ft (east-west portion) ~
_ 700 ft (north-south portion) -
width = 40 ft -

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

length = 3500 ft —
width = 18 ft

Total:
A, = (4200 ft + 600 ft + 800 ft + 700 ft)(40 ft) + (3500 ft)(18 ft) —
A, = 315,000 sf
o Area of Cells (A, and A,)
Area of cells being actively landfilled (2 assumed)

A, = (400 ft)(800 ft)(2) = 640,000 st

PN
T A o
GE3900-8.4/3/F9630106 _ _’ - ] ’




. d40

., h‘ —
GEOSYNTEC CONSULTANTS pace_4 or_(p
Written by: ﬁ : 0,&}4— Date: 21 February 1996 Reviewed by: A7Tn Date: 2/2) /&
‘ Client: FERMCO Project: FERNALD OSDF Project/Proposal No.: GE-3900 Task No.: 8.4
' Lt 136 b9L

Area of cells under construction (1 assumed)

A; = (400 ft)(800 ft) = 320,000 sf .-
] 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; = (1 per day)(1/2 cell) = 0.5 ©

. . 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 £8s8te 4 percent.

Yary = 100 Ibs/ft’ (assumed dry unit weight of 1-inch thick layer of dry soil) —
m = 0.04 (desired moisture content of 1-inch thick soil layer) —
ww = (‘Ydry)(m)

= (100 1bs/ft’)(.04)
= 4 Ibs/ft® (weight of water added per cubic foot dry soil) —

V, = (1 inch)(1/12 in/ft)(1 ft)(1 ft)
= .0833 ft* (volume of 1 inch thick layer of dry soil per square foot of area) —

The corresponding rate of spray in gal/ftzlsﬁray is calculated from the above data.
. Water demand for moisture conditioning (Q,,.)

‘ Q.. is obtained directly from "Borrow Area Water Demand" and equals 1000 gal/day.

GE3900-8.4/4/F9630106 y—<—%
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CONSTRUCTION WATER DEMAND CALCULATION

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

Q; = [An, + Apn, + Ajny) q] + [Q,]

A, = 315,000 sf (area of haul roads)
3 (number of sprays per day on haul roads)

B
]

A, = 640,000 sf (area of landfilled material)
n, = 2 (number of sprays per day on landfilled material)
A, = 320,000 sf (area of cell under construction)
Ny = 0.5 (number of sprays per day on cell under construction)
q = (WD)
= (4 1bs/ft*)(0.0833 ft3)(7.48 gal/ft3)/(62.4 Ibs/ft3) _
= .0399 gal/spray/ft* of area covered (volume of water sprayed per square foot of area)
Quc = 1000 gal/day (water demand for moisture conditioning borrow soils)

Q. = [(315,000)(3) + (640,000)(2) + (320,000)(0.5)][0.0399] + 1000 — ‘

Qq = 96,400 gal/day

GE3900-8.4/5/F9630106
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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 cstlmatlon includes water demand at the truck decontamination pad and-the
| o the d . y
2% | ,,9 Jod (996

METHOD OF ANALYSIS

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

’4\'

,ea—t-hccx-pectcdmagc ,éz/%,\/ {)ﬂ lod"e’ﬂ’

CONCLUSIONS

Truck Decontamination Pad

° water demand = 3600 gal/day

000131 =
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High-Pressure Wash Guns

Add one of thesé guns to your pressure washer or high-pressure spray system fo,

- —— T ==y spray control. Water flow is automatically shut off when the trigger is released. Maim..,:\
With
Nozzle Extension

A The water flow bypasses the valve internals in
this gun for reduced wear. Vaive is nylon with
Teflon packing. Inciudes an 18~ extension with '3"
fpt outlet and a brass nozzle with 40° spray angle.
Other extensions sold below. Please see page 1156
(No. 3234K) tor repl. spray nozztes.
B Manually lock the triggers of these guns in the
oft position when not in use. include 25° spray
nozzie, 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.

(sold below) include replacement seals and internal parts that are prone to wear.

e

When you release the trigger, these g,
matically are locked in the oft pggy... &
have ethylene propylene seals with 3 tg,.n.
valve housing. oo,
The guns use the high-pressure ng,.,
3234K) sold separately on page 1156, R
A swivel connection at the water intg
more movement with less wrist ane r;
tigue. The gun has viton stem seals ang 3.,
brass body with stainless steel internal oary
Spray nozzies (No. 3234K) are sold separpy,
page 1156. :

Max. Max. Max. Connections Body
Key Flow Pres. Temp. Inlet Nozzle Mat'l.
A 3.5 gpm...1000 psi...140° F.....143" NPT.. *14¢"-16 UN(M) ..Zinc......
B... 5.0 gpm...1500 psi...200° F ....04" NPT...'16"-16 THD...... Nylon ...
B... 6. ...2500 psi...300° F.....%s" NPT..."%e"-16 THD.....Nylon ...
C. 000 psi...300° F....%" NPT..va" NPT (F)........ GRPe... - < LT
c.T= U gpm...3000 psi...300° F.....%" NPT..%" NPT (F)........ GRPE... . . . T
D....10.0 gpm...4000 psi...300° F....3%8" NPT.. %" NPT (F)....... Nylon ... : e
® Glass-reinforced plastic
ACCESSORIES
Nozzie Nozzle Fits
Extensions No. NET EACH Extensions Model
D ¢ Curved .....ooceeeeei A 3379K12...$16.60 18" Straight........cooocieeeene B...
36" Curved ... ....3379K13... 20.52 36" Straight..... ..B...
................................... 3379K14... 26.83 Repiacement No B..

48" Curved

ADJUSTABLE SPRA

from needle pattern Ao ;

~ flexibility. Flow rafe ¥

nection is 2" IPS femajé

and chrome-piated AR

g:'s'c‘:rlptlon

OME-PLAPED BRASS HEAD
TIGHT SPRAY< 19" DIAMETER F

Standard Cpfinection Ace

dof

SHOWER HEADS — Adjust spray
By wash. Ball joint swivel adds
gpm at 80 psi. Supply con-
p chrome-plated brass head
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EXECUTIVE SUMMARY

EQUIPMENT DECONTAMINATION FACILITY PUMP DESIGN REQUIREMENTS

Purpose

The purpose of this calculation package is to estimate the equipment decontamination facility
pump design requirements. Based in anticipated inflows, the total head required to pump water into the
temporary gravity line, the pump capacity, and the excess capacity of the excavation to store soil from
cleaning operations will be calculated.

Method of Analysis

The total head required by the pump to discharge liquid to the temporary gravity line was
calculated using the following procedure:

. ®* the configuration of the system was established; and
° the maximum elevation head in the temporary gravity line was calculated.

The pump capacity required to prevent overfilling of the equipment decontamination facility
gravel layer was calculated using the following procedure:

o the volume of gravel in the equipment decontamination facility excavation was
estimated;

o the void volume of the gravel was estimated;

®  the flow rate into the sump was estimated based on both equipment cleaning operations

and the 24-hour, 25-year storm event; and

. a pump capacity was selected to pump the liquid from the sump during one 8-hour
work-day.

The excess capacity of the excavation to store soil from cleaning operations was calculated using
the following procedure:

: . the number of trucks per year was estimated;
® ,

. the available volume of soil per truck was calculated. ;.

the projected life of the facility was determined; and
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Results

. The pump selected must be capable of delivering 20 gpm against a head of 25 ft.

. The facility is able to store up to 135 pounds of soil per truck decontaminated during the
projected three-year life of the facility.
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EQUIPMENT DECONTAMINATION FACILITY PUMP DESIGN REQUIREMENTS

CALCULATIONS PROCEDURE

PURPOSE OF ANALYSIS

The purpose of this calculation package is to estimate the equipment decontamination facility
pump design requirements and to verify the design life of the facility. The total head required to pump
water into the temporary gravity line and the required pump capacity will be calculated. Drawings of
the equipment decontamination facility are presented in Figure 1.

METHOD OF ANALYSIS

The largest hydrostatic head (i.e., elevation head) potentially present in the temporary gravity
line occurs after the 24-hour, 25-year storm event when the liquid level in the impacted runoff
catchment area is at a maximum. The sump pump selected must supply greater than the above
hydrostatic head to ensure proper operation of the equipment decontamination facility after storm
events. An elevation drawing of the leachate collection and transmission system up to the location of
the equipment decontamination facility is presented in Figure 2.

The volume of gravel in the equipment decontamination facility excavation will be estimated
based on the dimensions presented in Figure 1. The void space will be calculated by multiplying the
total volume of gravel by the estimated porosity of the gravel.

The quantity of liquid which may enter the equipment decontamination facility during a 1-day
period will be evaluated for both typical decontamination activities and during the 24-hour, 25-year
storm event. ‘

The pump size will be selected based on the higher of the above two numbers and with the
constraint that all liquid can be removed during a typical 8-hour work-day.

The design life of the facility will be verified by calculating the available soil load to the gravel
per truck. It should be noted that most of the contaminated soil should be removed in the active cell or
at the gross decontamination area prior to final decontamination. Additionally, a substantial portion of
the soil which is washed off of the equipment is expected to remain on the surface of the railroad tie
roadbed and will be collected before it migrates into the gravel.
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FIGURE 1

EQUIPMENT DECONTAMINATION FACILITY PUMP REQUIREMENTS
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FIGURE 2

EQUIPMENT DECONTAMINATION FACILITY PUMP REQUIREMENTS

MAXIMUM HYDROSTATIC HEAD IN THE TEMPORARY GRAVITY LINE

~_ ¢ M M Ol e
»
Maximum
Elevation of the

Impacted Runoff
Catchment Area

(610 ft) 22 ft

LTS Gravity Line Temporary

Gravity Line

Decontamination

Facility
Decontamination
Facility Sump

Elevation of the Intersection of
the Temporaty Gravity Line and
the Decontamination Facility
Line (588 ft)
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EQUIPMENT DECONTAMINATION FACILITY PUMP REQUIREMENTS

DATA VERIFICATION

Elevation of the maximum surface of the impacted runoff catchment area; 610 ft (minimum elevation of
the intracellular berm from the Leachate Collection System Grading Plan, Drawing G-8 of the Prefinal
Design Package, after allowing approximately 0.5 foot of freeboard)

Estimated elevation of the intersection of the decontamination line and the temporary gravity line;

588 ft

(calculated from the elevation of the Cell 3 manhole as shown on the Final Cover System Grading Plan,
Drawing G-11 of the Prefinal Design Package, and the section of a typical manhole as shown on

Leachate Transmission System Gravity Line and Manhole Mechanical Details I, Drawing M-4 of the
Prefinal Design Package)

Porosity of the gravel layer; 0.3 (estimated)

Volume of water generated form decontamination activities; 3600 gal/day
(see Decontamination Water Demand Calculation)

Rainfall for the 24-hour, 25-year storm event; 4.7 in. (Table Al of the 2000-yr flood and probable
maximum flood site wide flood plain determination, calculation prepared by Parsons in November
1995)

Number of trucks per day; 2 trucks (estimated)

Number of work days per year; 175 days (estimated)

Design life of facility; 3 years (estimated)
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CONSTRUCTION ADMINISTRATION AREA SURFACING

EXECUTIVE SUMMARY

Purpose:

The purpose of this calculation is to design a typical pavement cross-section for the proposed
Administration Area. The Administration Area wiIIAl?sed 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.

Design 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:
e Surface course: 3 in. of Asphalt Concrete;
e Base course: 8 in. of ODOT spec. #304 Base Aggregate; and
e Prepared subgrade.
Subgrade:
e Fill sections: Compacted brown till to 100% of standard Proctor with a moisture content
within 2% of optimum.

e 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 deS|gn from Table 1, based
on the following input parameters.

e US climatic region, (See Figure 2).

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

¢ 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).

File: ADMNPAV.DOC
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Step 2: Determine design thickness’ for asphalt concrete layer, D,c and

aggregate base layers, Dgg using the following equation.
SN = ancDac * agsDas

where,
aac = The structural coefficient for asphalt concrete
ags = 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 Engineering Data:

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

US Climatic Region = |l

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

Traffic Level Wig
High 700,000 to 1,000,000
Medium 300,000 to 600,000
Low 50,000 to 300,000

For calculation of w,g assume the following input parameters:
. Design Vehicle: Pickup Truck
o Single Axle Load: 2 kips

. Vehicles per day: 100

o Passages per day per vehicle: 4

o 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).

The underlying subgrade is expected to include areas of undisturbed and
compacted brown till.

e Undisturbed Brown Till;

CPT results in the upper and lower horizon brown till were
correlated to CBR values in Parsons (1995). The average CBR for
CPT locations ranged between 4 to 5. The corresponding resilient
modulus, Mg ranges between 4,800 to 6,000 psi.

e Compacted Brown Till:

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

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

4) Inherent Reliability
e Assume as 75 percent.
5) Structural Coefﬁcients, aac, ags
As recommended for the following materials in ODOT, 1992.
o Structural coefficient for asphalt concrete, ac = 0.35.

o Structural coefficient for #304 base aggregate, ags = 0.14.
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Table 4.2. Suggested Seasonal Roadbed Soil Resilient Moduli, My (psi), as a Function of the
Relative Quality of the Roadbed Material

Season (Roadbed Soil Moisture Condition)

Relative
Quality of Winter Spring-Thaw Spring/Fall Summer
Roadbed Soil (Roadbed Frozen) (Roadbed Saturated) (Roadbed Wet) (Roadbed Dry)

Very good 20.000* 2.500 8.000 20.000
dGood 20000 200 _____6000 __ _ _ 10000 _
. Fair 20.000 2000 4500 — 6.500__ __

Poor T 730,000 T T T T T1.500 3.300 4.900

Very poor 20.000 1.500 : 2.500 4.000

*Values shown are Resilient Modulus in psi.

TPBLE [ For DEFECainATION oF SreucidAql pumBER

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

. Relative . .
Quality of Traffic U.S. Climatic Region
Roadbed Soil Level I I1 I v v A1
Very good High 2.6-2.7* 2.8-29 3.0-3.2 2.4-25 2.7-2.8 3.0-3.2
Medium 2.3-2.5 2.5-2.7 2.7-3.0 2.1-2.3 2.4-2.6 2.7-3.0
Low 1.6-2.1 1.8-2.3 2.0-2.6 1.5-2.0 1.7-2.2 2.0-2.6
Good High 2.9-3.0 . 3.0-3.2 3.3-34 2.7-2.8 3.0-3.1 - 33-34
' 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
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
Fair High 3.2-33 3.3-34 3.4-3.5 3.0-3.2 3.2-33 3.4-3.5
Medium 2.8-3.1  _ l 2.9-3.2 2.7-3.3 2.7-3.0 2.8-3.1 3.0-3.3
Low 2.1-2.7 2.2-2.8 2.3-29 2.0-2.6 2.1-2.7 2.3-2.9
Poor High 3.5-3.6 3.6-3.7 3.7-39 34-3.5 3.5-3.6 3.7-3.8
Medium 3.1-34 3.2-3.5 3.4-3.6 3.0-33 3.1-34 3.3-3.6
Low 2.4-3.0 2.4-3.0 2.5-3.2 2.3-2.8 2.3-2.9 2.5-3.2 i
Very poor High 3.8-39 3.8-4.0 3.8-4.0 3.6-3.8 3.7-38 3.8-4.0 :
Medium 3.4-3.7 3.5-3.8 3.5-3.7 3.3-3.6 3.3-36 3.4-3.7

Low 2.6-3.2 2.5-3.3 2.6-3.3 2.5-3.1 2.5~3.1 2.6-33

*Recommended range of structural number (SN).
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REGION CHARACTERISTICS
I Wet, no freeze

I Wet, freeze ~ thaw cycling
oI Wet, hard-freeze, spring thaw
I Dry, no freeze

X Ory, freeze-thaw cycling
prag Ory, hard freeze, spring thaw

Figure 4.1. The Six Climatic Regions in the United States (12)
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D6 Design of Pavement Structures
. Table D.4. Axle Load Eqﬁivalency Factors for Flexible Pavements, Single Axles and p, of 2.5
Pavement Structural Number (SN)
Axle Load
(kips) 1 2 ! 3 4 5 6
2 .0004 0004 .0003 .0002 .0002 .0002
4 .003 .004 T .004 .003 .002 .002
6 011 017 .017 .013 .010 .009
8 .032 .047 .051 .041 .034 .031
10 .078 102 - 118 .102 .088 .080
12 .168 .198 .229 213 .189 .176
14 .328 .358 .399 .388 .360 .342
16 591 .613 .646 .645 .623 .606
18 1.00 1.00 1.00 1.00 1.00 1.00
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
- 30 10.3 9.5 7.9 6.8 7.0 . 7.8
32 13.9 12.8 10.5 8.8 8.9 10.0 ,
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 . 359 28.5 22.5 21.1 23.0
. 42 49.3 45.0 35.6 27.8 25.6 21.7
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. .

Design 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):

Base: 9 in. of ODOT spec. #304 Base Aggregate;
Subbase: 13 in. of ODOT spec. #310 Subbase Aggregate;

Geotextile separator; and
Prepared subgrade

Maintenance:

¢ Required Maintenance includes regrading of the road surface and the addition of
. aggregate to the base.
¢ Maintenance Intervals:
Biweekly for normal period of operation.
Weekly for spring-thaw period of operation.

Subgrade Requirements:
 Fill sections: Brown till compacted to 100% of Standard Proctor maximum dry density.

o Cut sections: Existing subgrade compacted to 100% of Standard Proctor maximum dry
density. -
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CONSTRUCTION HAUL ROAD

Contents: | Page
1. Introduction ‘ 1
2. Calculation Procedure 2
3. Collection and Verification of Engineering Data 14
4. Calculations and Results ‘ 18
5. References 37
Introduction:

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:

e 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 (i.e., approximately 9 years).

e 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.

e 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.

o 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.

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, wWyqa..18 for a 2 week performance period.
Scraper traffic to and from the OSDF are considered.

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

-Wpy.1g, fOr drive axle, loaded scraper traveling to the OSDF.
-WRL.1s, fOr rear axle, loaded scraper traveling to the OSDF.
-WpEe.1s, for drive axle, empty scraper returning to the borrow area.
-Wge.1s, fOr rear axle, empty scraper returning to the borrow area.
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e 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:

45
_ Ny re.pErE 1
WpL rL,DE RE-18 = Wy — (1)

18

Where,

Wp repE,RE-18 = the 18-kip ESAL applications for a given scraper axle load type.

wy, = the number scraper passages to (or from) the OSDF over the performance period.

N pLrLDERe = @ given scraper single axle load type, kips

4.5 = coefficient determined from AASHTO axle load equivalency factors (for a terminal
serviceability index, p, of 2.5 and a pavement structural number of 2.5).

18 = an 18-kip equivalent single axle load, kips

e The total 18-kip ESAL applications, w15 iS calculated for the performance period by summing
18-kip ESAL applications for each of the above scraper axle load types, as follows:

‘ Wroar-18 = Wpro1s  Wee_is + Wpe_1s + Wee_is (2)

1.1 The single axle load, N, for each scraper axle load type is calculated using the following
equation:

NDL,RL,DE,RE =W, Ly, (3)
Where,
NovrLoe 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

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

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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Wy = 4)
VS—Capacigz .
Where,

Viorrow = Volume of borrow hauled during the 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 wrqa.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 w,y...1s (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, Dgs¢ and a final

. subbase thickness, Dgg ¢ is determined from the analyses.

2.1 Determine a base layer thickness, f)Bs, 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 Dgg for the normal period of operation based on allowable serviceability loss,
APSI using Figure 1.

Figure 1 requirements:
e Allowable serviceability loss, APSI calculated from selected values of: 1) an initial
- serviceability index (p,); and 2) a terminal serviceability index (py).
Resilient modulus of roadbed material, Mg
e Base modulus, Egg
e Allowable 18-kip ESAL applications, Wz
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.
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e APSIis calculated as follows;

APSI = p, - p, (5).
Where,
p, = the initial serviceability index, serviceability index at time of construction.

p; = the terminal serviceability index, lowest serviceability index tolerated at the end of
the performance period.

¢ Determine resilient modulus of roadbed material, Mg:

The roadbed material is expected to be either compacted brown till or existing brown till. Use
lower value of the Mg values determined for compacted and undisturbed brown till material.
Values of Mg, for compacted and undisturbed brown till material, are determined based on
site specific CBR testing of brown till. (PARSONS, 1995 and COE, 1952). Mg o CBR
e Base Modulus, Egg:
. Use value recommended in ODOT, 1992 for #304, Aggregate Base (crushed stone).
e Allowable 18-kip ESAL applications , wygpg;:
Corresponds to wr..15 Calculated in step 1, section 3.
b) Determine Dgg 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
¢ Resilient Modulus of road bed material, Mg
e Base Modulus, Egg, and
e Allowable 18-kip ESAL applications, wygps;.
" 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 Dgg 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.

e Allowable 18-kip ESAL applications , wigpg:

Corresponds to 1/2 the wya.15 Calculated in step 1, section 3. This value corresponds to a 1
week performance period.

¢ Determine Resilient Modulus of Roadbed Material, Mg for spring thaw conditions.: |
Assume value based on the value of Mg determined in the above part a.

2.2 Determine the required Dggr value as the maximum value of Dgg determined in the above
Section 1.

e Add 1 inch to Dgg 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, Dgsr and convert the difference between Dgg and Dgg ¢ to a
required subbase thickness, Dgg using Figure 3.

Figure 3 requires selection of Dgg r and knowledge of

Resilient Modulus of road bed material, Mg
Base Modulus, Egg, and

Allowable 18-kip ESAL applications, wygpg.
Subbase Modulus, Egg.

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

e Subbase Modulus, Egg: 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.

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.

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

o Estimated Total 18-kip ESAL Applications, w,s: Use values of w,gfor 2 and 1
week performance periods as calculated for the AASHTO method.

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

o Design Serviceability Loss, APSI: Use value of APSI determined for the
AASHTO method.

e 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)

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

3.2 Select a Final Base Thickness, Dgg¢. Calculate a Required Subbase Thickness, Dgg using the
following equation;

_ (SN - aBSDBS-F)

Dy, = (6)
Agp
Where,
. ags, asg = Structural Coefficients for base and subbase aggregate, respectively.
—
Ay AR
Al
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Step 4: Determine 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 Structure Number, SN
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Collection and Verification of Engineering Data: ¢ Re16

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

Design Vehicle:
The following table summarizes input parameters for the design vehicle - Cat 621E scraper.

(Caterpillar, 1993)

Specifications for Caterpillar 621E Scraper.

Parameter Value
Operating 67.2 kip
Weight
Rated Load 48.0 kip
Weight
Distribution
Empty
Drive 68%
Rear 32%
' Loaded
Drive 53%
Rear 47%
Scraper Heaped 20 cy
Capacity

o Capacity of Scraper, Vg capacity - The capacity of the scraper is determined to be controlled
by the rated load, assuming a borrow unit weight of 135 PCF, swell of 25% and Rated load
of 48.0 of kips. The capacity of the scraperis = 16.5 Loose CY.

Borrow area excavation:

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

e 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 Clay Characteristics:

e Swell, S: Swell of clay borrow material from bank to loose condition is assumed as 25%

‘ (Caterpillar, 1993)

File: CONHAUL2.DOC
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e Bank Unit Weight: 135 pcf from design parameter summary for design calculations.

Step 2: For determination of a design road cross-section using the AASHTO design method.

Allowable Serviceability Loss, APSI

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

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

Resilient Modulus of Roadbed Material, Mg:

e 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 t||l and

‘ using the following equation (ODOT, 1992);

M, =1200CBR @)

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

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

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

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

File: CONHAUL2.DOC
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. ] O 22 74 90
o 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 Mg
is 9,600 psi.

The average value of Mg for upper horizon brown till compacted to 95% of standard Proctor
(i.e., 3) is lower than the Mg value 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, Egs: = Assume 30,000 psi as recommended by ODOT, 1992 for ODOT spec.
304, Aggregate Base.

Allowable w,g.p5: Calculated using py and p; .

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

Subbase Modulus, Egg: = 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%.

e Overall Standard Deviation, S;: Assume value of 0.49 as recommended for
flexible pavements in ODOT, 1992. '

o Estimated Total 18-kip ESAL Applications, w,g: Obtain from calculation in
Step 1, section 3. '

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

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

‘ APSI =p,-p;=42-2.0=22

File: CONHAUL2.DOC
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o 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.

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

File: CONHAUL2.DOC
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Client:_FER MG

Chccucarionrs gano ResucTs :

INPUT PREAMETELS SCE THICEN (e 7HE

Lot Ec Tr7aon PND UERIFICATION SEc7/on/,
STEP I DereraminE 774 7079¢ /9-kiP EQUIVALENT SING(E (o

/9%/0?7/04/5, Wrarne-,g Forn B 2 WEEChk PECIICIANCE Peorog, Scrrirfer
TRAFFIC 70 AND FrIM

FHE OSOF FARE CONSIpERED.

[.7) CALCUCATE THE Sineee AxtE Lo, N Fom EACH SAPE~< AXLE (oD Ty PE
USING THE FIULIWING EQUATION |

ND"ZL;DL’:,QF = WV LJ/:?

\A/y) FOR [CADED ScRAPER = O PEAATIMG WEGHT * RarEcl (caD

67.2 ikeip + 48.0 kip

- //52 l{/P

Wv, Foe EMPTY ScrapPeZ = G77.2kip,

* Noo, Dawe pxcé, (0ADES ScrRAPER TRAVECING To 7HE OSDF

/1/S, Rk x 0,53
< 6// ki p

Ng., Rear Axce, (cansr scrapee 7rAvEWING g 7HE O30 F

/S 2 kip x 0.Y7

59/ ki

Npe, DrivE axt€, EMPTY SCRAPER REFL-MNG 7o 7#E Botrow ARSA

1

G2 kip x0.68

"

s, 7 kip
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STEP I, coNTD : DEFERMINE TUTAL /8-kIP ESAL P01 CATION , Wrrrar-1g

/ol conTD ) CAtcucarran) OF SNGE AXCE (CAD, N,

s Ngg, 7ZFAR AXLE, EHMPTY SCRAPEL FEFURNING T2 T7/E Barefiwl AELH),

0]

67.2kpx O.32

2‘!5' L‘lPS

/R CALCULATE 7HE NumBER OF SCRAPER FassAGES 70 (dr from )
THE OSOF, WnN QVER THE PERFIRIMANCE JPERIID, USING JTHE

FOctowing EQuATION;

: S
\/BOW\A) (l + /_a-d)

W, °
\/S-C&Pd"’Y
'2;'/1)
Whah = GSd,daocy("" 100
/6.5 cy

¥
77,292 »PPUC‘FTNNS/scuPe AX(F (JAD TYPC

1:3) CALCAATE Wirgn-1y TO BE INPUT [NTO PESIGN CHARTS USING
THE FOLLOWING E£GuATIONS;
4.5

No, re, b€, rE
X - ] ’
W»c,ec, DERE-1 S Wi T—

wTU'lﬂL’la = Wbc-ng + "Jnc_-:a + Woe—lg + \*/Qf-ra

* Numzece of APPlcaTionsS FOR PERFIR rANCE FPEA/ap aF R WNEEKS. 4

WN'?»lks = 49 242 x 2 X—l- x 2 = 28l ArPPucaTIONS
qws_ 39 wks
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S7€P /, conTD ¢ DETERMINE TATAL /8-KkIP ESAC APPLICATIINS,

[+3, con7'D ) Chlcware Wiryrac-18

4.5
Gl.lklp
Wpe-g = 281 -
I8
= £8733 ..
' SY./ kP
\/\/QL'la = 28/ T
= 39,753
s
De-1g ~ \ 18
= /8, 604
H.5
RS
Waesy = 281 (“T
= RS
wTOTﬁL-lg = )27, Y36  AvPlicaTigNS
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STep 2:

DETERMINE A DESIGN RIAD CROSS-SECTION ((S/nIG FASHTO
DESICA CrAeTs .

21) Deretmine Reauirep AG6rREGATE Base (AYER THICkWNESS , Dgs
BAase ov ALwABLE SE-vICE£ABILITY Loss, APSE AND ALLewABLE
Rur DePTH, RD, -

a) Deteomive Dps Bas€d on APSC

- APsSC = Po-~ P2
= H.2-2.0
= 2.2

RESILIEND Modutns OF RoAPBEL maTERIAL , 1R
= 5, ©Y 00 psi
o BAsE Modwus , Eps = 30,000 psc

ALONABE /8- k1P ESAL APPLICATIINS, L, g 5¢,

/2 7) 996 ~APPLicATIONS
FRom FrBbwnrfE & AND ABOVE INPLT PArAmETELS

Dgs = 17~
b) Derernminve Dpg Basen on RD = 3/,

FrRM [/G6urf 7 anvn ABBIVE INPuT [LALAMETELRS

Dss s /1.
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Project/Proposal No.: 663700 Task No.:_/9-2

Client:__FERMED Project:__ JSOF

STEP 2, CONTD ! DETEAmINE A Desicr RoAd CRISS- SECTION USING AASHTO
DESIEN € HARTS .

2.0, CONTD) DETERMINE REQUIRED ACSRESATE DASE LAYER 77/CkNESS, Dgsy

C) DEFERMINE Dps FIR SPRING - 72/4u) OPERATIIN TPERIOD 345D OAN

4Q775¢ HnD 2D, ONE WEEK TEAXRFIRAMANCE F2ZI00.

PLLdABLE [8-tcip ESAC APPLICATIONS, W,o .

= /27,996 /2 . )

63,998 APPLicATIONG.

REs(eiengy Mopuins Fore foao BeEn MarearaL , Mr

1]

5,400 psi [

R700 pst

Frond FGURE 5 qup; AB0VE [NPuT PazaseETEAS (4D Freom
Zanra ) - Fare DPcl =2 2.

Dgs = 16/~
FRUM Fréupse 9 AND ABvE INPUT PARAAMET-/S (/Wo FRoM
Paer b ) For RD.= 3in.

Dgs = 12~

22) DerenmNE Reouized Dgs AS MALIAMum UVALUE Flonr RBIVE
SecTiony 1

Masrrtuny Dss = /7w

Ao ] i Foe HcGREGAZE (0SS

oo QE@U”’GD 'D%S = 'elN.
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STEP 2. ConTD ! DETERMINE A DES/IGA £oAD- COSS-SCCTION USING AASHTO DES/EN
CHARTS .

2.3 ) SE(ECT A FimAL BASE THICKNESS |, Pgs-F AND CONVERT THE
PUIFFCAENCE TIETWEEN DPrs Aap

Dps.e TO A RECWIZED
THICKNESS OF SuBBASE, Dsp |

Use Frwac Base 7HrcenESs , Dps-F

= ?u\l.

DBS‘Das-p = ’8!'\"?'“:9««).

SurBBAsE Moputuws = 15,000 pst

FAOM FreupE /O . ARIVE NPT [PARAMETERS 410D

17/ 1Pa
1AM ETEAS [APOrA Sccrionv 1,
Dsa T /2.5 /n,
SiEF”7 332

Crecuinre Reqauine€d SECTION wsinG TrE Dar DESIGA
MEH o> For FCEKI BLE 79vErmEnT DEsicn (ODIT,s552 )

3./) DETERMINE THE DES/IEN STRUCTURE A/émafff, SN

ﬁfamguﬂ)’,;@ = 07

OvenAac STANDARD DeviaiieN, Se = 0.9

-

Esrirared ToTme /18 wkip Es5L MpPeichTrievs W, = /27 276

EFFECTINE RoroBED Soie HESIVENT Mobutus,Me = S y0o

Destsn seavicease 77 (oss, 8Psc = Q.22
FrOcnt frGumesS // AND /2 AND ABOVE I1NPUT D2yeArmETEALS
SN = 2. ¢

_?2) g&cEcr FraAC BASE TH/ICKAMFSS, Das ~. Cnccuc&,c-
(ZexuirEL SuBBASE TH/ClenVESS $B USrase J7HE Fottonwin/G EX vtTren

S/‘/ = Qgg Dg,-P + qSO '353.
SN =2Y
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STEP 3 conTD: CALLUATE REQURED SECTION USING THE DAT DESIGN
rETHOD .

S 2, cau;-};) SELEC T Frane BASE 72/CkNESS AND cALCWLATE Dsg

Qsp = 0.1/
Das-, = 7.m

Frzor+ mpBave gauszzon Dsp = /0.5 +o

3.R) FOR SPRNG-TAHAN OPeAATIN PEZI0D, €€ FIGures /3 Anp /%,

ESTIMATED TJOiAl 1§-K1P E54C APPLICATION, ()g

63,998

«

A EFFECTIVE RIADBED S0 RESILIEND Aaduius e = 2700
. SNV = 2.7
Given PBs-r = 7w,
Dsg = 13~
STEP M\ DEiEvmIinE FinvAl DEsIGA) cAoss SECTronN BAsED A
ANACY SIS 1t STEPS | 70 7.

LPESucTs FrRowt STEPS , o 3 AS [Folldwns

'DBS’,: -DSB
AAsH 78 Me 70D Py /2.5 1
ODo7 merrron 2%, /3.0~

USE (A8 GEST CAoSS-SECTronN DEiCELAt NED FrZoiA
} AASHTo AND QDIT paETHEP S

DESI/IEN CosS-SECTroN P, /12 1~
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STEP M conTD: DETELMNE Frud ¢ DESIGN CRISS- SECTION

SELecTion OF GEOTEXTICE SEPARATIR

For (tonwsg 7®em PERFPIRMANCE AnD CONSTRUCTIIN (0ADS
USE GEITEXTILE WiTH A 11164 76 VERY H/IGH DEGREE
OF FABRIC SuruvivABILI1Y. SEE TAGLE 1 For

GETEXIILE FrgPERT/IES.

o TEe/gN CROSS - SECTION spevin |N FIEURE IS,
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DerermeTiiN of Dgs o RD

Low-Volume Road Design 11-75
‘ (NorzMAL OTPERATING PEwr {ao_)
Allowable 18-kip Equivalent
Single Axle Load Applications, w,e (thousands)
l L1 llulll Lo lual 157996
Modulus of Aggregate Layer, Egg (psi)
30,000
L 11 Lalalel Exomple :
- » w » O O (v} : B inches
° 2 °© o o989 8s
g 3 3 8% 8 RD = 2.5 inches
o 6 8§ o oo
Mg = 4,900 psi
Egs = 30,000 psi
Solution : w"nu‘r= 29,000
(18-kip ESAL)
=
silient Modulus of Roadbed
aterial, Mo (psi)
=
=
o o B o &
[TTTTT J | ! |
Thickness of Aggregate Bose Layer Considered
Das = 1w, for Rutting Criterio, Dgg (inches)
Figure 4.3. Design Chart for Aggregate-Surfaced Roads Considering Allowable Rutting
APSHTY, 1773
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DETELMNATIN oF . /37
7 0f Dgs Fmt) KD AP 20050

( SPRING-THA W SPEAATING
PCRICD

' Low-Volume Road Design 1-75

Allowable 18-kip Equivalent
Single Axle Load Applications, W (thousands)

63,999 M7
l L 1o b g st '
Modulus of Aggregate /Base Layer, Egg (psi)
el Example :
l [ Ll etelal =kamp'e
s S « » 3 33 Dpe = 8 inches
s 2 S 5 o928 Bs
g g § S g §§ RD = 2.5 inches
.° Mp = 4,900 psi
Egs = 30,000 psi
Solution : w,,w‘; 29,000
(18- kip ESAL)
=t
Modulus of Roadbed
ial, Mg (psi)
@ .
3
o
=t N
- [ o
(2] (o] o (=)
L UL BRI AL S
Allowable Rut Depth, RD~T{inches)
o ~ o o s

Dgs = 121w Thickness of Aggregate Bose Layer Considered
for Rutting Criteria, Dgg (inches)

Figure 4.3. Design Chart for Aggregate-Surfaced Roads Considering Allowable Rutting

AASHTO, 1773
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Low-Volume Road Design ’ -7 1-79

K
o :
@ g / 4
7
i F
- G 4
o _ > /
: ST 7 v
3 o <) ’
o &
y §° ¢ 7 ATV 18
: ?‘. // Z] lféP P E
- ' .~
> A pd / 23 g
B 2 4 A >
“ » ™m
4 ]
.0’, - pd 1/ é
g mmo o g
gzn :-:. 3 [ ]
o - fgsac
ecrease in Base Thickness, o -8 5 5 ‘
.
5
~
S u x. ——————
& »
Required Subbase Thickness, Dgp {inches)
g

Figure 4.5. Chart to Convert a Portion of the ‘Aggregate Base Layer Thickness To an
Equivalent Thickness of Subbase :

PHsHTO, 1773
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FLEXIBLE PAVEMENT DESIGN
CHART SEGMENT 1

’

701-12 =

REFERENCE SECTION|

FLEXIBLE PAVEMENT DESIGN
EXAMPLE - STEHP 1

Y S

¥ oy -3

Match Line (See 701-13)

o o ®) 7,0 o o) o~ O © o o
o o @© ~ - Vel <5 %.4 ~N -
L | 1 1 H L 1 | Bt | 1 | 1 —
g8 8 8 8 g
o Qa e\ < <
Qo o o wn -—
T i(\l -
sty WALl 1 sy00
Effective/Roadbed Soil ‘
Resilient Modulus, Mg (psi)
Example:
R=85% (Figure T70I-il)
$0=0.49 (Figure T701-11)
W;g=9,300,000
Mg =T200psi
T, T,
Estipated Total 18-kip Equivalent
Single AxYe Load Applications, We (mj
rrrrrr T OTNEd
Q o
a =
T, T,
a
g & 8 l8 a
J

DAANIEC PASS FErRACO

OSOF G&F3%00 1% FECC 76

] ! |
Reliability, R(Z)

70
000203 OPo7, 177
Freuree 1/

2)22/5¢
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FLEXIBLE PAVEMENT DESIGN| 701-13
CHART SEGMENT 2 REFERENCE SECTION
' Design Serviceability Loss, APSI
100
90
80 ///
8 -, P
L 70 <
2 7
g 60 //%
m } 4
2 5o // %/
£
-(CJ 40 - l/ /////;///
k= %
= 10 {/ //7///
0.
NEAWY/
7 7
A
o L2.0¥A o Y |
IR [
987 6 5 4 3000 24 2
Design Structure Number, SN
Example:APSI= 2.0
Solution: SN= 4.65
QDo7, 7992
000<20% ~
Fr6ulE 12
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Permanent Road Design - Customary Units

Table-4. Minimum' geotextile properties required for survivability
[FHWA, 1985]

Required Degree Grab Strength Trap?

of Fabric (minimum values) Puncture Strength? Burst Strength3 Tear
Survivability (1bs.) (1bs) (psi) (1bs)
Very High 270 110 430 75
High 180 75 290 50
Moderate 130 40 210 40
Low 90 30 145 30

TA11 values represent minimum average roll values (i.e., any roll in a
lot should meet or exceed the minimum value in this table). Note:
these values are normally 20% lower than manufacturer's reported
typical values.

ZASTM D-751-68, Tension Testing Machine with ring clamp, steel ball
replaced with a 5/16-inch diameter solid steel cylinder with flap tip
centered within the ring ctlamp.

3 ASTM D-751-68, Diaphragm Test Method.

4ASTM D-1117, either principal direction.
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LEACHATE TRANSMISSION SYSTEM ACCESS CORRIDOR

EXECUTIVE SUMMARY

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. ‘

Design Method:

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

Conclusions:

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

Base: 6 in. of ODOT spec. #304 Base Aggregate;
Subbase: 6 in. of ODOT spec. #310 Subbase Aggregate;

Geotextile separator; and
Prepared subgrade..

Rehabilitation:
e 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.

Subgrade:

¢ Compacted brown till to 100% of Standard Proctor.
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Introduction:

An aggregate surfaced road will be used to service the OSDF manholes during
the assumed 10-year active life and 30-year post closure maintenance of the facility.
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 D;
2) Subbase modules, E,; and

3) Base modulus, Eg,.
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Collection and Verification of Engineering Data:

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

Site location, Fernald Ohio

US Climatic Region = Il
2) Traffic level, based on expected traffic ad the following classification (AASHTO,

1993).
Traffic Level Number of 18-kip ESAL Applications
High 60,000 to 100,000
Medium 30,000 to 60,000
Low 10,000 to 30,000

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

e 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 8.345lb/gal x 1kip/1000Ib + 8kip
=41.4 kip

e Passenger Vehicle:

‘ -Pickup truck

A
A AR
‘ Almin\
File: LTSCDR.DOC 000215
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-2 passages/day
-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).

of
CBR tests conducted by Corps of Engineers, 1952, measured CBR values fef 8 for brown till
samples compacted to 100 percent Proctor (fair to good classification).

Conservatively assume the relative quality of roadbed soil as poor.
‘ 4) Modulus for Base and Subbase:
As recommended in ODOT, 1992.

Aggregate base, ODOT Spec. #304, E,, = 30,000 psi
Subbase, ODOT Spec. #310, E,, = 15,000 psi
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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
Relative . s .
Quality of Traffic U.S. Climatic Region
Roadbed Soil Level I I 111 v \% V1
Very good High 8* 10 15 7 9 15
© Medium 6 8 11 5 7 11
Low 4 4 6 4 4 6
Good High 11 12 17 10 11 17
Medium 8 9 12 7 9 12
Low 4 5 7 4 S 7
Fair High 13 14 17 12 13 17
Medium 11 11 12 10 10 12
Low 6 6 7 5 5 7
Poor ngh * % * 3k * % &R EL ] X
Medium hid __*_*__l__ Lid 15 15 )
Low 9 10 9 8 8 9
Very or Hl h * % * % | *x *x% xx *k
po Megdlum X x% * % x¥ *x L]
Low 11 11 10 8 8 9
*Thickness of aggregate base required (in inches).
**Higher type pavement design recommended.
AASATO, 1753
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11-70 Design of Pavement Structures

CHARACTERISTICS

P}
m
G
O
2

wet, no freeze

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

Ory, freeze—thaw cycling
Ory, hord freeze, spring thaw

HHHEHR"

Figure 4.1. The Six Climatic Regions in the United States (12)
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. ow-Volume Road Design 11-79
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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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15. BORROW AREA

15.1
15.2
15.3
15.4
15.5

Borrow Area Required Volume
Borrow Area Capacity Verification
Borrow Area Water Demand
Stormwater Runoff Routing
Borrow Area Sediment Basin
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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 FEMP On-Site Disposal Facility (OSDF) East Field Borrow Area (Borrow 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 cap,; (iii) vegetative soil layer; and (iv)
compacted fill. On-site borrow material will be obtained from the brown till soils within the OSDF foot-

. print excavation and the Borrow 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 bank/unbulked net volume of borrow material available from the OSDF
foot-print.

Step 3: Calculate the bank/unbulked volume of material required for the selected earthwork
components of the OSDF and the minimum contingency volume.

Step 4: Calculate the bank/unbulked volume of borrow material required from the Borrow Area.

. The volume of borrow material required from the Borrow Area is then compared with the actual

volume of the Borrow Area to evaluate whether a minimum $6%-contingency volume is proy'd/ed. The
- . \1.5% Ad ,DEP 7AP0i1LT6 @
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contingency volume Ais provided for the following reasons: (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 volufnes of suitable impacted material are available to complete the

construction of a component of the liner or cover system.

CONCLUSIO

The shrinkage/bulk factor for the brown till is calculated to be 0.955 (i.e., 0.955 ft> of in situ _
brown till material is required to construct 1.000 f* 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.

The required bank/unbulked 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 H%%. /

17.5% AD,De?
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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
bank/unbulked volume of borrow material required from the FEMP On-Site Disposal Facility (OSDF)
Borrow 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 cap; (iil) vegetative
soil layer; and (iv) compacted fill. Borrow material will be obtained from the brown till soils within the

OSDF foot-print excavation and the Borrow Area.

METHODS OF ANALYSIS

/

REQUIRED BORROW AREA VOLUME ;

N,

A four-step procedure is used to calculate the required bank/unbulked volume of the Borrow
Area. Herein, bank/unbulked 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 shrinkage/bulking 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:

000<<9 iy
—— N
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Vbank / unbulked 1+ €bank / unbulked

- SBF = ¢))

compacted 1 + €compacted

where Vpambukes = total volume of bank/unbulked borrow material;
Veompacteda = total volume of compacted borrow material,
Chankimbulked = VOId ratio of bank/unbulked borrow material; and

€compacted = 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, 1981]:
ps=ps/ (1 +¢€) | @)

where ps = dry density;
ps = density of solids; and

= 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 from the OSDF foot-print

excavation.

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

000<30 y——N
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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:
VnaF? = ngsr-'P - Vimpacted (5)

where Vaurp = net bank/unbulked volume of borrow material from the
OSDF foot-print excavation;

Veossrp = gross bank/unbulked volume of borrow material from
the OSDF foot-print excavation (including impacted
material); and

Vimpactea = bank/unbulked volume of impacted material not

suitable for use as borrow material.

The value for Vo e is reported in the Data Verification package.

Step 3: Calculate the bank/unbulked volume of material required for the selected earthwork components

. T«’Eaa-lze'b e 7
of the OSDF and the minimum contingency volume. A>, P jg)_z ape
%)

The SBF is used to calculate the total bank/unbulked volume of borrow material required to
construct the OSDF. In addition to this volume, a minimum contingency volume-equeal-te~10-pereent-of

oD, D> Z2APLLIG
me-must be provided. This contingency borrow volume is
PIs 304
provided for the following reasons: (i) construction of an 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

000231 =
y——N
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system. The total bank/unbulked volume of borrow material required to construct the selected earthwork

components is given by the following equation:

V: quired bank / unbulked = Vs qui ‘compacted(SBF) ) (6)

where  Viequired bankiunbutked = total volume of bank/unbulked borrow material
required for the 8 cell OSDF; and
Vrequired compacted = total volume of compacted borrow material required for

the 8 cell OSDF.

—Nomtingerey—=—Mreqmiret-tramcrmtie) -0 b
SEE PAGE Ha, @ AD, D6 2 ArLiL 50

Step 4. Calculate the bank/unbulked volume of borrow material required from the Borrow Area.

The bank/unbulked volume of borrow material required from the Borrow Area is the difference
between the required total bank/unbulked volume of borrow material (Step 3) and the bank/unbulked
volume of borrow material available from the OSDF foot-print excavation (Step 2). This calculation is

given by the following equation:

- 'VBA = Virequired bank / unbulked - Vet FP : (8)

where Vs = required bank/unbulked volume of Borrow Area material.
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The minimum bank/unbulked contingency volume, V yingency> T€quired for a nine cell OSDF is

given by the following calculation:

- 25% |
Vcontingency - (V9cell + W (Vcontour compacted + VIMprotective compacted + Vseasonal compacted ))(SBF) (7)

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

above that required for construction of an 8 cell OSDF;

V contour compacted = Compécted volume of the contouring layer for a 9 cell OSDF;

| ViMprotective comp;cted = Compacted volume of the impacted material component of the protective
layer;

V easonal 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 with borrow in the event that there is an insufficient

amount of impacted material available.

The minimum required bank/unbulked contingency volume (V oningency) @S @ percentage of the
total volume of bank/unbulked borrow material required for the 8 cell OSDF (Vquired bank/unbulked) 1S

calculated as follows:

V. .
V%comingency = 100%[ ey ] / (73)
requiredbank | unbulked
000233  smmm
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BORROW AREA VOLUME COMPARISON

The available bank/unbulked Borrow Area volume is calculated by taking the Borrow Area
volume from the “Borrow Area Capacity Verification” Calculation Package and subtracting the volume
of top soil from the Borrow Area foot print which will be stripped and stockpiled. This can be written as:

VBA available = VBA capacity ~ Vtop soil : (9)

where Vpa availabic = available bank/unbulked Borrow Area volume;
VBA capacity = Borrow Area volume from the “Borrow Area
Capacity Verification” Calculation Package; and
Viopsoil = volume of top soil in the Borrow Area foot print.

The volume of top soil from the Borrow Area foot print is given by:
Viop soit = (area of Borrow Area foot print) x (top soil depth) (10)
The bank/unbulked volume of borrow material required from the Borrow Area is compared with

the available bank/unbulked Borrow Area volume to evaluate whether the minimum -}0—percent

contingency volume is provided. AD  DoP RAPLILT
1
7 i

REFERENCES

Holtz, R.D. and Kovacs, W.D. (1981). An Introduction to Geotechnical Engineering. Prentice Hall,
Englewood Cliffs, 733 p.
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BORROW AREA REQUIRED VOLUME

DATA VERIFICATION

INTRODUCTION

The purpose of this package is to present the data necessary to evaluate the bank/unbulked
volume of borrow material required from the FEMP On-Site Disposal Facility (OSDF) Borrow 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 from the brown till soils within the OSDF foot-

print excavation and the Borrow Area.

REQUIRED 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 shrinkage/bulking 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 1996] for samples retrieved from O 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. -

000<33 ——N
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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 reasonable to assume that the borrow material from the OSDF foot-
print excavation will come primarily from depths ranging from 1 to 10 feet below the ground surface.
Based on the Intermediate Design Drawings Borrow Area excavation boundaries and excavation
elevations, it is anticipated that approximately 80% of the borrow material from the Borrow Area will
come from depths ranging from 0.5 to 10 feet below ground surface (the remaining 20% of the borrow
material from the Borrow 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 Borfow Area from 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 bank/unbulked and maximum standard Proctor compacted

dry density (Pa pank/nbulked) aNd Py (maximum), TESPECtively):

*  Pd (ank/unbulked) = 113.5 pCf

*  Pd(maximum) = 114.5 pCf
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 P4 (maximum) Standard Proctor based on the data reported in Parsons [1995 and
preliminary data 1996].

(2) The compacted dry density for the vegetative cover and compacted fill are 90% and
95%, respectively, of P maximem) 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 = 297,231 yd®

-»
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» compacted clay cap = 194,582 yd®
. vegetative soil = 232,166 yd®
« compacted fill = 124,437 yd®

Based on this information, the weighted average compacted dry density is 94.8% of pagmaximem). Thus, the

borrow material average compacted dry density is:
Pd compactedy = (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 yd® will be excavated from the OSDF foot-print area (obtained from
the “Earthwork Required Volume” Calculation Package). This volume is decreased to account for the
impacted material that will be stripped from 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-1, “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.

000<39
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Step 3: Data to calculate the bank/unbulked 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:

Vrequired compacted = (297,231 + 194,582 + 232,166 + 124,437) = 848,416 yd®

SEE PAGE  Ga. /@ A, 0GP 2 AlRLIG

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

No additional data is required for this calculation.

BORROW AREA VOLUME COMPARISON

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

Vea capacity 630,199 yd3

-8
on % 2°2
The foot-print area of the Borrow Area is estimated with a planimeter to be 48.8 acres based .off

the Intermediate Design Drawings. The assumed top soil depth in the Borrow Area is 0.5 ft.

000240 A
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The quantities of compacted material used in the calculation of the minimum required
bank/unbulked contingency volume (V oningency) are obtained from the “Earthwork Required Volume™

calculation package are listed below:

e Additional volume for a 9™ cell = 99,779 yd3
e Contouring layer for 9 cells = 98,532 yd3
e Impacted material component of the protective layer for 9 cells = 63,374 yd3

e Seasonal cover for 9 cells = 28,744 yd3

000<41 .
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_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
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BoRrRow AREA REQUIRED VOLUME

CALCULATION RESULTS

Required Borrow Area Volume. “ -

Step K Est'mate SEF

. SBF: [ € park/anbalbed

/ + & Camp.cfck

Caleulate (
£s

fa°T7e
p(ire) = ps
‘ e = _J;:_ _
jps"b‘k/anb.‘lk,& - ]Dsampma = /68.5 pef |
Pronin = 1135 e
© Need 4o calculate the weighted avaaje ﬁwwad_&l
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Weighted Average P
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W‘l\gkh\ry Factor
Req'd Compacted Vol, J/
Clay Liner . 29%,23/yd" =« 177 Ny = @738, 3/4/,J§ T
- ” 7
- Clay Cap 4sea < 9k Y= (188,745 )0
— Uegﬁ‘(’\‘\/i Sorl r 232, (65 ' X ?di—)'l”‘ = &08,/947> ),;w
_ Conpucted Il (24,437 % 9%y = (l1g as) ¥
BH8, 46 yd° (804 223,4)1,
_ (Bod,2a3 40y 7/
ﬁ‘“’"‘f’“’““ B48,416 41’ = 94.8% &,
= (0,748)( /4,5 pet)
ﬁalnpnq‘gl / fC

s Substitute and Solye for €

e - /68.5,0&1 } Je
anr unbuét& - —_—
bank[ { l/3,5,ocﬁ 0.
€compactek = 122 | - 0,55~
/108.5

« Substitute and sSolve for SBF

{ + 0.48
| +0,SS

SBFE =

! .
SBF= 0,955 -~ oréﬁq-s'- - I)((m%: 43% bulking of ka/
unbulked material when
Compacted

* 0,355 #3 o bank/urbulked pormw is required 4o
construct |3 compaa‘e.c\ borrow
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54—:,2 ' Caleulate Vhe'f- £p

* ‘V"MpacﬁA- = (A‘Peq of OSDF'; ﬁoa+—,om‘/\+> (/ -r’—'é)

0/‘/.‘/ acres * qg/gi:fa) /@/,%>

— Vimpacked = /84,565 yd* _

! Vnc-l- FP - anssFP - Vl‘Mpo.c"d

= 557/39534?’ /64,56?343 -

Vierrr® 3%, #604d” <

S*Fe,fa 3: Coleulate \/qu\m; bank{unbul ke d and . punimum  V

Coan_?a'CJ
Vﬂ?q:«f.—d bank/unlulkc& = \/f“qkl."d 0»\P4¢+£A‘ (SBF)

= (8‘{4, H/6 ya’)(o.?ss)

= R 3
Vreqw‘rz.a bank/uﬁfulkc& 808} 3 ? yd -
W) = / = 3\/A |
VC,onh‘ngacj @O&' =+ yai /( “ ')

3 AD, Dcp 2 vt ¢
85838

/

\/,,,‘T,,,m,cy =0.955 (99,779 yi* + 0.25(98,532yd 3+ €3,374 yd 2879y yd’))= 140,807 yJ*

Vohewtingeney = 19087 4d” o = 17.4% % 17:5% /:

808,32t 7yd 3 :
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Step 4: Calculate I/B,q
l/Bn = Vl‘cqu:'fea baﬂk/«nlaq/kg& - Vnc”' FP

= 808,327 -— 374, %0

Vip = 433,567 yd>. v

Borrow HArea Vo lume Compam'son

Vs = (48,8 wcns ) “”ii‘if“‘)(o 5 ) (L)
\/ﬁ = 39, 345 ycl v

F Sol‘/

L - _ 3
Vehamnate - 6301 (77 4d? - 39,3654

- 3
\/BR' avoslable ~ > 70' 634 ya d

n

- addtona! avarlable volume \/gn.m‘huc‘ Vu

570,834 yd*~ 433,567 yd*

= lS%,;Zé? yc\s - AD , D6P 12K 76

s% /]
5H36T oot = 9.5 % contingency > % i ”‘(9@ ™
808,327 — Ccr\'hrywcl
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COLLECTION AND VERIFICATION OF DATA
APPENDIX A

COMPUTER SOFTWARE USED TO PREPARE CADD VOLUME ESTIMATE

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

REFERENCES

‘ Autodesk, Inc;, “dutocad® 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.
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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,
1996). 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):

e compacted clay liner;
e compacted clay cap;
e vegetative soil layer; and

e compacted fill.

REFERENCES

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

GE3900-08.11 / 0811SUM.DOC

000250



740

GEOSYNTEC CONSULTANTS PAGE ___OF
Weritten by: Date: __Reviewed by: Date:
' Client: FERMCO Project: OSDF Project/Proposal No.: GE3900 Task No.: 8.11

BORROW AREA CAPACITY VERIFICATION

TABLE OF CONTENTS

Pag. e
1. Calculation Procedure 1/4
2. Verification , 12

3. Calculations 1/7

CALCUL.TOC ) 000451



740 wiewae

GEOSYNTEC CONSULTANTS Page | of Y
Written by: DAVE WARREN Date: 21-Feb-96 Reviewed by: AR Date: qé 2-22
Client: FERMCO Project: ON-SITE DISPOSAL FACILITY Project/Proposal No.: GE3900 Task No.: 08.11

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:

For volume of material in a “slice” whose bottom is the plane bounded by the uppermost contour in a
section:

V, = % A Az (i.e., volume of a pyramid)

where: 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)

. 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, = % Az (i.e., “average-end-area” volume)

Where: A,.a, = plane area of material removed at €levation ‘z+Az’

Note that the average-end-area volume is not 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, 1989].

GE3900-08.11 / 0811SUM.DOC ’ 0002 52 Alanih.
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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
coincide 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.

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.

GE3900-08.11 / 0811SUM.DOC

" 000254



0 25 Velo
va0 U

GEOSYNTEC CONSULTANTS Page = of
Written by: 2w W Date: 1€/ 62 1 2! Reviewed by: PJIs Date:96 _/ 2 122
¥¥ MM DD YY MM DD
. Client:__feFtace Project: v Project/Proposal No.;_ (=€ %% o¢ Task No.._* <. ¢

Assumep
COnMTOU €

KNoLLu

y Py
.‘-~‘ ‘ * '.. S LA b 4 “n.'
1
A/ %
2-Az NS,
- .
\‘%o

|

W | TR Proroser GRoUND R AR Y
f

o \

|4—— LocATion OF ASSUMED ConToiR

l

Figure 2 - Procedure for Calculating Volumes Directly Above and Below Knolls

000235



‘40 Yo 25 tens

GEOSYNTEC CONSULTANTS Page | of =
Written by: DAVE WARREN Date: 21-Feb-96 Reviewed by: P3s Date: 36 -2-22
Client: FERMCO Project: ON-SITE DISPOSAL FACILITY Project/Proposal No.: GE3900 Task No.: 08.11

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, 1996]. 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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CALCULATION OF BORROW AREA VOLUME

Elevation| Area |AElev.] Volume
@MSL)| &) | d) | @)
-|{Upper Section 1 - South End

606 6,800 1 2,267
605 16,800 1 11,800
604 27,000 1 21,900
603 40,700/ 1 33,850
602 56,9001 1 48,800
601 80,300 1 68,600
600* 107,600f 1 93,950
600 144,800 O 0
599 180,800 1 162,800
598 208,400 1 194,600
597+ 242,900 1 225,650
597 259,100 O 0
596 341,2001 1 300,150
595 404,900 1 373,050

Upper Section 2 - North End
603 3,320 1 1,107
602 7,600f 1 5,460
601 11,3501 1 9,475
600 16,800 1 14,075
599 23,500 1 20,150
598 36,9001 1 30,200
597 55,000 1 45,950
596 83,600 1 69,300
595 121,200f 1 102,400

L/

*Does not include kholl AorB

*Does not include knoll C

Continued on Next Page
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CALCULATION OF BORROW AREA VOLUME

Elevation| Area |AElev.| Volume

@MSL)| &) | ) | @)

Lower Section
595 526,100
594* 628,100 1 577,100
594 649,300 O 0
593 754,600] 1 701,950
592 851,400] 1 803,000
591* 943,900] 1 897,650
591 976,100 0 0
590 1,048,600 1 1,012,350
589 1,085,300 1 1,066,950
588* 1,101,100 1 1,093,200
588 1,135,800 O 0
587 1,148,500 1 1,142,150
586 1,064,100 1 1,106,300
585 940,600 1 1,002,350
584 839,750 1 890,175
583 756,800( 1 798,275
582 683,400 1 720,100
581 625,200 1 654,300
580 543,050 1 584,125
579 490,400 1 516,725
578 396,500 1 443,450
577 300,000 1 348,250
576 214,300f 1 257,150
575 142,000 1 178,150
574 83,0001 1 112,500
573 35,800 1 59,400
572 8,350 1 22,075
567 3,500 5 29,625

Continued on Next Page

GE3900-08.11/BORVOL.XLS(Sheetl)

*Does not include knoll D

*Does not include knoll E

*Does not include knoll F

Page 2 of 3
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CALCULATION OF BORROW AREA VOLUME

Elevation Area A Elev.{ Volume
(fMSL)| () | () (f)
Knoll A
603 1,400 1 467
602 7,400 1 4,400
601 13,150| 1 10,275
600 20,900 1 17,025
Knoll B
601 2,250] 1 750
600 16,300 1 9,275
Knoll C
598 2,800 1 933
597 16,200 1 9,500
Knoll D
596 1,850] 1 617
595 10,800| 1 6,325
594 21,200 1 16,000
KnollE
593 3,600 1 1,200
592 15,700 1 9,650
591 32,200f 1 23,950
Knoll F
589 1,900 1 633
588 34,700 1 18,300
Total (ft): 16,982,133
Total (yd)): 628,968 ~
Total From CADD (yd’): 630,199 <~
Difference Between
Manual and CADD Volumes: 0.20% v~

GE3900-08.11/BORVOL.XLS(Sheet1)

Page 3 of 3

O, wAlleend ’LiF%;-:z"«ﬁu? 4 0 7/'77.
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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 conditioning is calculated for the compacted clay liner and cap by:

1) calculating the average mass of water per cubic foot of in situ soil;
2) calculating the average mass.of water pér cubic foot of compacted soil for various established
| moisture-density relationships ;
3) comparing the mass of water of the in situ soil with the mass of water calculated for the
established moisture-density relationships for compacted soil; and
4) calculating the water demand for moisture conditioning.

— 267
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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.
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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, (1)
and '
M;=ps V1 Q)

where w = soil moisture content;

M,, = mass of water in the soil;

M, = mass of solids in the soil; 2 »
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pq = dry density of the soil; and

V1 = total volume of soil.

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

MW =W pd VT (3)
or '
M,=wpy for Vo=1£ @)

2) Using Equation (4), .calculate My, in sie and Mw compacted fOT V=1 f.
My, insiw 1S calculated as:
Mw insitu — Win situ Pd in situ
where M,, ;, i = mass of water in the in situ soil;
Wip sire = 111 Situ soil moisture content; and

P4 insim = dry density of the in situ soil.

My, compacted 18 calculated for the two compacted moisture-density conditions described in

the Data Verification portion of this calculation package as:

Mw compacted = Weompacted P4 compacted

where My, compacted = mass of water in the compacted soil;
Weompacted = cOmpacted soil moisture content; and

Pd compacted = dry density of the compacted soil.
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3) Compare the value of M, i, 5o, With that of My, compacted for the two additional moisture-density

conditions.

If My, in sits 2 My compacteds RO additional water is required.

If My, in sits < My compacteds additional water is required.
If additional water is required, it is calculated as:

Mw additional — (Volume of compaCth CIay liner and cap) (Mw compacted ~ Mw in situ) (5 )

where M, qditional = the total mass of water that must be added to the compacted clay

liner and cap.

REFERENCES

Holtz, R.D. and Kovacs, W.D. (1981). 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 from the brown till soils within the OSDF foot-print

excavation and the Borrow Area.

A ‘ CRITICAL EARTHWORK COMPONENT

The CQA Plan was reviewed to obtain required moisture contents for the various earthwork
components to be constructed from 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 from 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

== 4)3
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rather than wetted to achieve these conditions. Therefore, the water demand for these components is not

considered herein.

REQUIRED DATA

The data required to estimate the water demand for moisture conditioning is described in this
section. These data include:

+ in situ moisture content (W ;; ) and in situ dry density (Pgiq sinn);

+ compacted moisture content (W ;ompscied) and compacted dry density (Pg compacted)s

+ 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.
o Winsins a0d Py ip ity

In situ moisture contents and dry densities of the on-site brown till material were obtained
from soil sample laboratory test results from Appendix G of Parsons [1995] and
preliminary data tables [Parsons, preliminary data 1996]. Figures 1 and 2 present the
brown till in situ moisture content and dry density data.

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 Intermédiate Design Drawings),
it is reasonable to assume that the borrow material from the OSDF foot-print excavation
will come primarily from depths ranging from 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

Y pum— E= 204
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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 Borrow Area from depths
ranging from 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:

Win situ =18.5 %

Pdinsim = 113.5 pef

*  Weompacted and pcompacted

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 107 cm/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:

"o 95%0of . at +4% of optimum moisture content; and
Pd maximum P

o 98% of Py maximum at +2% of optimum moisture content.

Compacted maximum dry densities of the on-site brown till material were obtained from
soil sample laboratory test results from Appendix G of Parsons [1995] and preliminary
data tables [Parsons, preliminary data 1996] Figures 3 presents the brown till maximum
dry density data.

ﬁ

a2



4.
wm..,.

N
36 %
Io »
vwnm
o
<
Do
W
(S
R
X a
§ 2@
1
ATy

S
a &
A

GE3%00 - 8.4

{9661 puB G661 ‘suosied

juud 100} 4SO @
ealy moliog a

wou peuelqo ejep]

ejeq Aiisuag Aig wnwixep |11 umolg ‘g ainbig

(199)) HLdaa

viva Tlos T1il NModd

sjuejinsuos. "~ 3uAgoan)

six-oabuuepsswiwoidy:(

(;od) ALISNIQ AHG WNWIXVI

&

“18YQ

3

-

X



740 o vt e w

GEOSYNTEC CONSULTANTS Page 7 _of IO
Written By : PJP Date: 22 Feb 1996 Reviewedby: P35 Date: 36 - 2-24
. Client: FERMCO Project: FERNALD OSDF Project/Proposal No.:_GE3900 Task No.: 8.11

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 between the 1- to 10-
foot depth) value gives the following estimate for the brown till maximum dry density:

Pd maximum = 114.5 Pc'f

For the 95% of Py maximum at 4% of optimum moisture content:
Pd compacted (0.95) (114.5) = 108.8 pcf

For the 98% of Py maximum at 2% of optimum moisture content:

‘ P4 compacted = (0.98) (114.5) = 112.2 pcf
e optimum moisture content

The optimum moisture content used for the calculations performed herein was obtained
from laboratory test results on the brown till soil [Appendix G of Parsons, 1995] and
preliminary data tables [Parsons, preliminary data 1996]. 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

- &= 9
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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 P4 maximum at 14% of optimum moisture content:
Weompacted = Optimum moisture content + 4% = 15.5 +4=19.5%
compacted P
For the 98% of Py maximum at +2% of optimum moisture content:

Weompacted = OPtimum moisture content +2% = 15.5 +2=17.5%

e Volumes of the compacted clay liner and compacted clay cap

o compacted clay liner = 297,231 yd’
. compacted clay cap = 194,582 yd’
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BORROW AREA STORMWATER RUNOFF ROUTING

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.

Design 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 deS|gn storm
used for anaIyS|s and design is the 25-year 24-hour storm event.

Findings:

The peak flow rate calculated for post-development conditions (96 cfs) does not exceed that for pre-
development conditions (106 cfs).

Design for permanent stormwater structures:

CMP Culvert and riprap apron:
Culvert size: 48 in

Outlet velocity: 7.6 ft/sec
Length of riprap apron: 20 ft
Riprap size: ODOT type D

Drainage Channels:

Cross-section shape: trapezoidal aup V-pircs
Side slopes: 3H:1V -
Maximum channel depth: +8-ft 2.2 ft
Maximum flow velocity: 47 ft/fsec 4.72ft/sec

. Q0ORS?
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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:

Borrow area for pre-development conditions. (See Figure 1)

Borrow area for post-development conditions. (See Figure 2)

Drainage area for the permanent culvert (Culvert 1). (See Figure 3)

Drainage area for the permanent drainage Channel 3 which is the same as for Culvert1
(See Figure 3)

¢ 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:

o 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.
e Delineate the drainage area.

o Divide the drainage area into subareas and measure the size of each subarea using a
planimeter.

000<859
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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:

o Select the Hydrologic Soil Group, HSG of expected surficial soils based on guidance in
USDA, 1986b, USDA, 1980 and USDA, 1992.
e 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:
e Assume a length of sheet flow up to 300 ft.
e Select a surface code (within the TR55 program) based on ground cover. The
surface code corresponds to Manning’s coefficient.
¢ Calculate the average slope for the flow path segment.

Shallow concentrated flow:

¢ Select a surface code (within the TR-55 program) which corresponds to a paved or
unpaved condition.
¢ Calculate an average slope for the flow path segment.

Open channel flow:

Assume a V-section for natural swales.

Select a Manning’s coefficient based on guidance in Chow (1959)

Calculate an average slope for the flow path segment.

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

(Zx ‘2"22)d2 [1]

a=

Where: _

z, = Side slope of one side of the swale (in./in.)

Z, = Side slope of one side of the swale (in./in.)

d = the depth of the swale (ft), as show in Figure 2.

000<50
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¢ Calculate the wetted perimeter, p,,. for the depth of flow using the following
equation:

po=(d’+ (z,d)z)% +{d*+ (zzd)z)% 2]

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;

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

e a channel (Channel 2) along the west perimeter of the borrow area.

e achannel (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 cuivert exceeds a permissible velocity (V, 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. 7w sS7eucruefL ARl YIS Fak cutveErT] wAS
PERFORMED AS FPART OF 74HF ‘BoRRew AREL SEDIMENT BASIN' CAIicul ATION., v

2.1.1 The required culvert diameter, D is sized using Figure 4 in the following iterative

procedure. Inlet control conditions are assumed. AD 26 mAc 76 DeP

1) Calculate an allowable headwater depth, HW,. 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/D, from the design chart shown in Figure 4 using the following input
parameters.

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

000R2y] Ji—
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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, Q;, for the culvert flowing full using Manning's equation as follows;

0, = 41456 g,

n
where:
A = the cross sectional area of flow (ftz);
R = the hydraulic radius (ft), which is equal to a/p,,;
S = the culvert slope (ft/ft);
n = the Manning’s coefficient for CMP (USDA-SCS, 1986), and

2) Calculate the ratio, Q/Qy.
3) Select the ratio, V/V; from the design chart shown in Figure § using the ratio Q/Q; .
4) Calculate V from the ratio V/V;.

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, ds,. ;

e Culvert diameter, D (in.)
e Discharge, Q (cfs)

000<9<
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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.

;
d
. i z
Wa
CHANNEL | AND 2 CHANMNEL 3
TYBICAL CROSS-STCTITN 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;

g =Al.486 R%S% [4]
h CHANMNELS | AdD 2
2
A=Md (5] A = (z *22><{
CHanNeL 3 2 2
2 2 yz 2 2\%
w, =W, +2(d* +(zd)’) [6] wp = (474 (2,4))%

(4% (2a))
Where: *

q = the peak flow rate (cfs);
A = the cross-sectional area for the channel (ftz),.
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, (ft/ft);
’ W; = the bottom width of the channel(ft); assumed
z = the side slope of the channel (in./in.); assumed

/000293
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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 channél 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, V, as defined in (GeoSyntec, 1996). Calculate the flow velocity, v,
at the peak flow rate, q, for each channel using the following equation;

v =—*%2 [7]

Where,
a, = the cross-sectional area of flow at the peak flow rate, ft*

If the value of V is less than V, then erosion of the channel bed is not anticipated, otherwise,
‘ revise the channel dimensions and recalculate V.

000294 y—<—N
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Figure 4-28 Inlet control nomograph for corrugated steel pipe culverts. The manu-
facturers recommended keeping HWID to a maximum of 1.5 and preferably to no

more than 1.0.
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Borrow Area Stormwater Runoff Routing

Data Verification

Step 1: The input parameters required by TR-55 are as follows;

1.1 Precipitation 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:

e 2yr.-24 hr. storm event = 2.55in.
o 25yr.-24 hr. storm event = 4.70 in.

b) SCS 24-hour Rainfall Distribution Type: 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.
e SCS 24-hour rainfall distribution is type Il
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.

Drainage Areas for pre-development conditions (Figure
1 of the Calculation Procedures).
Subarea Name Area (acres)
I 10.3
! 41.8
11 3.86
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Drainage Areas for post-development conditions and
for permanent drainage structures (Figure 2 of the
Calculation Procedures and Figures 2 through 4).

Area Name Area (acres)
1 72.0
Culvert 1, Channel 3 72.0
Channel 1 25.7
Channel 2 46.3

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

a) Hydrologic Soil Group: TR-55 requires the classification of the drainage area
surface soils according to Hydrologic Soil Group, HSG (i.e. . either A, B, C or D).
The HSG is used in determination of Runoff Curve Numbers.

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%.

HSG Classifications for Borrow area surficial soils.

Map Symbol Soil Name | Hydrologic Soil
Group
FeA, FdA Fincastle Silt Loam C
MoE2 Miamian-Hennepin C
' Silt Loams
RdA Raub Silt Loam C
XfA, XfB2 Xenia Silt Loam B

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.

000303 *
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e HSG Classifications for pre-development and post-development conditions:
Conservatively assume a HSG classification of C for pre-development and

post-development conditions.

b) Ground Cover Type and Hydrologic Condition: Descriptions of vegetal cover

within the borrow watershed area were obtained from aerial photographs of the

site.

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.

Post-development Conditions: - The borrow area will be re-seeded.

Hydrologic conditions are expected to be good.

mowing (i.e., for hay) will be permitted.

No grazing or

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):

Borrow area ground cover, type and hydrologic condition’

-Condition Ground Cover Type Hydrologic
Condition
Pre-development | Pasture, Grassland Good
or Range
Post-development | Pasture, Grassiand Good
or Range

'Obtained from USDA

(1986a5', See Table 3.
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1.4 Flow path parameters for each subarea:

Summary of flow path data and TR-55 calculated time of concentration.

Time of Concentration
Sheet Flow Shallow Conc. Open Channel Flow
Drainage area Flow
Length, ft| Slope |Length, ft| Slope | Length, ft| Slope |Area, ft*|WP, ft

Pre-development

subarea | 100 0.0125 330 |0.0242 125 0.014 24 40.1

185 |0.0108 125 0.014 | 67.5 90

subarea |l 100 0.01 320 0.0141 680 0.0265| 126 103

505 10.0119 340 0.0103 18 60

subarea Il 100 0.0357 320 0.025 450 0.0122] 52.3 | 55.1
Post-development] 100 0.01 310 0.058
(Whole drainage 1910' | 0.008

. area)
Culvert 1, 100 0.01 310 0.058
Channel 3

-1910' | 0.008
Channel 1 100 0.003 170 0.094
1450 | 0.011
Channel 2 100 0.01 310 0.058
1910' | 0.008

" 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 opén channel flow are
listed in the following tables.

TR-55 Surface Code

Condition Surface Manning'’s TR-55 Surface
description Coefficient’ Code®
Pre- Range (natural) 0.13 E
development
Post- Range (natural) 0.13 E
development :
'Obtained from USDA (1986a), See Table 4.
Obtained from USDA (1986b), TR-55 computer program
Manning'’s coefficients for open channel flow
Condition Channel type Channel Manning
Description Coefficient, n
. 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 0.033°
channels | and uniform’

"1See Table 5 (Chow, 1959); “See Table 6 (Chow, 1959)

]
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Step 2: Size permanent stormwater structures:

2.1 Input parameters for design of Culvert1 are as follows

Culvert type: Corrugated metal pipe;

Culvert Slope: S =0.8 %;

Culvert Manning's Coefficient: n = 0.023; (USDA, 1986)
End Type: headwall at inlet end; and

Permissible Velocity: V, = 5 ft/sec (GeoSyntec, 1996).

2.2 Input parameters for design of Channel1 and Channel2 are as follows;

Cross-sectional shape: Frapezeidal \/-DiTcH
Channel lining: Grass

Manning’'s Roughness Coefficient, n 0.033

Bottom width: Wy =3+ o ft

Slope of Channel bed: S=0.011.

Sideslope: .z = 3; slope = 3H:1V

Permissible Velocity: V, = 5 ft/sec (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: Wg =5 ft

~ Slope of Channel bed: S=0.005.

Sideslope: z = 3; slope = 3H:1V
Permissible Velocity: V, = 5 ft/sec (GeoSyntec, 1996)
Depth: 6 to 17 ft..
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wINOM 0 | woooBRIOGE C | wukokl 8 | YATAMONEY C | YOUNGSTON ]
vINONA o | voscosuRN € | wuxst a | YATAMONEY., STONY 0 | YOUNGSTON. wET <
wINOOSK1 8 | wooDSURY 0 | WWLFERT 0 | vares 0 | rOoumawe 8
vINOPEE 8 | wonocock B | wunJEY 8 | vauco € ([ vYourLKuE o
vINRIOGE -0 | woooroOROD 0 | wupATKI O | vAUMANNANM 8 | vyovimpa o
VINSMIP € | woOOGULCH A | wuRNO € | vauPOw o | vest [4
viNSPECT 8 | vOoOOMALL C | wursTEN 8 | vawoim 0O | vRioARREN o
wINSTON ® | vODOWURST ¢ | wuerseoRo C 1 vawwee o | vsioona <
wiNT 0 | wooDim € 1 wvaLuSING 0 1 vawxkgy 8 | vrueeloeE A
VINTERFIELD A/0| wOOOINGTON 8/0F wvanpoOTTE © | vaxow 8 | YTURRIA A
WINTERMAVEN 8 | sO0DINVILLE 0 | wvamr € | veageR s | vusa ]
VINTERIOGE 8 | wOODINVILLE. ¢ | wvaroD e | vramv ¢ | vuxo o
WINTERS C | DpRaingED | wvarwnO 8 | YEATES mOLLOV 8 | YURON o
WINTEASBURG € | woODLAWN 8 | wvary € | YEATES HMOLLOW. ¢ | vuLee -]
wINTERSEY C | voooLeaF c | wyCCLo C | LOAWY SUBSTRATUM, | Yunes o
WINTMRQP A | woaoLy 8 | wve ® | STONY 1 YUNOUE [4
CINTLEY 8 | wooOLYN 0 | wveast 0O | YEATES WOLLOW. c 1 Yuam o
wINTON € | wOOOmansie 8 ) wyYETH a ! LOAPY SUBSTRATUN { vyurave -]
WINTONER 8 | wooOMEQE e | wYEVILLE C | YEATES MOLLOW. ¢ | vuvas ]
viNy € | woODMONT ¢ | wviICK 0 | STONY 1 laam [-]
wing 0 | wOOoOPASS 8 | wykEmam L] | YEATES WOLLOW. C | Zaea [}
wi0Ta 8 | woQOROCK C 1 wyxCrFrF e | ~NONSTONY } 2aca [}
visoLe C | wOGOROW 8 | wyman & | YEATES MOLLOW, DRY C § ZACHARIAS 8
wiARt 8 | wOOOROW. C | wyMCRE © ! YEATES mOLLOW. C | IACwWARY <
w1SCOw O | SALINE-aLxalLl | wynOomeERE 8 | cossLy I 2ack o
wise ¢ | woopaow, € | wynn 8 | vearon C | Za006 /70
wiSEman A | occasianaLLy 1 wyNnvILLE € | vecmoss 4 | zapvaR o
wiSPLAT o | rioo00ED | wynona c I veotick 8 ) IaFRa ]

NOTES: Two HYORGLOGIC SOIL GROUPS SUCH AS B/C I[INDICATES THE ORAINED/UNORAINEC SITUATION.
MODIFIERS SHOWN,: £ .G.s» BEDROCK SUBSTRATUM, REFER TO A SPECIFIC SOIL SERIES PHASE FOUND IN SOIL MAP LEGEND.

USDA, 1586 b
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SwueFIc/ At Sois a0 THE DBorron AREA

. Ba -xeB2 MsC2 _
. - .\_/"\-—

LEGEND:

-~ PRIME AGRICUL TURAL

FEMP BOUNDARY

L AND

RBoreon ALEA

NOTE :
SOURCE: USDA 1980. 1982
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. 1378000 N < 1380000 . = 1382000 ° | “ddoo
c Y N /\ RN / . : N A
A \\ l ‘ - Lf
\\ I -;-r'(/ - )q\ o Y '{
g = hiN
g ’ W2 s ;‘:'\E
2 i PP; 5
1 G
: ¢ X
H) oy o ¥,
k e Wy A o
8 e 7 IEEE:: /
Sf-~ Y =X > -
L3 Z i g
d‘ - &
o ~
(=3 '
g il
- 4.,3\‘
—
Rorkow
—  AREA
8] .
e 1G ‘|‘I‘\' T+
%)
N \/‘ A
\‘ \‘ )
PN

LEGEND:

A2
///A

INTRODUCED GRASSLAND (IG)

PINE PLANTATION (PP)

RIPARLAN (R)
WOODL ANDS

EARLY SUCC

z 1)
MID-SUCCESS

SSION ¢
ION (W2

-~ =

NOTE

HABITAT BOUNDARIES ARE
APPROX IMATE.

Graunn (over For BoRrow AreA

INACTIVE FLYASH PILE (IFP)

FEMP BOUNDARY

Dog, 1975

[7G arE §
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Cover Type nnp [Mypeotocre Conprrron)

Runoff curve numbers for other agricultural lands®

Curve numbers for
Cover description hydrologic soil group—
Hydrologic
Cover type condition A B C D
L

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing.? Fair J‘ 49 69 79 84
T Good 39 61 74 80
Meadow—continuous grass, protected from - I 30 58 7 78

grazing and generally mowed for hay.
Brush—brush-weed-grass mixture with brush Poor 48 67 ™ 8
the major element.? Fair 35 56 70 77
Good 430 48 65 73
Woods—grass corﬁbination (orchard Poor 57 73 82 86
or tree farm).® Fair 43 66 76 82
Good 32 58 72 9
Woods.® Poor 45 66 7 83
Fair 36 60 73 ()
Good 430 55 70 i
Farmsteads—buildings, lanes, driveways, - 59 74 82 86

and surrounding lots.

'Average runoff condition, and I, = 0.2S.

2 PPour: < 50% ground cover or heavily grazed with no mulch.
Fair: 50 to 75% ground cover and not heavily grazed.
Guod:  >75% ground cover and lightly or only occasionally grazed.

3Pvor: < 50% ground cover.

Fair: 30 to 75% ground cover.
Good: > 75% ground cover.

‘Actual curve number is less than 30; use CN = 30 for runoff computations.

SCN's shuwn were cumputed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed
from the CN's for wouds and pasture.

éP’vor:  Forest litter, small trees, and brush are destroyed by heavy grazing or regulur burning.
Fuir:  Woods are grazed but not burned, and some forest litter covers the soil.
Guud: Woods are protected from grazing, and litter and brush adequately cover the soil.

USDA, 1986 &

00:03'19 THELE 3
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Wawvnivgs Costbiceanr forn Sweer Fcon

Surface description n!

Smooth surfaces (concrete, asphalt, gravel. or
bare soil) ... ..o 0.011

Fallow (noresidue) .. ...... .o 0.05

Cultivated soils:

Residue cover <20% .........ccciivininnnn 0.06

Residue cover >20% ...................... 0.17
Grass:

Short grass prairie ...... e 0.15

Dense grasses? .......... et 0.24

Bermudagrass...............ooiiiiiin 0.41
Range (natural) .............. .. ... 0.13
Woods:3

Light underbrush............... .. ... .. ... 0.40

Dense underbrush ......................... 0.80

'The n values are a cumposite of information compiled by Engman
(1986).

- 2[ncludes species such as weeping lovegrass. bluegrass. buffalo
grass, blue grama grass. and native grass mixtures.
3When selecting n. cunsider cover to a height of about 0.1 ft. This
is the only part of the plant cover that will obstruct sheet tlow.

(210-VI-TR-55. Second Ed.. June 1986)

U/sD4, 7986 4
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Manvinie's (ocffrcicnr Ffoe CHIVNEC [low
SIBLES

Exrspind DrA/N G E

VALUES oF THE RouceuNEsSS COEFFICIENT n (continued)

Type of channcl and description Minimum | Normal | Maximum
b. Mountain streams, no vegetation in
channel, banks usually steep, trees
and brush along banks submerged at
high stages .
1. Bottom: gravels, cobbles, and few 0.030 0.040 0.050
boulders
2. Bottom: cobbles with large boulders| 0.040 0.050 0.070
D-2. Flood plains :
a. Pasture, no brush
1. Short grass 0.025 |0.030 0.035
2. High grass 0.030 0.035 0.050
b. Cultivated areas
1. No crop 0.020 0.030 0.040
2. Mature row crops 0.025 0.035 0.045
3. Mature field crops 0.030 0.040 0.050
¢. Brush
1. Scattered brush, heavy weeds 0.035 0.050 0.070
2. Light brush and trees, in winter 0.035 0.050 0.060
3. Light brush and trees, in summer 0.040 0.060 0.080
4. Mecdium to dense brush, in winter 0.045 0.070 0.110
5. Medium to dense brush, in summer 0.070 0.100 0.160
d. Trecs
1. Dense willows, summer, straight 0.110 0.150 0.200
2. Cleared land with tree stumps, no 0.030 0.040 0.050
sprouts
3. Same as above, but with heavy 0.050 0.060 0.080
growth of sprouts
4. Heavy stand of timber, a few down 0.080 0.100 0.120
trees, little undergrowth, flood stage
below branches
5. Same as above, but with flood stage| 0.100 0.120 0.160
reaching branches '
D-3. Major streams (top width at flood stage
>100 ft). The n value is less than that
for minor streams of similar description,
because banks offer less effective resistance.
a. Regular scction with no boulders or| 0.025 | ..... 0.060
brush
b. Irregular and rough section 0.035 | ..... 0.100

000321
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Mawwing's Cocrrcient Fo Open Corammiec Feow
FOr TEArANET DASMAGE O+ 4 WNELS.

VaLues oF THE Roudaness COEFFICIENT n (continued)

Type of channel and description - Minimum { Normal | Maximum
C. ExcavaTED OR DREDGED
a. Earth, straight and uniform
1. Clean, recently completed 0.018 0.018 0.020
2. Clean, after weathering 0.018 0.022 0.025
3. Gravel, uniform section, clean 0.022 0.025 0.030. L
4. With short grass, few weeds 0.022 0.027 |._0.033
b. Earth, winding and sluggish e T |‘
1. No vegetation 0.023 0.025 0.030
2. Grass, some weeds 0.025 0.030°| 0.033
3. Dense weeds or aquatic plants in| 0.030 0.035 0.040
deep channels
4. Earth bottom and rubble sides 0.028 0.030 0.035
5. Stony bottom and weedy banks 0.025 0.035 0.040
6. Cobble bottom and clean sides 0.030 0.040 0.050
¢. Dragline-excavated or dredged
1. No vegetation 0.025 0.028 0.033
2. Light brush on banks 0.035 0.050 0.060
d. Rock cuts
1. Smooth and uniform 0.025 0.035.} 0.040
2. Jagged and irregular 0.035 { 0.040°| 0.050
e. Channels not maintained, weeds and
brush uncut
1. Dense weeds, high as flow depth 0.050 0.080 | 0.120
2. Clean bottom, brush on sides 0.040 0.050 0.080
3. Same, highest stage of flow 0.045 0.070 0.110
4. Dense brush, high stage 0.080 0.100 0.140
D. NATURAL STREAMS
D-1. Minor streams (top width at flood stage
<100 ft)
a. Streams on plain
1. Clean, straight, full stage, no rifts or 0.025 0.030 0.033
deep pools
2. Same as above, but more stones and 0.030 0.035 0.040
weeds
3. Clean, winding, some pools and 0.033 0.040 0.045
shoals :
4. Same as above, but some weeds and 0.035 0.045 0.050
stones
5. Same as above, lower stages, more 0.040 0.048 0.055
ineffective slopes and sections )
6. Same as 4, but more stones 0.045 0.050 0.060
7. Sluggish reaches, weedy, deep pools 0.050 0.070 ¢ 080
8. Very weedy reaches, deep pools, or | 0.075 0.100 0.150
floodways with heavy stand of tim-
ber and underbrush

0003<<
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1992.
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for Operable Unit 57, Vol. 1 of 5, Revision Draft Final, DOE, March 1995.
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Caccutarions 3

Srep 1 Esriaate PEAK Frlow rATES, -%D-Foe THE FOLLOWIING %

1) PREDEVELGPMENT Conoi7r0NS

2) PosT-DEVELOPMENT (onNDITIONS !

3) Design of CuvenrT )

4) Desian of CHammer L AnD

5) Desien of Cramnnver 2,

6) DESIG af CHANNEL .
TR-SS INPUT PARAMETGRS For EACH oF
THE ALIvE PRE PRESENTED /N THE DATH VERIFICATION SECTian .
Vaitues of gy CALCUCATED UsiWG TRSS ARE PRESCMTED (N

THE FoLewing TRELE,

VALues oF Bp FROMTR-SS, Forz 28R, 24-+H2 S7orst EVEAT

ConDiTIoN oR STRUcTURE 5,;. (cFs)
FrRE - DEVECOPAMENT /106 v
TOST- DE vELaPRIEST 96 v
CUtVERT [.fCcraonmEL 3 9% v
Craririz s ( _ 38 \/
CHANIIEE 2 62 /

THeE BRovE RESweLTS DEMorsirATE THAT THE PAST- DEVEL(YPAMENT

DIScHARG E (gp) Frrons TieE RdrReav) FRE IS (ESS THAN THE
FRE-DEJELOPIENT TiscHAREGE ([ ,;) . THE DESIGN CRITERIA [PEQUIREMENT

TO TAHAT EFFECT 1S 74US SASFED.
TERMANENT STORIAWATERL STAUCTURES (/_e., CutvenT (, :

CHANNGLS |, 2 A~nDp 3 ) ARE S/2ED sl
VALuES OF Gy FRom THE AGIVE TABLE. (scE srep 2)

000324
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Chrecurations Cont'n *

Ster 28

Desjé_&’ THE 0L _owin b ?EQIAANFMT'. STorn e NArD
STRucTuers TO Comvey PEAk NFlow RATES, g,

PreecnT=n 8 STEP |,

* Cuwverr | g

2.l> Desien of Curvueserti,

CHAMNEL |

LocARTED AT THE NERTH gND OF THE
SAauTH AccEss Rd ANMD LUSED To DISCHARGE
RunofF Frrom THE Rorrow AREA.

: LochATED ALONG THE NorRTH PERImETE/
EDGE OF 7THE BORRON REZLA AND USEDTO
CONUEY RunafF To CulverRT I,

Locesen ALONG THE [ IEST PERIMETEL

CHANNELR &
ED6T OF THE »orfRow AREA AND USEDTS

CONUEY Ruatoff To CuwvErT 2.
DownGraCIiENT OF CulveeT I 10 PAXDYS RUN

CHanwEL -
A cornucAten perac Pree (cwar)

IS wseD. THE Pesienw (ANflow /ZATG,JP
for CuryreTt 1s 96 CFs

2.1.1) Screcr A Cucven™ DIAMETER D :As Focow s, J

le CALCUCATETHE Atcow AR HEADWATEL DEPrH, HW,

THE HE/GAT OF 7#E LoAD CABANIcAtEAT KBBROVE
THE CUtolfr jrlexy 15 APPRoxymATEYY /S FFf
PSS SHIWIN (N F76URE 3 OF THE CARACutrTran/

T720CEDee €S

Grven A REGuRED FREEBIBLD ‘oF 0.5 FL W, = 14.5/¢.
R. Sei(ecr ~ 7RIAL CMLuétf;f' DsamEcren ofF Y8~ .

3. Frort TiHE DES! G, cHART SHowrd 1N FIGHLRE |/
L 74r THAE FOLow Al TPRACAMETEL ULACUES

SEcEcTr B/ VAL € Fore -A’W/D ..

e D = L/a rnd
-G le p.) = 76 CFs
© HEAD wWhLL ErJIRANCE TyPE

Frrorm Flourse / //vc//o = /.28 /
0003235 PR
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CALCLULATIONS, ConT D :

STEP 2 ,ConTInED: DESIGN 0fF PERMANENT STOCMWATEA STLRUCTURES

2.) (dAITD> Design of Cucucer |

2.1.1 cw‘b> SECECTION OF CULVERT DIAMETEL , D

L{~ CALLUWLATE THE HEAD WATERZ De?PTH , HwW ForR THE
TRIAL CULVERT.

HW T 1,28 D = 1.28% 480 = GL.Yin = SUFE V

S, THE CALLULATED -UALUE gk HwW s LESS THaN
THE ALlowABLE HEADwATEL DePTH of ty.s Ft .
THEREFORE THE TRIAL CULVERT DDIAMETER
IS SufFIciEANT To canvey THE DESIAN Flow RATE,

z. 1»2> Evae UATE CIHETHEA dr Ndj OL7T{E7 FrROTECTIen
et BE LrauizecD. Ourcer FAeorEcT7eA) Nt /3E
REAuzED 1F 746 CucvEnr7s OuU7(ET Fiacrty, |/
EXCEEDS Ar AitowABLE Ource? UErocrry oFf S Fi/sec
( GEoSgnTEE, 1576)

CALEULATE THE Flow RATE | G Foe THE Cutvexr
Flowng Fuee., Use WANN/MG'S EQRUATIeNn WIITH
THE EFOCComNE FARAAEFEL VAL €S| .

THE ArEA of Frow, a @=7rD"

—

o H
a= 3.1ux~(va)
H
T )2.6 FtT v/
7/'/5/'/7912414(-1( fﬂpru_s“ r /= a'/w,, Wy = 3,]L[;;L/ft
= /2.6 ff

W

)‘2.6F7‘/}2.6'Fz

r

1)

THE CucvEx7r SPE, S = 0.8% = 0.008

Mauriigs CocFFicient fore RCP = 0.023 .

0003<6
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STe? 2 contn t

DesicN PermMANENT STIRAWATER. STAUCTURES

Z.7 covrD ) DVesien Culvenr T

z2.1.2 eqa‘vrb)_ EVALUBTE WHEFHERZ gr NOT JUTLET FPred?ECTIon 135 REAUIZED.

/o USING THRE ARIVE PArAMETER VALUES CALCucoTE @F

Qf"

2/3 743
/2.6 Ar* 1.w% (1) (0.008)

O,o023

= 73crFs

2, CAtcuitare G/Q'_.

G/GF = 9(»/73~ 1.32

2. GAtcuitaTE Qurcer Uscae Ty, I/ As Fatows

Vv

Q/y = /126,

2.6t )cec vV

THE Ourier Vecocsry Fore Cucverr 1 (2.6 Fz/sa,> R
EXCEEDS THE AltonNALIE l/fzacn’/ Fore ra/f RECIEUSIAG
Acexs (5'/.’/sec> CTHES, QurcEr FROTECTION 1S REQUIRED,
z.1.35)

Si2E 5 2IPRAP ABLAIN To PRoVIOE OwurtEr [2eorECrren/
Fere Cucyerr /.

UUSrasc TarE DESIGN CHART SAHOWN rn) f76UAZE 3 HANVD
THE [fPllowin)/ G FAZAAMETER 1/4C4ES SELECT K

W rndspaunt (EwGTe of APaen, Lo ArD A dso Pip £ar
Srz¢. )

Discwarce = 96 cFs

CuecvEny Drar~eTEr = g 0.
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STEP Z ,CoNTD + DESIEN PERAMANCNT STORM LIATER. STRUCTURE S

z2,/, CdALT'D) DesIGN CucvenrT /

2.0.3, ConTD) S;2f (1PRAP Apron

FrZom Fr5uZfE 3

THE rMystrunt LENGTH OF Bftond, Lo = 20 ft S

T7HE oso ﬂ/}?ﬂﬂp 5/25—‘,': 0.6 ft /

SEtecr ODo7r SPEC, Type D R~IPLHD

2-2> DesiGn of PermaneNnT Dan ~VAGE CHAnNELS @ CHANMNELS
1,2 a~vo 3

221 ) CAtcuare  THE Aoauwep DEPTHS, d (o e
CHARNNELS |,2 snv0 3 US/AIG THE Frecow/ NG FrR2AMETER
VALUES A9rlD EQUATIONS

*Cross- SecTionAc SHAPE V- DT
+ SiDE SwrE, B BF MW 2.2 ORIV
o Mennings RewguuyEss C-mFFICIENT, 0" O. 033
+ DoTom WiDTH Wi ! o £t
¢ Peaw tTuFlow Raqp )'3
) CHennec | 3 350fFs
CHanmnet 2V G2 cFs
- SloemE of dHaune, 3D, S 0.0l

crunEe 3 (Tnezona)
CHArmpnee 37 96 CcFs
T2OTTINA d 1D Ty A

|
!
|
l Swre,S . 0.005
'

g = alZRTS™ g+ & Lt RSk
2 |
n
a = l(z,v2)dr | a-Qe-d®) d

[\

Wa

2 .
a ({221 2 1) l Wp'-w‘sn(dzlr(uxﬂ‘1
o

— e+ .

THE BEGUIRED DEPrHS ArE AS foct a»«/s’;.(v/,«u UOING.. 4 -

; ~N . FrEeegonr
CHANNE C d, In ’ Z _2_27
CHANMNEL [ /.y F¥ v 7
C;/A)Wf& z 1.8 Fk: | s
e ponnEC 3 2.2 Ft v 06032§':
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TEP 2, CONTD ¢ DESIEN PERMANENT Drainvage STRULTURES

2.2, CoNT"D : DeEesieaN 06 PepamanenT DAAINAGE CHANNELS

... 2.2.2s EVALWATE DnaiNAGE CHANNELS Tgr En0SionN RES|stANCE

Derearin€e - Flow VEaaiTies)V; far Bacd CRANNEL using
THE Fotiowing TQuaTIoN,

Vs = 8o /a

ANL  72E Fotcomwntt PACAMETEL VAL 25
. gp (CF‘>

CHAuwnEL | P 35 CFS
CHANNGELZ ! 62 CFs
CHANNEL 3 6 CFS
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Cumnee 1t DD Por

CHannver 2. (4S8 Fr™

CHANNE: TS ,L.;,_‘,iq—ﬁfi RY.8 Y A
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CHANNEL 2 425 Ft/sec v/
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THE MAxitum PEamss/Be VEeoc/T) FOR GRASS LINED
CaotPNNE LS agf :Ft/gg-c. THUS, No Frdsion Prgr€ci?on)
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v

FHWA HEC 5

SELeCc7Tion ofF CutvErRT DismererR

—

, 1137/sec

Dischargd (Q)

— 10,000 |

- 8,000 LOSS COEFFICIENT Ko (1)

- FOR VARIOUS ENTRANCE (2)

I~ 6,000 —

H TYPES 6.

: 3,009 - (3)

— HW

— 4,000 HW o (e rm;:;r:ce coerricient [~ 5 [ ©

- 3,000 ] - 6.
o (1) | Headwalil, 1fq. edge; or End | 0.5 :-— 4q. | 3

s Section conforming to fill -r - 5.
- 2,000 | Jiope - A |

:_ (2) | Mitered to conform to slope | 0.7 o [

F (3) | Projecting from fill 0.9 -3 I - 4.
L 1,000 - -3 [

— -3,
L 800 To use scale (2) or (3) project S + ]

- 600 horizontaily 10 scale (1), then L L

9 use straight inclined line through - 2. L

'r_ $00 D ond Q scales, or reverse os i s .

- illustrated. r i

[ 400 - -2 e
- 300 = [ | S
: \; 1.5 } |
200 z| s |

3 Hwh = 1.2 - - 1.5
- A Y L

C o - !

- qé FS g o

- ¢ 9 I

— @0 a .

[ —— — _EXamp ¢ £ !

- 60 ST — bk Fio

— 50 a1 — — — .

- 40 o - 1.O
[ EXAMPLE - 1+ 4 _ 1 L
[ 50 Diam.(D)=48in.= 4t g 0% Fos 1

o Q= 70 1t3/sec % i - 0.9
E- 20 ® Fos fos |

9 Scale HwW HwW I

: o . ! - 0.8
- [1)] 1.0 4.0 ft -
[ 10 2) 1.0 4.0 s

~ e 3 1.1 44 - 0.7 +07

o 7
- 6 H 8 - 0
- s

- 4 ~06 [ os

E- 3 - 0.6
- 2 I

: 4

-

s -03 Los

L 1.0 - 0.5

HEADWATER DEPTH FOR
CORRUGATED STEEL PIPE CULVERTS
WITH INLET CONTROL

Figure 4-28 /nlet control nomograph for corrugated steel pipe culverts. The manu-
facturers recommended keeping HWID to a maximum of 1.5 and preferably to no

more than 1.0.
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TABULAR HYDROGRAPH METHOD Version 2.00
Project : Fermco OSDF Pr#GE3900 Tski#8.1 User: DGP Date: 02-17-96
nty : Hamilton State: OH Checked: DN Date: 9p-02-24
-itle: East Field Borrow Area: Pre-Developement Conditions
Total watershed area: 0.103 sg mi Rainfall type: II Frequency: 25 years
-------------------------- Subareas --------------------------
_ I II III '
Area(sqg mi) 0.02* 0.07* O0.01*
Rainfall (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 (cfs) ------------
(hr) Flow I II III
11.0 3 1 2 0
11.3 4 1 3 0
11.6 5 1 4 0
11.9 13 3 8 2
12.0 27 7 16 4
12.1 55 14 32 9 .
2 91 22P 59 10P THE PEAK DiscHARGE RaTe For ~
‘3 [1oep] 22 78P 6  AREA ForR PRE- DC"’F“’PM,:VTCZZD?EZ?;N- 106 cfs
12.4 96 16 77 3
12.5 71 10 59 2
12.6 51 7 42 2
12.7 37 5 31 1
12.8 28 4 23 1
13.0 19 3 15 1
13.2 15 2 12 1
13.4 12 2 S 1
13.6 11 2 8 1
13.8 10 2 7 1
14.0 10 2 7 1
14.3 7 1 6 0
14.6 6 1 5 0
15.0 6 1 5 0
15.5 5 1 4 0
16.0 5 1 4 0
16.5 4 1 3 0
17.0 4 1 3 0
17.5 4 1 3 0
18.0 4 1 3 0
.0 4 1 3 0
‘iii() 3 1 2 0
w0 2 0 2 0
26.0 0 0 0 0
P - Peak Flow * - value(s) provided from TR-55 system routines
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00
ject Fermco OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96
1ty Hamilton State: OH Checked: oW Date:
Su.citle: East Field Borrow Area: Pre-Developement Conditions
Subarea I
Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)
OTHER AGRICULTURAL LANDS
Pasture, grassland or range good - - 10.3(74) -
Total Area (by Hydrologic Soil Group) 10.3
SUBAREA TOTAL DRAINAGE AREA: 10.3 Acres WEIGHTED CURVE NUMBER: 74
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00
ject : Fermco OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96
2ty : Hamilton State: OH Checked: pg Date: 24 fF® b
woCitle: East Field Borrow Area: Pre-Developement Conditions
Subarea : I1I
Hydrologic Soil Group
COVER DESCRIPTION A B c D
Acres (CN)
OTHER AGRICULTURAL LANDS
Pasture, grassland or range good - - 41.8(74) -
Total Area (by Hydrologic Soil Group) 41.8
SUBAREA: IT TOTAL DRAINAGE AREA: 41.8 Acres WEIGHTED CURVE NUMBER: 74

00033 %
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00

ject : Fermco OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96

a1ty : Hamilton State: OH Checked: pem Date: 24 FEBBAL._
c~citle: East Field Borrow Area: Pre-Developement Conditions

Subarea : III

OTHER AGRICULTURAL LANDS
Pasture, grassland or range good - - 3.86(74) -

Total Area (by Hydrologic Soil Group) 3.86
SUBAREA: IIT TOTAL DRAINAGE AREA: 3.86 Acres WEIGHTED CURVE NUMBER: 74

000335
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TIME OF CONCENTRATION AND TRAVEL TIME = - = Version 2.00

ject : Fermco OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96
idty : Hamilton State: OH Checked: m\,\[ Date: J4 feB 9¢
w_citle: East Field Borrow Area: Pre-Developement Conditions
———————————————————————————————— Subarea #1 - I ---------------- oo
- Flow Type 2 year Length Slope Surface n Area Wp Velocity Time
rain (ft) (ft/ft) code (sg/ft) (ft) (ft/sec) (hr)
Sheet 2.55 100 .0125 e 0.221
Shallow Concent’d 330 .0242 u 0.037
Shallow Concent’d 185 .0108 u 0.031
Open Channel 125 .014 .03524 40.1 0.010
Open Channel 125 .014 .03567.5 S0 0.008

Time of Concentration = 0.31%*

——————————————————————————————— Subarea #2 - II ---------o--mmo e

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 .0100 e 0.241
Shallow Concent’d 320 .0141 u 0.046
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%*

————————————————————————— ----- Subarea #3 - III -------------------——-—————~

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 .0357 e 0.145
Shallow Concent’d 320 0.025 u 0.035
Open Channel 450 .0122 .03552.3 55.1 - 0.028

Time of Concentration = 0.21%*

--- Sheet Flow Surface Codes ---

A Smooth Surface F Grass, Dense --~- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda --- Surface Codes ---
C Cultivated < 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
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TABULAR HYDROGRAPH METHOD Version 2.00
Project : FERMCO OSDF Pr#GE3900 Tski#8.1 User: DGP . Date: 02-17-96
County : Hamilton State: OH Checked: Oaw Date: 14 FEB 9
bbtitle: East Field Borrow Area: Post-Development Condition
.al watershed area: 0.112 sg mi Rainfall type: II Frequency: 25 years
-------------------------- Subareas ------------~c-—“—-—-----.
I

Area(sqg mi) 0.11+%
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 2 2
11.3 3 3
11.6 4 4
11.9 6 6.
12.0 8 8
12.1 13 13
12.2 22 22
12.3 40 40

DyarS
o 0
S w
® N
)

12.6 96P THE PE/)K D/SCH/VZGE rzATE FQOM 'T/»/E Bargeaw AZEA
igg 22 22 FOrR TPOST- DEVELOPMENT CONDITIONS = q6 CFS
13.0 60 60

13.2 42 42

13.4 30 30

13.6 23 23

13.8 19 19

14.0 16 16

14.3 13 13

14.6 11 11

15.0 9 9

15.5 8 8.

16.0 7 7

16.5 6 6

17.0 6 6

17.5 6 6

18.0 5 5

19.0 5 5

20.0 4 4

22.0 3 3

o, .

Peak Flow * - value(s) provided from TR-55 system routines
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. RUNOFF CURVE NUMBER COMPUTATION Version 2.00
Project FERMCO OSDF Pr#GE3900 Tsk#8.1 : User: DGP Date: 02-17-96
County : Hamilton State: OH Checked: Dgwm Date: 74 Ced ke
title: East Field Borrow Area: Post-Development Condition
rea : I
Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)

OTHER AGRICULTURAL LANDS
Pasture, grassland or range good - - 72(74) -
Total Area (by Hydrologic Soil Group) 72
SUBAREA: I TOTAL DRAINAGE AREA: 72 Acres WEIGHTED CURVE NUMBER: 74
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Project
County
3title: East Field Borrow Area:

TIME OF CONCENTRATION AND TRAVEL TIME
FERMCO OSDF Pr#GE3900 Tsk#8.1
State:

Hamilton

OH

740

16/2 s
Version 2.00
User: DGP Date: 02-17-96
Checked: OpwW Date: 24 B 9

Post-Development Condition

Subarea #1 - 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 0.01 e 0.241
Shallow Concent’d 310 0.058 u 0.022
Shallow Concent’d 1910 0.008 u 0.368
Time of Concentration = 0.63*%
~--- Sheet Flow Surface Codes ---
A Smooth Surface F Grass, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda --- Surface Codes ---
C Cultivated < 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
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- 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: ;gﬂi_ Date: 9234 G %

;title: East Field Borrow Area: Culvert at Outlet
C

-al watershed area: 0.112 sq mi Rainfall type: II Frequency: 25 years

Area(sq mi) 0.11+%
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 -------------
(hr) Flow I
11.0 2 2
11.3 3 3
11.6 4 4
11.9 6 6
12.0 8 8
12.1 13 13
12.2 22 22
12.3 40 40
’4 63 63
> 84 84

------------- Subareas --------------------------

12.6 96P Peak nFrow raTe 70 cutverT 1 = 9 cEs
12.7 95 95 ’ i -
12.8 86 86
13.0 60 60
13.2 42 42
13.4 30 30
13.6 23 23
13.8 1% 19
14.0 16 16
14.3 13 13
14.6 11 11
15.0 9 9
15.5 8 8
16.0 7 7
16 .5 6 6
17.0 6 6
17.5 6 6
18.0 5 5
19.0 5 5
20.0 4 4
22.0 3 3
0 0 0
P Peak Flow * - value(s) provided from TR-55 system routines
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: RUNOFF CURVE NUMBER COMPUTATION Version 2.00
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96
County : Hamilton State: OH Checked: pgw Date: 74 £ed 9
Sgbtitle: East Field Borrow Area: Culvert at Outlet
irea : I
Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)

OTHER AGRICULTURAL LANDS
Pasture, grassland or range good - - 72(74) -
Total Area (by Hydrologic Soil Group) 72
SUBAREA TOTAL DRAINAGE AREA: 72 Acres WEIGHTED CURVE NUMBER: 74
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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: pgw Date: 7A £EB 4

%title: East Field Borrow Area: Culvert at Outlet

—mmmm--m-m-—----s------------- Subarea #1 - I ------cm oo

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 0.01 e 0.241
Shallow Concent’d 310 0.058 u 0.022
Shallow Concent’d 1910 0.008 u 0.368

Time of Concentration = 0.63%

--- Sheet Flow Surface Codes ---

A Smooth Surface F Grass, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda --- Surface Codes ---
C Cultivated < 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
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- 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: (g\N Date: 74 £ep 9,
’title: East Field Borrow Area: Permanent Drainage Channel #1
¢ .al watershed area: 0.040 sq mi Rainfall type: II Frequency: 25 years
—————————————————————————— Subareas ---------------"----"---~----
Chanl
Area(sqg mi) 0.04%*
Rainfall (in) 4.7
Curve number 74 *
Runoff (in) 2.16
Tc (hrs) 0.64%
(Used) 0.75
TimeToOutlet 0.00
Ia/P 0.15
Time Total ------------- Subarea Contribution to Total Flow (cfs) ------------
(hr) Flow Chanl
11.0 1 1
11.3 1 1
11.6 2 2
11.95 2 2
12.0 3 3
12.1 5 5
12.2 8 8
12.3 15 15
!l'ﬁ 23 23
) 31 31
12.6 35P PeAKk INFLow RATE To DRAINAGE CHANNEL ™I = 35 ckrg
12.7 34 34 s T -
12.8 31 31
13.0 22 22
13.2 15 15
13.4 11 11
13.6 8 8
13.8 7 7
14.0 6 6
14.3 5 5
14.6 4 4
15.0 3 3
15.5 3 3
16.0 3 3
16.5 2 2
17.0 2 2
17.5 2 2
18.0 2 2
19.0 2 2
20.0 1 1
22.0 1 1
0 0
P Peak Flow * - value(s) provided from TR-55 system routines
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. RUNOFF CURVE NUMBER COMPUTATION
FERMCO OSDF Pr#GE3900 Tsk#8.1
OH
Permanent Drainage Channel #1

Project :

County : Hamilton State:
title: East Field Borrow Area:

&area : Chanil

2//2¢%

740
Version 2.00

Date: 02-17-96
Date: Z& £E% 9,

User: DGP
Checked: Dpw

OTHER AGRICULTURAL LANDS
Pasture, grassland or range

Total Area (by Hydrologic Soil Group)

TOTAL DRAINAGE AREA:
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. 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: pRW Date: 4 Gg oy

ititle: East Field Borrow Area: Permanent Drainage Channel #1

e Subarea #1 - Chanl ---------ccmmmm o

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 0.391

Shallow Concent’d 170 .094 u ' 0.010

Shallow Concent’d 1450 0.011 u 0.238
Time of Concentration = 0.64%*

--- Sheet Flow Surface Codes ---

A Smooth Surface F Grass, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda --- Surface Codes ---
C Cultivated < 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
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. TABULAR HYDROGRAPH METHOD Version 2.00
Project : FERMCO OSDF Pr#GE3900 Tski#s.1 User: DGP Date: 02-17-96
County : Hamilton State: OH Checked: Oyl Date: 74 ¢g® A
ibtitle: East Field Borrow Area: Permanent Channel #2
.al watershed area: 0.072 sgq mi Rainfall type: II Frequency: 25 years
—————————————————————————— Subareas -------------““~-“---“~------
I
Area (sg mi) 0.07%*
Rainfall (in) 4.7
Curve number 74 %
Runoff (in) 2.16
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 2 2
11.3 2 2
11.6 3 3
11.9 4 4
12.0 5 5
12.1 8 8
12.2 15 15
12.3 26 26
‘I'ﬁ 41 41
5 55 55
12.6 62P |62P| THE PEAK INFlow (RATE TO CHANNEL FZ = E2¢Fs
12.7 62 62 B T
12.8 56 56
13.0 39 39
13.2 27 27
13.4 20 20
13.6 15 15
13.8 12 12
14.0 10 10
14.3 8 8
14.6 7 7
15.0 6" 6
15.5 5 5
16.0 5 5
16.5 4 4
17.0 4 4
17.5 4 4
18.0 3 3
19.0 3 3
20.0 3 3
22.0 2 2
ii.‘) 0 0
Peak Flow * - value(s) provided from TR-55 system routines
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RUNOFF CURVE NUMBER COMPUTATION 7' Version 2.00
Project : FERMCO OSDF Pr#GE3900 Tsk#8.1 User: DGP Date: 02-17-96
County : Hamilton State: OH Checked: gyl Date: 24 FeB 9L
Sybtitle: East Field Borrow Area: Permanent Channel #2
irea : I
Hydrologic Soil Group
COVER DESCRIPTION A B C D
Acres (CN)

OTHER AGRICULTURAL LANDS
Pasture, grassland or range good - - 46.3(74) -
Total Area (by Hydrologic Soil Group) 46.3
SUBAREA: I TOTAL DRAINAGE AREA: 46.3 Acres WEIGHTED CURVE NUMBER: 74
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. 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: fBW Date: 2A (P 9L

ititle: East Field Borrow Area: Permanent Channel #2

I i b Subarea #1 - 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 0.01 e 0.241
Shallow Concent’d 310 0.058 u 0.022
Shallow Concent’d 1910 0.008 u 0.368

Time of Concentration = 0.63*

--- Sheet Flow Surface Codes ---

A Smooth Surface F Grass, Dense --- Shallow Concentrated ---
B Fallow (No Res.) G Grass, Burmuda -— Surface Codes -
C Cultivated < 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
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GEOSYNTEC CONSULTANTS PAGE ___OF

\Vritten b_v~: DG P Date: 20 Oct. 95 Reviewed by: b Date: ZQ_M

Clien:: FERMCO Project:_OSDF Project/Proposal No.:_GE3900 Task No.:_ &,/ /
APPENDIX A

COMPUTER SOFTWARE USED TO
PREPARE CALCULATIONS PACKAGE

USDA-SCS TR-55

1. United States Department ot Agriculture. “Urban Hydrology for Small Watersheds.” Soil Conservation
Service. Engineering Division. Washington. DC. Technical Release 33. June 1986.

FILE: B_TR55D.DOC 000349 Al
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. COMPUTATION COVER SHEET

SUBJECT OF CALCULATION: BORRO¥ AREA SEDIMENT BASIN

Computations By:  Signature (=

= L/ (75

(Cognizant Engineer) P o Name }ﬂ /4’775/ ‘ 7 W @ ) Date

and Tite D 7457 o/ v/ EC=

Assumptions : . ()
and Procedures Signature \i >O/V\AJLQ G GAN- 3 APRIL ¢
Checked by: Date
(Checker) Printed Name DAnh e G. TAsSS

and Title STACE ENGIAECKE.
Computations Signature DW G @o./Vx— 3 APR«L9G
Checked by: Date
Checked by: Printed Name AT (3. ©AsS

and Title STATE ENGINEER
Computations W W

Signature .7 Z /i

Backchecked by:

3 AP

(Cognizant Engineer) J— Date
beinted Name PHIT RN AtstrOs=s
and Title S/ 272 o ETa
.xpproved by: Signature ,mu W / ?q(/
(PDP) Date
Printed Name / (M C- 0 (&n
and Title ﬂ;S// 7oy E r»X)/.
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BORROW AREA SEDIMENT BASIN

EXECUTIVE SUMMARY

The borrow area sediment basin (Sediment Basin No. 4) for the On-Site Disposal Facility Project
was designed as a Class III 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
corner 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
ft> 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 $p 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.

The computer program "HydroCAD™ Stormwater Modeling System" [Applied Microcomputer
Systems, 1993] (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, 1975] and TR-55 [USDA-SCS, 1986a]. HydroCAD™ has the ability to completely model a
storm through several hydrologic features. A description of HydroCAD™ is located in Appendix A.

AR
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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 surficial 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 vegemtiorkestzblished (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:

CN = Y (CN, ® Area,) | Total Area

CN, = Runoff curve number that corresponds to the hydrologic soil group and surficial
condition for a subarea

Area, = Area of the subarea .

Total Area = Sum of all subareas (total area of drainage area)

- 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 (T,) 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

007(nL)**

Tl = — [Applied Microcomputer Systems, HydroCAD™ Manual 1993]
Pg-5so.4 ‘
T, = Travel time (hours)
n = Manning’s coefficient for sheet flow
L = Flow length (feet)
P, = 2-year, 24-hour rainfall (inches)
VN
y 4
y £ N
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s = Land slope (ft/ft)

TR-55 Shallow Concentrated Flow/Upland Method

Tt = L where V = K \/S— 4 [Applied Microcomputer Systems, HydroCAD™ Manual, 1993]
3600V Y
T, Travel time (hours)
L = Flow length (feet)
V = Average velocity (fps)
K, = Velocity factor
S Land slope (ft/ft)

Channel Flow

' 2130172 -
. T = L where V = M and r = i [Applied Microcomputer Systems, HydroCAD™ Manual, 1993]
' 3600V n P,
T, Travel time (hours)
L = Flow length (feet)
V = Average velocity (fps)

Channel slope (ft/ft)

Manning’s coefficient for sheet flow
Hydraulic radius (feet)

Cross sectional flow area (sq - feet)
Wettéd perimeter (feet)

e e B~ B
o

£

HydroCAD™ will prompt the user to input the following variables in order to calculate the T,.
Sheet Flow

- Surface type; which yields a Manning’s coefficient for sheet flow
- Flow length (ft) '
- 2-year, 24-hour rainfall (in.)

. - Land slope (ft/ft)

y N
. A —
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Shallow Concentrated Flow/Upland Method

- Flow length (ft)
- Surface type (paved or unpaved)
- Average land slope (ft/ft)

Open Channel Flow

- Manning’s coefficient for open channel flow
Channel length (ft)

- Channel slope (ft/ft)

- Channel and flow geometry

The travel times (T) 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: :

ag = QnD - QI

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 frem~the 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).

GE3900-8.2/4/F9630107 ) Q00356 - N
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V-t [%(Al v A, + ,/AIAZ) x E, - E)

V = Cumulative volume under the principal spillway (ft’)
A, Upper elevation area of each interval (ft)

A, Lower elevation area of each interval (ft)

E, Upper elevation (ft)

E, = 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 - Ca1/2gh [Brater and King, 1976]
_—
y_ 4
AR SRR,
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= Flow (cfs)

Discharge coefficient

Submerged area (sq-feet)

Gravitation constant

= Head above center at orifice (feet) given by:

SN I eVe)
[

=
]

H-r (if fully submerged)

H/2 (if partially submerged)
= Head above invert (feet)
=  Radius

oI

- Pipe Flow

Q=a Zgh ‘ [USDA-SCS, Eng. Field Manual, Nov. 1986b]
1 +K + KPL

= Pipe area

Gravitational constant
Elevation head difference (ft)
Coefficient of minor loses
Pipe length (ft)

= Pipe friction coefficient

Fopme s

_ 5087 n?
14 d‘.‘ﬂ

[USCS, Eng. Field Manual, Nov. 1986b]

n = Manning’s number
d; = 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:

PN
\ y 4
GE3900-8.2/6/F9630107 T N
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- Sharp Crested Weir

Q=CL, H"? where C = 327 + 4 % ’ (Brater and King, 1976)

= Weir coefficient

Effective crest length (2nr)(feet)

Head (above invert elevation)(feet)

= Crest height (feet above approach channel)

RN ol

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 2gh [USDA-SCS, Eng. Field Manual, Nov. 1986b]
1+K +K + KpL
a = Pipe area
g = Gravitational constant
H = Elevation head difference (ft)
K, = Coefficient of minor loses
L = Pipe length (ft)
K, = Pipe friction coefficient
K, = Coefficient transition loss (36" pipe to 48" pipe)
K - 5087 n? .
p d4/3 [USCS, Eng. Field Manual, Nov. 1986b]
' n = Manning’s number
d; = Inside diameter of the pipe
a—
L i a—
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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,
87.6

V =0.62 HD2 - [USDA-SCS, March 1987]

= Volume of concrete

Riser height (ft) )
Diameter of riser (ft) mre onk,dw
r = Riser weight (Ib/ft)

£0m <
I

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-headwall 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.

AR
y 4
- A AR,
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N = .075 % [USDA-SCS, March 1987)
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=D, +L, [USDA-SCS, March 1987

W = Downstream width of protection
. D, = Pipe diameter
L, = 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 ﬁﬂw\wam elevation.
(»\\

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, 1983]. The procedures for the structural design are:

1) Make needed assumptions concerning pipe backfill.

2) Calculate design pressures.

P =DL + LL

P, = Design pressure (psf)
‘ DL = Dead load pressure (psf)
. LL = Live load pressure (psf)
A
| i —
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3) Calculate ring compression on pipewall.

C =
C = Ring compression (Ib/ft)
P, = Design pressure (Ib/ft,)
S = Span (ft) = Pipe diameter (ft)

for Dir < 294

4) Calculate allowable wall stress.
_ 33,000
fo = - 2K
f, = Allowable wall stress (Ib/in?)
D = Pipe diameter (in.)
r = Radius of gyration (in.)
K = Load factor based on backfill density

5) Calculate wall thickness.

A = Required wall area (in%/ft)
C = Ring compression (Ib/ft)
f, = Allowable wall stress (Ib/in?)

e

Find a CMP section with a wall thickness that has an area that is greater than or equal to the

required wall thickness.

GE3900-8.2/10/F9630107

A a—
A
00036<



Coler 41196
¥4 0 K 4(i19

GEOSYNTEC CONSULTANTS pace _/Z oF 44

Written by: % M’ Date: 3 April 1996 Reviewed by: _De e Date: 3 APRIL 9 o
Y 2 1

Client: FERMCO Project: FERNALD OSDF Project/Proposal No.: GE-3900 Task No.: 8.2

6) Check handling stiffness.

Flexibility factor

Pipe diameter (in.)

Modulus of elasticity (Ib/in?)
= Moment of inertia (in*/in.)

— e
tl'lU_n
]

In steps 5 and 6, check to insure all pipe assumptions were correct based on these calculations.

AR
y 4
N A AR,
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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 (ft) Slope (ft/ft)
Sheet Flow, fallow (n = .05) 100 — .01
Shallow Concentrated, Unpaved (Kv = 16.1345) 480 -~ .004
Shallow Concentrated, Unpaved (Kv = 16.1345) 310 ~ .058
Shallow Concentrated, Unpaved (Kv = 16.1345) 1,430 -~ .01

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. 1980]. The hydrologic soil
groups (HSG) are based on the soil type and can be found in TR-55, Exhibit A-1 [USDA-SCS, 1986a] 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 —
y~ N
; A —
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Condition Cover Type HSG Runoff Curve Number
Disturbed Fallow, Bare Soil B 86 -
Disturbed Fallow, Bare Soil C 91 ~
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 Depths 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, 1995].

2 Year - 24 Hour = 2.552 in.
. 25 Year - 24 Hour = 4.7 in.

The rainfall distribution for all design storms in this area is a Type II 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
571 20,793

The areas were provided by AutoCAD, and were checked with a planimeter using the design
drawing titled "Borrow Area Grading Plan.”

AR
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Principal Spillwa

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

e  Vertical Orifice

C = 0.6 [Applied Microcomputer Systems, HydroCAD™ Manual]
e  Pipe Flow
n = 0.023 ' : [USDA-SCS Eng. Field Manual, Nov. 1986]
Km =1 [USDA-SCS Eng. Field Manual, Nov. 1986}
. K, = 0.168 [USDA-SCS Eng. Field Manual, Nov. 1986]
L = 8ft '

Riser Structure
e  Sharp Crested Weir

C = 3.27 + 4 H/R : [Applied Microcomputer Systems, HydroCAD“' Manual]

Outlet Pipe
e  Vertical Orifice

C = 0.6 ' [Applied Microcomputer Systems, HydroCAD™ Manual]

A
V4
AR A,
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¢ Pipe Flow

n = 0.023 . [USDA-SCS Eng. Field Manual, Nov. 1986]

K, =1 [USDA-SCS Eng. Field Manual, Nov. 1986]

K, = 0.0226 [USDA-SCS Eng. Field Manual, Nov. 1986]

K, = 04 [Modern Sewer Design, 1980, American Iron and Steel Inst. (AISD]

L = 13ft '

Pipe Structural Analysis

Soil unit weight = 120 Ib/ft?
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 [AISI, 1983]
E = 30 x 10° Ib/in? [AISI, 1983]
I = 0.0227 in¥/ft (> 0.00189 in"in.)

The recommended maximum value of FF for factory-made pipe is 0.0433 (AISI, 1983).

Riser Base
A = 24 1b/ft (1/2 + published W, this assumption is considered to be
conservative) [AISI, 1983]

H(riscr) = 4 ft

Houwey = Length of outlet 13 ft

VN
y 4
A AR,
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CALCULATIONS

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 %6 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.

CN =L (CN, ® Area,) | Total Area

Disturbed

CN = [(91 X 16. 5ac) + (86 X 55.5¢ca) / 712.0ac -~
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.

Storm Peak Runoff Storm Volume
(cfs) (AC 1)
2-year - 24-hour 64.70 5.82
25-year - 24-hour 174.2 15.56

GE3900-8.2/16/F9630107
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Design 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-1 [%(AIQAH 44) x (E,- )]

Elevation (ft Area (sf) Volume (cf) - Cumulative Volume (cf) —
567 782 - --
‘ 568 3,344 1,914 1,914
569 7,524 5,295 7,209
570 13,308 10,279 17,488
571 20,793 16,912 34,400

E,-E, = 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 c¢f —

This corresponds to an approximate volume cleanout elevation of (see table above) 569.4 ft

AR
.
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vsbA <cs (4 {6)
act /i
The design is based on a 36 in. diameter|o let circular CMP connected to an expander connected
to a 48 in. diameter circular CMP. According to' ©hie-S€S guidelines, the cross sectional area of the riser
should be at least 1.3 times the cross sectional area of the outlet pipe.

Principal Spillway

Ariscr > 13 Aoutlet

w2 ft)> > 1.3 w(1.5 ft?)
7
12.57 ft2 > 9.19 ft?

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."
Low Flow Discharge Rate

8 in. diameter perforated CMP - 1-1/2 in. diameter perforations on each side (vertical spacing is
8 in.). The flow is summed over the perforations as the level water rises.

e  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.

Q = Cay2gh

= .6
a = cross-sectional area of 2 perforations. 27> = 2m(1.5 in. x 0.5 x 1 ft/12 in.)? =
0.0123 ft*2 7
. h = Head (H)
a_—
' A —.
GE3900-8.2/18/F9630107 : y— Y
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g = Gravitational constant (32.2 ft/s?)

e  Pipe Capacity

Q-a 2gh
1+Km+KpL

= Pipe area = 7% = 78 in. x 0.5 x 1 ft/12 in.)> = 0.349 fi* —
Gravitational constant (32.2 ft/s?)

Head (ft)

Coefficient of minor loses (1)

Pipe length (8 ft)

= Pipe friction coefficient (.168)

Aopem s

5087 n?

® K, = —5

n = Manning’s number (.023)
d; = Pipe inside diameter (8 in.)

e 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.
e  Weir Flow (Sharp Crested)

Head = principal spillway crest (571) minus pool elevation.

‘ ‘ Q=CL, H*"

AR
- y 4
~ A L.
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H = Head
P = Crest height = 4 ft
L. = Effective crest length = 27t = 27 (2 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 = Cay2gh

= 0.6 |
a2 = w(1.5 ft)* = 7.07 f* ~
Gravitational constant (32.2 ft/s?)
= Pipe inlet head

=2 S e
]

The weir and orifice flows were checked with Table 3.
e  Full Flow (Pipe Flow)

- Head for pipe full flow = pool elevation - pipe outlet centerline elevation
= pool elevation - 566 ft

0-a 2gh
1+Km+K,+KpL

Pipe area = 7’ = (1.5 ft)* = 7.07 ft ~
Head (ft)

Gravitational constant (32.2 ft/s?)
Coefficient of minor loses (1)

Pipe length (13 ft)

Coefficient transition loss (0.4)

_?qrayqoa > W

4

N
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K, =  Pipe friction coefficient = (0.0226)
2
K - 5087 n
P dft/3
n = Manning’s number (.023)

d; = 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
‘ Thi§ 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.
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.

y____ %
A
A AR
GE3900-8.2/21/F9630107 , y— %
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HW
Volume of concrete = 0.62 HD* - ___
, 87.6.
Riser
H iser) = Height of riser (4 ft)
D = Diameter of riser (4 ft)
\A = Weight per foot of riser (24 1b/ft)
V=386f -
Outlet Pipe
H uen = Length of pipe extending into basin (13 ft)
D = Diameter of outlet pipe (4 ft)
W, = Weight per foot of riser (24 1b/ft)

. V =1254 1t -

Total minimum volume of concrete required.

V.. =38.6f + 1254 ~
= 164 ft’

Vcwal = Volume of base design

Viwa = 9.5ft X 95ft X 2ft
Vs = 180.5 f® < 164 £

Use a 9.5 ft X 9.5 ft X 2 ft concrete base with #4 bars 12 in. O.C. each way.

Anti-Seep 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:

VN
V4
y Z N
GE3900-8.2/22/F9630107
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N = 075k
Vv
\Y% 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 fﬁ% 3067 /%é

Using Figure 4 (from the @ USDA-SCS Guidelines;-March (1987) and a maximum outflow of
83 cfs from Table 2, the ds, of the riprap will be at least .6 ft (10 in.) (use ODOT Class C) and L, (length)
shall be a minimum of 24 ft. The minimum width at the end of the apron is calculated as:

W=D0+L‘z
D, 3 ft
L, = 24ft
W = 27ft 7

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.

Pipe Structural Analysis

This analysis method was taken from "Handbook of Steel Drainage and Highway Construction
Products" [AISI, 1983].

1) Assume 85% standard density (less than specified 95%). This assumption is considered to be
conservative.

Unit weight = 120 Ib/ft’

AR
i —
GE3900-8.2/23/F9630107
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Written by:
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Height of overfill pipe = 11 ft
22/3 X 1/2 in. 16 gauge CMP (0.064 in. thick)
2) Design Pressure, P,
P, =DL + LL
DL = 120 Ib/ft* x 11 ft = 1,320 Ib/ft> ~
LL = Negligible for cover greater than 8 ft
P, = 1,320 psf + 0 = 1,320 psf/f? ~
3) Ring Compression, C (Used in Step 5)
c-=p 3
® 2
S = Span (ft) = pipe diameter = 4 ft
P, = Design pressure (Ib/ft?)
C = 1,3201b/ft> X 4 ft/2.~
C = 2,640 lb/ft
4) Allowable Wall Stress, f, (Used in Step 5)

33,000
L= =k

fJor Dfr < 294

D = Pipe diameter (in.)
Radius of gyration
K = 0.86 for 85% standard density

-
1l

f, = 19,186 Ib/in.2

GE3900-8.2/24/F9630107
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5) Wall Thickness Criteria
C
A==
/

a >

fa

A

Required wall area (in.?/ft)
Ring compression (step 3) (1b/ft)
Allowable wall stress (step 4) (Ib/in.?)

0.1376 in.*/ft

The wall area for a 16 gauge CMP (0.064 in. thick) of 0.775 in.%/ft exceeds the required wall
area (0.1376 in.%/ft) and thus the wall thickness criteria is_ satisfied.

6) Handling Stiffness Criteria

FF
D
E
I

FF

FF = 2~ < 0433

Flexibility factor

Diameter (in.)

Modulus of elasticity (30 X 10° 1b/in.?)

Moment of inertia (in.%/in); (0.0227 in.*/ft)/(12 in/ft) = 0.00189 in.*/in. -~

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.

A
. y ¢ N
GE3900-8.2/25/F9630107 ’ y N
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TABLE A-1 - RAINFALL DEPTH FOR A GIVEN DURATION

r- ApeZ? O
P 3 % 3//44_

SH R 175

DESIGN OF SMALL DAMS

(INCHES)
DURATION TIME
(YEARS)
HYDRO-35 _TP-40
sMiN | 15MN | somN || 2 HOURS | 3 HOURS | 6 HOURS |12 HOURS |24 HOURS
2 0.387-| 0733 | 1.223 || 1.408 1.54 1.848 2.2 2.552 | -
5 049 | 0979 | 1.69 2016 | 2112 | 2486 | 288 | so72 |
10 0.564 | 1.139 | 1.9 2277 | 2475 | 3069 | 3.465 | 4.059
25 0.65 1.34 2.38 2.6 3.0 3.4 4.0 4.7
50 0.72 1.49 2.67 3.0 3.25 3.9 4.2 5.2
* 100 0.78 164 | 295 3.3 3.6 4.1 5.0 56
*500 | o0.93 2.1 4.3 5.2 5.9 7.3 8.5 9.4
2000 1.2 2.6 5.8 7.2 8.2 10.2 120 - | 130
10,000 1.4 34 8.2 10.5 12.0 15.5 18.0 19.2
100,000 || 1.9 5.0 13.3 17.7 20.8 27.4 31.8 33.4
HMR-51

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 Racords for HEC-1.

\PO148\CALCSET\CALCAPP
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PIPE FLOW CEART (Full flow assumed)

6-41

TGP 3APLIL TG

Lilpdn 3 #HALI756

740
>4,/44

Por Corrugated Metal Pipe Inlet x. !é = 1.0 and 70 feet of Corrugated Matal Pipe Comduie

n = 0.025, Bote correction factor other pipe lengths.

Sy 12¢ 1s* 18° an° 2¢° 30 36° a2
2 2.84 4.92 7.713 11.30 15.60 26.60 .77 $8.12
3 3.48 €.03 9.47 13.04 19.10 32.58 49.93 71.19
4 4.02 6.9 10.94 15.98 22.06 37.62 57.66 82.20
s .49 1.78 13.23 17.87 .06 42.08 .48 91.90
6 4.92 s.52 13.40 19.57 7.0 “.0 70.80 100.65
7 5.32 .2 14.47 .04 29.19 ©®.77 76.28 108.75
. 5.68 9.8¢ 15.47 22.60 31.19 153,19 81.53 116.23
9 6.03 10.44 16.41 23.97 33.09 56.43 06.49 123.30

10 6% 11.00 17.30 | 2s.2¢ 34.08 59.48 91.16 129.96
1 6.67 11.54 8.4 26.50 26.39 3.2 95.63 136.3)
12 6.96 12.08 18.98 27.68 38.21 €5.16 9.987 162.37 -
13 7.18 12.53 19.72 28.01 39.77 67.83 103.9¢ 148,22
14 7.52 13.02 20.47 29.90 .27 70.39 107.88 153.80
1s 7.78 13.48 21.19 30.958 42.72 72.88 111.66 139.18
16 8.04 13.92 21.88 31.96 .12 | 75.24 115.32 164.40
17 8.29 14.35 22.55 32.94 45.48 77.5% 118.87 169.46
18 8.53 14.77 3.2 .90 | «.00 19.61 122.33 174.39
19 8.7 185,17 23.84 34.83 48.08 s1.99 125.67 179.18
20 8.99. 13.56 24.46 35.73 | es.33 84.12 128.93 183.80
a1 %.2 15.95 25.07 26.62 50,88 86.21 132.13 188.36
22 9.43 16.32 25.65 .41 | am 88.22 135.21 192.76
13 9.64 156.69 %.23 38.32 $2.90 90.21 138.27 197.12
2 9.88 17.08 26.80 3.4 54.04 92.18 141.2¢ 201.35
s 10.08 17.40 27.38 39.95 35,13 94.03 144.18 205.30
L Correction Pactors For Other Pipe Lengths

40 1.3 1.22 1.20 1.19 1.16 1.14 1.13 - 1.11
S0 1.1 1.13 1.12 1.1 1.10 1.0 1.08 1.07
s0 1.0 1.08 1.08 1.08 1.08 1.0¢ 1.04 1.03
70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
80 0.93 0.93 0.98 . 0.96 0.9¢ 0.9¢ 0.97 0.97
90 0.90 0.91 0.92 0.92 0.92 0.93 0.9¢ 0.94
100 0.86 0.87 0.s8 0.89 0.9 0.90 0.91 0.92

Pipe flow chart for corrugated
matal pipe drop inlet spillway

THEBLE 4
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WATER MANAGEMENT AND SEDIMENT CONTROL FOR URBANIZING AREAS

Outlet Protection (Cont'd)

\> - \\rkv~\ s S (\\‘.\.K .

v2IN9:4 |

$398/¢3) s3bamydsyg
r 05

399, *az)5 deadyy 0Sp

0001 00% 002 00 02 S €
- : ~ TIM T - 111+ 4] [ 41 bt 4 u|
HI . | .... l..oﬁ 1.,... lll...l.:.H — - =1 |} :
- - B--F wpe - -d42- LT = / o; N
: wpi CAF T A "D.Xmmx i o
=T i [H]1} AU A T T Tos w.x«.... {1 |
T. -W . m -1 * m‘ ‘ \ ot ol o ’ ’-“ m M -
. 3 Q1. H h i 11+ -+
ﬂ. T ! “n \ovﬁo P J..__ Fe {1 T H
_ bl R
SRR i
b ] T H ) m‘ H _ “u . 0
. i s e T
) T . ot
/ o" ! q .“. _., pllastes
) i ' ® 5 g
. -+ 14 144 1
d - vk HEL
AL 1 ARRE ol Bttt e TV EH
.A.n‘xnﬁ .\ s ._4. I | _ ._" ! "_mu “_ ﬂ 1111
-. 1 *f “ 3
: 7 gy ST
1 09 o %s0 >
T ; R "
- \ 4 M 0g ‘4ajausyg
e 0l ady4
HNeOgapn ININY

(43110 S°0 > 1) NOILIONDD YILVNIIVL WAWININ

TIN4 ININOTS 3d1d ONNOY V WONd NOTLIILOMd 13TUN0 40 NOISIO

Figure 3

15

March 1987
000386

SCS, Columbus, Ohio



740

GEOSYNTEC CONSULTANTS page 6 ot 4.
Written by: ___ 45  Dae: 9 1R8/5¢ Reviewed by:/%s Date: 12, /b 5L
. Client: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08

_ APPENDIX A
COMPUTER SOFTWARE USED TO PREPARE CALCULATION PACKAGE
HydroCAD™ STORMWATER MODELING SYSTEM

Applied Microcomputer Systems, "HydroCAD ™ Stormwater Modeling System", version 3.10,
Chocorva, NH, 1993.

GE3900-08.1/APP.A
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Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM s p 3asen g6 Page 1

TYPE II_24-H9UR RAINFALL= 4.7 IN /M/ﬂ"‘”’"
Prepared by Applied Microcomputer Systems 1 Apr 96
HydroCAD 4.51 000663 (c) 1986-1996 Applied Microcomputer Systems

P 3%/ 44
. JRSHED ROUTING =============ss===s===s=====s======c====================zt======

Osuecmcm«sm [ ] reacw /\ rono Ej LINK
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Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM T§CP 3Am?q%é?ge”é
TYPE II 24-HOUR RAINFALL= 4.7 IN i
Prepared by Applied Microcomputer Systems 1 Apr 96
HydroCAD 4.51 000663 (c) 1986-1996 Applied Microcomputer Systems
37/44

,JATCHMENT 1 SEDIMENT BASIN 4 - BORROW AREA

PEAK= 174.2 CFS @ 12.20 HRS, VOLUME= 15.56 AF

ACRES CN SCS TR-20 METHOD

15.00 87 TYPE II 24-HOUR -

57.00 81 RAINFALL= 4.7 IN

72.00 82 SPAN= 2-20 HRS, dt=.1 HRS
Method Comment T¢c (min)
TR-55 SHEET FLOW Segment ID: 6.0
Fallow n=.05 L=100" P2=2.6 in s=.01 '/!
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 7.8
Unpaved Kv=16.1345 L=480" s=.004 '/! V=1.02 fps
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 1.3
Unpaved  Kv=16.1345 L=310"' s=.058 '/!' V=3.89 fps
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 14.8
Unpaved Kv=16.1345 L=1430" =.,01 '/ V=1.61 fps

Total Length= 2320 ft Total Tc= 29.9

SUBCATCHMENT 1 RUNOFF
SEDIMENT BASIN 4 - BORROW AREA

o |
168} i AREA= 72 AC

150+ Te= 29.9 MIN
148+ CN= 82
130+
~ 128t SCS TR-28 METHOD
o8y TYPE I1 24-HOUR
L 'eer RAINFALL= 4.7 IN
-
- © PEAK= 174.2 CFS
3 78t @ 12.2 HRS
o 6ar UOLUME= 15.56 AF
w S8t
48+
.38}
208t
18
Bmmvmml\mmm—mmvmmr\mmm

TIME C(hours)

00033590



Data for

Prepared

SEDIMENT BASIN 4

TYPE II 24-HOUR RAINFALL= 4.7 IN
by Applied Microcomputer Systems
(c) 1986-1996 Applied Microcomputer Systems

HydroCAD 4.51 000663

740

- BORROW AREA - 25 YEAR STORM

P hA 3 gt (9PF

DGP 3apc 96 Page 3

1 Apr 96

o,

Qin

1

SEDIMENT BASIN 4 - BORROW AREA

= 174.2 CFS @ 12.20 HRS,

VOLUME= 15.56 AF

A4

Qout= 83.13 CFS @ 12.53 HRS, VOLUME= 15.45 AF, ATTEN= 52%, LAG= 20.0 MIN
ELEVATION AREA INC.STOR CUM.STOR STOR-IND METHOD
(FT) (SF) (CF) (CF) PEAK STORAGE = 185089 CF
567.0 782 0 0 PEAK ELEVATION= 6574.2 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=.1 HRS
571.0 20793 17051 34964 Tdet= 48 MIN (14.65 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 69.70
573.0 73.90
573.5 77.87
574.0 81.66
575.0 88.64
576.0 95.13
577.0 101.22

000391



Data for

Prepared
HydroCAD

SEDIMENT BASIN 4
TYPE II 24-HOUR RAINFALL= 4.7 IN
by Applied Microcomputer Systems
000663

4.51

(

é?hi&//%‘

Page 4

- 25 YEARSTOPZ4O /M«é

- BORROW AREA DGP 3APAILT6

1 Apr 96

c) 1986-1996 Applied Microcomputer Systems

ELEVATION (ft)

FLOW C(cfs)

578
S77}F
576
S75+¢
S74¢
5731
572¢

571

5784
569§
568 ¢

567

178}
168+
150+
1408+
138+
128+
1181
190+
og
80}
78+t
60}
58}
a9t
38t
28t
18t

/14

POND 1 DISCHARGE
SEDIMENT BASIN 4 - BORROW AREA

flood elev. ,

48" QUTLET

Q [\
o ©

® Y un] [\

' RISER - 36" INTQ
n Vo] ~ 8

18}t
20t

(]
m

DISCHARGE (cfs)

POND 1 INFLOW & OUTFLOW
SEDIMENT BASIN 4 - BORROW AREA

STOR-IND METHOD
PEAK STOR= 185889 CF
PEAK ELEU= 574.2 FT

Qin= 174.2 CFS
Qout=
LAG=

83.13 CFS
28 MIN

TIME C(hours)

00039<



Dat

Prepared

a for

SEDIMENT BASIN 4

- BORROW AREA - 25 YEAR STORM

TYPE II 24-HOUR RAINFALL= 2.6 IN
by Applied Microcomputer Systems
(c) 1986-1996 Applied Microcomputer Systems

HydroCAD 4.51

000663

740 f%& 3 4l 175
Page 1
PGP APt
1 Apr 96

!-JATCHMENT 1l

PEAK= 64.73 CFS @ 12.21 HRS,

ACRES

SEDIMENT BASIN 4 - BORROW AREA

VOLUME= 5.82 AF

42/ 4

CN SCS TR-20 METHOD
15.00 87 TYPE II 24-HOUR
57.00 81 RAINFALL= 2.6 IN
72.00 82 SPAN= 2-20 HRS, dt=.1 HRS
Method Comment Tc (min)
TR-55 SHEET FLOW Segment ID: 6.0
Fallow n=.05 L=100" P2=2.6 in s=.01 '/
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: ) 7.8
Unpaved Kv=16.1345 L=480" s=.004 '/! V=1.02 fps
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 1.3
Unpaved Kv=16.1345 L=310" s=.058 '/' V=3.89 fps
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 14.8
Unpaved Kv=16.1345 L.=1430" s=.01 '/! V=1.61 fps
Total Length= 2320 ft Total Tc= 29.9
SUBCATCHMENT 1 RUNOFF
SEDIMENT BASIN 4 - BORROW ARER
® :
60+ AREA= 72 AC
55} Te= 29.9 MIN
SBF CN: 82
A~ 45r SCS TR-28 METHOD
JQ a8t TYPE 11 24-HOUR
U 35} RAINFALL= 2.6 IN
= 3er PEAK= 64.73 CFS
2 a5t @ 12.21 HRS
- 28} UVOLUME= 5.82 AF
1St
19}
5.

%)

Y]

TIME C(hours)

000393
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Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM 3Aé¥?;6 Page 2
TYPE II 24-HOUR RAINFALL= 2.6 IN
Prepared by Applied Microcomputer Systems : ‘ 1 Apr 96
HydroCAD 4.51 000663 (c) 1986-1996 Applied Microcomputer Systems
® 1Y 4
PU O 1 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 INC.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=.1 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 69.70
573.0 73.80
573.5 77.87
574.0 81.66
575.0 88.64
576.0 95.13
577.0 101.22

00039%
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Data for SEDIMENT BASIN 4 - BORROW AREA - 25 YEAR STORM DaP 3AIG
TYPE II 24-HOUR RAINFALL= 2.6 IN

Prepared by Applied Microcomputer Systems

Page 3

1 Apr 96

HydroCAD 4.51 000663 (c) 1986-1996 Applied Microcomputer Systems
I POND 1 DISCHARGE j
SEDIMENT BASIN 4 - BORROW AREA
578 [ flood elev. . . _ . . . ;.
577t ,,’
576} L
> 575 .
G Vi
— 574t v
z 573} 7
c __ {1 __o--
— 572t o em===T
= _o----
q 571 h-~
o 578}
3 N
W s569¢
se8t :
567 ) 48" RISER -.36" INTD 48" OQUTLET
Q [wy) ® Q o o [an] (s3] [av) [av) [av]
-— Y] m < T3} Vo) ~ [ve] )] E
DISCHARGE (cfs)
POND 1 INFLOW & OQUTFLOU
SEDIMENT BASIN 4 - BORRQOW AREA
65
‘ 68 STOR-IND METHOD
55| PEAK STOR= 65568 CF
5@t PEAK ELEU= 572.1 FT
~ 45t i Qin= 64.73 CFS
O apt th Qout= 58.96 CFS
u 35} I'|| LAG= 9.9 MIN
] i
3 25t O
z 2 :
1S} ]
1o} :
5k 1
e'——n——n——n——-—ﬂ- =, L

N M T W O~ O

TIME C(hours)

000395
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16. IMPACTED MATERIALS
MANAGEMENT

16.1 Impacted Material Haul Road
16.2 Impacted Runoff from Haul Road
16.3 OSDF Methane Generation

16.4 OSDF Radon 222 Release
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16.1 Impacted Material Haul Road
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GEOSYNTEC CONSULTANTS PAGE_| _OF |
Writtenby: DG e Date: 23 frg 9¢ Reviewed by: m Date: Z5 febqb
Client: FERMCO Project:_OSDF Project/Proposal No.: GE3900 Task No.: 104
IMPACTED MATERIAL HAUL ROAD
| EXECUTIVE SUMMARY
Purpose:

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.

Design 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):

Base: 9 in. of ODOT spec. #304 Base Aggregate;
Subbase: 15 in. of ODOT spec. #310 Subbase Aggregate;

Geotextile separator; and
Prepared subgrade

Maintenance;

¢ Required Maintenance includes regrading of the road surface and the addition of
aggregate to the base.
¢ Maintenance Intervals:
Biweekly for normal period of operation.
Weekly for spring-thaw period of operation.

Subgrade Requirements:
o Fill sections: Brown till compacted to 100% of Standard Proctor maximum dry density.

o Cut sections: Existing subgrade compacted to 100% of Standard Proctor maximum dry
density.

File: CONHAUL2.DOC : 000799
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GEOSYNTEC CONSULTANTS . PAGE_| _OF | (o
Written by: (G P ) Date: 7 Jay9¢ Reviewed by: m w) Date: 2SFebqp
Client: FERMCO Project:_OSDF Project/Proposal No.: GE3900 Task No.: 10.4

IMPACTED MATERIAL HAUL ROAD 7545

Contents:

1. Introduction \ /16

2. Calculation Procedure 2. /6

3. Collection and Verification of Engineering Data A / S
Reference g S/5

4. Calculations and Results \ / W

-5—References-
|

Introduction:

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 Lub?\‘ewill be transported over the haul road.

Sorl oww
The haul road is divided into the following sections:

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).

000450 ——N
File: CONHAUL2.DOC
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Written by: D& o Date: 17 Jaw9¢  Reviewed by: m\'\) Date: 25 &bq¢
Client: FERMCO Project:_OSDF : Project/Proposal No.: GE3900 Task No.: 104

HC 2579

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.

e 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.

o 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.

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, wyq,.1s for @ 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; |

-Wg,.1g, 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.
-Wg,.1s, for rear axle,
20 and 40 ton trucks hauling impacted rubble to the OSDF; and
20 and 40 ton trucks hauling impacted soil to the OSDF.
-Wee.qg, for front axle, empty 20 or 40 ton truck returning to the operable units.
-Wge.1g, fOr rear axle, empty 20 or 40 ton truck returning to the operable units.
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¢ The following equation (AASHTO, 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:

4.5 .
NFL,FE,RL,R.E) (1)
18

WeL RLFE RE-18 = WN(

Where,

WeL rere Re-18 = the 18-kip ESAL applications for a given truck axle load type.

wy = the number truck passages to (or from) the OSDF over the performance period.

N rLrLFERE = @ given truck single axle load type, kips

4.5 = coefficient determined from AASHTO axle load equivalency factors (for a terminal
serviceability index, p; of 2.5 and a pavement structural number of 2.5).

18 = an 18-kip equivalent single axle load, kips

e The total 18-kip ESAL applications, wrya..15 is calculated for the performance period by summing
18-kip ESAL applications for each of the above truck axle load types, as follows:

l Wrstai-1s = Wrp1s8 T Wre-1s + Weg_ig + Wee_is (2

1.1 The single axle load, N, for each truck axle load type is calculated using the following equation
(Caterpillar, 1995):

NFL,RL,FE,RE =W,L;, (3)
Where,

NeLrLeere = 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
Verification of Engineering Data (CVED).

L4t = Load distribution for a given truck axle load type, ratio (See CVED).
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1.2 Calculate the number of truck passages to (or from) the OSDF, wy, over the perférmance period,
using the following equations:

For 20 ton truck applications:

(i)
Wyop = 0.55 (4a)

(4b)

Wyao-s = 0.55

For 40 ton truck applications:

‘ Wyao-p = 045———" (4c)
40

(4d)

Where,

0.55,0.45 = coefficients for percentage of material transported by a given truck, based on
truck capacity and traffic mix.

Wn20.r = NUMber of axle load applications for 20 ton truck hauling rubble.

Wp2o.s = Number of axle load applications for 20 ton truck hauling soil.

Wnao.r = NUumMber of axle load applications for 40 ton truck hauling rubble.

Wpso.s = Number of axle load applications for 40 ton truck hauling soil.

Vg = Total volume of rubble to be placed in OSDF (unbulked CY).

Vs = Total volume of soil to be placed in OSDF (bank CY).

Sk = Swell of rubble from unbulked to bulked condition.

Ss = Swell of soil from bank to loose condition.

V,o = Capacity of 20 ton truck at rated load (CY).

V4 = Capacity of 40 ton truck at rated load (CY).

000403 y——N
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1.3 Calculate w18 (for placement of all impacted material; i.e. performance period of 9 years),
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 Wqqua.1s (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, Dggr, and a final

. subbase thickness, Dgg ¢, is determined from the analyses.

2.1 Estimate the required base layer thickness, Dgg, 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, Dgg from Figure 2 based on allowable serviceability
loss, APSI .

Figure 2 requirements:

¢ Allowable serviceability loss, APSI calculated from selected values of: 1) an initial
' serviceability index (p,); and 2) a terminal serviceability index (py).
Resilient modulus of roadbed material, Mg
e Base modulus, Egg
o Allowable 18-kip ESAL applications, Wi

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.
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APSI =p, - p, (5)
where,
p, = the initial serviceability index, serviceability index at time of construction.

p; = the terminal serviceability index, lowest serviceability index tolerated at the end of
the performance period.

Estimate the resilient modulus of roadbed material, Mg:

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

Base Modulus, Egg:

Use value recommended in ODOT (1992) for #304, Aggregate Base (crushed stone). -
AIIowable-1 8-kip ESAL applications , Wigpg:

Corresponds to wyy,.15 Calculated in step 1, section 3.

b) Select, for the normal period of operation, from Figure 3 a value of Dgg based on RD.

Figure 3 requires selection of an allowable rut depth, RD and knowledge of:

o Resilient Modulus of road bed material, Mg
¢ Base Modulus, Egg, and
e Allowable 18-kip ESAL applications, wigrp

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 (AASHTO,
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. '

000105
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c) Estimate Dgg 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.

o Allowable 18-kip ESAL applications; wygpg:

Corresponds to 1/2 the wrqy,.1g calculated in step 1, section 3. This value corresponds to a 1-
week instead of a 2 week performance period.

e Calculate Resilient Modulus of Roadbed Material, Mg for spring thaw conditions.:
Calculate Mg based on the value of Mg assumed in the above part a.
2.2 Select the required Dgg g value as the maximum value of Dgg determined in the above 2.1.

e Add 1 inch to Dgg 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, Dgsr and convert the difference between Dgg and Dggf to a
required subbase thickness, Dgg using Figure 4.

Figure 4 requires selection of Dgg ¢ and knowledge of

Resilient Modulus of road bed material, Mg
Base Modulus, Egg, and
Allowable 18-kip ESAL applications, wgpg;.
Subbase Modulus, Egg.

which are obtained in the above part a, excepting Egg which is obtained as follows.

e Subbase Modulus, Egg: 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).

25 FebPs

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.

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

Estiméted Total 18-kip ESAL Applications, w;g: Use values of wygfor 2 and 1
week performance periods as calculated in Step 1.

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

Design Serviceability Loss, APSI: 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, Dgs¢. Calculate a Required Subbase Thickness, Dgg using the
following equation;

D, = (SN—aBSDBS-F)

(6)

Qgp

Where,

ags, agg = Structural Coefficients for base and subbase aggregate, respectively.
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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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Step 1: Estimate the total 18-kip Equivalent Single Axle Load applications, wyy..1s. 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)

Specifications for 20 and 40 ton trucks.

Parameter 20 Ton truck . 40 ton truck
Operating 33.1 kip 61.8 kip
Weight
Rated Load 40 kip 80 kip
Weight
Distribution:
Empty
Front 67% 62%
Rear 33% 38%
Loaded
Front 45% 39%
Rear 55% 61%
Capacity 12.7CY (Struck) 29.3 CY (Struck)

o Capacity of design vehicles: Assume load is struck.

20 ton truck hauling 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 hauling 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 hauling 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 hauling 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.

Impacted Material to be placed:

‘e Total volume of expected impacted soil from the $276 Million Plan (FERMCO, 1995):
V=2,360,251 Bank CY. '

e Total volume of expected impacted rubble from the $276 Million Plan: Vz=274,615
Unbulked CY.

e 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:

e Swell, S: Swell of impacted rubble from unbulked to bulked condition is assumed as 100%
(GeoSyntec, 1996b)

' e Swell, S: Swell of impacted soil from bank to loose condition is assumed as 25%
- (Caterpillar, 1993b)

¢ Unbulked Unit Weight of impacted rubble: 150 pcf assumed as typical for concrete.
¢ 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, APSI ;

o |Initial Serviceability Index, p,: Assume p, 4.2 (recommended for flexible pavements
[AASHTO, 1993]) ’

e Terminal Serviceability Index, p, : Assume p, = 2.0 (recommended for rural
roads [AASHTO, 1993))
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Resilient Modulus of Roadbed Material, Mg:

e 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):

M, =1200CBR @

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.

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

Note: Values of Mg for compacted brown till are expected to be higher than values of Mg for
undisturbed brown till. This is based on the results of two test programs:

e 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 Mg range is 2,340 to 5,280 psi.

e US Armmy 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 Mg is 9,600 psi.

The average value of Mg for upper horizon brown till compacted to 95% of standard Proctor
(3,600 psi) is lower than the My value 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, 1996a).

Base Modulus, Egs: Assume 304, Aggregate Base, Egg=30,000 psi (ODOT, 1992)..

Allowable w,z pg): Calculated using py and p; -

Allowable rut depth: Assume 3 in. (The road will largely be confined to off-
highway vehicles).

Subbase Modulus, Egg: Assume ODOT spec. 310, Aggregate Subbase, Egg 15,000 psi |
(ODOT, 1992)
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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%.

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

o Estimated Total 18-kip ESAL Applications, w,s: Obtain from calculation in
Step 1.3.

o Effective Roadbed Soil Resilient Modulus, Mg: Use values estimated in step

2; for normal operating and spring thaw periods; Mg - 5,400 psi, and 2,700
psi, respectively.

e Design Serviceability Loss, APSI .

APSI =p,-p,=4.2-2.0=2.2 (Step 2)

. e Structural Coefficients: Use values recommended in ODOT (1992) for
materials selected for base and subbase, as follows;

Aggregate base (#304) = 0.14.
Subbase (#310) = 0.11.

¢ Asphalt pavement thickness: Assume zero for aggregate-surfaced road.
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IMPACTED RUNOFF FROM HAUL ROAD

EXECUTIVE SUMMARY

Purpose of Analysis

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 Analysis

‘ 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

Purpose

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; a..d

o dadge conbid shuchies sl be desped o b ool
’)0 Ko o 15-yr 24 storan e_vr»\i” » %;’%
Scope 7’0

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.

Calcuiation Procedures
General

The computer program "HydroCAD™ Stormwater Modeling System" [Applied
Microcomputer Systems, 1993] (HydroCAD™), will be used to calculate quantities, and
maximum depth of flow along the containment berms. HydroCAD™ uses the hydrologic
modeling methods presented in Technical Release 20 (TR20) [USDA-SCS, 1975] and TR55
[USDA-SCS, 1986a}. (See Appendix A for information related to HydroCAD™.)
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Stormwater Runon and Runoff Quantities

The procedure for calculating stormwater runoff quantities consists of the following steps.

Define the drainage area to be analyzed. These data are presented in the design verification
document. :

Define the runoff curve number. This value is presented in the design verification
document.

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:

e for sheet flow:

surface type which yields a Manning’s coefficient for sheet flow;
the flow length (ft);
slope of land (ft/ft);

e for open channel flow:

Manning’s coefficient for open channel flow;

channel length (ft);

channel slope (ft/ft); and

pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or cross-
sectional area (ft), and wetted perimeter (ft)).

These data are also presented in the data verification document.

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
HydroCAD™. HydroCAD™ uses the data to develop a "runoff hydrograph" as described
below.

a. Calculate the Time of Concentration (T.) for a drainage area. The Tc represents the
time required for stormwater to travel from the most hydrologically distance point of

000141
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a drainage area to the point of interest. Tc is calculated by summing the individual
travel time (T,) for each flow segment define in a drainage area.

Travel time for each flow segment is calculated as follows:

" for sheet flow:

T = 0.007(nL)°®
= ——
P20'5 S04
where: T, = Travel time for sleet flow (hours); 'ﬁ;%
n = Manning’s coefficient for sheet flow, based on surface types;
L = flow length (ft); ’
P, = amount of rainfall from a 2-year, 24-hour design storm event (in.); and

S = slope of land (ft/ft).

for open channel flow:

o , L

t” (3600)(1.486)r9% S05

where: T, = Travel time for open channel flow (hours);
' n = Manning’s coefficient for open channel flow;
L = channel length (ft)
r = hydraulic radius (ft) = a/Pw;
a = cross-sectional area of flow (ft?);
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,
HydroCAD™ wuses the CN value and the anticipated rainfall distribution.
HydroCAD™ 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: ’

GE3900-08.1/F9630076
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(P -0.25)? _ . !
Q=S (Q-=zeo 1fP<971{3) 2 e
where: Q = amount of runoff (in.);
P = cumulative rainfall (in.);

S = potential maximum retention after run off begins (in.);
S = 1000/CN - 10
CN = runoff curve number.

The discrete time interval or duration during which runoff calculations are performed is
calculated as follows:

D=_—_Tc
15
where: D = duration (hours); and
‘ ' S = 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 Depth 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. This information is
presented in the data verification document.

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 Flow rate
is calculated as follows:

1.486ar%%7s%5

Q =
n
where: Q = flow rate (cfs);
. a = cross-section area of flow (ft?);

GE3900-08.1/F9630076 é

0001473



740

GEOSYNTEC CONSULTANTS Page & of &
Written by: Ase Date: /5_/ Fes/ F¢ ' Reviewed by: __455 Date: 28 _1feh 195
‘liem: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1

7 723F 49

= hydraulic radius (ft) = a/P,;

wetted perimeter (ft);

channel slope (ft/ft); and

= Manning’s coefficient for open channel flow.

~
;U
il

5 o®w

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:

e the drainage control structures shall be de51gned to contain runoff from the 25-year,
‘ 24-hour design storm event; and

o 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 (i.e.,
quantities, durations, distribution); and (ii) drainage area information (i.e., 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
and published engineering texts.

GE3900-08.1/F9630076.DV B
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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 , 2.55
25-Year, 24-Hour : 4.7
Rainfall Distribution

According to USDA-SCS [1986a], storm events that occur in the area of the OSDF site
will have a Type II storm distribution, see Figure 1. Rainfall intensities for a Type II, 24-
hour storm are shown on Figure 2. :

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:

e for sheet flow:

surface type which yields a Manning’s coefficient for sheet flow, Table 2
[USDA-SCS, 1986a];

flow length (ft), Figure 3;

slope of land (ft/ft);

GE3900-08.1/F9630076.DV - é
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e for open channel flow: _ ‘

Manning’s coefficient for open channel flow, Figure 3 [USDA-SCS 1986b and
Chow, 1959];

channel length (ft), Figure 3;

channel slope (ft/ft); , _

pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or cross-
sectional area (ft?), and wetted perimeter (ft)), Figure 4.

Hydrologic Soil Group (HSG)
The soil types found within the OSDF watershed are illustrated in Figure 5 [USDA-

SCS, 1992]. The HSG classification for each soil type identified were obtained from Table 4
[USDA-SCS, 1986a]. Soils found within the OSDF watershed and their associated HSG are:

SCS Map Designator Soil Name HSG Group
FcA Fincastle C
‘ FdA Fincastle 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, 1986a] (i.e., the
hydrology model used in these calculations) are presented in Table 5 [USDA-SCS, 1986a]
The impacted material haul road will be gravel.
Runoff Curve Number

The Runoff Curve Number (CN) is a factor used to account for 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, 1986a].
The Manning’s n value for gravel-lined channels is 0.022, see Table 4. [Chow 1959].

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) /%/ Z3kb3¢
DURATION TIME
(YEARS) :
HYDRO-35 TP-40
5 MIN 15 MIN | 60 MIN | 2 HOURS | 3 HOURS | 6 HOURS |12 HOURS {24 HOURS
2 0.387 0.739 1.223 1.408 1.54 1.848 2.2 (2.552>
5 0.49 0.979 1.69 2.016 2.112 2.496 2.88 3.072
10 0.564 1.139° 1.99 " 2.277 2.475 3.069 3.465 4.059
25 0.65 1.34 2.38 l 2.6 3.0 3.4 4.0 GJ) *—
50 0.72 1.49 2.67 3.0 3.25 3.9 4.2 5.2
* 100 0.78 1.64 2.95 3.3 3.6 4.1 5.0 5.6
* 500 0.93 2.1 4.3 5.2 5.9 7.3 8.5 9.4
2000 1.2 2.6 5.8 7.2 8.2 10.2 12.0 13.0
10,000 | 1.4 3.4 8.2 10.5 12.0 15.5 18.0 19.2
100,000 1.9 5.0 13.3 17.7 20.8 27.4 31.8 33.4
DESIGN OF SMALL DAMS HMR-51

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.

REF: Drdsons 5 "7 000 < yave ficop Mo Arusasis hxmors fecep, Sizamios.

Gooy AN VErmmson” |\ G /%5,

\PO148\CALCSET\CALCAPP
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. : Table 2 .—Roughness coefTicients (Manning's n) for
sheet flow

Z

/L_;;“qa

Surface description n!

Smooth surfaces (concrete, asphalt, gravel, or

bare =0il) ..o 0.U11
Fallow tnoresidue) ... e, 0.05
Cultivated ¢ o 1
Residue co or S2Y% . 0.04
Residue cover >2¢% ... ... ..l 0.17
SRR Grass:
Short grass prairie ...........cccoiveeeenn.. 0.15
Dense grusses? ., ... ... e 0.24
Bermudagrass. .. ...... e e 0.41
. Range (natural) ......... s 013
Winnis:3
Light-underbrush......... SN 0.40
Dense underbrush ... oo o oL, 0.80

"The n vadues are a comporite of informution compiled by Engman
114%45), _ "‘
includis gpevies such as Weeping livegass, bluegrass, bufTalo
/ raxs, bhlue grumg gk, and native grass mixtures,
3When sehecting n, consider eover 1o a height of about 00,1 fi. Thix
i the unly part of the plant cover that will vhatruet sheet flow.

—~

- (210-VI-TR-55, Second Ed., June 1986)
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TasLe ¢, continued: Hydrologic soil groups for United States soils
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abte ' §::.—Runotf curve numbers for urban areas’ {5%0&?; : 90
. 2¥

Curve numbers for
Cover description’ hydrologic soil group—

. Average percent
—over type and hydrologic condition impervious area? A 8 C D

Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cemeteries, etc.):

Poor condition (grass cover < 50%)....................... 68 79 86 89
Fair condition (grass cover 509610 75%) ................... 49 69 79 84
Good condition (grasscover > 75%) .. .................... 39 61t 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc. (excluding right-of-

WY ). e 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding right-of-way) ...... 98 98 98 98
Paved; open ditches (including right-of-way) ................ . a3 89 92 93
Gravel (including rightof-way) . ........................... 76 85 91 &
Dirt (inciuding right-of-way). . . .......... ... ... .. ... ..... 72 82 87 89
Waestern desert urban areas: : .
Natural desert landscaping (pervious areas only)4 ............ 63 77 85 88

Anificial desert landscaping (impervious weed barrier, desert
shrub with 1- 1o 2-inch sand or gravel muich and basin bord-

B8 ). . e e 96 96 96 96
Urban districts:
Commercial and business ... ......... ... ... e 85 89 g2 94 95
Inqustrial . ................... e 72 81 88 91 93
Residential districts by average lot size:
1/8 acre or less (town houses) ... ............. .. ... ....... 65 77 85 Q0 92
114 ACTe . . e 38 61 75 83 87
‘1 Bacre ... ............ P 30 57 72 81 86
12 aCK . . e 25 54 70 80 85
T ACIE oot e 20 51 68 79 84
2acres ... ... ....... P 12 - 46 65 77 82
Developing urban areas
Newly graded areas (pervious areas only, no vegetation)5 ........... 77 86 a1 34
idie lands (CN's are determined using cover types similar to those
in table 2-2a).

' 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 to 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
type.

4Composite 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 shfub in poor hydrologic condition.

5Composite 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 the newly graded pervious areas.
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GEOSYNTEC CONSULTANTS - 740, .

Written by: Ase - Date: /% 1Fes, /% _ Reviewed by: ’Afﬁ Date: ‘Z_Z/ ﬁ/&
. Client: _ FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1

IMPACTED MATERIALS MANAGEMENT
IMPACTED RUNOFF FROM HAUL ROAD

CALCULATIONS

Purpose

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).

Scope

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
calculation results; and (iii) the calculations (i.e., worksheets, computer runs).

Calculations

Summary of Input Data

A summary of the HydroCAD™ input data is presented in Table 1.

Summary 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.

GE3900-08.1/F9630076.CAL . 000460 _ i_
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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 —

SUBCATCHMENT 1 AREA DRAINING TO 1 SIDE OF ROAD %j 7
72£b
ACRES CN /
2.60 . 98 , SCS TR-20 METHOD

TYPE II 24-HOUR
RAINFALL= 4.7 IN
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=.001 '/’
SUBCATCHMENT 1 RUNOFF /
AREA DRAINING TO 1 SIDE OF ROAD
15
14}F ﬂ AREA= 2.6 AC
Te= 1.5 MIN
131 CN= 98

~n
T

SCS TR-28 METHOD
TYPE II 24-HOUR
RAINFALL= 4.7 IN

v o -
T T

PEAK= 16.5 CFS
€ 11.85 HRS
UOLUME= .78 AF

FLOW (efs)

©® - N W A Uy D

n A 1 I
m T n {Vs)

12}
17
18
19
20

TIME (hours)
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Data for IMPACTED MATERIAL HAUL ROAD RUNOFF DEPTH 7 © Page X 5 /¢
Prepared by GeoSyntec Consultants 19 Feb 96

HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcombuter Systems

WATERSHED ROUTING< R R s i s T P T T 1

Osuacmcnnzm |:| REACH APOND [:] LINK
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Data for IMPACTED MATERIAL HAUL ROAD RUNOFF DEPTH
Prepared by GeoSyntec Consultants
HydroCAD 3.10 000663

740

{c) 1986-1993 Applied Microcomputer Systems

Arc

Page 26 /6

19 Feb 96

i

REACH 1 CURB DEPTH FOR RUNOFF FLOWING LENGTH OF RD
DEPTH END AREA DISCH
(FT) {(SQO-FT) (CFS) 50’ x 1.5’ CHANNEL STOR-IND METHOD
0.0 0.0 0.0 SIDE SLOPE= .33 '/’ MAX. DEPTH= .18 FT
.2 7.6 2.0 n= .022 PEAK VELOCITY= .3 FPS
.3 15.3 €.5 LENGTH= 2000 FT TRAVEL TIME = 106.6 MIN
.5 23.1 12.7 SLOPE= .0002 FT/FT Qin = 16.5 CFS @ 11.85 HRS
.6 33.5 23.3 Qouts= 2.9 CFS @ 12.05 HRS
.9 47.5 40.7 ATTEN= 83 % LAG= 11.7 MIN
1.2 64.4 66.2 IN/OUT= .78 / .73 AF
1.5 81.8 96.6

REACH 1 DISCHARGE
CURB DEPTH FOR RUNOFF FLOWING LENGTH OF RD

w

- , 58’ x 1.5°
I SIDE SLOPE=

CHANNEL
.33 '/’
n=.022 L=20888° S=.8802

DEPTH (f¢)

® - NWwbUO~NDO®—N WA
T

®
95}

N
[s 5]
[Te}

)

5
18
15|
28|
25
38|
35}
aa|
as|
sef
ss|
65}
70}
75t
se|
85}
98|

DISCHARGE (cfs)

REACH 1 INFLOW & OQUTFLOUW
CURB DEPTH FOR RUNOFF FLOWING LENGTH OF RD
15 H
14} S8’ x 1.5’ CHANNEL
SIDE SLOPE= .33 */*

13F
12+
1"y

n=.@22 L=208080° S=.8882

STOR-IND METHOD
UVELDOCITY= .3 FPS

13 19 TRAVEL= 186.6 MIN
“ 8 Qinz 16.5 CFS
v 8 Oout= 2.9 CFS
~ 7 LAG= 11.7 MIN
3
o 6
_J 5
L. 4

3

2

W S~ T T

@ ! I === 2=y

v v ~ © o S

TIME C(hours)
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Written by: Ase Date: 7 _/ f_ 1 ¥¢_ Reviewed by:/ %5 Date: _é / ﬁ / 2_5
. Client: _ FERMCO Project: OSDFE Proj./Proposal No.: GE3900 Task No.: 08.1
APPENDIX A

COMPUTER SOFTWARE USED TO PREPARE CALCULATION PACKAGE
HydroCAD™ STORMWATER MODELING SYSTEM

Applied Microcomputer Systems, "HydroCAD ™ Stormwater Modeling System", version 3.10,
Chocorva, NH, 1993.
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‘ COMPUTATION COVER SHEET
SUBJECT OF CALCULATION: _OSDF METHANE GENERATION
Computations By: Signature S P, /Z/j //'aéQ/U G/QIO Z 7 3
(Cognizant Engineer) ' Date
Printed Name __7Acmac 8. [afer
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Checked by: 6 Date
(Checker) Printed Name _ Keunefls CM« [l
and Title A SSoche
Computations Signature Wd)/ Ob A'f& 9'{'
Checked by: Date
(Checker) Printed Name *\/ cune o W) Cl/f (/
and Title AssecsdC
Computations _ .
Backchecked by: Signature ‘%ﬁ/\@?/ L s Main 6. AR 6
(Cognizant Engineer) , Date
Printed Name 7 rncii Fo. IQJO—
and Title 6 5C7, 7€t Eng.
..pproved by: Signature i ; 9‘9
(PDP) Date
Printed Name KcMeH\ W C'ar i
and Title As Sect
Approved by: Signature Q,u-v{ OM A-z-_ 8 April 9¢
(DTL and TETL) Date
Printed Name Kvdo lth \Bonwpn f‘e-
and Title P, 'y upa.l
~ Record of Revision (Number and initial all revisions)
Rev. No. | Reason Date By Checked Approval
D L"'C-fmetl-\o‘ﬂ Des-“(,os - EPA SUEM:H-Q .
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Written by: =77 _ Date: 6 A2 % Reviewed by: %/ Date: él _QZ/ ié

Client: _ FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 10.2

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:

e  estimate the weight, volume, and volumetric concentration of organic material that will
be placed in the OSDF;

e _estimate the rate at which the organic material will be placed in the OSDF;
e  estimate the total methane generation potential of the OSDF;

e  estimate the weight of typical municipal solid waste (MSW) equivalent to the estimated
weight of organic material;

e  estimate the methane and total landfill gas generated within the OSDF over time using
a model developed for MSW (i.e., 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);

e use a simple landfill gas balance model to aid in evaluating health and safety impacts
and potential effects on the final cover system; and
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e  evaluate the results of the landfill gas balance model. -

Conclusion

1. Conservative methane and total landfill gas generation rates were calculated; the calculated
peak annual methane generation rate is 1.56x10* ft*/yr.

2. 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.

3. 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
mitigatibn measures, such as venting, should be implemented.
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CALCULATION PROCEDURES

Purpose

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.

Scope
The procedures presented in this document are used to:

e  conservatively estimate a methane generation rate that can be expected within the
OSDF,; and :

e vperform a simple landfill gas balance model to aid in estimating the effect of the
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;
° gstimate the rate at which organic material will be placed in the OSDF;

e  estimate the total methane generation potential of the OSDF;

GE3900-10.2/Methane.cal
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e  estimate the rate of methane generation within the OSDF;

e 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

e 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:

e  identify sources or organic material and approximate volume of each source;

e  estimate the volume, unit weight, and organic content of each source containing
organic material;

e calculate a weight and volume of organic material from each source containing
organics;

e  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

e  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 (L,), in units of cubic feet of methane per
megagram of municipal solid waste (MSW) (ft’/Mg), was obtained from a literature search.

E. Methane Generation Rate
1. Methane Generation Rate Constarit

The rate of methane generation has been reported to be directly proportional to organic
concentration [Amaral and Knowles, 1994]. A methane generation rate constant (k),
in units of 1/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=Y M, M E")

where:
Q = methane generated (ft’/yr at 20°C and 1 atm)
k = methane generation rate constant (1/yr)
L, = methane generation potential (ft*/Mg of MSW)
M, = mass of MSW placed in year i
t, = 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, 1991}
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,)

Emission to Atmosphere = Landfill Gas Generated
Prior to Completion of Final Cover

Emission to Atmosphere = Landfill Gas Diffused
After Completion of Final Cover

Landfill Gas Stored = Landfill Gas Generated - Landfill Gas Diffused

Air-Filled Void Space = (Total OSDF Volume)(porosity)(saturation) |

Landfill Pressure = (Initial Pressure){ Cumulative Storage + Air-Filled Void Space
- Air-Filled Void Space

G. Evaluation of Landfill Pressure

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.

The evaluation of health and safety concerns is addressed at the end of the calculations
and in the executive summary.
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OSDF METHANE GENERATION
DATA VERIFICATION

Purpose

The purpose of this document is to present the engineering data used to calculate the
methane generation within the OSDF.

Scope
The data presented in this document will be used to:

e  prepare estimates of the volume of methane that will be generated within the OSDF

over time; and
I| [

evaluate the potential for the generated gas to cause cracking or uplift of the final
- cover system or to cause health and safety concerns.

Parameters for Design
A. General
Engineering data were obtained from site-specific information and engineering texts.
B. Organic Conteqt
1. Sourées of Organic Material
Information regarding sources of organic material was obtained from Table 7-3 of the
Draft Operable Unit 5 (OUS) 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.

‘ GE3900-10.2/Methane.cal
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TABLE 7-3

6492 X

FEMP-OSFS-S DRAFT FINAL
March 22, 1995

e

MATERIAL ASSUMED TO MEET WASTE ACCEPTANCE CRITERIA FOR
ON-PROPERTY DISPOSAL
(Assumed for CRARE Analysis)

Quantity
Source Material (cubic yards)
ou2 ¥, Solid waste landfill material 18,000
£, South Field material 120,000
F¢ Lime sludge ponds material 18,000
Fs+ Active fly ash pile material 80,000
Fa Inactive fly ash pile material _109.000
Subtotal 345,000
ou3 £, Windows, wood, insulation 58,571
¥, Asphalt and concrete 167,797
F, Structural steel 2274
¥, Equipment, conduit/wire, piping 64,485
¥, Painted light gauge metals 224
¢, Brick 766
F"'Transite, floor tile, fire brick 3843
; Subtotal 297,960
ou4 ¥, Concrete 3000
Subtotal 3000
ous i Soil 1,750,000
F; Sludge - groundwater/wmewater treatment facilities 30,000
Subtotal 1,780,000
TOTAL 2,425,960

7.1.3 Off-Property Disposal

This 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 in-place

cubic yards and no allowances have been made for volumes following excavation, treatment, and/or
containerization.

FER\CRUS\SEC7-TXT\March 22, 1995 12:02pm
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The identified sources of organic material are as follows:

Component Source Volume (yd®)

Solid Waste Landfill ou2 18,000
Material(MSW)

Windows, Wood, Insulation OU3 A 58,571

Grubbing Waste 200 acreé of the site 161,333 (assuming an

average thickness of 0.5 ft)
2. Unit Weight and Organic Content

Component Unit Weight Source
MSW (refuse only) 50 1b/ft? [NAVFAC DM-7.3, 1983]
Windows, Wood, Insulation 50 1b/ft® s = 0.7 (Ranges from 0.12
(Wood only) to 0.74 for various woods
[Merritt, 1983])

~ Grubbing Waste (mostly 110 1b/ft Typical for Silty Clay
soil) [NAVFAC DM-7.1, 1986]
Component Organic Content Source
MSW 50% [Franklin Associates, 1992]
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 th<
g weight of‘ organic material that will be placed in the OSDF each year.
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D. Methane Generation Potential, L,

A theoretical maximum value for methane generation potential for organic material
(L, = 420 liters/kg) was obtained from Thorneloe et al. [1993]. A typical value for the
methane generation potential of MSW (L, = 125 liters/kg) was obtained from USEPA
[1994]. A minimum methane generation potential for typical MSW (L, = 38.6 liters/kg)
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 Value Source
Total Air Space 27.5x 10%yd ? Calculation Package 2.1,
required OSDF volume
Average Porosity 0.445 Calculation Package 7.1,
porosity of impacted
material.
Average Saturation 0.88 Calculation Package 7.1,

calculated from porosity
and moisture content of
impacted material

‘ GE3900-10.2/Methane.cal
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OSDF METHANE GENERATION
CALCULATIONS

Purpose

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 final cover
system and on health and safety.

Scope

The calculation procedures used in this docﬁment are presented in the calculations
procedures document. The data used in the calculations are presented in the data verification
document.

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 (i.e., 12.5%). (18,000 yd*) (1,350
1b/yd?®) (.125 organic content) = 3.04 x 10° lbs.

2. Assume the 58,571 yd® of windows, wood, and insulation is 30% wood (i.e., 17,571

yd®) and has a unit weight of 0.7 x 62.4 Ib/f? = 43.7 Ib/ft® (i.e., 1,180 1bs/yd3)

(17,571 yd®) (1,180 lbs/yd®) = 2.07 x 107 1bs.

3. Assume grubbing waste is top' 6-in. of a 200-ac area and is 1% organic by weight:
(200 ac. x 43,560 ft*/ac) (0.5 ft) (110 1b/ft?) (.01 organic content) = 4.79 x 10° Ibs.

GE3900-10.2/Methane.cal
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Table 1: Organic Material
Component Organic Weight | Organic Weight | Organic Volume
(Ibs) Mg) : (yd’)
MSW 3.04 x 10° 1.38 x 10° i 2,250 (12.5%) v
Wood 2.07 x 10’ 9.41x 10° / 17,571 (30%) ¥
Grubbing Waste 4.79 x 108 2.18x 10° d 1,613 1%) 7
Total 2.85 x 107 130x10° 7 21,434 7
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 10°> + (0.5) (9.41 x 10> + 2.18 x 10%) = 7,175 Mg v
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 v
(assuming MSW is 50% organic)
2. Cells 4 Through 8
Total organic weight in Cells 4-9: 1.30 x 10* - 7.175 x 10°> = 5,825
Organic material filling rate: 5,825 x 10° Mg/5 yr = 1,165 x 10° Mg/yr
Equivalent MSW filling rate: 2 x 1,165 Mg/yr = 2,330 Mg/yr
(assuming MSW is 50% organic)
GE3900-10.2/Methane.cal
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ESTIMATE OF METHANE GENERATION

1. 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 CH,/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 assurﬁe that the estimated organic content of the OSDF
(i.e., 1.30 x 10* Mg, moist, from Table 1) is all cellulose and
hemicellulose and has a moisture content of 90% (dry wt. basis)

4
Dry Weight = 130 X 10" Mg 105 %8 _ 6.84 x 10° kg, dry organic material
1 +09 Mg

CH4 Potential = (6.84 x 10° kg) (420 liters CH*/dry kg).
= 2.87 x 10° liters

3. Convert to LFG industry standard temperature (20°C):
(at constant pressure)

v. = 0D _ (287 X 10D293°K) _ | 09 x 10° e - 4
2 T, (273°K)(28.32 lifY’) ‘

The theoretical maximum methane generation is 109 x 109 ft3, v
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B. Consider a Typical MSW Material

The methane generation potential for typical MSW is 4,411 ft*/Mg (125
liters/kg) [USEPA, 1994].

C. Consider a Lower Bound MSW Material

A lower bound methane potential of MSW measured during a field
study [Pacey, 1989] was 38.6 liters CH,/dry kg refuse. Applying this
to the OSDF results in the total methane potential shown below.

(7.15 x 10° kg)(38.6 U/kg)(293° K) = 10.46 x 105" CH v
(273° K)(28.32 U/ft) ¢

Convert 38.6 liters/kg to units of ft’/Mg :

(38.6 liters/kg) (10° kg/Mg)/(28.32 liters/ft®) = 1,363 ft3/Mg v

D. Consider OSDF Impacted Material

1.

GE3900-10.2/Methane.cal

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.

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 ft’/Mg reported above.
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II. Concentration of Organic Material (use volume basis)

A. Methane generation rate is directly proportional to organic concentration [Amaral and
Knowles, 1994]. 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, 1992]

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 inlls 1-3 is
estimated as follows.

Organic volume: 2,250 + 0.5 (17,571 + 1,613) = 11,842 yd?

Cells 1-3 account for approximately 30% of the total volume of the OSDF (i.e.,

27.5 x 10° yd®) '

Total Volume: 27.5 x 10°yd® + 3 = 9.2 x 10° yd®

Organic Content: (11,842 yd*/9.2 x 10° yd® x 100% = 0.13% ( < 1/300th of
typical MSW)

3. Organic Content of Cells 4-8
Organic Volume: 21,434 yd* - 11,842 yd® = 9,592 yd®
Total Volume: 27.5 x 10%-9.2 x 105 = 18.3 x 10° yd® .

Organic Content: (9,592/18.3 x 10° yd®) x 100% = 0.05% (1/1000th of typical v
MSW) '

GE3900-10.2/Methane.cal
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Krowies—=1994]. The organic concentration in the OSDF will be about 1/300th to
1/1000th 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.

 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.

e Based on the factors discussed, it is believed to be conservative to assume that the
actual methane generation rate in the OSDF is 1/100th of that for typical MSW.

. e A typical MSW methane generation rate constant value is: k=0.04 1/yr [USEPA,
1994].

¢ Therefore, a conservative value for the methane generation rate constant for the v~
OSDF is k=0.0004 1/yr. This value is used for the subsequent calculations.

II. Methane Generation Rate

Method: Use a methane generation model developed for MSW (i.e., the EPA Landfill
Air Emissions Estimation Model [EPA,1991]) 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.

. GE3900-10.2/Methane.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 ft’)/Mg and k = 0.0004 1/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 10* ft CH,/yr. v~

. GE3900-10.2/Methane.cal
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porpue From EPA MOOEL Fol VERIFILATIN of SPREACHEEQMIPEL 21/y7

Model Parameters = A - 348
Lo : 4411.000000 ft™3 / Mg] ***** Note : Default value not used ***iﬁga;/
k : 0.004000 1/yr A**x* Note : Default value not used ***x*
é{pnﬂf

NMOC : 0.000000 ppmv ***** Note : Default value not used ****
Methane : 50.000000 % volume
Carbon Dioxide : 50.000000 % volume

Porvreters for Verficetien

Landfill Parameters

Year Opened : 1996 Current Year : 2027 Year Closed: 2006
Capacity : 26000.000000 Mg
Average Acceptance Rate : 838.709677 Mg/year
Average Acceptance Rate Required from
Current Year to Closure Year : 0.000000 Mg/year

Model Parameters

Methane Emission Rate

Year Refuse In Place (Mg) (Mg/yr) (Cubic Ft/yr)
1997 2.870E+003 9.566E-001 5.064E+004
1998 5.740E+003 1.909E+000 1.011E+005
1999 8.610E+003 2.858E+000 1.513E+005
2000 1.148E+004 3.804E+000 2.013E+005
2001 1.435E+004 4.745E+000 2.512E+005
2002 1.668E+004 5.503E+000 2.913E+005
2003 1.901E+004 6.258E+000 3.312E+4005
2004 2.134E+004 7.009E+000 3.710E+005
2005 2.367E+004 7.758E+000 4.107E+005
2006 2.600E+004 8.504E+000 4 .501E+005
2007 2.600E+004 8.470E+000 4 .483E+005
2008 2.600E+004 8.436E+000 4.465E+005
20098 2.600E+004 8.402E+000 4.448E+005
2010 2.600E+004 8.369E+000 4 .430E+005
2011 2.600E+004 8.335E+000 4.412E+005
2012 2.600E+004 8.302E+000 4 .394E+005
2013 2.600E+004 8.269E+000 4 .377E+005
2014 2.600E+004 8.236E+000 4 .359E+005
2015 2.600E+004 8.203E+000 4.342E+005
2016 2.600E+004 8.170E+000 4 .325E+005

These valves are identical 1o ____/‘

those calcdated Sing Geontec's
Spfeodshe,@{- |
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GEOSYNTEC CONSULTANTS page2 S of YT
Written by: T/, Date: MI _K Reviewed by: %’( Date: &ﬁ/ _0[/ Zb
Client: _ FERMCO Project: OSDF Proj./Proposal No.: GE3906 Task No.: 10.2

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 , the geosynthetic liner will effectively prevent

: subsurface gas migration
LFG Oxidized = 0
LFG Emitted to Atmosphere = LFG Diffused

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 e

GE3900-10.2/Methane.cal
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GEOSYNTEC CONSULTANTS B IRy
. Written by: % __ Date: Qﬂ’l / _ﬁ. Reviewed by: %/ Date:&_ / _ﬂZ/ &
Client: _ FERMCO Project: OSDE Proj./Proposal No.: _GE3900 Task No.: 10.2

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 —

Methane flux through geomembrane cap = 0.003 g/m?.day [Bogner and Scott, 1995] v

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 °K
T = temperature (°K)

PV, _nRT,

PV, n,RT,

Assume for the OSDF T,=T,, V,=V,

Pn,
P 5=
1

Volume of 1 mole of any gas at STP = 22.4 liters

‘ GE3900-10.2/Methane.cal
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GEOSYNTEC CONSULTANTS pege 27 of Y2
Written by: @7'\ Date: f_@_ / E Reviewed by: %/ Date:& / 2[/_%
Client: _ FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 10.2

Volume at 20°C:

24.04 limole _ 0489 f¥/mole at 20°C v
28.32 Uff®
2. Diffused Landfill Gas
Vi _Vi+ Ay use volumes calculated at STP by EPA LAEEM v

™= 58489 ™ T 0849

[Vi + AV]
"0 R489 P(Vi+ A
P, = P, 0.8489 | . i lV, V), where all volumes are at STP v
Vi i
[0.8489]

Assume methane flux through geomembrane is 0.003 g/m? day
1g CH, = 1/16 mole (gram atomic weight of CH, is 16)

v = IRT _ (1/16)(0.0821)293) _ | <0 jirers v’
P )
_L.o0 liters _ 4053 fi%g CH, ar 20°C, 1 atm v
28.32 liters/ft®
Assume surface area of cap is 64 acres.
Flux = (.003 g/m? day) (.053 ft*/g) (64 ac x 43,560 ft*/ac) (.3048 m/ft)’ /

= 41 standard ft* CH,/day

GE3900-10.2/Methane.cal
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GEOSYNTEC CONSULTANTS page 28 of Y2

Written by: I Date: m / E Reviewed by: ,Z/ Date& / 0_5// Zé
Client: _ FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 10.2
41 f/day x 365.25 day/yr = 15,000 fe¥/yr v~

Total diffused landfill gas: 15,000 ft*/yr

3. Landfill Gas Balance Calculation
See attached spreadsheet.

GE3900-10.2/Methane.cal

0C0 799



cARTA0 T
/ZC/ b4, 5%

" OSDF METHANE GENERATION : Project No. GE3900
. LANDFILL GAS BALANCE MODEL Task No. 10.2
Prepared by T. Maier
Methane generation was calculated using parameters 5-Apr-96

for low end of expected range for the OSDF
(Lo = 1363 cf/Mg, k = 0.0004 1/yr)

Air Filled Void Space Estimatation

Total air space 7.43E+08 cf 2.75E+07 cy

Ave. porosity
1 - Ave. saturation
Air filled void space

0.445

0.12 (Ave. saturation is 0.88)

3.96E+07 cf

Emission, Storage, and Pressure Calculation A

Methane Gas Gas Gas Gas Cumulative
Year  Generated Generated Emitted Diffused Stored Storage  Pressure
(cf) (ch) (cf) (ch) (cf) (cf) (atm)

1 1.56E+03 3.13E+03 3.13E+03 1.000
2 3.13E+03 6.26E+03 6.26E+03 1.000
3 4 69E+03 9.38E+03 9.38E+03 1.000
4 6.26E+03 1.25E+04 1.25E+04 1.000
5 7.82E+03 1.56E+04 1.56E+04 1.000
. 6 9.08E+03 1.82E+04 1.82E+04 1.000
7 1.04E+04 2.07E+04 2.07E+04 1.000
8 1.16E+04 2.32E+04 2.32E+04 1.000
9 1.29E+04 2.58E+04 2.58E+04 1.000
10 1.41E+04 2.83E+04 2.83E+04 1.000
11 1.41E+04 2.83E+04 1.50E+04 1.33E+04 1.33E+04 1.0003
12 1.41E+04 2.83E+04 1.50E+04 1.33E+04 2.66E+04 1.0007
13 1.41E+04 2.83E+04 1.50E+04 1.33E+04 3.98E+04 1.0010
14 1.41E+04 2.83E+04 1.50E+04 1.33E+04 5.31E+04 1.0013
15 1.41E+04 2.82E+04 1.50E+04 1.32E+04 6.63E+04 1.0017
16 1.41E+04 2.82E+04 1.50E+04 1.32E+04 7.95E+04 1.0020
17 1.41E+04 2.82E+04 1.50E+04 1.32E+04 9.28E+04 1.0023
18 1.41E+04 2.82E+04 1.50E+04 1.32E+04 1.06E+05 1.0027
19 1.41E+04 2.82E+04 1.50E+04 1.32E+04 1.19E+05 1.0030
20 1.41E+04 2.82E+04 1.50E+04 1.32E+04 1.32E+05 1.0033
21 1.41E+04 2.82E+04 1.50E+04 1.32E+04 1.46E+05 1.0037
22 1.41E+04 2.82E+04 1.50E+04 1.32E+04 1.59E+05 1.0040
23 1.41E+04 2.81E+04 1.50E+04 1.31E+04 1.72E+05 1.0043
24 1.41E+04 2.81E+04 1.50E+04 1.31E+04 1.85E+05 1.0047
25 1.41E+04 2.81E+04 " 1.50E+04 1.31E+04 1.98E+05 1.0050
26 1.41E+04 2.81E+04 1.50E+04 1.31E+04 2.11E+05 1.0053
27 1.41E+04 2.81E+04 1.50E+04 1.31E+04 2.24E+05 1.0057
28 1.40E+04 2.81E+04 1.50E+04 1.31E+04 2.37E+05 1.0060
29 1.40E+04 2.81E+04 1.50E+04 1.31E+04 2.50E+05 1.0063
. 30 1.40E+04 2.81E+04 1.50E+04 1.31E+04 2.64E+05 1.0066
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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 Layer (ft) (pcf) Due to Layer (psf)
Topsoil 0.5 ‘ 125 62.5
Vegetative Soil 1.75 125 218.8

. Granular Filter 0.5 125 62.5
Biointrusion Layer 3.0 125 375.0
Cover Drainage Layer 1.0 125 125.0
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, pipes. All outlet points from

.‘ GE3900-10.2/Methane.cal
000501 =




740

GEOSYNTEC CONSULTANTS page 2 of 12

Written by: 3 ~ Date: g_@ / j_ﬁ' Reviewed by: ,/%/ Date: & /Z_}f //‘;é
Client: __ FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 10.2

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.
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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, 1984]. 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 (i.e., in pure culture), methane is formed by the reduction (i.e.,
hydrogen addition) of oxidized forms of carbon, principally carbon dioxide, formate, acetate,
methanol, methylamines, and other, simple carbohydrates [Atlas, 1984]. 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 Influencing Microbial Activity

Several environmental factors have been identified that impact overall microbial activity in
soils. These factors are as follows: ‘

e available soil water;

® oxygen availability;

e 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., 1989] 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., 1989], 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., 1989]. '

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., 1989]. 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., 1989]. 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. 366].
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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., 1989]. 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 (15-45°C)

temperature range [Sims et al., 1989]. Biological activity slows dramatically at temperatures
less than 4°C and halts completely at temperatures less than 0°C [Sims et al., 1989].

. 3.3 Environmental Factors Influencing Methanogenesis

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;

e competitive inhibition from sulfate reducing and denitrifying bacteria; and

e 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 (i.e., labile) organic carbon [Kelly and Chynoweth,
1981]. 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,
1994] and also to high levels of easily decomposed vegetation [Amaral and Knowles, 1994].
Because the mechanism of methanogenesis does not typically vary with environment, similar
correlations should be expected in landfill environments (i.e., 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 soil: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, Methylosinus 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, 1984]. This phenomenon can occur at landfill sites. In bench-scale
studies conducted on landfill site soils 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 [Knightly, et.
al. 1995]. 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 [Knightly, et. al. 1995].
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34 Environmental Factors Influencing 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 Availability

As noted by Amaral and Knowles [1994], 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 relatively easy 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 (i.e., 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

As previously noted, certain methanotrophic species of bacteria are capable of aerobically
oxidizing methane produced in underlying soil layers [Knightly, et. al., 1995]. This
relationship has been demonstrated to exist between refuse and cover soils in landfills [Knightly,
et. al., 1995]. 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.

5. REFERENCES

Amaral, J.A. and Knowles, R., "Methane Metabolism In A Temperate Swamp, Applied and
Environmental Microbiology, Volume 60, 1995, pp. 3945-3951.

Atlas, R.M., "Microbiology: Fundamentals and Applications", Macmillan Publishing Company,

GE3900-10.2/Methane.cal



. 740

GEOSYNTEC CONSULTANTS page?/ ot YL
“ Written by: 77’\ Date: i@ /Z(. Reviewed by: '7@ Dateﬁ_é_ /l /ﬁ

Client: _ FERMCO Project: OSDE Proj./Proposal No.: _GE3900 Task No.: 10.2

New York, 1984.

Kelly, C.A. and Chynoweth , D.P., “The Contributions Of Temperature And Of The Input Of
Organic Matter In Controlling Rates Of Sediment Methanogenesis”, Limnology and
Oceanography ,Volume 26, 1981, pp. 891-897.

Knightly, D, Nedwell, D.B., and Cooper, M., “Capacity For Methane Oxidation In Landfill
Cover Soils Measured In Laboratory-Scale Soil Microcosms”, Applied and Environmental
Microbiology, Volume 61, 1995, pp. 592-601. :

Lovely, D.R. and Klug, M.J., “Sulfate Reducers Can Outcompete Methanogens At Freshwater
Sulfate Concentrations”, Applied and Environmental Microbiology, Volume 45, 1983, pp.
187-192.

Sims, J.L., Sims, R.C., and Matthews, J.E., "Bioremediation Of Contaminated Surface Soils",
‘ EPA/600/9-89/073, Robert Kerr Environmental Research Laboratory, August, 1989.

Thorneloe, S., Barlaz, M. Peer, R., Huff, L., Davis, L., and Mangino, J., "Waste
Management", Atmospheric Methane: Sources, Sinks, and Role in Global Change, Report No.
EPA/600/A-94/090, U.S. Environmental Protection Agency, Research Triangle Park, NC, 1993,
pp. 362-398.

Ward, D.M. and Winfrey, M.R., “Interactions Between Methanogenic And Sulfate Reducing

Bacteria In Sediments”, Advancements in Aquatic Microbiology, Volume 3, 1985, pp.
141-179.

‘ GE3900-10.2/Methane.cal

=N

§1818 300 W



740

GEOSYNTEC CONSULTANTS paged Zot
‘ Written by:@JM Date: ilgl _:,E Reviewed by: /df/ Date: & ey /ié
Client: __ FERMCO : Project: OSDF Proj./Proposal No.: _GE3900 Task No.: 10.2

- OSDF METHANE GENERATION
APPENDIX A

Landfill Air Emissions Estimation Model Documentation
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EXECUTIVE SUMMARY

Purpose of Analysis

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 (pCi/m?/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 § 192.02(b)).

Method of Analysis

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/m?/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 § 192.02(b)).
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OSDF RADON 222 RELEASE

CALCULATION PROCEDURES

Purpose

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:

° the radon emission rate shall be estimated using the computer code RAECOM [U.S.
Nuclear Regulatory Commission (NRC), 1984a] (Appendix A); and

. . the release of radon to atmosphere will not: (i) exceed 20 percent of the regulatory-
established average release rate of 20 pCi/m?/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 § 192.02(b)).

Scope

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
: e .

Radon-222 will be generated within the OSDF dueg t{%dioactive decay of U-238, via the
decay series of Th-234, Pa-234, U-234, Th-230, and Ra-i% 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 (i.e., 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 cntena (WAC) of 346 picoCuries per gram
(pCi/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:

Wi
m =
n
where: m = moisture saturation of the waste material;
W,; = 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, 1984b]. The flux rate from the waste
material is calculated as follows:

J, = 10°RpEA/ND, tanhE\/O\)(l/D') ;_] %ﬁ

where: J, = radon flux from the waste material (pCi/m?/s);

R = specific activity of radon in the waste material (pCi/g);

p = dry bulk density of the waste material (g/cm?);

E = radon emanation coefficient (dimensionless);

N = decay constant of radon (2.1x10% s!);

D, = diffusion coefficient for radon in the total pore space (cm?/s); and
X, = thickness of the waste material (cm).
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The computer program "RAECOM" [NRC, 1984a] 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, 1984b]. 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, 3™ Edition,
John Wiley & Sons, 1981.

NRC, "Radon Attenuation Effectiveness and Cover Optimization with Moisture Effects (RAECOM)",
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NRC, "Radon Attenuation Handbook for Uranium Mill Tailings Cover System", NUREG/CR-3533,
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OSDF RADON 222 RELEASE

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 final cover system), and then the attenuating
capacity of the final cover system will be used to estimate radon emission rates. The final cover system
consists of the following layers:

] topsoil layer;

o 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:

. the radon emission rate shall be estimated using the computer code RAECOM [NRC,
1984a]; and
. the release of radon to atmosphere will not:(i) exceed 20 percent of the regulatory-

established average release rate of 20 pCi/m?/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/l (ARAR: 40 CFR § 192.02(b)).
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Scope

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 Design

General

Data required to estimate radon emission rates include: (i) cover system individual layer
thicknesses; (ii) specific activity of radon in the waste material; (iii) 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 150
Vegetative Soil Layer 530
Granular Filter Layer 150
Biointrusion Barrier 910
Cover Drainage Layer 300
GCL 3.0
Compacted Clay Cap 610

Note:  'Thicknesses of the final cover system layers are entered into the RAECOM model in units of centimeters (cm).

GE3900-10.2 0005<3
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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 (p) of
the waste material will be based on this value.

Radon Emanation Coefficient

. 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 2.1x10%! is given by the NRC (1984b) for the decay constant of radon (\).
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Radon Diffusion Coefficients

Radon diffusion coefficients (D)) 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 (X)) is estimated to be 34 ft.

Volumetric Water Content

The volumetric water content (W) 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
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. [1995].

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 (i.e., Calculation Package 7.1), with the exception that the porosity
value provided for the GCL is based on technical literature regarding hydrated GCLs [Bonaparte et al.,
1995]. 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., 1995]. The moisture content values are provided in Table
1.
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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
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OSDF RADON 222 RELEASE
CALCULATIONS
Purpose

The purpose of this document is to provide the engineering calculations used in estimating radon
emission rates from the final cover system of the On-Site Disposal Facility (OSDF).

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.

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, 1984a] input parameters is presented in Table 1. The
radon emission estimates were computed given an input value of 4.48 pCi/m?/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:

. radon flux = 44.8 pCi/m?*/s; which corresponds to a specific activity of radon of 346
pCi/g (WAC) (FERMCO RUN 2);

° radon flux = 3,275 pCi/m%/s; the maximum radon flux that will be attenuated by the
cover system to attain a radon emission rate below 4 pCi/m?*/s (FERMCO RUN 3);
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° radon flux = 16,376 pCi/m?/s; the maximum radon flux that will be attenuated by the

cover system to attain a radon emission rate below 20 pCi/m?/s (FERMCO RUN 4); and

° number of layers = 8; used to estimate the radon exit concentration (pCi/l) below the
surface to evaluate compliance with the regulatory limit (FERMCO RUN 35).

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/m?/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/m?/s is below the regulatory limit of 20 pCi/m?*/s. The
' attenuating capacity of the final cover system reduces the radon emission rate to 4.7353 x 10” pCi/m?/s.
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.

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:

Wi

n

m =

m = moisture saturation of the waste material;
W,; = volumetric water content; and
n = porosity of the waste material.

where:

For the impacted waste material and each layer of the final cover system, except the GCL, the values
for W, 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 v
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CALCULATION OF FLUX (J) 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,=10°Rp E \ /D, tanh[‘\/ ON(1/D) x:]

where: J, = radon flux from the waste material (pCi/m?%/s);
R = specific activity of radon in the waste material (pCi/g);
p = dry bulk density of the waste material (g/cm’);
E = radon emanation coefficient (dimensionless);
A decay constant of radon (2.1x10% s!);
D, = diffusion coefficient for radon in the total pore space (cm?/s); and
X, = thickness of the waste material (cm).

First, convert dry bulk density of the waste material (p) in pounds per cubic foot (pcf) to grams per
cubic centimeter (g/cm’) as follows:

125 pcf=(125 1bs. / ft)(0.45359 kg / 1 1b.)(1,000 g / 1 kg)(1 f* / 28.31685 1)(0.0011/ 1 cm®) =

2.00 g/em? | e

Then calculate radon flux as follows:

J,=104(34.6 pCi/g)(2.0 g/cm’)(0.2)‘\/ (2.1x10% 1) (5x10* cm?s!) tanh (2.1x10-6s-1) (1036 cm)
(5x104 cm's-1)

J, = 4.48 pCi/m?/s \/
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FIGURE 1

COMPARISON OF MEASURED RADON DIFFUSION COEFFICIENTS WITH
. A SIMPLE CORRELATION FUNCTION ASSUMING DIFFERENT POROSITIES
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FIGURE 10. COMPARISON OF MZASURED 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.,0,0.,.001

61., .0003, .4270, .0, 24.84
1., 0.005, 0.8049, .0, 1.
30.,.07,.3970,.0, 2.48

91., .08, .35,.0, 1.83

15., .03, .4370,.0, 11.72
53., .005, 4, .0, 17.86
15.,