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HYDROSTATIC UPLIFT OF LINER SYSTEM 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to estimate the factor of safety against hydrostatic uplift of the 

liner-system. Hydrostatic uplift is assumed to be caused by perched ground water within the brown till 

and at the brown tilugray till interface beneath the FEMP On-site Disposal Facility (OSDF). 

METHODS OF ANALYSIS 

The factor of safety was calculated as the ratio of overburden pressure to hydrostatic pressure 

beneath the liner system. A design-basis perched ground-water contour map was developed as a 

conservative representation of potential hydrostatic uplift pressures. Factor of safety (FOS) calculations 

for hydrostatic uplift of the liner system were performed at 21 different locations at the base of the 

OSDF liner system. The calculations themselves are conservative in that vertical recharge to the brown 

till will be eliminated in OSDF construction areas. 

CONCLUSIONS 

For the short-term condition (ie., immediately following liner construction), the calculated 

minimum FOS = 1.46. For the long-term condition (i.e., post closure), the calculated minimum FOS = 

7.47. These factors of safety exceed the allowable FOS of 1.4. 
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L I N E R  SYST&M 

GEOTEXTILE FILTER 
GEOTEXTILE CUSHION . .  
PRIMARY GEOMEMBRANE LINER 
PRIMARY GEOSYNMETIC CLAY LINER 

LEACHATE COLLECTION SYSTEM (LCS) DRAINAGE LAYER 

I t* LEAK DETECTION SYSTEM (LDS) DRAINAGE LAYER 

GEOTEXTILE CUSHION 
SECONDARY GEOMEMBRANE LINER 
SECONDARY GEOSYNTHETIC CLAY LINER 

0 

-. 

LINER SYSTEM 



I 1.75' VEGETATIVE SOIL LAYER 

COVER DRAINAGE LA 

GEOTEXTILE CUSHION 
GEOMEMBRANE CAP 
GEOSYNTHETIC CLAY CAP 

T 
i 

FINAL COVER SYSTEM 
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LINER GEOSYNTHETICS SELECTION 

EXECUTIVE SUMMARY 

Purpose of Calculations: 

Select key characteristics of the following low-permeability geosynthetic 
components of the liner system: (i) primary geomembrane; (ii) primary 
geosynthetic clay liner (GCL); (iii) secondary geomembrane; and (iv) secondary 
GCL. 

Select key characteristics of the geotextile cushions in the liner system. 

Evaluate tensile stresses in the geosynthetic components of the liner system. 

Selection of key characteristics of low-permeability liner system geosynthetics 0 
is made from the range of commercially-available geosynthetic products. The 
selection accounts for the intended function of the component as well as 
material durability, resistance to anticipated loads, and constructability . 

Selection of key characteristics of the geotextile cushions is made from the 
range of commercially-available geotextiles. The method of Koerner et al. 
[1995] (Ref. 2 in Procedures/Methods package) is used to assess the capability 
to provide puncture protection for the liner system geomembranes. The method 
presented by Koerner [1994] (Ref. 3 in Procedures / Methods package) is used 
to evaluate the ability of the geotextile to survive construction stresses. 

Tensile stresses in the liner system geosynthetics are evaluated by considering 
loading conditions that may induce tensile stresses. Information presented by 
Long et al. (1994) (Ref. 4 in Procedures/Methods package) is used to assess the 
potential for tensile stresses to develop in short-term veneer loading conditions. 

a 
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Conclusions 

Calculated factors of safety against geomembrane puncture, accounting for the 
geotextile cushion effect, are 3.0 for the leachate collection and leak detection 
(LCLD) corridor and 3.1 elsewhere in the liner system. These values meet or 
exceed the minimum required value of 3.0. 

Certain minimum values for mechanical properties of the cushion geotextiles 
are required for construction survivability. The values given in the project 
specification exceed the required minimum values. 

Predicted tensile stresses in the liner system geosynthetics are negligible. 
Anchor trenches will be used as a construction expedient to resist minor 
transient tensile stresses that could be imposed during geosynthetics installation 
and liner system construction. 

The selected key characteristics are presented in the table on the following 
page. 

GE3900-8.7/F953Oo65 .SUM 
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HDPE@) NA 

80 

NA 

NA 

NA 

NA 

sodium bentonite 

NA 1.0 [5.0] 

NA Option 1 : internally reinforced with 
geotextile backings (one woven and 

one nonwoven)Q 
Option 2: unreinforced with HDPE 

geomembrane backing(@ 

NA NA 

Selected Key Characteristics of Liner System Geosynthetics 

Geotextile 
Cushion 

Supple- ' 
mental 

Geotextile 
Cushion(') 

Primary and 

Geomembrane 
Secondary Primary and Secondary GCL Characteristic 

PP or PET polymer type 

thickness (mils) NA NA 

mass density 
(g/m2) [oz/yd2] 

340 [lo] 540 [16] 

clay mineral NA NA 

clay mineral mass 
density (lb/ftz) 

PdmZ1 

NA NA 

method of 
manufacture 

nonwoven 
needle- 
punched 

nonwoven 
needle- 
punched 

surface texture 
~ 

NA Option 1: NA 
Option 2: textured HDPE backing 

textured 

grab strength 
(ASTM D 4632) 

trapezoidal tear 
strength (D 4533) 

puncture resist (D 
4833) 

NA 

NA 

225 Ib 

90 Ib 

120 Ib 

350 Ib 

120 Ib 

180 Ib 

NA 

NA 

Notes: (1) 

(2) HDPE= high density polyethylene 
(3) PP= polypropylene 
(4) PET= polyester 
(5) 

(6) 

The supplemental geotextile cushion will be used in addition to the geotextile cushion in the 
leachate collection and leak detection corridor. 

GCL orientation: woven geotextile backing in contact with overlying geomembrane and 
nonwoven geotextile backing in contact with underlying soil material 
GCL orientation: unreinforced bentonite component in contact with overlying geomembrane 
and HDPE geomembrane backing in contact with underlying soil material 

End of Executive Summary 
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LINER GEOSYNTHETICS SELECTION: 

GEOSYNTHETIC CLAY LINER 
GEOMEMBRANE LINER 

GEOTEXTILE CUSHION SELECTION 
GEOSYNTHETICS SELECTION TO PRECLUDE TENSION 

PROCEDURESAMETHODS 

Purvose: 

Present procedures and methods for selection of the low-permeability 
geosynthetic components of the liner system (i.e., geosynthetic clay liners (GCLs) 
and geomembranes). Present procedures and methods for selection of the geotextile 
cushion components of the liner system. Present procedures and methods for 
evaluation of tensile stresses in the geosynthetic components of the liner system. 

ScoDe: 

e 

e 

e 

e .  

Selection of key characteristics of the primary and secondary GCLs for the 
liner system. 

Selection of key characteristics of the primary and secondary 
geomembranes for the liner system. 

Selection of key characteristics of the geotextile cushions in the liner 
system. 

Evaluation of tensile stresses in the geosynthetic components of the liner 
system under anticipated loads during construction, operation, and post- 
closure. 

GE3900-8.7lF9530065 
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Statement of Design Problem: 

Design of the liner system includes selection of the key characteristics of the 
geosynthetic components. Key characteristics considered in this calculation package 
are polymer type, method of manufacture, surface texture, thickness or mass 
density, and construction survivability. Selection of key characteristics is made 
from the range of commercially-available geosynthetic products. The selection 
accounts for geosynthetic durability, constructability and resistance to anticipated 
loads. 

The components of the liner system are illustrated in the figure on the following 
page. 

, 
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GEOSYNTHETIC CLAY LINER 

Procedures/Methods for Selection of Kev Characteristics of GCL: 

Key characteristics for the primary and secondary GCLs in the liner system are 
the clay mineral type, method of manufacture, and mass density of clay mineral. 
The factors to be considered in specifying these characteristics are hydraulic 
properties, plasticity of the clay component, and internal shear strength. An 
additional factor for the primary GCL is prevention of outward migration of the clay 
mineral component. This additional factor is considered because the primary GCL 
will be placed in contact with the LDS drainage layer. The selection process will 
consider the anticipated liner system service conditions. 

GE3900-8.7IF9530065 
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GEOMEMBRANE LINER 

Procedures/Methods for Selection of Kev Characteristics of Geomembrane: 

Key characteristics for the primary and secondary geomembranes in the liner 
system are polymer type, geomembrane thickness, and surface texture. The factors 
to be considered in specifying these characteristics are hydraulic properties, 
mechanical properties, installation considerations, long-term behavior, and resistance 
to concentrated stresses and abrasion. The selection process will consider the 
anticipated liner system service conditions. The chemical compatibility of the 
selected geomembranes with OSDF leachate will be evaluated in a separate project 
activity, the Liner Compatibility Stuby. 

GE3900-8.7lF9530065 
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GEOTEXTILE CUSHION 

Amroach for Selection of Key Characteristics of Geotextile Cushions: 

Key characteristics for the geotextile cushions are polymer type, mass density, 
method of manufacture, and construction survivability. The factors to be considered 
in specifying these characteristics are mechanical properties and demonstrated 
cushioning capability. The selection process involves the following three 
evaluations: (i) selection of polymer type and method of manufacture; (ii) evaluation 
of capacity to provide puncture protection for the geomembrane liners under 
construction, operation, and post-closure conditions; and (ii) evaluation of 
Construction survivability. Detailed procedures/methods for conducting these 
evaluations are described below. 

The selection process will be performed for the following two geotextile 
cushion design situations: (i) typical landfill base, as depicted in the figure on p. 3; 
and (ii) leachate collection and leak detection corridor (LCLD corridor). The liner 
system design is essentially identical for these two design situations with the 
exception that the granular drainage material used in the LCLD corridor will have a 
larger maximum particle size than that of the drainage material used in other 
portions of the landfill base. 

Procedures/Methods for Selection of Polymer TvDe and Method of Manufacture ' 

The factors to be considered in selecting polymer type and method of 
manufacture are the range of commercially-available geotextile products and 
demonstrated cushioning capability. The selection process will consider the 

1 available information on cushioning performance of different types of geotextiles. . 
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Procedures/Methods for Evaluation of Puncture Protection CaDacitv: 

Introduction 

Design of the liner system includes addressing the potential €or the granular 
drahiage layers in the liner system to puncture the geomembranes during OSDF 
construction and operation and in the post-closure period. hmcture protection is 
provided by geotextile cushions which prevent direct contact between the granular 
drainage material and geomembranes. Adequate puncture protection is achieved by 
appropriate selection of the mass density of the geotextile cushions. 

Procedure 

The evaluation will be performed for the geotextile cushion adjacent to the 
secondary geomembrane. This cushion protects the secondary geomembrane from 
the overlying LDS drainage layer. The results are applicable to the geotextile 
cushion adjacent to the primary geomembrane due to the fact that the loading 
conditions and materials of interest (Le., geomembrane, geotextile, and granular 
drainage material) are essentially identical for both cushions. It is noted that the 
primary geomembrane will be adequately protected from the underlying LDS 
drainage layer by the primary GCL. The following step-by-step calculation 
procedure will be used. 

1. Evaluate maximum vertical stress on geomembrane for oDeration and Dost- 
closure conditions. Conditions during facility operation will produce vertical 
stresses less than or equal to those for post-closure conditions. Therefore, 
operation conditions are implicitly considered in this step by evaluating post- 
closure conditions. Maximum vertical stress on the geomembrane for post- 
closure conditions will be evaluated using the following equation: 

GE3900-8.7IF9530065 
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where, T, = maximum thickness of material to be placed above 
geomembrane in final landfill configuration 

yave = average unit weight of material placed above geomembrane 

2. Evaluate maximum vertical stresses on rzeomembrane for construction 
conditions. Maximum stresses will be induced by construction equipment, both 
wheeled and tracked, operating above the geomembrane. The maximum 
stresses will be calculated using the following equation: - 

where, t = thickness of material overlying geomembrane on which 
equipment is operating 

y = 

q =  equipment ground pressure 

unit weight of overlying material 

A = pressure reduction factor; depends on size and configuration 
of pressure loading area and value of thickness, t 

For this calculation, several sets of values for the parameters t and q will be 
obtained based on assumed limitations for operation of tracked equipment above 
the geomembrane liner. The assumed limitations are reflected in project 
specification 02770, Geomembrane Liner and Cover, and are therefore 
appropriate for this evaluation. Values for t and q for wheeled equipment will 
be assumed to represent a truck with a loaded weight of 35 tons and a tire 
pressure of 90 psi. This loaded weight is consistent with that used in the 
evaluation of pipe crushing under equipment loads found in the "LCS pipe 
design" portion of the "leachate management - leachate collection system" 
calculation package. This tire pressure is representative of off-road trucks. 
Loaded weight distribution between axles will be assumed to be 30:70 
(front: rear). 
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The parameter A will be obtained using published elastic theory solutions from 
Reference 1 for vertical stress distributions below loaded areas, as shown on 
the following page. The pressure loading area for tracked equipment will be 
assumed to be an infinite strip with a width of 2 ft. The pressure loading area 
for wheeled equipment will be assumed to be a circular area with a radius 
determined by tire pressure and wheel loading. 

It is noted that this calculation for the stresses induced by construction 
equipment does not account for potential dynamic loading effects from 
equipment operation on the granular drainage layers which overly the geotextile 
cushion. Such potential effects are taken as negligible based on the assumption 
that those equipment maneuvers (Le., hard braking and sharp turning) that have 
the potential to induce dynamic loading effects will be prohibited. This 
assumption is reflected in the project specification for granular drainage layer 
placement (project specification 027 10, Granular Drainage Layer). 

3. Obtain vertical stress on geomembrane for evaluation of puncture protection. 
The vertical stress, pactual, will be taken as the largest value calculated from 
steps 1 and 2. 

GE3900-8.7lF9530065 
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3.1 Loading on an Infinite Strip 

3.1.1 IFIIFORW VERTICAL LOADING (Fig.3.1) 

R G . 3 . 1  

3.3 Loading on a Circular Area 

3.3.1 IPIIPORW VERTICAL WING 
(Pig.3.13) 

' tIG.3.U 

. .  . . . . - - . . . . - . .  . 
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4. Evaluate allowable vertical stress on geomembrane . 
The allowable vertical stress on the geomembrane, pallow, will be evaluated 
using the procedure presented by Koerner et al. [1995] (Reference 2). This 
procedure is based on theoretical considerations, along with puncture testing of 
HDPE geomembranes protected by needle-punched, nonwoven geotextiles. The 
allowable vertical stress depends on the mass density of the cushion geotextile. 

The procedure uses the following equations: 

where, MF, = modification factor for protrusion shape 
MF,, = modification factor for packing density 
MF, = modification factor for arching 
FS, = factor of safety for creep 
FSbd = factor of safety for chemical/biological degradation 
pIab = allowable vertical stress from controlled lab tests 

Guidelines for selection of modification factors and factors of safety 
are provided in Reference 2. 

Reference 2 provides the following empirical formula for plab for 60-mil HDPE 
geomembranes : 

plab,ao =450 M / HZ ( P a )  

where, M = mass density of cushion geotextile (g/m2) 
H=  effective protrusion height (mm), depends on maximum 

particle size of drainage gravel 

GE3900-8.71F9530065 
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For these calculations, a value of pIab is needed for geomembranes with 
thicknesses other than 60-mil. Based on the statement in part I of Reference 2 
that "the [theoretical] analysis shows that the puncture resistance of the 
geomembrane is linearly related to its thickness," the value for plab will be 
assumed to be proportional to the geomembrane thickness (for example, 
Plab.80 = 1-33 Plab.60). 

5 .  Compare the actual maximum vertical stress to allowable value. 
The ratio of the allowable value to the actual value is taken as a global factor of 
safety against geomembrane puncture. Reference 2 recommends a minimum 
value of 3 .O for this ratio. This recommendation will be used for these 
calculations, as expressed by the following: 

GE3900-8.7lF9530065 e 
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Procedures/Methods for Evaluation of Construction Survivability 

Introduction 

During construction, handling and installation stresses will be imposed on the 
cushion geotextile. The cushion geotextile must have the capacity to survive these 
stresses with negligible damage in order to provide continuing puncture protection 
for the geomembrane. Construction survivability is provided for by appropriate 
selection of certain mechanical strength properties of the geotextile cushions. 

Procedure 

The evaluation will be performed using the procedure outlined by Koerner 
[1994] (Reference 3). The evaluation will be performed for only one of the two 
cushion geotextiles in the liner system because conditions during construction will be 
essentially identical for both geotextiles. The procedure involves the following two 
steps: (i) establish the required degree of survivability as a function of subgrade 
conditions and type construction equipment operating above the geotextile cushion 
using the table presented on the upper portion of the following page; and (ii) 
establish the recommended minimum values of certain mechanical strength 
properties (i.e., grab strength, puncture, resistance, and trapezoidal tear strength) 
using the table presented on the lower portion of the following page. 
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Source: Koerner [1994] (Reference 3) 

Table 2.20 Required degree of survivability as a function of subgrade conditions and construction equipment' 

Construction equipment and 6 to 12 in. of 
cover material: initial lift thickness 

Subgrade conditions 

Low ground- Medium High ground- 
pressure ground-pressure pressure 

equipment equipment equipment 
( 5 4  Ibhn.) (>4 Ib.lin.=, 58  Ibhn.?) (>8 1b.h.') 

Subgrade has been cleared of all obstacles except grass, weeds, leaves, and fine wood L O W  Moderate 
~ 

High 
debris. Surface is smooth and level such that any shallow depressions and humps 
do not exceed 6 in. in depth or height. All larger depressions are filled. Alternatively 
a smooth working table may be placed. 

Subgrade has been cleared of obstacles larger than small to moderate-sized tree limbs 
and rocks. Tree trunks and stumps should be removed or covered with a partial 
working table. Depressions and humps should not exceed 1 in. in depth or height. 
Larger depressions should be filled. 

Minimal site preparation is required. Trees may be felled, delimbed, and left in place. 
Stumps should be cut to project not more than 6 in. 2 above subgrade. Fabric may 
be draped directly over the tree trunks, stumps, large depressions and humps, holes, 
stream channels, and large boulders. Items should be removed only if placing the 
fabric and cover material over them will distort the finished road surface. 

Moderate 

High 

High Very high 

Very high Not recommended 

'Recommendations are for 6 to 12 in. initial lift thickness. For other initial lift thicknesses: 
12 to 18 in.: reduce survivability requirement one level; 
18 to 24 in.: reduce survivability requirement two levels; 
>24 in.: reduce survivability requirement three levels. 
Survivability levels are in increasing order: low, moderate, high, and very high. 
For special construction techniques such as prerutting, increase fabric survivability requirement one level. 
Placement of excessive initial cover material thickness may cause bearing failure of soft subgrade. 

0 
Source: After Christopher and Holtz [ 1461. 

Table 2.21 AASHTO-AGC-ARBTA Joint Committee minimum geotextile properties recommended for 
survivabiiity (reference 4) 

~ 

Physical Property Requirements' 
Geotextiles < 50% ElongatiodGeotextiles > 50% Elongationb' 

Grab Puncture Trapezoid Teor 

Survivability ASTM 04632 ASTM 04833 ASTM 04533 
Level fib.) (ib. ) (Ib. 

Strength Resistance Strength 

~~ 

Medium 180/115 70140 70140 
High 2701180 loor75 100i75 

'Values shown are minimum average roll values. Strength values are in the weaker principal direction. 
bElongation (strain) at failure as determined by ASTM D4632, Grab Tensile. 
T h e  values of geotextile elongation do not imply the allowable consolidation properties of the subgrade soil 
These must be determined by a separate investigation. 

I 
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GEOSYNTHETICS SELECTION TO PRECLUDE TENSION 

Procedures/Methods for Evaluation of Tensile Stresses in Geosvnthetic ComDonents: 

Introduction 

Both short-term and long-term loadings can potentially induce local tensile 
stresses in the geosynthetic components of a landfill liner system. For many 
landfills, the most severe potential short-term loading condition for the geosynthetics 
is taken as that existing after an initial soil layer is placed above the geosynthetic 
components of a side slope liner but before other material is placed within the waste 
cell. This is termed a "veneer" loading condition because the thickness of the initial 
soil layer is usually small compared to the length of the side slope. For many 
landfills, the most severe potential long-term loading condition is taken to be 
"downdrag" loading on the geosynthetic components of the side slope liner resulting 
from settlement of material in the disposal facility. This type of downdrag is most 
likely to occur when highly compressible materials, such as municipal solid waste, 
are placed in the landfill cells. 

Evaluation of Short-Term Loading e 
Results presented in Reference 4 from strain compatibility analyses indicate that 

tension in geosynthetic components of typical liner systems for "veneer" type 
loading conditions will be negligible if the shearing resistance of each system 
interface exceeds the minimum necessary for the system to remain marginally stable 
in an infiite slope configuration. Such a marginally stable condition would coincide 
with an infinite-slope stability factor of safety of one. For purely frictional 
interfaces the necessary stability is achieved if the friction angle of each of the liner 
system interfaces exceeds the slope angle. The results of the analyses in Reference 
4 are applicable to the OSDF liner system because the shear force vs. displacement 
relationships used for the interfaces exhibit initial stiffnesses of approximately 400 to 
1,400 p s f h  (1.6 to 5.2 Wa/mm) for a confining stress of approximately 350 psf (17 
Wa), an initial stiffness,range similar to that expected for OSDF liner system 
interfaces. 

GE3900-8.7/F9530065 a 
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For evaluation of veneer conditions, the minimum shearing resistance of liner 
system interfaces will be compared to the minimum shearing resistance necessary for 
the system to be marginally stable on an infinite slope. The minimum interface 
shearing resistance for the liner system is assessed in the "liner system" portion of 
the "geotechnical - static slope stability" calculation package. The maximum slope 
angle of the liner system is also assessed therein. A classical slope stability 
calculation for an infinite slope will be performed to assess whether the marginal 
stability criterion described above is satisfied. If the shearing resistance exceeds the 
minimum necessary value then tensile stresses in the geosynthetics will be taken as 
negligible. 

Evaluation of Long-Term Loading 

The potential for development of significant downdrag loading on the liner 
system geosynthetics due to waste settlement depends on the geometry of the lined 
side slope areas of the OSDF. Geometry information summarized in the "liner 
system" portion of the "geotechnical - static slope stability" calculation package 
indicates that: (i) the maximum height of the lined side slopes is small (Le. less than 
15 ft); and (ii) the side slopes are relatively flat (Le., maximum inclination of 
4H:lV). In addition, the impacted material to be placed in the OSDF will not be 
highly compressible and this, coupled with the relatively flat side slopes, will result 
in negligible settlement-induced downslope movement adjacent to the side slope liner 
system. Accordingly, the potential for significant downdrag-induced stresses in the 
geosynthetic components of the liner system is taken as negligible. 

Anchor Trench Requirements 

If anticipated short-term and long-term tensile stresses in the liner system 
geosynthetics are negligible, an anchor trench to resist these stresses is not needed 
and anchor trench pullout calculations are not necessary. Even for this condition, 
however, an anchor trench should still be used as a construction expedient to resist 
minor transient stresses that could be imposed during geosynthetics installation and 
liner system construction. 
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LINER GEOSYNTHETICS SELECTION: 

GEOSYNTHETIC CLAY LINER 
GEOMEMBRANE LINER 

GEOTEXTILE CUSHION SELECTION 
GEOSYNTHETICS SELECTION TO PRECLUDE TENSION . 

CALCULATIONS 

Pumose: 

Present selection processes and calculations for selection and evaluation of the 
low-permeability geosynthetic components of the liner system and for the geotextile 
cushion components of the liner system. Present calculations regarding the 
development of tensile stresses in the liner system geosynthetics. 

ScoDe: 

Presents selection processes and calculations as described in the 
" Procedures/Methods " package. 
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GEOSYNTHETIC CLAY LINER 

Selection of Key Characteristics of the GCLs: 

Clay Mineral TvDe - GCLs are commercially produced using sodium bentonite clay 
or calcium bentonite clay. The sodium bentonite is a more active clay mineral with 
greater plasticity and swell potential, properties which are needed for effective GCL 
hydraulic performance. In addition, the greater the clay plasticity and swell 
potential the more effective the GCL will be in sealing around any liner system 
defects. The calcium bentonite, however, generally has a higher internal shear 
strength due to its lower plasticity. 

Based on these factors, sodium bentonite is selected as the GCL clay mineral 
because of its better hydraulic performance capability. The less favorable aspect of 
sodium bentonite, Le., low shear strength, wilI be addressed through appropriate 
liner system design and stability analysis. 

Method of Manufacture - GCLs are commercially produced using one of the three e -  manufacturing methods summarized below. 

Unreinforced with Geotextile Backing: A layer of dry, granular bentonite is 
placed between two geotextiles. Both woven and nonwoven geotextiles are 
sometimes used. A bentonite-based adhesive is used to adhere the geotextiles 
to the granular bentonite core. 

Unreinforced with HDPE Geomembrane Backing: A layer of bentonite is glued 
to one side of a HDPE geomembrane. Both textured and smooth 
geomembranes are sometimes used. 

Internally Reinforced with Geotextile Backing: a layer of dry, granular 
bentonite is placed between two geotextiles. Both woven and nonwoven 
geotextiles are sometimes used. The two geotextiles are joined by 
needlepunching or stitching. The needlepunched fibers or stitches serve to 
L confine the bentonite and increase the in-plane shear strength of the GCL. 

GE3900-8.7/F9530065 a 
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For the primary GCL, the key performance factors related to method of manufacture 
are as follows: (i) ability to form a composite hydraulic barrier with the overlying 
primary geomembrane; (ii) prevention of downward migration of bentonite into the 
underlying LDS drainage layer; (iii) internal shear strength; and (iv) shear strength 
of interfaces with adjacent materials. These factors are discussed below. 

Composite hydraulic barrier - A composite barrier is best achieved with 
GCL products that allow close contact between the bentonite component 
and the overlying geomembrane. For GCLs with geotextile backings, 
those with woven backings can generally provide for-closer contact with an 
overlying geomembrane than can those with nonwoven backings. This 
statement is based on observations which indicate that bentonite particles 
will more readily pass through a woven geotextile backing than through a 
nonwoven backing. For unreinforced GCLs with HDPE geomembrane 
backings, close contact is achieved if the bentonite component is placed 
directly in contact with the geomembrane. 
Bentonite migration - For GCLs with geotextile backings, those with 
nonwoven backings will generally allow less bentonite migration than those 
with nonwoven backings. This statement is based on observations which 
indicate that bentonite particles will more readily pass through a woven 
geotextile backing than through a nonwoven backing. For unreinforced 
GCLs with HDPE geomembrane backings, migration is prevented if the 
bentonite is placed directly in contact with the overlying geomembrane. 
This orientation allows the HDPE backing to serve as a continuous barrier 
against bentonite migration. 
Internal shear strength - For GCLs with geotextile backings, a relatively 
high internal shear strength can be obtained by using an internally 
reinforced product. Relatively high internal shear strengths can also be 
achieved with unreinforced GCLs with HDPE geomembrane backings if 
the bentonite component is prevented from hydrating. This may be 
achieved if hydration is prevented during construction and if the bentonite 
component is placed directly in contact with the overlying geomembrane. 
This orientation serves to minimize hydration because the bentonite is 
confined between two geomembranes, i.e. the 
geomembrane and the geomembrane backing of the GCL. 

liner system 
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Interface shear strength - For GCLs with geotextile backings, it is 
observed that nonwoven backings generally produce higher interface shear 
strengths with adjacent materials than do woven backings. For 
unreinforced GCLs with HDPE geomembrane backings, higher interface 
shear strengths are generally achieved when the HDPE backing has a 
textured outer surface. 

Based on these factors, both GCLs with geotextile backings and unreinforced GCLs 
with HDPE geomembrane backings can provide adequate performance as the 
primary GCL. Specific requirements for GCLs with geotextile backings are given in 
the following list. 

GCL will have one nonwoven backing and one woven backing. 
GCL will be oriented with the nonwoven backing against the underlying 
LDS drainage layer and the woven backing against the overlying primary 
geomembrane in order to achieve as close contact as possible between the 
bentonite component and the overlying geomembrane. 
GCL will be internally reinforced to achieve a relatively high internal 
shear strength. 

Specific requirements for unreinforced GCLs with HDPE geomembrane backings are 
given in the following list. 

GCL will be oriented with the HDPE geomembrane backing against the 
underlying LDS drainage layer and'the bentonite component against the 
overlying primary geomembrane. This orientation is intended to achieve 
as close contact as possible between the bentonite component and the 
overlying geomembrane and to minimize bentonite hydration. 
The geomembrane backing will have a textured surface to achieve a 
relatively high interface shear strength with the underlying LDS drainage 
layer. 

2 5  s 
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For the secondary GCL, the key performance factors related to method of 
manufacture are the same as for the primary GCL with one exception. The 
exception is that prevention of downward migration of bentonite into an underlying 
drainage layer is not a concern because the secondary geomembrane is underlain by 
a compacted clay layer. Based on the factors discussed above, this exception does 
not affect GCL selection. Therefore, the secondary GCL is selected to have the 
same characteristics as the primary GCL. 

Clav Mineral Mass Densitv - A certain minimum mass density of clay mineral in the 
GCL is required for development of a continuous hydraulic barrier. In addition, the 
ability of the GCL to swell and seal around any liner system defects is likely greater 
with greater clay mineral mass density. Most commercially produced GCLs have a 
clay mineral mass density of at least one pound per square foot, a value which is 
considered to provide for reasonable GCL performance. Therefore, a clay mineral 
mass density of at least one pound per square foot is selected for the GCLs. This 
value meets the ARAR requirement in OAC 3745-27-08((3)(3) that GCLs have a 
minimum bentonite mass density of one pound per square foot. 
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GEOMEMBRANE LINER 

Selection of Key Characteristics of the Geomembranes: 

Polymer TvDe - Polymer types considered for the liner system geomembranes are 
high density polyethylene (HDPE), polyvinyl chloride (PVC), and chlorosulfonated 
polyethylene (CSPE) . Geomembranes composed of these polymers are available 
from a number of manufacturers. The following narrative points address the key 
performance factors related to polymer type. 

The three identified polymers all have acceptable characteristics as liquid 
barriers, although HDPE geomembranes have the best characteristics. All three 
have extremely low permeability and are impermeable for practical purposes. 

The most significant mechanical properties of geomembranes used in liner 
systems are tensile stiffness and yield strain. Although these properties vary 
somewhat with geomembrane thickness, HDPE is in general relatively st i f f  and 
has relatively small yield strain. PVC, in contrast, is relatively extensible and 
does not exhibit yield. The tensile properties of CSPE often fall between those 
of HDPE and PVC but are difficult to generalize because CSPE geomembranes 
are often manufactured with embedded reinforcing fabrics, or scrims, which 
affect tensile response. 

Geomembranes composed of all three of the identified polymers have 
acceptable ability to maintain integrity when subjected to concentrated stresses. 
The best performance is obtained with more extensible geomembranes. 
Therefore, based on the relative extensibilities discussed above, PVC offers the 
most favorable performance. 

Key considerations with respect to geomembrane installation include ease of 
placement and seaming. PVC and CSPE are easier to place than HDPE 
because their greater flexibility makes them conform more easily to certain 
shapes and makes them less prone to develop large thermal expansion wrinkles. 
Acceptable placement and wrinkle control, can, however, be achieved with all 

GE3900-8.7F9530065 
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three polymers if appropriate installation procedures are used. All three 
polymers are easily seamed, with HDPE usually achieving the highest seam 
strength and quality. 

With respect to chemical resistance, it has been found that HDPE has the 
highest degree of compatibility with a wide variety of chemicals encountered in 

' wastes (References 1 and 2). CSPE has good resistance to many chemicals, but 
is attacked by some which are relatively common, &ely chlorinated solvents 
a d  hydrocarbons. PVC typically is the least chemically resistant of the three 
polymers. 

With respect to long-term durability, HDPE offers the best performance. 
HDPE is a highly inert and durable material that is not susceptible to chemical 
degradation (i.e., oxidation) under conditions expected to exist in the OSDF. 
In addition, HDPE is not susceptible to physical degradation (Le., extraction or 
solvation) under conditions expected to e& in the OSDF. The durability of 
PVC geomembranes is significantly less favorable than that of HDPE. This is 
because PVC geomembranes are composed of approximately two-thirds PVC 
resin and one-third plasticizers. Over time, physical degradation (i.e., 
extraction) may cause plasticizer loss which results in reduced geomembrane 
flexibility and dimensional stability. The durability of CSPE geomembranes is 
typically between that of HDPE and PVC. 

Based on these performance factors, HDPE is selected for the geomembrane. "his 
selection is based primarily on its superior chemical resistance and durability. The 
less favorable aspects of HDPE performance, related to response to concentrated 
stresses and installation, will be addressed through appropriate design, specification 
and construction quality assurance practices. 

Geomembrane Thickness - A wide range of HDPE geomembrane thicknesses are 
available. The following narrative points address the key performance factors 
related to geomembrane thickness. 

The durability characteristics of a HDPE geomembrane generally improve with 
increasing material thickness. 
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The abrasion resistance of HDPE geomembranes increases with geomembrane 
thickness. Experience indicates that geomembranes with thickness less than 40 
mils may not have acceptable abrasion resistance in some situations. 

The thicker the HDPE geomembrane, the higher its stiffness and the more 
prominent are the material’s less favorable performance aspects (i.e., response 
to concentrated stresses and ease of installation issues). From this viewpoint, a 
thickness of not more than 100 m i l s  is desirable. 

The thinner the HDPE geomembrane, the more difficult it is to weld adjacent 
panels. For most effective welding, thicknesses of at least 40 mils are 
desirable, with 60 to 80 m i l s  perhaps being best. 

Based on these performance factors, a thickness of 80 mil is selected for the HDPE 
geomembrane. This selection balances the performance factors described above and 
meets the ARAR requirement in OAC 3745-27-08(C)(2) that HDPE geomembranes 
have a minimum thickness of 60 mils. 

Surface Texture - Two surface textures are widely available for HDPE 
geomembranes, smooth and textured. The primary performance factor affected by 
surface texture is the shear strength of the. interface between the geomembrane and 
adjacent materials. The adjacent materials in the liner system are geotextile 
cushions and GCLs, both of which are known to form relatively weak interfaces 
with smooth HDPE geomembranes. Therefore, in order to provide higher interface 
shear strengths and thereby increase liner system stability, a textured surface is 
selected for the HDPE geomembrane. 
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GEOTEXTILE CUSHION 

Selection of Polvmer TvDe and Method of Manufacture: 

Polymer T p e  - Virtually all commercially available geotextiles are composed of 
either polypropylene (PP) or polyester (PET). Both polymers are suitable for 
cushioning applications (Reference 3). Therefore, either PP or PET is selected for 
the cushion geotextiles. 

Method of Manufacture - The three primary manufacturing methods used to produce 
geotextiles are summarized below. 

Woven: Orthogonal polymer fibers or filaments are woven together in a flat 
sheet-like structure. The product is relatively thin and incompressible. 

Nonwoven Needlepunched: A mat of randomly oriented polymer fibers is 
formed. Arrays of closely-spaced needles are punched through the mat to 
entangle the random fibers. The product is relatively thick and compressible. 

Nonwoven Heatbonded: A mat of randomly oriented polymer fibers is formed. 
The mat is heated and passed through rollers to melt the random fibers together 
at their points of contact. The product is relatively thin and incompressible. 

For the geotextile cushions, the key performance factors related to method of 
manufacture are shear strength and cushioning ability. With respect to cushioning 
ability, Reference 3 indicates that method of manufacture is not a major factor. 
However, nonwoven needlepunched geotextiles have typically been used as cushions 
and available cushion design methods are based on these materials. Therefore, use 
of a nonwoven needlepunched product is desirable. In addition, use of a nonwoven 
needlepunched product is desirable because these products generally exhibit higher 
interface shear strengths with soils and textured geomembranes than other products. 
Considering these factors, a nonwoven needlepunched product is selected for the 
geotextile cushions. 

GE3900-8.7/F9530065 a 
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Evaluation of Construction Survivability: 

The two-step method outlined by Koerner [1994] in Reference 3 of the 
"ProceduredMethods" package will be followed. The evaluation is the same for 
both the landfill base and the LCLD corridor. For the first step, the required degree 
of survivability is established based on the following conditions: (i) smooth and 
regular subgrade condition; (ii) initial lift thickness of 12 in.; and (iii) maximum 
eqpt. ground pressure on initial lift of 5 psi. From the chart on the following page, 
these conditions indicate that the required degree of survivability is 'moderate'. 

For the second step, minimum required values for mechanical properties of the 
geotextile are established from the chart on the following page based on the 
'moderate', or medium, survivability requirement. The chart provides minimum 
required values for two ranges of geotextile extensibility. Values were obtained for 
the more extensible range because this range is applicable to nonwoven materials. 
The required minimum average roll values from the chart are: (i) grab strength 
(ASTM D 4632) of 115 lb; (ii) puncture resistance (ASTM D 4833) of 40 lb; and 
(iii) trapezoidal tear strength (ASTM D 4533) of 40 lb. These required minimum 
values apply to both the machine and cross-machine directions of the geotextile. 

The liner system design, as shown in the project drawings, incorporates two 
types of geotextile cushions. The first type will be used on all areas of the landfill 
base and side slopes. The second type will be used as a supplemental cushion in the 
LCLD corridors. Adequate construction survivability for the geotextile cushions can 
be achieved by including mechanical property requirements in the appropriate 
project specification (Le., project spec. 02714, "Geofexfiles") which exceed the 
required minimum values cited above. Inspection of the referenced specification 
indicates that this approach has been followed and that the construction survivability 
of the geotextile cushions are adequate. The values in the specification for the first 
cushion type are as follows: (i) grab strength (ASTM D 4632) of 225 lb; (ii) 
puncture resistance (ASTM D 4833) of 120 lb; and (iii) trapezoidal tear strength 
(ASTM D 4533) of 90 lb. The corresponding values in the specification for the 
second cushion type are 350 lb., 180 lb., and 120 lb., respectively. 
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Table 2.20 Reauired d m e e  of survivability as a function of subgrade conditions and conktruction equipment’ 

Construction equipnienr an 6 to I2 in. o 
cover material: initial lift - IC ness 

LOW ground- - High ground- 
pressure ground-pressure pressure 

equipment equipment equipmenl 
( 5 4  1b.h.)  (>4 1b.Iin.’. 18 1b.h.’) (>8 1b.h.’) 

High 
debris. Surface is smooth and level such that any shallow depressions and humps 
do not exceed 6 in. in depth or height. All larger depressions are filled. Altematively 
a smooth working table may be placed. 

Subgrade has been cleared of obstacles larger than small to moderate-sized tree limbs 
and rocks. Tree trunks and stumps should be removed or covered with a partial 
working table. Depressions and humps should not exceed 1 in. in depth or height. 
Larger depressions should be filled. 

Minimal site preparation is required. Trees may be felled, delimbed. and left in place. 
Stumps should be cut to project not more than 6 in. f above subgrade. Fabric may 
be draped directly over the tree trunks, stumps, large depressions and humps. holes, 

Moderate High Very high 

High Very high Not recommended 

stream channels, and large boulders. Items should be removed only if placing the 
fabric and cover material over them will distort the finished road surface. 

*Recommendations are for 6 to 12 in. initial lift thickness. For other initial lift thicknesses: 
12 to 18 in.: reduce survivability requirement one level; 
18 to 24 in.: reduce survivability requirement two levels; 
>24 in.: reduce survivability requirement three levels. 
Survivability levels are in increasing order: low. moderate. high. and very high. 
For special construction techniques such as prcrutting. increase fabric survivability requirement one level. 
Placement of excessive inithl cover material thickness may cause bearing failure of soft subgrade. 

Source: After Christopher and Holtz [ 1461. 

Table 2.21 AASHTO-AGC-ARBTA Joint Committee minimum geotextile properties recommended for 
survivability (reference 4) 

Physical Ropcrty Requirements‘ 
Geotextila < 50% ElongatiodGeotextiles > 50% Elongationb” 

Grab Pwcrure Trapezoid Tor 

Survivability ASTM 04632 ASTM 04833 ASTM D4S3 
b e l  (Ib.) (lb.) (Ib.) 

Strength Resistance . Strrngrh 

Values shown are minimum average roll values. Strength values are in the weaker principal direction. 
Zlongation (strain) at failure as determined by A m  D4632. Grab Tensile. 
The values of geotextile elongation do not imply the allowable consolidation propenies of the subgrade soil. 
These must be determined by a separate investigation. 
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GEOSYNTHETICS SELECTION TO PRECLUDE TENSION 

Evaluation of Short-Term Loading 

Shear strength of weakest interface within liner system is characterized by a 
friction angle of 20 deg. and an adhesion of zero. 

Maximum slope angle of side slope is 14 deg. (4H:lV) 

Therefore, the system is stable for the S i t e  slope condition (Le., friction 
angle exceeds slope angle) and geosynthetic tension is taken as negligible. 
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LINER SYSTEM FROST PROTECTION 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to estimate the thicknesses of materials to be placed on the compacted 

clay liner to protect it from frost. Three cases are analyzed as described below. 

0 Case A: Compacted clay liner is overlain by a 1-ft thick LDS drainage layer, a 1-ft thick LCS 

drainage layer, and a protective soil layer of sufficient thickness to protect the compacted clay liner 

from frost. 

0 CaseB: Compacted clay liner is overlain by a protective soil layer of adequate thickness to 

protect the compacted clay liner from frost. a 
0 Case C: Compacted clay liner is overlain by drainage layer material of adequate thickness to 

protect the compacted clay liner from frost. 

METHODS OF ANALYSIS 

The frost penetration depth into the liner system was calculated using the modified Berggren method. 

CONCLUSIONS 
.-< -- .. 

0 Case A: 

0 Case B: 

0 Case C: 

Protective soil layer thickness should be at least 0.2 ft. Use 1 A. 
Protective soil layer thickness should be at least 1.5 ft. Use 2 ft. 

Drainage layer material should be at least 2.2 ft. Use 3 ft. 
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7. LEACHATE MANAGEMENT - 
LEACHATE GENERATION 

7.1 Calculated Rates 
7.2 Required Cell Storage 
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EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is o estimate leachate generation r a . ~  for different stages of the life 
of the Fernald On-site Disposal Facility (OSDF). These rates will be used to evaluate the performance 
of the leachate collection system (LCS), leak detection system (LDS), and leachate transfer system 
(LTS). 

METHODS OF ANALYSIS 

The U.S. Environmental Protection Agency (USEPA) Hydrologic Evaluation of Landfill 
Performance (HELP) model, Version 3.03, was used to estimate leachate generation rates for the 
OSDF. 

CONCLUSIONS a 
Leachate Generation Rates for One Cell 

Peak daily for initial stage (i.e., 10 ft of waste) = 1,754 gpad 
= 1,754 gpad 

Peak daily for post-closure stage = 0.024gpad 
Peak daily for intermediate stage (Le., 30 ft of waste and seasonal cover) 

Average annual for initial stage 
Average annual for intermediate stage 
Average annual for post-closure stage 

Baseline design flow rate during active operations 
Baseline design flow rate after closure 

Leachate Generation Rates for the Entire OSDF 

Baseline design flow rate during active operations 
Baseline design flow rate after closure 

= 1,145 gpad 
= 696 gpad 
= 0.002 gpad 

= 11,401 gpd 
= 0.16 gpd 

= 22,803 gpd 
= 1.40gpd 

Note that the above design flow rates do not account for large peak flows associated with the storm 
design basis flow rate. The storm design basis flow rate is addressed in Calculation Package "LTS 
Gravity Line Flow Capacity" and Calculation Package "LTS Pipe Hydrograph". &tkawrnor.e, k hese 
rhte-s do h o t  a c c o u q t  f.. i n ~ f o d d  f - h J j r  m y  OCLW- fmrr\c, be 
Con<oL;cJ&id  O F  i m p G c t c J  *tAt,<icd:,  MA6 76/+/S A 0 Q Q L& 0 



As a result of a comment made by the OEPA on the preliminary design calculation package, 
analyses were performed to evaluate the potential effects of impacted material consolidation on the 
leachate generation rates. The analyses are included as Appendix B to this calculation package. Based 
on these analyses, it is concluded that: 

consolidation (i.e., expelling of water from the pores of the impacted material due to settlement) 
is unlikely to occur if the impacted material is placed at 85 % relative compaction; 

consolidation may occur if the impacted material is placed at 90 % relative compaction but only for 
the bottom layer or two and only underneath the centd  flat area of the OSDF cover system; this 
consolidation occurs after the final cover system is placed on the waste; and 

the maximum flow rate due to consolidation when the OSDF is partially closed is on the order of 
225 gpd; for the fnst two years after complete closure of the OSDF, this flow rate is on the order 
of 121 gpd and decreases rapidly thereafter from 16 gpd to less than 0.3 gpd in the long term (Le. , 
within 10 years after closure). 

These incremental flow rates are relatively insignificant in comparison to the baseline design flow 
rates during operations used to design the OSDF systems. Therefore, consolidation flows will not be 
considered in the OSDF system design calculations. 
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/ CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this document is to summarize procedures which will be used to perform analyses 
to estimate the leachate generation rates for the FERNALD On-Site Disposal Facility (OSDF). This 
document also provides general description of the OSDF systems and operations which are relevant to 
these analyses. 

GENERAL DESCRIPTION OF RELEVANT OSDF SYSTEMS AND OPERATIONS 

General Layout of the OSDF 

The OSDF will be 3600 ft long and 702 ft  wide, based on the limits of impacted material. The 
final cover system of the OSDF will extend beyond the limits of impacted material, and therefore, will 
have greater dimensions. The OSDF will be oriented such that the long side of the OSDF is in the 
north-south direction and will consist of 9 cells numbered 1 through 9 sequentially, from north to south 
(see Figure 1). Each cell will be 400 ft  wide and 6.5 acres in size. The cell bottom will be graded to 
slope at a minimum of 2 percent from the north and south sides of the cell towards the center of the 
cell and to slope at a minimum of 1 percent from east to west as shown in Figure 1. 

0 
Liner System 

The OSDF liner system configuration is shown in Figure 2. 

Final Cover System 

Figure 3 shows the OSDF final cover system configuration. 

Leachate Collection System 

The leachate collection system (LCS) is illustrated in Figures 2 and 4. Liquids which accumulate 
in the drainage layer of the LCS flow towards a leachate collection corridor containing drainage material 
of high hydraulic conductivity. The purpose of the drainage corridor is to convey leachate collected 
in the LCS drainage layer to outside the cell. The corridor extends in the long direction of the cell. 
A 6-in. diameter perforated HDPE LCS pipe is located in the drainage corridor and acts as a backup 
to the drainage corridor. The pipe becomes solid at its down-slope end (Le., the western end) just prior 
to penetrating the liner system and the perimeter berm to outside the cell. Another 6-in. diameter 
HDPE pipe, which extends from a short distance inside the cell to outside the cell will serve as a 
"redundant" or "back up" LCS pipe. The two LCS pipes terminate into an individual manhole located 

0 
08 Q?j$;Z 
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VEGETATIVE SOIL LAYER 

F y x  3. FINAL COVER SYSTEM 
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RB (on) lb Fa3 9 6  a outside the cell, referred to as the LCS manhole. A gravity transmission line extends between all of 
the LCS manholes and flows towards a lift station located south of Cell 9. A forcemain will transfer 
flow from the lift station to the Advanced Waste Water Treatment (AWWT) facility located at the 
FERNALD site. 

Leak Detection System 

The leak detection system (LDS) is similar to the LCS except that: (i) only one pipe is used to 
transfer collected liquids to an individual LDS manhole located outside the cell; and (ii) the LDS 
manholes are not connected to each other or to the LCS manholes. 

Impacted Material Composition and Placement Procedures 

Three impacted materials make up most of the material to be disposed of in the OSDF. These 
materials are: (i) contaminated soil and soil-like materials (approximately 80 to 85 percent), (ii) rubble 
and debris (approximately 10 percent), and (G) other special impacted materials (approximately 5 to 
10 percent). The special impacted materials include ash, sludge, municipal solid waste, and others. 
An impacted material placement plan is currently under development. However, a few observations 
can be made at this time. It is anticipated that contaminated soil will be the dominant material disposed 
of in most of the OSDF cells. Rubble will most likely be placed with contaminated soil in a layered 
configuration with the contaminated soil being the dominant material. However, it is anticipated that 
one or more cells may contain a significant amount of ash. This is concluded based on the anticipated 
composition of the OSDF impacted material stream. Approximately 200,000 yd3 of ash is expected to 
be disposed of in the OSDF within a period of 1 to 2 years. During this time, not more than one or 
two cells will most likely be operational, and therefore, these cells may receive most of this ash. 

a 

Daily Cover and Seasonal Closure 

There is no ARAR or other requirement for using daily cover in the OSDF. However, daily cover, 
in the form of watering systems, tarps, geotextiles, foams, or surface crusting will be used if necessary 
to control fugitive emissions. Areas that will not receive impacted material for more than 30 days, due 
to winter weather for example, will receive a seasonal cover. Potential seasonal cover materials include 
on-site clean soils, or on-site impacted material with suitable surface protection. For purposes of this 
calculation package, it is assumed that the seasonal cover is a 12-in. thick layer of soil, referred to 
hereafter as intermediate cover. 

LEACHATE GEMERATION ANALYSIS 

Three design flow rates have been defined for the OSDF leachate management: 

baseline design flow rate during active cell operations; 
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baseline design flow rate after cell closure; and 

storm design flow rate during active cell operations. 

Each of these design flow rates can be defined for an individual OSDF cell and for the entire 
OSDF facility. The baseline design flow rates are solely a function of the leachate generation rates 
calculated in this calculation package. The storm design flow rates are a function not only of the 
calculated leachate generation rates, but also: (i) the rate of direct infiltration of storm water runoff from 
active portions of the OSDF into the leachate collection system of the cell containing the runoff; and 
(ii) the mechanical flow control systems on the leachate transmission gravity line. Accordingly, the 
leachate generation rate calculations presented in this section will be used to establish the baseline design 
flow rates for individual cells and the entire OSDF. Storm design flow rates are addressed in the 
Calculation Packages "LTS Gravity Line Flow Capacity" and the "LTS pipe Hydrograph". 

The U.S. Environmental Protection Agency (USEPA) HELP Model Version 3.03 [Schroeder, et 
al., 1994a,b] will be used to estimate leachate generation rates for the OSDF. Using the HELP model, 
average and maximum daily and annual leachate generation rates will be estimated for three cases which 
represent different cell development periods: 

Case 1: Initial Period of Operation (10 ft of impacted material and daily cover); 

Case 2: Intermediate Period of Operation (30 fi of impacted material and seasonal 
(intermediate) cover); and 

Post-Closure Period (full height of impacted material and final cover system). Case 3: 

The estimated leachate generation rates and other information obtained from the HELP model 
results will be used to establish the baseline design flow rates both for individual cells and the entire 
OSDF. Peak baseline values are used for designing the components of the leachate management system. 
Annual baseline values have been calculated for completeness so that if there is a need to define the long 
term water balance for the OSDF, the information is available. Thus, from a design standpoint, the 
calculation results of primary interest are the peak daily values. 

To evaluate hydraulic systems which service more than one cell, peak baseline leachate generation 
rates will be calculated based on combinations of the three cell development cases described above to 
represent different stages of the life of the OSDF. For example, to confirm that the LTS gravity line 
which services the entire OSDF, has an adequate factor of safety for baseline flow conditions (i.e., 
based on the DCP, factor of safety is three for active conditions and ten for post-closure conditions). 
flows from Cases 1, 2, and 3 are combined. As an illustration, assume the leachate generation rate for 
Case 1 is Q1 gpd, for Case 2 is Qz gpd, and for Case 3 is Q3 gpd. Also assume that during one of the 
OSDF life stages, 1 cell is in the initial period of operation, 1 cell is in the intermediate period of 
operation, and 7 cells are capped with the final cover system (Le, 9 cells total). For this stage of the 
OSDF life, the baseline leachate generation rate is calculated as follows: 

0 



This computation will be performed for a l l  possible scenarios and the most critical scenario will control 
the design of the LCS gravity line. 

REFERENCES 

Schroeder, P.R. ,< Lloyd, C.M., and Zappi, P.A. (1994a). "The Hydrologic Evaluation of Landfill 
Per$omuznce (HEL.P) Model, User's Guide for Version 3." U.S. Environmental Protection Agency, 
Office of Research and Development, Washington, D.C., Report No. EPA/600/R-94/168a, Sep. 

Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. 
(1994b). 'I The Hydrologic Evaluation of Landfill Peg?ormunce (HELP) Model Engineering 
Documentation for Version 3." U.S. Environmental Protection Agency, Office of Research and 
Development, Washington, D.C., Report No. EPA/600/R-94/168b, Sep, 116 p. 
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VEGETATIVE SOIL LAYER 
I 

COVER DRAINAGE LAYER 

GEOTEXTILE Ct 
GEOMEM BRANE 

GEOSYNMETIC 

JSHION 
CAP 
CLAY CAP 

I 1 0  LEAK DETECTION SYSTEM (LDS) DRAINAGE LAYER 

6' N!T.S. i 

GEOTEXTILE CUSHION 
SECONDARY GEOMEMBRANE LINER 
SECONDARY GEOSYNTHETIC CLAY LINER 
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I 32 Municipal Incinerator 
Fly Ash' 0.4SO 0.116 0.049 1 .oxlo' 

33 Fine Copper Slag' 0.375 0.05s 0.m 4.1~10' 

34 Drainage NU (0.6 cm) 0.850 0.010 0.m 3 3x10' ' 
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SECTION 
CELL FOUR INTEF - -  

- HORIZONTAL SCALE: 1” = 30 
VERTICAL SCALE: 1” = 30’ 
XREF: F95XA042 
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 

HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

PRECIPITATION DATA F I L E :  C:  \HELP3\CASElA. D4 
TEMPERATURE DATA F I L E :  C: \HELP3\CASElA. D7 
SOLAR RADIATION DATA F I L E :  C:  \HELP3\CASElA. D13 
EVAPOTRANSPIRATION DATA: C:  \HELP3\CASElA. D11  
S O I L  AND DESIGN DATA F I L E :  C :  \HELP3\CASElA. D10 
OUTPUT DATA F I L E :  C:  \HELP3\CASElA.OUT 

T IME:  1 6 : 3 0  DATE: 1 0 /  3/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  1A 

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

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS = 120.00 INCHES 
0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4091 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 

- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 

- 
- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

LAYER 3 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROS I TY - 
FIELD CAPACITY - 

WILTING POINT - 

0.3970 VOL/VOL 
0.0320 VOL/VOL 
0.0130 VOL/VOL 

- 
- 

- 



INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2 .24  PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES - THICKNESS - 

POROSITY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 .00  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS - - 0.25 INCHES 
POROSITY - - 0.7500 VOL/VOL 
FIELD CAPACITY - - 0.7470 VOL/VOL 
WILTING POINT - - 0.4000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 



LAYER 6 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.10000000100.0 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

- 

- 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.000'0 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 

- 
- 

- 

THICKNESS 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0' 

36.25 INCHES - - 



POROSITY - - 0.4290 VOL/VOL 
0.4200 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #26 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 5 .% AND 
A SLOPE LENGTH OF 400. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER I N  LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

96.80 
0 . 0  
1 . 0 0 0  

12.0 
5.278 
5.340 
3.324 
2.154 

70.310 
72.464 

0 . 0 0  

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNATI OHIO 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
I NCHES/Y EAR 

MAXIMUM LEAF AREA INDEX = 0 . 0 0  
START OF GROWING SEASON (JULIAN DATE) = 104 
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. p  a. - 2 5 3  
END OF GROWING SEASON ( J U L I A N  DATE) = 295 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 7 0 . 0 0  % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 73.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72 .00  % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

J A N I J U L  FEBIAUG MAR/ S E P APRIOCT MAY INOV JUNIDEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.  28 2.97 2.91 2.54 3.12 3.00 

NOTE : TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFF I C I ENTS FOR C I NC I NNATI OHIO 

0 
NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN I J U L  F EB I AUG MAR/ S E P APRIOCT MAY I NOV JUNIDEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI  OHIO 

STATION LATITUDE = 39.29 DEGREES 



k -  2 5 %  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ _ _ _ _ _  - - - - - - -  - - - - - _ _  _ - _ _ _ _ _  _ _ _ _ c - _  _ _ _ _ _ _ -  

PRECIPITATION 
_ _ - _ _ _ _ _ _ _ _ _ _  

TOTALS 3.45 2.84 3.77 3.69 3.83 4.10 
4.42 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 1.58 1.33 1.48 1.54 1.84 2.18 
1.94 1.59 1.78 1.10 1.36 1 . 2 1  

RUNOFF 
- - - _ - _  

TOTALS 0 .000  0.000 0 .000 0 .000 0 .000 0 .000  
0 .000 0.000 0.000 0 .000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0 .000 0.000 0 .000  0.000 
0.000 0.000 0 .000 0 .000 0 .000 0.000 

* 
EVAPOTRANSPIRATION 

TOTALS 0.943 1.288 2.795 4.401 5.135 4.346 
4,478 3.274 2.369 2.088 1.518 1.130 

STD. DEVIATIONS 0.245 0.330 0.404 0.537 1.214 1.725 
1.560 1.530 1 .127  0.737 0.334 0.173 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 
____-__- - - - - - - - -__- -____________________ 

TOTALS 0.2280 0.2317 0.4364 0.3731 0.4663 0.9767 
1.1313 0.8815 0.6204 0.4674 0.3595 0.3074 

STD. DEVIATIONS 0.1904 0.2566 0.3594 0.2729 0.4883 0.5015 
0.4353 0.3695 0.2934 0.2077 0.1249 0.1160 

PERCOLATION/LEAKAGE THROUGH LAYER 5 



- _ _ _ _ _ _ _ - - _ _ _ _ _ - _ _ _ _ - - - - - - - - - - - - - - - -  

TOTALS 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
0.0000 0 .0000 0.0000 0.0000 0 .0000 0.0000 

, STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 - 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 
0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 

DAILY AVERAGE HEAD ACROSS LAYER 5 

AV E RAG ES 0.1323 0.1577 0.2720 0.2343 0.3444 0.7940 
0.8726 0.6019 0.4040 0.2760 0.2118 0.1753 

STD. DEVIATIONS 0.1298 0.2007 0.2812 0.2073 0.4292 0.5080 
0.4843 0.3934 0.2861 0.1568 0.0748 0.0673 

DAILY AVERAGE HEAD ACROSS LAYER 8 
_ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

AVERAGES 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

RUNOFF 0.000 ( 0.0000) 0.00 0.000 

E VAPOTRAN S P I RAT I ON 33.766 ( 4.1974) 122571.93 83.872 

LATERAL DRAINAGE COLLECTED 6.47968 ( 2.16426) 23521.223 16.09473 a FROM LAYER 3 

PERCOLATI ON / LEAKAGE THROUGH 0.00002 ( 0.00001) 0.087 0.00006 
LAYER 5 

AVERAGE HEAD ACROSS TOP 0.373 ( 0.166) 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 0.00002 ( 0.00001 0.078 0.00005 
FROM LAYER 6 

PERCOLATION/ LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0 .00001  
LAYER 8 

AVERAGE HEAD ACROSS TOP 0.000 ( 0.000) 
OF LAYER 8 

CHANGE I N  WATER STORAGE 0.014 ( 2.9337) 49.06 0.034 

............................................................................... 0 



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

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

( INCHES ) (CU.  FT. I 

PREC I P I TAT I ON 4.70 17061.000 
- - - - - - - _ _ _  - _ _ _ _ _ - - _ _ _ - _  

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 3 0.06447 234.02110 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00132 

AVERAGE HEAD ACROSS LAYER 5 1.977 

DRAINAGE COLLECTED FROM LAYER 6 0.00000 0.00129 

PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 8 0 .000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4448 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.2664 

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



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
F I N A L  WATER STORAGE AT END OF YEAR 100 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

LAYER ( INCHES ) ( VOL/VOL 1 

1 47.3738 0.3948 

2 4.9115 0.4093 

3 0.4314 0.0360 

4 0 .0000 0 .0000  

5 0.1875 0.7500 

6 0.3840 0.0320 

7 0 .0000 0 .0000  

8 15.5512 0.4290 

_ - - - -  - - - - - - - - - - - - - - - - - 

SNOW WATER 0.000 

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

.............................................................................. 
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

HELP MODEL VERSION 3 . 0 3  (31 DECEMBER 1994) 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
.............................................................................. 
.............................................................................. 

PRECIPITATION DATA F I L E :  C:  \HELP3\CAS€lB.  D4  
TEMPERATURE DATA F I L E :  C:  \HELP3\CASElB.  D7 
SOLAR RADIATION DATA F I L E :  C:  \HELP3\CASElB.  D13 
EVAPOTRANSPIRATION DATA: C : \HELP3\CASElB.  D11  
S O I L  AND DESIGN DATA F I L E :  C:  \HELP3\CASElB.D10 
OUTPUT DATA F I L E :  C:  \ H E L P 3 \ c a s e l b . O U T  

T IME:  20:21 DATE: 101 311995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  1 B  

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

9 
LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31  

THICKNESS = 120.00 INCHES 
0.5780 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.0760 VOL/VOL 
WILTING POINT - - 0.0250 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.1727 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

LAYER 2 
- - - - - - - -  

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

F I ELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 



MATERIAL TEXTURE NUMBER 0 
12.00 INCHES - - THICKNESS 

0 :3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 
- 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0 .06  INCHES 
POROS I TY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

LAYER 5 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS - - 0.25 INCHES 
POROSITY - - 0.7500 VOL/VOL 

0.7470 VOL/VOL FIELD CAPACITY - - 



WILTING POINT - - 0.4000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROSITY - - 0.3970 VOL/VOL 
FIELD CAPACITY. - - 0.0320 VOL/VOL 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

CM/SEC 
- 

LAYER 7 
- - - - - - - -  

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
POROSITY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 



PSS sod-99 

LAYER 8 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

0.4290 VOL/ VOL POROSITY - 

0.4200 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- 
- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA EASE USING SOIL TEXTURE #31 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 5 . %  AND 
A SLOPE LENGTH OF 400. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER I N  LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

96.80 
0 . 0  
1 .000  

12.0 
1.644 
6.936 
0.300 
0 .000  

41.947 
41.947 

0 .00  

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/Y EAR 



NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM ' 
CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX = 0 .00  
START OF GROWING SEASON (JULIAN DATE) = 104 
END OF GROWING SEASON (JULIAN DATE) = 295 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 70.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 73.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION ( INCHES) 

JAN1 JUL FEB/ AUG MARISEP APR/OCT MAY I NOV JUNIDEC 

3 .13  2.73 3.95 3.58 3.84 4.09 
4 .28  2.97 2 .91  2.54 3.12 3.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI O H I O  

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JANIJUL F EB I AUG MAR1 S EP APRIOCT MAY I NOV JUNIDEC 
- - - - - - -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - -  

28.90 32.10 41.80 53.50 63.00 . 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 



NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFF I C  I ENTS FOR C I NC I NNAT I OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

STD. DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD . DEVIATIONS 

JAN I JUL 
- - - - - - - 

3.45 
4.42 

1.58 
1.94 

0.000 
0.000 

0.000 
0.000 

0.975 
3.205 

F EB I AUG 
- - - - - - - 

2.84 
2.86 

1.33 
1.59 

0.000 
0.000 

0.000 
0 .000 

1.170 
2.293 

MAR1 S EP 
- - - - - - - 

3.77 
2.79 

1.48 
1.78 

0.000 
0.000 

0.000 
0.000 

2.345 
1.876 

APRIOCT 
- - - - - - - 

3.69 
2.35 

1.54 
1 .10  

0.000 
0.000 

0.000 
0.000 

2.868 
1.654 

MAY I NOV 
- - - - - - - 

3.83 
3.22 

1.84 
1.36 

0.000 
0.000 

0.000 
0.000 

3.059 
1.395 

JUNIDEC 
- - - - - - - 

4.10 
2.94 

2.18 
1 .21  

0.000 
0 .000 

0 .000 
0 .000  

2.901 
1.082 



STD. DEVIATIONS 0.225 0.297 0.448 0 . 7 7 1  0.957 1.013 
1.038 0.987 0.811 0.515 0.321 0.166 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 1.0080 1.1042 1.2893 1.4090 1.6995 1.5963 
1.4775 1.3294 1.2391 1.2225 1.0687 0.9486 

STD. DEVIATIONS 0.5750 0.4793 . O .  4955 0.4737 0.4044 0.4244 
0.5198 0.5822 0.5519 0.5739 0.5307 0.4906 

PERCOLATION/LEAKAGE THROUGH LAYER 5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0 .0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

TOTALS 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



D A I L Y  AVERAGE HEAD ACROSS LAYER 5 
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - - - - - - - - - - - - - - - -  

AVERAGES 0.8003 1.0136 1.0752 1.2896 1.5846 1.5171 
1.3094 1.1484 1.0862 1.0192 0.8803 0.7112 

STD. DEVIATIONS 0.6061 0.5921 0.5871 0.5788 0.4973 0.5578 
0.6401 0.6874 0.6716 0.6677 0.6253 0.5442 

D A I L Y  AVERAGE HEAD ACROSS LAYER 8 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - -  

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0 .0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 

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

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PREC I P I TAT I ON 

RUNOFF 

EVAPOTRANS P I RAT I ON 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

PERCOLATI ON / LEAKAGE THROUGH 0 

0.000 ( 0 .0000)  0 . 0 0  0 .000  

61.656 24.823 ( 2.5898) 90106.26 

15.39211 ( 4.00820) 55873.355 38.23214. 

0.00007 ( 0.00003) 0.266 0.00018 



LAYER 5 

AVERAGE HEAD ACROSS TOP 1.120 ( 0.404) 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 0.00007 ( 0.00003) 0.257 0.00018 
FROM LAYER 6 

PERCOLATI ON / LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001 
LAYER 8 

AVERAGE HEAD ACROSS TOP 0.000 ( ' 0.000) 
OF LAYER 8 

CHANGE I N  WATER STORAGE 0.045 ( 3.0775) 162.50 0.11'1 

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

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

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 3 0.06463 234.60153 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00132 

AVERAGE HEAD ACROSS LAYER 5 1.984 

DRAINAGE COLLECTED FROM LAYER 6 0.00000 0.00130 



PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 8 0.000 

SNOW WATER 5.62 ' 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.5780 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) . 0.0214 

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



RL 

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

2 4.8724 0.4060 

3 0.4162 0.0347 

4 0 .0000 0 .0000  

5 0.1875 0.7500 

6 0.3840 0.0320 

7 0 .0000 0 .0000  

8 15.5512 0.4290 

SNOW WATER 0.000 

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

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



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

.............................................................................. 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
.............................................................................. 
.............................................................................. 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 

PRECIPITATION DATA F I L E :  C: \HELP3\CASE2A. D4 
TEMPERATURE DATA F I LE : C :  \HELP3\CASE2A. D7 
SOLAR RADIATION DATA F I L E :  C :  \HELP3\CASEZA. D13 
EVAPOTRANSPIRATION DATA: C: \HELP3\CASE2A. D 1 1  
S O I L  AND DESIGN DATA F I L E :  C:  \HELP3\CASEZA.D10 
OUTPUT DATA F I L E :  C :  \HELP3\CASE2A.OUT 

T I M E :  10 :  8 DATE: 101 4/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  2A 

. ............................................................................. 
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La.  - 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 
FIELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4450 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS = 360.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 
FIELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4013 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

0 



P 
h. -' 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4111 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0363 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 
- 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
POROSITY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 

- 

2 5 3  

000333 



EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

I 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS - - 0.25 INCHES 
POROSITY - - 0.7500 VOL/VOL 
FIELD CAPACITY - - 0.7470 VOL/VOL 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 224.0 FEET 

- 
- 
- 



LAYER 8 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS 
0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 .00  HOLESIACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- - 
- 
- 
- 

- 

LAYER 9 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 36.25 INCHES 
0.4290 VOL/VOL POROSITY - 

0.4200 VOL/VOL FIELD CAPACITY - 

0 .367 0 VOL / VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- 
- 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 



SOIL DATA BASE USING SOIL TEXTURE #26 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 15.% AND 
A SLOPE LENGTH OF 400. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER I N  LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

96.90 
0 . 0  
1.000 

30.0 
13.323 
13.350 
8.310 
0.669 

171.294 
171.964 

0.00 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/ Y EAR 

E VAPOTRANS P I RAT I ON AND WEATHER DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I N NAT I O H I O  

MAXIMUM LEAF AREA INDEX = 3.50 
START OF GROWING SEASON (JULIAN DATE) = 104 
END OF GROWING SEASON (JULIAN DATE) = 295 
AVERAGE ANNUAL WIND SPEED = 9.10 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 70.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 73.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 



NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL F EB / AUG MAR/ S E P APR/OCT MAY / NOV JUN/DEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNATI OH I O  

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL F EB / AUG MAR/ SEP APR/OCT MAY / NOV JUN/DEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY. GENERATED USING 
COEFFICIENTS FOR C I N C I N N AT I OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100 

PR EC I P I TAT I ON a 



R c  

TOTALS 3.45 2.84 3.77 3.69 3.83 4.10 
4.42 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 1.58 1.33 1.48 1.54 1.84 2.18 
1.94 1.59 1.78 1 . 1 0  1.36 1 . 2 1  

RUNOFF 
- - - - - -  

TOTALS 0 .000 0.000 0 .000 0 .000  0.000 0 .000  
0 .000 0.000 0.000 0.000 0.000 0 .000 

STD. DEVIATIONS 0 .000 0.000 
0.000 0.000 

EVAPOTRANSPIRATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 0.913 1.265 
4.937 2.880 

STD. DEVIATIONS 0.215 0.323 
1.566 1.195 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 0.5514 0.3698 
0.4403 0.7949 

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

STD. DEVIATIONS 0.1955 0.2485 
0.4118 0.4111 

PERCOLATION/LEAKAGE THROUGH LAYER 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.000 
0.000 

2.756 
2.573 

0.416 
0.934 

0.4868 
0.8801 

0.2590 
0.3043 

0.0000 
0.0000 

0.0000 
0.0000 

0 .000 0.000 0 .000 
0 .000 0.000 0 .000 

4.121 4.855 5.405 
1.976 1.091 0.920 

0.726 1.115 1.101 
0.698 0.302 0.211 

0.4216 0.1632 0.1738 
0.8540 0.7141 0.6671 

0.1737 0.1610 0.2702 
0.2709 0.2202 0.2232 

0.0000 0.0000 0.0000 
0.0000 0.0000 0 .0000 

0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 



LATERAL DRAINAGE COLLECTED FROM LAYER 7 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - -  

TOTALS O f  0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

AVERAGES OF MONTHLY AVERAGED D A I L Y  HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0.3187 0.2435 0.2902 0.2508 0.0956 0.1140 
0.2867 0.5346 0.6067 0.5462 0.4480 0.3985 

STD. DEVIATIONS 0.1384 0.1894 0.1807 0.1090 0.1104 0.2152 
0.3169 0.3590 0.3195 0.2692 0.1934 0.1763 

DAILY AVERAGE HEAD ACROSS LAYER 9 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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



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

PREC I P I TAT I ON 

RUNOFF 

EVAPOTRANSP I RATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATI ON / LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ACROSS TOP 
OF LAYER 6 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 7 

PERCOLATI ON / LEAKAGE THROUGH 
LAYER 9 

AVERAGE HEAD ACROSS TOP 
OF LAYER 9 

CHANGE I N  WATER STORAGE 

40.26 ( 5.552) 

0 . 0 0 0  ( 0 . 0 0 0 0 )  

33.691 ( 3.7430) 

6.51718 ( 1.82434) 

0 .00002 ( 0.00001)  

0.344 ( 0.134) 

0..00002 ( 0.00001)  

0.00000 ( 0.00000) 

0 .000 ( 0.000) 

0.052 ( 3.2567) 

146142.4 

0 . 0 0  

122297.89 

23657.37 1 

0.079 

0.070 

0.009 

186.99 

PERCENT 
- - - - - - - - - 
100.00  

0 . 0 0 0  

83.684 

16.18789 

0.00005 

0.00005 

0 .00001  

0.128 

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



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

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 4 0.06388 231.89029 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.00130 

AVERAGE HEAD ACROSS LAYER 6 1 .951 

DRAINAGE COLLECTED FROM LAYER 7 0.00000 0.00127 

PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 9 0 .000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4450 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.2708 

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



A? c 

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

4 0.5103 0.0425 

5 0 .0000  0 .0000  

6 0.1875 0.7500 

7 0.3840 0.0320 

8 0 .0000  0 .0000 

9 15.5512 0.4290 

SNOW WATER 0.000 

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

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



HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

HELP MODEL VERSION 3 . 0 3  (31 DECEMBER 1994) 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ' ** 
** ** 
** ** 
.............................................................................. 
.............................................................................. 

PRECIPITATION DATA F I L E :  C:  \HELP3\CASEZB.D4 
TEMPERATURE DATA F I L E :  C : \HELP3\CASE2B. D7 
SOLAR RADIATION DATA F I L E :  C:  \HELP3\CASEZB. D13 0 ' EVAPOTRANSPIRATION DATA: C : \HELP3\CASE2Bf D 1 1  
S O I L  AND DESIGN DATA F I L E :  C:  \HELP3\CASEZB.D10 
OUTPUT DATA F I L E :  C : \HELP3\CASEZB. OUT 

T IME:  10:34 DATE: 1 0 /  4/1995 

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

T I T L E :  Fernald OSDF - C a s e  26 

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3390 VOL/VOL 
EFFECTIVE SAT: HYD. COND. = 0.190000003000E-05 CM/SEC 

- 

- 

- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31 

THICKNESS = 360.00 1,NCHES 
0.5780 VOL/VOL POROSITY - 

0.0760 VOL/VOL FIELD CAPACITY - 

0.0250 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0971 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

- 
- 
- 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROS I TY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL W I LTI  NG POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 
- 

CM/SEC 
- 

LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
POROSITY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 



EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS - - 0.25 INCHES 
0.7500 VOL/VOL POROSITY - 

0.7470 VOL/VOL . 
FIELD CAPACITY - 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 
- 
- 

LAYER 7 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 224.0 FEET 

- 

CM/SEC 



LAYER 8 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 
- 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

0.4290 VOL/VOL POROSITY - 

0.4200 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 

- 
- 

EFFECTIVE SAT. HYD . COND. = 0.819999997000E- 07 CM/SEC 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 



S O I L  DATA BASE USING 
GROUND CONDITIONS, A 

S O I L  TEXTURE #26 WITH BARE 
SURFACE SLOPE OF 15.% AND 

A SLOPE LENGTH OF 400. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

96.90 
0 . 0  
1 . 0 0 0  

3 0 . 0  
7.848 

15.744 
3.774 
0 . 0 0 0  

60.251 
60.251 

0 . 0 0  

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/Y EAR 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNATI OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1 S T  QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3.50 
= 104 
= 295 
= 9.10 MPH 
= 7 0 . 0 0  % 
= 67.00 % 
= 73.00 % 
= 72.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 



NORMAL MEAN MONTHLY PRECIPITATION ( INCHES) 

JAN/JUL F EB I AUG MAR/SEP APRIOCT MAY I NOV JUN/DEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE : TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

J A N I J U L  FEBfAUG MARISEP APRI OCT MAY / NOV JUNf DEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNATI OHIO 

STATION LATITUDE = 39.29 DEGREES 

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



- - - - - - - - _ _ _ - -  

TOTALS 3.45 2.84 3.77 3.69 3.83 4.10 
4.42 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 1.58 1.33 
1.94 1.59 

RUNOFF 
- - - - - -  

TOTALS 0.000 0.000 
0.000 0.000 

STD. DEVIATIONS 0 .000  0 .000 
0 .000 0.000 

EVAPOTRANSPIRATION 

TOTALS 0.922 1.247 
4.370 2.868 

STD. DEVIATIONS 0.202 0.311 
1.543 1.229 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 0.6797 0.4838 
0.8362 1.1522 

STD. DEVIATIONS 0.2902 . O .  2608 
0.5196 0.4249 

PERCOLATION/LEAKAGE THROUGH LAYER 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0 .'oooo 0.0000 

1.48 1.54 1.84 2.18 
1.78 1 . 1 0  1.36 1.21 

0.000 '0 .000 0.000 0.000 
0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

2.603 3.349 4.131 4.705 
2.480 1.930 1.113 0.889 

0.410 0.743 0.947 1.418 
1 . 0 2 2  0.686 0.225 0.158 

0.6350 0.5258 0.4173 0.6683 
1.1249 1.0644 0.9160 0.8483 

0.2793 0.2445 0.3332 0.4847 
0.3491 0.3369 0.3079 0.3001 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 



LATERAL DRAINAGE COLLECTED FROM LAYER 7 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 6 
_ _ _ _ _ _ _ _ _ _ - - - - - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

AVERAGES 0.4110 0.3233 0.3837 0.3258 0.2723 0.4929 
0.6195 0.8881 0.8794 0.7589 0.6289 0.5356 

STD. DEVIATIONS 0.2489 0.2365 0.2147 0.2123 0.2973 0.4754 
0.5184 0.4684 0.4045 0.3771 0.3391 0.3012 

DAILY AVERAGE HEAD ACROSS LAYER 9 
__________- - - - -____-_________________  

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 . 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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



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

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATI ON / LEAKAGE THROUGH 
LAYER 6 

@ AVERAGE HEAD ACROSS TOP 
OF LAYER 6 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 7 

PERCOLATION / LEAKAGE THROUGH 
LAYER 9 

AVERAGE HEAD ACROSS TOP 
OF LAYER 9 

CHANGE I N  WATER STORAGE 

40.26 ( 

0 . 0 0 0  ( 

30.608 ( 

9.35207 ( 

0.00003 ( 

0.543 ( 

0.00003 ( 

0.00000 ( 

0 .000 ( 

0.300 ( 

5.552) 

0 .0000)  

3.6011) 

3.01372) 

0 . 0 0 0 0 2 ~  

0.257) 

0.00002) 

0.00000 1 

0.000) 

3.5768) 

146142.4 

0 . 0 0  

111105.99 

33948.000 

0.125 

0.116 

0,009 

1088.23 

PERCENT 
- - - - - - -  - -  

100.00 

0 . 0 0 0  

76.026 

23.22940 

0.00009 

0.00008 

0.00001 

0.745 

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



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

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 4 0.06463 234.60153 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.00132 

AVERAGE HEAD ACROSS LAYER 6 1.984 

DRAINAGE COLLECTED FROM LAYER 7 0.00000 0.00130 

PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 9 0 .000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3448 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.1178 

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



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

F I N A L  WATER STORAGE AT END OF YEAR 100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

LAYER ( INCHES 1 ( VOL/VOL 1 

1 4.5457 0.3788 

2 59.8707 0.1663 

3 5.1306 0.4276 

4 0.5529 0.0461 

5 0 .0000  0 .0000  

6 0.1875 0.7500 

7 0.3840 0.0320 

8 0.0000 0 .0000 

9 15.5512 0.4290 

- - - - - - - - - _ - - - _  - - - - - - - - 

SNOW WATER 0.000 

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

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



HYDROLOGIC EVALUATION .OF LANDFILL PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
.............................................................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA F I L E :  C :  \HELP3\CASE3A. D4 
TEMPERATURE DATA F I L E :  C : \HELP3\CASE3A. D7 
SOLAR RADIATION DATA F I L E :  C :  \HELP3\CASE3A. D13 
EVAPOTRANSPIRATION DATA: C :  \HELP3\CASE3A. D 1 1  
S O I L  AND DESIGN DATA F I L E :  C :  \HELP3\CASE3A. D10 
OUTPUT DATA F I L E :  C :  \HELP3\CASE3A.OUT 

TIME:  11:22 DATE: 101 4/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  3 A  

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

6.00 INCHES THICKNESS - 

0.3980 VOL/VOL POROS I TY - 

0.2440 VOL/VOL FIELD CAPACITY - 

0.1360 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.2930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 
- 
- 
- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS - - 21.00 INCHES 
0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4207 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES THICKNESS - 

0.4370 VOL/VOL POROSITY - 

0.0620 VOL/ VOL FIELD CAPACITY - 

0.0240 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1920 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- 
- 
- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

36.00 INCHES - THICKNESS - 

POROSITY - - 0.3500 VOL/VOL 
FIELD CAPACITY - - 0.0300 VOL/VOL 
WILTING POINT - - 0.0100 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0395 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 

13.40 PERCENT SLOPE - 

- 
- 

CM/SEC 
- 



DRAINAGE LENGTH = 430.0 FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.0000 VOL/VOL 
0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 .00  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

- 
- 

- 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 7 
- - - - - - - -  

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 24.25 INCHES 
POROSITY - - 0.4300 VOL/VOL 

0.4210 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

- 
- 

LAYER 8 



PfS SOdW 
c 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 

- 
- 
- 

' a. - 2 5 3  

CM/SEC 

LAYER 9 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

POROSITY - - 0.4450 VOL/VOL 
FIELD CAPACITY - - 0.3930 VOL/VOL 
W I LTI  NG POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS = 408.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 
FIELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 



EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 

- 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 
SLOPE - - 2.24  PERCENT 
DRAINAGE LENGTH = 224.0 FEET 

- 
- 

CM/SEC 



TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

- 
- 
- 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS - - 0.25 INCHES 
POROSITY - - 0.7500 VOL/VOL 
FIELD CAPACITY - - 0.7470 VOL/VOL 
WILTING POINT - - 0.4000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 
F I ELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 



INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOLDOL POROSITY - 

FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

- 

- 

LAYER 17 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

POROS I TY - - 0.4290 VOL/VOL 
FIELD CAPACITY - - 0.4200 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 



GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE # l o  WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 4 3 0 .  FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

8 0 . 9 0  - - 
= 1 0 0 . 0  

1.000 
3 0 . 0  
1 1 . 2 6 0  
1 3 . 0 4 4  
6.705 
0 .000 

= 2 1 4 . 7 2 5  
= 2 1 4 . 7 2 5  

- - 
- - 
- - 
- - 
- - 
- - 

0.00 - - 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNATI OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/ Y EAR 

= 3 . 5 0  
= 1 0 4  
= 295 
= 9 . 1 0  MPH 
= 7 0 . 0 0  % 
= 67.00 % 
= 7 3 . 0 0  % 
= 7 2 . 0 0  % 



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

J A N I J U L  F EB I AUG MAR1 SEP APRIOCT MAY I NOV JUNIDEC 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

J A N I J U L  FEBIAUG MARIS EP APRIOCT MAY INOV JUNIDEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

\ 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI  OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 

000363 



i 2 5 3  

PRECIPITATION 
_ _ _ - - - - - - - - - -  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 
- - - - - - - - - - - - - - - - - -  

TOTALS 

STD. DEVIATIONS 

JAN/JUL 
- - - - - - - 

3.45 
4.51 

1.58 
2.35 

1.670 
0.327 

1.437 
1.345 

0.748 
4.185 

0.164 
1.436 

FEB/ AUG 
- - - - - - - 

2.84 
2.86 

1.33 
1.59 

2.221 
0.097 

1.567 
0.313 

0.968 
2.661 

0.236 
1.137 

STD. DEVIATIONS 0.5973 0.3306 
0.0382 0.0499 

MAR/ S EP 
- - - - - - -  

3.77 
2.79 

1.48 
1.78 

1.227 
0.186 

1.280 
0.542 

2.148 
2.464 

0.395 
0.944 

0.6842 
0.0157 

0.5298 
0.0426 

0.0000 

APR/OCT 
- - - - - - - 

3.69 
2.35 

1.54 
1 .10  

0.335 
0.051 

0.678 
0.189 

3.156 
1.894 

0.641 
0.699 

1.1038 
0.0400 

0.4305 
0.1281 

0.0000 

MAY / NOV J UN / D EC 
- - - - - - - 

3.83 
3 .22  

1.84 
1.36 

0.165 
0.353 

0.499 
0.706 

4.439 
0.838 

1.024 
0.190 

0.7188 
0.0534 

0.3584 
0.1835 

0.0000 

- - - - - - - 

4.10 
2.94 

2.18 
1 . 2 1  

0.230 
0.571 

0.587 
0.768 

4.496 
0.682 

1.484 
0.167 

0.4001 
0.4127 

0.1806 
0.5089 

0.0000 



Rc 
.. . 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0,0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD . DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 
- - - - _ _ _ _ - _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



i 

DAILY AVERAGE HEAD ACROSS LAYER 7 
_ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ - - - - - - - - - - - - - - - - - -  

AV E RAG ES 0.1024 0.0385 0.1272 0.2120 0.1336 0.0769 
0.0086 0.0042 0.0030 0.0074 0.0103 0.0767 

STD. DEVIATIONS 0.1099 0.0680 0.0985 0.0827 0.0666 0.0347 
0.0071 0.0093 0.0082 0.0238 0.0352 0 .0946 

DAILY AVERAGE HEAD ACROSS LAYER 14 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - -  

AVERAGES 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

I 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0 .0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

DAILY AVERAGE HEAD ACROSS LAYER 17 
_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 

AV E RAG ES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0 .0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

PREC I P I TAT I ON 40.34  ( 5 .640)  146443.7 100 .00  



RUNOFF 
e 

7.434 ( 3.3631)  26985.28 18.427 

104107.97 71.091 EVAPOTRANSP I RATION 28.680 ( 3.5378)  

LATERAL DRAINAGE COLLECTED 4.24053 ( 1.50870) 15393.115 10.51129 
FROM LAYER 5 

0.00004 PERCOLATI ON / L EAKAGE THROUGH 0.00002 ( 0.00001) 0.064 
LAYER 7 

AVERAGE HEAD ACROSS TOP 0.067 ( 0.024) 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 0.00002 ( 0.00001) 0.055 0.00004 
FROM LAYER 12 

PERCOLATION/ LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0 .00001  
LAYER 14 

AVERAGE HEAD ACROSS TOP 0.000 ( 0.000) 
OF LAYER 14 

LATERAL DRAINAGE COLLECTED 0.00000 ( 0.00000) 0.000 0.00000 
FROM LAYER 15 

PERCOLATION/ LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001 
LAYER 17 

AVERAGE HEAD ACROSS TOP 0.000 ( 0.000) 
OF LAYER 17 

CHANGE I N  WATER STORAGE -0 .012  ( 1.3297)  -42 .78  -0 .029  

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



P 
LI 

2 5 3  

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

PRECIPITATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

AVERAGE HEAD ACROSS LAYER 7 

DRAINAGE COLLECTED FROM LAYER 12 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

AVERAGE HEAD ACROSS LAYER 14 

DRAINAGE COLLECTED FROM LAYER 15 

PERCOLATION/LEAKAGE THROUGH LAYER 17 

AVERAGE HEAD ACROSS LAYER 17 

SNOW WATER 

( INCHES 

13.00 

11.205 

- - - - _ _ _ - - _  

0.08827 

0.000000 

0.509 

0.00000 

0 .000000 

0 .000  

0.00000 

0.000000 

0 .000  

5.62 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 

0.3977 

0.2171 

(CU. FT.)  

47190.000 

40675.6289 

_ _ - - - - _ _ _ _ _ - -  

320.41122 

0.00112 

0.00081 

0.00002 

0.00000 

0.00002 

20394.9297 

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

0003E:! 



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

LAYER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

12 

13 

14 

15 

16 

- - - - -  
( INCHES) 

2.3321 

7.7189 

0.6044 

1.0800 

0.3843 

0.0000 

10.4275 

4.7160 

4.7160 

160.3440 

4.7160 

0.3840 

0 .0000 

0.1875 

0.3840 

0.0000 

- - - - - - - - 
( VOL/ VOL 1 

0.3887 

0.3676 

0.1007 

0.0300 

0.0320 

0 .0000 

0.4300 

0.3930 

0.3930 

0.3930 

0.3930 

0.0320 

0 .0000 

0.7500 

0.0320 

0 .0000 

- -  - - - - - _ _  



17 15.5512 

SNOW WATER 0.000 

0.4290 

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

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



HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
.............................................................................. 
.............................................................................. 

PRECIPITATION DATA F I L E :  C:\HELP3\CASE3B.D4 
TEMPERATURE DATA F I L E :  C : \HELP3\CASE3B. D7 
SOLAR RADIATION DATA F I L E :  C:  \HELP3\CASE3B.D13 
EVAPOTRANSPIRATION DATA: C:  \HELP3\CASE3B. D 1 1  
S O I L  AND DESIGN DATA F I L E :  C:  \HELP3\CASE3B.D10 

C : \HELP3\CASE3B. OUT OUTPUT DATA F I L E :  
.. 

T I M E :  11:44 DATE: 101 4/1995 

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

T I T L E :  Fernald OSDF - C a s e  3 B  

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

THICKNESS - - 6.00 INCHES 
POROSITY - - 0.3980 VOL/VOL 

0.2440 VOL/VOL FIELD CAPACITY - 

0.1360 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.2930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 

- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TH ZKN 

' LAYER 2 
- - - - - - - - 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

ss - - 21.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 
FIELD CAPACITY - - 0.3930 VOL/VOL 
WILTING P O I  NT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4207 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES THICKNESS - 

0.4370 VOL/VOL POROSITY - 

0.0620 VOL/VOL FIELD CAPACITY - 

0.0240 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1920 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- 
- 

- 
- 

LAYER 4 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

36.00 INCHES - TH I CKNESS - 

0.3500 VOL/VOL POROSITY - 

0.0300 VOL/VOL FIELD CAPACITY - 

0.0100 VOL/VOL WILTING POINT - 
INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

- 
- 
- 

LAYER 5 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0395 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

13.40 PERCENT SLOPE - 

- 
- 
- 

- 



DRAINAGE LENGTH = 430.0 FEET 

LAYER 6 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E- 12 CM/SEC 
FML PINHOLE DENSITY - - 0 . 0 0  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 

- 
- 
- 
- 

FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 24.25 INCHES 
POROSITY - - 0.4300 VOL/VOL 

0.4210 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

- 
- 

LAYER 8 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - - THICKNESS 
0.4450 VOL/VOL POROS I TY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 

- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31 

THICKNESS = 408.00 INCHES 
POROSITY - - 0.5780 VOL/VOL 
FIELD CAPACITY - - 0.0760 VOL/VOL 
WILTING POINT - - 0.0250 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0760 VOL/VOL 



'i 

EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

POROS I TY - - 0.4450 VOL/VOL 
0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/ VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROSITY - - 0.3970 VOL/VOL 
0.0320 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

CM/SEC 
- 

2 5 3  



TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 .00  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 

- 

- 

- 

TYPE 3 - 
MAT E R I AL 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

LAYER 14 
- - - - - - - - 

BARRIER SOIL LINER 
TEXTURE NUMBER 17 

0.25 
0.7500 
0.7470 

- - 0.4000 

- - 
- - 

- - 

INITIAL SOIL WATER CONTENT = 0.7500 

INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 
VOL/VOL 

EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

LAYER 15 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROS I TY - 

FIELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 

- 



' C  2 5 3  

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

LAYER 16 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
POROS I TY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 .00  HOLESIACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 36.25 INCHES 
POROSITY - - 0.4290 VOL/VOL 
FIELD CAPACITY - - 0.4200 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 



NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE # l o  WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 4 3 0 .  FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

8 0 . 9 0  - - 

= 1 0 0 . 0  
1 .000 

3 0 . 0  
1 1 . 2 6 0  
1 3 . 0 4 4  

6 . 7 0 5  
0 . 0 0 0  

8 5 . 3 8 9  
85.389 

0 .00  

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/Y EAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3 . 5 0  
= 1 0 4  
= 295 
= 9 . 1 0  MPH 
= 7 0 . 0 0  % 
= 6 7 . 0 0  % 
= 7 3 . 0 0  % 
= 7 2 . 0 0  % 



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION ( INCHES) 

JAN1 JUL F E B I  AUG MAR/ SEP APRIOCT MAY I NOV JUNIDEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2 .97  2.91 2.54 3.12 3.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

J A N I J U L  F EB I AUG MARISEP APRIOCT MAY I NOV JUN I DEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

- - - - - - -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE : SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNATI OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 



STD. DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD. DEVIATIONS 

STD. DEVIATIONS 

JAN1 JUL 
- - - - - - - 

3.45 
4.51 

1.58 
2.35 

1.670 
0.327 

1.437 
1.345 

0.748 
4.185 

0.164 
1.436 

FEBIAUG 
- - - - - - - 

2.84 
2.86 

1.33 
. 1.59 

2.221 
0.097 

1.567 
0.313 

0.968 
2.661 

0.236 
1.137 

LATERAL DRAINAGE COLLECTED FROM LAYER 5 

TOTALS 0.5559 0.1871 
0.0464 0.0224 

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

STD. DEVIATIONS 0.5973 0.3306 
0.0382 0.0499 

PERCOLATIONILEAKAGE THROUGH LAYER 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS O f  0000 0.0000 

MARISEP 
- - - - - - - 

3.77 
2.79 

1.48 
1.78 

1.227 
0.186 

1.280 
0.542 

2.148 
2.464 

0.395 
0.944 

0.6842 
0.0157 

0.5298 
0.0426 

0.0000 

APRIOCT 
- - - - - - -  

3.69 
2.35 

1.54 
1.10 

0.335 
0.051 

0.678 
0.189 

3.156 
1.894 

0.641 
0.699 

1.1038 
0.0400 

0.4305 
0.1281 

0.0000 

MAY I NOV 
- - - - - - - 

3.83 
3.22 

1.84 
1.36 

0.165 
0.353 

0.499 
0.706 

4.439 
0.838 

1.024 
0.190 

0.7188 
0.0534 

0.3584 
0.1835 

0.0000 

JUNIDEC 
- - - - - - - 

4.10  
2.94 

2.18 
1 . 2 1  

0.230 
0.571 

0.587 
0.768 

4.496 
0.682 

1.484 
0.167 

0.4001 
0.4127 

0.1806 
0.5089 

0.0000 



0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.. 0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

TOTALS 0.0000 0 ,0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0: 0000 0.0000 0.0000 0 .0000 0.0000 0.0000 
0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 
_ _ - - - _ _ _ _ _ - - - _ _ _ _ _ _ - - - - - - - - - - - - - - - - -  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 - 0 .0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

D A I L Y  AVERAGE HEAD ACROSS LAYER 7 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - -  

AV E RAG ES 0.1024 0.0385 0.1272 0 ,2120 0.1336 0.0769 
0.0086 0.0042 0.0030 0.0074 0.0103 0.0767 

STD. DEVIATIONS 0.1099 0.0680 0.0985 0.0827 0.0666 0.0347 
0.0071 0.0093 0.0082 0.0238 0.0352 0.0946 

DAILY AVERAGE HEAD ACROSS LAYER 14 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0 .0000 0 .0000 0.0000 0 .0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

DAILY AVERAGE HEAD ACROSS LAYER 17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 

PRECIPITATION e 40.34 ( 5.640)  146443.7 100 .00  



RUNOFF 
e 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATI ON/ LEAKAGE THROUGH 
LAYER 7 

AVERAGE HEAD ACROSS TOP 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 12 

PERCOLATI ON / LEAKAGE THROUGH 
LAYER 14 

AVERAGE HEAD ACROSS TOP 
OF LAYER 14 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 15 

PERCOLATI ON / LEAKAGE THROUGH 
LAYER 17 

AVERAGE HEAD ACROSS TOP 
OF LAYER 17 

CHANGE I N  WATER STORAGE 

7.434 ( 3.3631)  

28.680 ( 3.5378)  

4.24053 ( 1.50870)  

0.00002 ( 0.00001) 

0.067 ( 0.024)  

0.00002 ( 0.00001)  

0.00000 ( 0.00000) 

0.000 ( 0 .000)  

o.ocooo ( 0.00000) 

0.00000 ( 0.00000) 

0 .000 ( 0 .000)  

-0.012 ( 1.3297)  

! [  
P 

' 5  

26985.28 

104107.97 

15393.115 

0 .064  

0.055 

0.009 

0.000 

0.009 

-42 .78  

2 5 3  

18.427 

71 .091  

10.51129 

0.00004 

0.00004 

0.00001 

0.00000 

0 .00001  

-0 .029  

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



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

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

PRECIPITATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

AVERAGE HEAD ACROSS LAYER 7 

DRAINAGE COLLECTED FROM LAYER 12 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

AVERAGE HEAD ACROSS LAYER 14 

DRAINAGE COLLECTED FROM LAYER 15 

PERCOLATION/LEAKAGE THROUGH LAYER 17 

AVERAGE HEAD ACROSS LAYER 17 

SNOW WATER 

MAXIMUM. VEG. SOIL WATER (VOL/VOL) 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 

( INCHES ) 

13.00 
- - - - _ _ _ _ _ _  

11.205 ' 

0.08827 

0 .000000 

0.509 

0.00000 

0.000000 

0 . 0 0 0  

0.00000 

0.000000 

0 . 0 0 0  

5.62 

(CU. FT.) 

47190.000 

40675.6289 

_ _ _ _ _ - - _ _ _ _ _ _  

320.41122 

0.00112 

0.00081 

0.00002 

0.00000 

0.00002 

20394.9297 

0.3977 

0.2171 

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



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

LAYER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

- - - - -  
( INCHES 1 

2.3321 

7.7189 

0.6044 

1.0800 

0.3843 

0 .0000  

10.4275 

4.7160 

4.7160 

31.0080 

4.7160 

0.3840 

0.0000 

0.1875 

0.3840 

0.0000 

- - - - - - - - 
( VOL/ VOL 1 

0.3887 

0.3676 

0.1007 

0.0300 

0.0320 

0 .0000 

0.4300 

0.3930 

0.3930 

0.0760 

0.3930 

0.0320 

0.0000 

0.7500 

0.0320 

0 .0000 

- - - - - - - - - 



0.4290 17 15.5512 

SNOW WATER 0.000 

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

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



** 
** 
** 
** 
** 
** 
** 
** 
** 
................................... 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 
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k************************* 

.............................................................................. 
k**** k k***** 

PRECIPITATION DATA F I L E :  
TEMPERATURE DATA F I L E :  
SOLAR RADIATION DATA F I L E :  
EVAPOTRANSP I RAT1 ON DATA: 
S O I L  AND DESIGN DATA F I L E :  
OUTPUT DATA F I L E :  

C : \HELP3\CASE3C. D4 
C : \HELP3\CASE3C. D7 
C : \HELP3\CASE3C. D13 
C :  \HELP3\CASE3C. D11 
C : \HELP3\CASE3C. D10 
C :  \HELP3\CASE3C. OUT 

T I M E :  12:lO DATE: 101 4/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  3C 

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
NATERIAL TEXTURE NUMBER 10 

6.00 INCHES THICKNESS - 

0.3980 VOL/VOL POROSITY - 

0.2440 VOL/VOL FIELD CAPACITY - 

0.1360 VOL/VOL WILTING POINT - 
INITIAL SOIL WATER CONTENT = 0.1987 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 
- 
- 

- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4 .63  
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 21.00 INCHES 
POROSITY - - 0.4000 VOL/VOL 
FIELD CAPACITY - - 0.3000 VOL/VOL 
WILTING POINT - - 0.2000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.2823 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.999999975000E-04 CM/SEC 



. P  
‘L - 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES THICKNESS - 

0.4370 VOL/VOL POROSITY - 

0.0620 VOL/VOL FIELD CAPACITY - 

0.0240 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1731 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- 
- 
- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

36.00 INCHES - THICKNESS - 

0.3500 VOL/VOL POROSITY - 

0.0300 VOL/VOL FIELD CAPACITY - 

0.0100 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

- 
- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 

0.0320 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0415 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 
SLOPE - - 13.40 PERCENT 

- 

CM/SEC 

2 5 3  



/SL fJ-/,./t 

DRAINAGE LENGTH = 430.0 FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 . 

0 .06  INCHES THICKNESS - 

0.0000 VOL/VOL POROS ITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 .00  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 .00  HOLES/ACRE 

- 
- 
- 
- 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 7 
- - - - - - - -  

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 24.25 INCHES 
0.4300 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.4210 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 

- 

EFF.ECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

LAYER 8 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/ VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

- 

LAYER 9 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00  INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

LAYER 10 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS = 408.00 INCHES 
0.4450 VOL/VOL POROS I TY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL W I LTI  NG POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 

- 

- 
- 

008333 



EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 

- 

- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 
FIELD CAPACITY - - 0.0320 VOL/VOL 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

CM/SEC 
- 



TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL F I ELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - 

FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 

- 
- 

0 .00  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

- 

LAYER 14 

TYPE 3 - BARRIER'SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES 2 THICKNESS - 

0.7500 VOL/VOL POROSITY - 

0.7470 VOL/VOL FIELD CAPACITY - 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 
- 
- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROSITY - - 0.3970 VOL/VOL 
FIELD CAPACITY - - 0.0320 VOL/VOL 

0.0130 VOL/VOL WILTING POINT - - 



INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

LAYER 16 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL F I ELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 
- 

- 

LAYER 17 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 36.25 INCHES 
POROSITY . - - 0.4290 VOL/VOL 
FIELD CAPACITY - - 0.4200 VOL/VOL 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 



NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE #10 WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 4 3 0 .  FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

80.90 - - 

= 100 .0  
1 . 0 0 0  

3 0 . 0  
7 . 7 0 2  

1 2 . 0 9 9  
5.088 
0.000 

= 211.163 
= 211.163 

- - 
- - 
- - 
- - 
- - 
- - 

0.00 - - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/Y EAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3.50 
= 1 0 4  
= 295 
= 9 . 1 0  MPH 
= 70.00  % 
= 67.00 % 
= 7 3 . 0 0  % 
= 7 2 . 0 0  % 



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

J A N I J U L  F EB I AUG MAR1 SEP APRIOCT MAY INOV JUNIDEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI  OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

J A N I J U L  F E B I  AUG MAR/ SEP APRIOCT MAY INOV JUNIDEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 



PREC I P I TAT I ON 
_ _ - - - - - _ _ _ _ _ _  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
_ _ - - - _  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 
- - - _ - _ _ - - _ - - - - _ _ - _  

TOTALS 

STD. DEVIATIONS 

JAN / JUL  
_ _ - - - - -  

3.45 
4.51 

1.58 
2.35 

1.249 
0.154 

1 .291  
0.976 

0.815 
4.169 

0.182 
1.441 

FEB/AUG 
- - - - - - -  

2.84 
2.86 

1.33 
1.59 

1.883 
0 .027  

1.451 
0.074 

1.045 
2 .721  

0.268 
1.197 

LATERAL DRAINAGE COLLECTED FROM LAYER 5 

TOTALS 0.8885 0.3691 
0.2508 0.1180 

STD. DEVIATIONS 1.0326 0.5623 
0.6968 0.2940 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

MAR/S EP 
- _ - - - _ - 

3.77 
2.79 

1.48 
1.78 

0.748 
0.036 

1.054 
0.084 

2.349 
2.412 

0.384 
0.994 

1.3487 
0.1925 

1.1041 
0.4751 

0.0000 

APR/OCT 
- - - - - - - 

3.69 
2.35 

1.54 
1 . 1 0  

0 . 0 2 7  
0 .011  

0.061 
0.041 

3.397 
1.870 

0.683 
0 . 7 0 1  

1.2636 
0.1491 

0.9748 
0.3675 

0.0000 

MAY /NOV JUN/DEC 
- - - - - - - 

3.83 
3.22 

1.84 
1.36 

0.025 
0.035 

0 .072  
0.079 

4.218 
0.945 

1.208 
0 .200  

0.7841 
0.4384 

0.6659 
0.8462 

0.0000 

- - - - - - - 

4.10 
2.94 

2.18 
1.21 

0.080 
0.184 

0.164 
0.496 

3.855 
0.788 

1.456 
0.156 

0.2898 
1.1982 

0.3883 
1.0896 

0.0000 



0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

_ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - -  

STD. DEVIATIONS 0 .0000 0.0000 
0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0.0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0 .0000  0.0000 



. % .  - 2 5 3  
AVERAGES OF MONTHLY AVERAGED D A I L Y  HEADS ( INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 7 

AVERAGES 0.1638 0.0759 0.2507 0.2427 0.1457 0.0557 
0.0466 0.0219 0.0370 0.0277 0.0842 0.2227 

STD. DEVIATIONS 0.1907 0.1157 0.2052 0.1872 0.1238 0.0746 
0.1295 0.0547 0 .0913 0.0683 0.1625 0.2025 

DAILY AVERAGE HEAD ACROSS LAYER 14 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 ' 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

DAILY AVERAGE HEAD ACROSS LAYER 17 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 

PRECIPITATION e 40.34 ( 5 .640)  146443.7 1 0 0 . 0 0  



RUNOFF 

EVAPOTRANSP I RATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATION / LEAKAGE THROUGH 
LAYER 7 

AVERAGE HEAD ACROSS TOP 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 12 

PERCOLATION/ LEAKAGE THROUGH 
LAYER 14 

0 AVERAGE HEAD ACROSS TOP 
OF LAYER 14 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 15 

PERCOLATION/LEAKAGE THROUGH 
LAYER 17 

AVERAGE HEAD ACROSS TOP 
OF LAYER 17 

CHANGE I N  WATER STORAGE 

4.459 ( 

28.586 ( 

7.29091 ( 

0.00003 ( 

0.115 ( 

0.00003 ( 

0.00000 ( 

0.000 ( 

0.00000 ( 

0.00000 ( 

0.000 ( 

0..007 ( 

2.7218) 

3.4126) 

3.30831 1 

0.00001) 

0.052) 

0.00001 1 

0.00000) 

0.000)  

0.00000) 

0.00000 

0.000) . 

1.0585) 

P 
’ ’a. - 

16185.94 

103766.20 

26465.988 

0 .100  

0.091 

0 . 0 0 9  

0.000 

0.009 

25.43 

11.053 

70.857 

18.07247 

0.00007 

0.00006 

0.00001 

0.00000 

0.00001 

0.017 

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



r , .  
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PREC I P I TAT I ON 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

AVERAGE HEAD ACROSS LAYER 7 

DRAINAGE COLLECTED FROM LAYER 12 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

AVERAGE HEAD ACROSS LAYER 14 

DRAINAGE COLLECTED FROM LAYER 15 

PERCOLATION/LEAKAGE THROUGH LAYER 17 

AVERAGE HEAD ACROSS LAYER 17 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

(CU. FT.)  ( INCHES) 

13.00 47190.000 
- - - - - - - _ _ -  - - - - _ - _ _ - - - - -  

8.439 30632.2266 

0.78091 2834.70923 

0.000002 0.00845 

4.500 

0.00000 0.00315 

0.000000 0.00002 

0.000 

0.00000 0.00000 

0.000000 0.00002 

0 .000  

5.62 20394.9297 

0.3277 

0.1578 

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



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

F I N A L  WATER STORAGE AT END OF YEAR 100 
- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - _  

LAYER ( INCHES 1 (VOL/VOL 1 

1 2.2927 0.3821 

2 6.1633 0.2935 

3 0.5167 0.0861 

4 1.0800 0.0300 

5 0.3843 0.0320 

6 0.0000 0.0000 

7 10.4275 0.4300 

8 4.7160 0.3930 

9 4.7160 0.3930 

10 160.3440 0.3930 

11 4.7160 0.3930 

12 0.3840 0.0320 

13 0.0000 0 .0000  

14 0.1875 0.7500 

15 0.3840 0.0320 

16 0.0000 0.0000 

- - - - - - _ _ -  - - - - -  - - - - - - - - 



17 15.5512 0.4290 

SNOW WATER 0.000 

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

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



2 5 3  
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
HELP MODEL VERSION 3 . 0 3  (31 DECEMBER 1994) ** 

DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
USAE WATERWAYS EXPERIMENT STATION ** 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** 

** ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.............................................................................. 

PRECIPITATION DATA F I L E :  C:  \HELP3\CASE3D.D4 
TEMPERATURE DATA F I L E :  C :  \HELP3\CASE3D.D7 
SOLAR RADIATION DATA F I L E :  C :  \HELP3\CASE3D. D13 
EVAPOTRANSPIRATION DATA: C:  \HELP3\CASE3D. D 1 1  
S O I L  AND DESIGN DATA F I L E :  C:  \HELP3\CASE3D.D10 
OUTPUT DATA F I L E :  C : \HELP3\CASE3D. OUT 

T IME:  12:38 DATE: 1 0 /  4/1995 

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

T I T L E :  Fernald OSDF - Case  30 

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

6.00 INCHES THICKNESS - 

0.3980 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.2440 VOL/VOL 
0.1360 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1987 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 
- 

- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4 .63  
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 21.00 INCHES 
POROSITY - - 0.4000 VOL/VOL 

0.3000 VOL/VOL FIELD CAPACITY - 

0.2000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.2823 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.999999975000E-04 ‘CM/SEC 

- 

- 



-I. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES THICKNESS - 

0.4370 VOL/VOL POROS I TY - 

0.0620 VOL/VOL 
0.0240 VOL/VOL 

FIELD CAPACITY 
WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1731 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- 
- 
- - 
- 

TYPE 1 - VERTICAL PERCOLATION 
MATERIAL TEXTURE NUMBER 

36.00 - THICKNESS - 

LAYER 
0 

INCHES 
0.3500 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.0300 VOL/VOL 
0.0100 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

- 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROS I TY - 

FIELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0415 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 
SLOPE - - 13.40 PERCENT 

- 

CM/SEC 



DRAINAGE LENGTH = 430.0 FEET 

LAYER 6 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES - TH I CKN ESS - 

POROS I TY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 .00  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 

- 

FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 24.25 INCHES 
POROS I TY - - 0.4300 VOL/VOL 
FIELD CAPACITY - - 0.4210 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

LAYER a 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12:OO INCHES - THICKNESS - 

0.4450 VOL/VOL POROS ITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

LAYER 9 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL F I ELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CMISEC 

- 
- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31 

THICKNESS = 408.00 INCHES 
0.5780 VOL/VOL POROSITY - 

0.0760 VOL/VOL FIELD CAPACITY - 

0.0250 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0760 VOL/VOL 

- 
- 
- 



' L  6 2 5 3  
EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

\ 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
0.3970 VOL/VOL POROS ITY - 

FIELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

- 



b 
' Lh. 

TYPE 4 - FLEXIBLE MEMBRANE L INER 
MATERIAL TEXTURE NUMBER 35 

0 . 0 6  INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL F I E L D  CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

I N I T I A L  S O I L  WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0 . 1 9 9 9 9 9 9 9 6 0 0 0 E - 1 2  CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 
FML INSTALLATION DEFECTS = 1 .00  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 
- 

- 

LAYER 14 

TYPE 3 - BARRIER S O I L  L INER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES - THICKNESS - 

POROSITY - - 0.7500 VOL/VOL 
F I E L D  CAPACITY - - 0.7470 VOL/VOL 
WILTING POINT - - 0.4000 VOL/VOL 
I N I T I A L  S O I L  WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0 . 3 0 0 0 0 0 0 0 3 0 0 0 E - 0 8  CM/SEC 

2 5 3  

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 
F I E L D  CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 



INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
0.0000 VOL/VOL POROSITY - 
0.0000 VOL/VOL FIELD CAPACITY - 
0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 

- 
- 
- 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 17 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 36.25 INCHES 
POROS I TY - - 0.4290 VOL/VOL 
FIELD CAPACITY - - 0.4200 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 



GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE # l o  WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 430. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

80.90 - - 

= 1 0 0 . 0  
1.000 

30.0 
7.702 

12.099 
5.088 
0 .000  

81.827 
81.827 

0 . 0 0  

- - 
- - 
- - 
- - 
- - 

- - 
- - 
- - 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/ Y EAR 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3.50 
= 104 
= ' 295 
= 9.10 MPH 
= 70.00 % 
= 67.00 % 
= 73.00 % 
= 72.00 % 



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION ( INCHES) 

J A N I J U L  F EB I AUG MAR1 SEP APRIOCT MAY I NOV JUNIDEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I N N A T I  OH I O  

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

J A N I J U L  F EB I AUG MAR1 S E P APRIOCT MAY I NOV JUN/ DEC 

28.90 32.10 41.80 53.50 63.00 . 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I N NAT I OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 



/ -  k -  2 5 3  

PRECIPITATION 
- _ - - - - - _ - - - _ _  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD. DEVIATIONS 

STD. DEVIATIONS 

JANIJUL 
- - - - - - -  

3.45 
4.51 

1.58 
2.35 

1.249 
0.154 

1.291 
0.976 

0.815 
4.169 

0.182 
1.441 

F EB I AUG 
- - - - - - - 

2.84 
2.86 

1.33 
1.59 

1.883 
0 .027  

1.451 
0.074 

1.045 
2 .721  

0.268 
1.197 

LATERAL DRAINAGE COLLECTED FROM LAYER 5 

TOTALS 0.8885 0.3691 
0.2508 0.1180 

STD. DEVIATIONS 1.0326 0.5623 
0.6968 0.2940 

PERCOLATIONILEAKAGE THROUGH LAYER 7 
_ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - -  

TOTALS 0.0000 0.0000 

MARISE P 
- - - - - - - 

3.77 
2.79 

1.48 
1.78 

0.748 
0.036 

1.054 
0.084 

2.349 
2.412 

0.384 
0.994 

1.3487 
0.1925 

1.1041 
0.4751 

0.0000 

APRIOCT 
- - - - - - -  

3.69 
2.35 

1.54 
1.10 

0 .027  
0 . 0 1 1  

0.061 
0.'041 

3.397 
1.870 

0.683 
0 . 7 0 1  

1.2636 
0.1491 

0.9748 
'0.3675 

0.0000 

MAY I NOV 
- - - - - - - 

3.83 
3.22 

1.84 
1.36 

0.025 
0.035 

0 .072  
0.079 

4.218 
0.945 

1.208 
0 .200  

0.7841 
0.4384 

0.6659 
0.8462 

0.0000 

JUN/DEC 
- - - - - - - 

4.10 
2.94 

2.18 
1.21 

0 ,080  
0.184 

0.164 
0.496 

3.855 
0.788 

1.456 
0.156 

0.2898 
1.1982 

0.3883 
1.0896 

0.0000 



0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0 .0000  0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 
- - - - - - -_________________________________  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0,0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0 .0000 0 .0000 0.0000 0.0000 0.0000 0 . 0 0 0 0 ~  

PERCOLATION/LEAKAGE THROUGH LAYER 14 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 0.0000 0.0000 0 .0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 
- - - - - - - - - - - -__- - - - - -____________________ 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000  
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER' 17 
- - _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - -  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0 :oooo 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0'. 0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



DAILY AVERAGE HEAD ACROSS LAYER 7 

AVERAGES 0.1638 0.0759 0.2507 0.2427 0.1457 0.0557 
0.0466 0.0219 0.0370 0.0277 0.0842 0.2227 

STD. DEVIATIONS 0.1907 0.1157 0.2052 0.1872 0.1238 0.0746 
0.1295 0.0547 0.0913 0.0683 0.1625 0.2025 

DAILY AVERAGE HEAD ACROSS LAYER 14 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

DAILY AVERAGE HEAD ACROSS LAYER 17 

AV E RAG ES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 

P R EC I P I TAT I ON 0 40.34 ( 5.640)  146443.7 100.00 



RUNOFF 

EVAPOTRANSP I RAT I ON 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH 
LAYER 7 

AVERAGE HEAD ACROSS TOP 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 12 

P E RCOL A T  I ON / L EAKAG E THROUGH 
LAYER 14 

AVERAGE HEAD ACROSS TOP 
OF LAYER 14 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 15 

PERCOLATION/ LEAKAGE THROUGH 
LAYER 17 

AVERAGE HEAD ACROSS TOP 
OF LAYER 17 

CHANGE I N  WATER STORAGE 

4.459 ( 2.7218) 

28.586 ( 3.4126) 

7.29091 ( 3.30831) 

0.00003 ( 0 .00001)  

0.00000 ( 0.00000) 

0.000 ( 0.000) 

0.00000 ( 0 .00000)  

0.00000 ( 0.00000) 

0.000 ( 0 .000)  

0 .007  ( 1.0585) 

- 
b . %tat, 

16185.94 

103766.20 

26465.988 

0.100 

0.091 

0.009 

0.000 

0 .009  

25.43 

11.053 

70.857 

18.07247 

0 .00007 

0.00006 

0.00001 

0.00000 

0.00001 

0.017 

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

PREC I P ITATI ON 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

AVERAGE HEAD ACROSS LAYER 7 

DRAINAGE COLLECTED FROM LAYER 12 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

AVERAGE HEAD ACROSS LAYER 14 

DRAINAGE COLLECTED FROM LAYER 15 

PERCOLATION/LEAKAGE THROUGH LAYER 17 

AVERAGE HEAD ACROSS LAYER 17 

SNOW WATER 

(INCHES) 

13.00 
- - - - _ _ _ _ _ _  

8.439 

0.78091 

0.000002 

4.500 

0.00000 

0.000000 

0 .000  

0.00000 

0.000000 

0 .000  

5.62 

(CU. FT.)  

47190.000 

30632.2266 

- - - - - - - - - - - - -  

2834.70923 

0.00845 

0.00315 

0,00002 

0.00000 

0.00002 

20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3277 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1578 

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



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

F I N A L  WATER STORAGE A T  END OF YEAR 100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - _ - - - - -  

LAYER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

- - - - -  
( INCHES)  

2.2927 

6.1633 

0.5167 

1.0800 

0.3843 

0 .0000 

10.4275 

4.7160 

4.7160 

31.0080 

4.7160 

0.3840 

0.0000 

0.1875 

0.3840 

0.0000 

- - - - - - - - 
(VOL/VOL) 

0.3821 

0.2935 

0.0861 

0.0300 

0.0320 

0 .0000 

0.4300 

0.3930 

0.3930 

0.0760 

0.3930 

0.0320 

0 .0000 

0.7500 

0.0320 

0 .0000 

- - - - - - - - - 



17 15.5512 0.4290 

SNOW WATER 0.000 

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

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



APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS PACKAGE 

USEPA HELP MODEL 

1.  Schroeder, P.R., Lloyd, C.M., and Zappi, P.A., “The Hydrologic Evaluation of Landfill 
Performance (HELP) Model, User’s Guide for Version 3, ‘I U.S. Environmental Protection Agency, 
Office of Research and Development, Washington, D.C., Report No. EPA/600/R-94/168a, Sep 
1994. 

@ 2. Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L, 
It The Hydrologic Evaluation of Landfill Performance (HELP) Model Engineering Documentation 

for Version 3, ” U. S . Environmental Protection Agency, Office of Research and Development, 
Washington, D.C., Report No. EPA/600/R-94/168b, Sep 1994, 116 p. 

See Section 1.2 of the Design Parameter Summary. 
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REQUIRED CELL LEACHATE STORAGE 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS: 

The purpose of this Calculation Package is to design a temporary catchment area for the 
On-Site Disposal Facility (OSDF) cells to contain impacted runoff from active cell area not under final 
closure. The catchment area is sized to contain the impacted runoff with a freeboard from the crest 
of the intercell and perimeter berms of 6 in. Temporary ditches are designed to convey impacted 
runoff to the catchment area. The design storm is the 25-year 24-hour event. 

DESIGN METHOD OF ANALYSIS: 

Analysis for design of the catchment area is performed using the TR55 computer program to 
calculate impacted runoff and the end area method to calculate the volume of the catchment area. 
Temporary ditches are designed using Manning's equation to have adequate capacity and a 
minimum freeboard of 6 in. 

CONCLUSIONS: 

8 Catchment area: 

8 

8 

The required capacity of the catchment area is 190,000 ft3 
The catchment area will be located in the south-west corner of every OSDF cell and 
will have the following minimum dimensions: 
N-S direction: 250 ft as measured from the centerline of the intercell berm. 
E-W direction: 185 ft as measured from the shoulder of the perimeter berm. 

8 Temporary drainage ditches: 

8 Two temporary ditches with a minimum bottom width of 5 ft, 3H:lV maximum side 
slopes, and a minimum depth of 1.25 ft are sufficient to convey runoff from the design 
storm with a minimum freeboard of 6 in. 
The maximum flow velocities in the two temporary ditches were estimated to be 5.5 
and 7.2 ft/sec. Silt fences o r e b a l e  barriers or any other effective measures should 
be used to reduce velocities in the temporary drainage ditches and to control erosion. 
The ditches may need repairs after big storm events. 

8 
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REQUIRED CELL LEACHATE STORAGE 

CALCULATION PROCEDURES 

During placement of impacted material in the OSDF cells, a temporary impacted runoff 
catchment area (catchment area) will be provided in the active cell for collection and storage of 
impacted runoff from storm events. Impacted runoff is defined as runoff from areas of impacted 
material not yet under final closure. Runoff from areas under final closure area where final- 
cover is installed) is considered clean and will be diverted away from the active cells to the clean 
stormwater management system. Impacted runoff will discharge from the catchment area to the 
leachate collection system for transport to the FERNALD Advanced Waste Water Treatment 
( A M )  facility. 

@ The purpose of this calculation is to size drainage ditches to collect impacted runoff and a 
catchment area to store this runoff within the cell. In accordance with the impacted material 
placement plan, the ideal location of the catchment area is the south-west corner of each cell. A 
worst case scenario, shown in Figure I , is assumed for analyses. The worst case scenario is a case 
where the largest amount of impacted runoff is expected to occur. For this scenario, two cells are 
active (i.e.l area where final cover is not installed) and the impacted material in the cells has been 
graded to drain towards the catchment area. Temporary drainage ditches are located along the cell 
perimeter and intercell berms to intercept, collect, and divert runoff to the catchment area as show in 
Figure 1. 

The catchment area is sized to handle impacted runoff from the active cells for the 25-yr, 24-hr 
storm event (design storm) without overtopping a rain flap attached to the primary geomembrane 
liner of the intercell berm. Based on the grade of the cell bottom, it is anticipated that overtopping 
would first occur at the top of the intercell berm in the south-west corner of the cell. 

The following criteria are considered for design of the catchment area and ditches: 

e The length of the catchment area in the N-S direction is 250 ft (as measured from the 
centerline of the intercell berm) to allow for construction of an access road into the active 
cell and to direct infiltration of impacted runoff into the leachate collection system. 
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e The reduction in capacity of the catchment area and ditches due to sedimentation will be 
accounted for in a required freeboard. Appropriate erosion control measures will be 
used on impacted material slopes and within drainage ditches to minimize sedimentation. 
The required freeboard for the catchment area and the ditches is 6 in. 

The design analyses will be performed in four steps as described below: 

Step 1 : Estimate runoff volume for the design storm event Vin, entering the catchment area and the 
peak discharge rate, q, for each temporary ditch. 

Values of q, are calculated directly by TR55 (USDA, 1986a). The value of Vi, is calculated 
as the sum of the volumes of runoff from the drainage subareas conveying impacted runoff to 
the catchment area. The volume of runoff for each subarea is calculated using the following- 
equation. 

[I1 =3630QiAi J 

where: 

3630 = a conversion from in-acre to f13, 
Qi = the runoff Q for drainage subarea i (in.); and 
Ai = the area for drainage subarea i (acres); 

The parameters required for input to the TR55 program are as follows: 

1.1 Precipitation parameters: 

e 

e 

The 25-yr, 24-hr storm event precipitation will be obtained from a report by Parsons, 
(1 995). 
The SCS 24-hour Rainfall Distribution Type will be estimated based on guidance in 
USDA (1 986b). 

I .2Catchment drainage area and subareas: 

e Delineate catchment drainage area. 
e Divide the catchment drainage area into subareas and measure the size of each 

subarea using a planimeter. 
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1.3 Runoff curve number CN, for each subarea based on the following parameters and guidance 

given in USDA (1986b): 

0 

0 

Select the Hydrologic Soil Group, HSG of impacted material based on guidance in USDA 
(1986b), USDA (1980), and USDA (1992). 
Select a Ground Cover Type, based on guidance given in USDA (1986b). 

1.4 Flow path parameters for each subarea: 

Define flow paths for each subarea. Each flow path is divided into segments associated with 
one of the following flow regimes: (i) sheet flow; (ii) shallow concentrated flow; and (iii) open 
channel flow. The required input parameters are as follows. 

Sheet flow regime: 

0 

e 

0 

Assume a length of sheet flow between 100 and 300 ft based on the slope of the 
drainage subarea and the surface condition (i.e., smooth vs. rough). 
Select a surface code (within the TR55 program) based on the expected condition of 
impacted material surface. The surface code corresponds to Manning’s coefficient. 
Estimate the average slope for the flow path segment. 

Shallow concentrated flow: 

e 

0 

Select a surface code (within the TR55 program) which corresponds to a paved or 
unpaved condition. 
Estimate an average slope for the flow path segment. 

Open channel flow: 

0 

0 

0 

Assume a trapezoidal cross-section shape for the temporary ditches as required in the 
Design Criteria Package (GeoSyntec Consultants, 1996). 
Select a Manning’s coefficient based on guidance in Chow (1959). 

. Estimate an average slope for the flow path segment. 
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e Estimate an area of flow using the following equation: 

/ 
(6 + + a =  

2 

where: 

W, = the bottom width of the ditch(ft); 
z1 = Side slope of the other side of the ditch (in./in.) 
z2 = Side slope of the other side of the ditch (inlin.) 
d = the allowable depth of flow in the ditch (ft), as show in Figure 2. 

e Calculate the wetted perimeter, pw. for the depth of flow using the following equation: 

p ,  = W, + (d’ + ( ~ ~ d ) ~ ) ’  + (d’ + (z’d)’)’ 

I21 

131 

1-5 Run the TR55 computer program using the estimated input parameters. Values of qp are 
obtained directly from TR55 output and the value of Vi, is calculated from TR55 output values 
using equation 1. 

Step 2:Estimate the required capacity, VR, of the catchment area. The value of VR is estimated 
based on inflow rates to the catchment area and oufflow rates from the catchment area into 
the LCS. 

Given that the volume of runoff from the design storm, Vi, is expected to enter the catchment 
area over a relatively short period of time (See Figure 3, USDAJ986b) and that the oufflow 
from the catchment area into the LCS for that period of time will be relatively small, 
conservatively assume that VR = Vi,. 

Step 3:Calculate the East-West catchment area width, Wm, required to contain VR assuming the 
North-South catchment area width, WNs, is 250 ft (as measured from the centerline of the 
intercell berm). 

The storage capacity of the catchment area is provided within: (i) the airspace above the 
catchment base and side slopes; and (ii) the 2 ft thick LCS gravel layer. The LCS gravel 
layer is located at the catchment base and at the sideslopes of the perimeter and intercell 
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berms. A plan view of the catchment area is shown in Figure 4. Cross-sectional views at the 
intercell and perimeter berms are shown in Figures 5 and 6, respectively. 

Storage within the LCS gravel layer is represented as an equivalent thickness of airspace, 
bg. The value of bs is calculated using the following equation: 

where: 

p = the LCS gravel porosity; and 
6 = the thickness of LCS gravel (ft). 

The capacity of the catchment area is calculated using an iterative procedure and the end 
area method of volume calculation. The procedure is as follows; 

8 Select a trial E-W catchment width, Ww. 

8 Divide the storage capacity of the catchment area into the following components: 
(i) the storage capacity for the catchment base and the north and south sideslopes, 
VB. (ii) the storage capacity for the west catchment sideslope, Vw, and (iii) the storage 
capacity for the east catchment sideslope, VE. (See Figure 7). 

8 Draw, for each of the above described components, one cross-section at each end of 
the component. Measure the area of each cross-section using a planimeter. 

8 Calculate the storage capacity for each component, (Vel VE and Vw) using the 
following equation; 

The values of VB, VE and V, are calculated as follows; 
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a, = the cross-sectional area at one end of a given component (ft'); 
a2 = the cross-sectional area at the other end of the component (ft'): and 
D = the distance between the two cross-sections (ft). 

e The total storage capacity for the catchment area, V, is calculated as the sum of VB, VE and 
VW-  

a If the value of V, for the trial catchment is greater than the value of VR and the freeboard in 
the catchment area exceeds 6 in., the selected value of W,, is sufficient. Otherwise select a 
new value for W,, and repeat the above procedure. 

Step 4: Design temporary drainage ditches to accommodate the maximum runoff rate, q, from the 
design storm. Temporary drainage ditches are located as shown in Figure 1. A typical ditch 
cross-section (at the perimeter berm) is shown in Figure 8. 

4.1 Evaluate the flow capacity of each ditch. Estimate an allowable flow rate, qA for each 
ditch using Manning's equation, as follows; a 

1.486 y )l 
qA = a -  R 3S 

n 

where: 

qA = the allowable flow rate for a given ditch (cfs); 
a = the cross-sectional area of flow for a given ditch and the depth of flow allowing the 
minimum required freeboard of 6 in. (See Figure 2) ft2. 
S = the slope of a given ditch in the direction of flow, (Wft); 
R = the.hydraulic radius at the allowable depth of flow (ft) R=a/w,; and 
n = the Manning's roughness coefficient 

If the value of qA is greater than the value of q, for a given ditch then the ditch is sized 
correctly. Otherwise, revise the ditch dimensions and calculate a new value of qA. 
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4.2Evaluate the erosion resistance of the ditches for the peak flow rate e&e in Step 1. 
Calculate the flow velocity, v,, at the peak flow rate for each ditch using the following 
equation: 

where, 

a, = the cross-sectional area of flow for the peak flow rate. ap is calculated using an iterative 
procedure where the depth of flow is estimated, the ditch area (a) is calculated based on 
the ditch geometry, and the ditch flow capacity (9) is calculated for (a) and compared to q,. 

If the value of v, is less than the allowable velocity for the ditch material (va), then erosion of 
the ditch bed is not anticipated. Otherwise, erosion control measures will be required as well 
as providing for cleanout of sediment from the catchment area and temporary ditches. 

e -  
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DATA VERIFICATION 

Step 1 :Estimate the volume of runoff, Vi", entering the catchment area and the peak discharge rate, 
q,, for each temporary ditch for the design storm. 

The parameters required for input to the TR55 program are as follows: 

1.1 Precipitation parameters are as follows: 

Rainfall for the 2-yr, 24-hr storm and the 25-yr 24-hr storm events. See Table 1 (Parsons, 
1995). 

e 2-yr, 24-hr: 2.55 in. 
e 25-yr, 24-hr: 4.7 in. 

Rainfall Distribution is Type 11. See Figure 1 (USDA, 1986b) 

1.2 Drainage subareas. 

a) Drainage area consists of two cells as shown in Figure 2. 

b) Drainage area is divided into subareas as follows. See Figure 2. - 
e Subarea A: East facing impacted material slope. 
e Subarea B: 5% slope at top of impacted material. 
e Subarea C: West facing impacted material slope. 
e Subarea D: Catchment area (Note: rainfall falling on the catchment area is 

calculated as rainfall for the design storm x the size of the catchment area). 
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c) Areas of the drainage subareas measured using planimeter are as follows: 

e Subarea A: 4.10 acres. 
e Subarea B: 4.98 acres 
e Subarea C: 2.34 acres 
e Subarea D: 1.73 acres 

/ 

1.3 Selection of Runoff Curve Number, for the drainage subareas: 

a) Hydrologic Soil Group (HSG): 

Impacted material is primarily comprised of surface soils (depths of 0 to 6 in.) Based on the 
soil surveys for Hamilton and Butler counties (USDA, 1992; USDA, 1980) and USDA 
(1986b), these soils classify as either HSG B or HSG C. Conservatively assume HSG C for - 
the entire drainage area. 

b) Ground Cover Type classifies as a “Newly Graded Area” (See Table 2 (USDA, 1986b)). 

c) Runoff Curve Number, CN = 91Tor a newly graded area and a HSG of C (See Table 2 
(USDA, 1986b)). 

1.4 Flow path parameters for each flow path: 

a) For sheet flow 

e 

e 

Length of sheet flow = 100 ft (conservative based on slope and surface condition of - 
the impacted material) 
Surface Code. See Table 3 (USDA, 1986b): Smooth rolled surface 
corresponding to Manning’s coefficient of 0.01 1. 

b) For Shallow Concentrated flow 

e Surface Code is unpaved A 

c) For open Channel flow. 

e Cross-sectional shape of temporary drainage ditch: trapLzoidal Manning’s coefficieni 
(Table 4) = 0.018, corresponding to a straight unlined channel 

J 
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5 - I' RUNOFF CURVE NUMBERS. (from USDA l986b3 - 

C w e  n m e r s  tor 
Cover aescnpuon hydrologx soli pup- 

Avemge percent 
Cover type and hydmlopc conhtion impemous areaa A B C D 

Fully developed urban arean fvcgrrotion established 

Open space (lawns. parks. golf eo-. cemeteries. 
ekP: 

Poor condition (gms cover < 50%) .............. 
Good condition (gr;lss cover > 75%) .............. 
Fair condition tgmss cover 50% to 75%). .......... 

Impervious areas: 
Paved parking lots. roofs. drivewavs, etc. 

Streeta and rolch: 
(exeluding nghtof-way). ......................... 
P a v d  curbs and s ~ n n  sewers (excluding 

ngfitof-way) .................................. 
Paved: open ditches (including rightofway) ....... 
Gavel  (including rightof-way) ................... 
Dirt (includinq ngntof.way) ..................... 

Weatern desert urban areas: 
Natural desert landscapmg (pervious areas onlyP ... 
ArtitiMi desert landsaping (impervious weed 

banier. desert shmb with 1- to 2-inch sand 
or  gravel mulch and basin borders,. .............. 

Commercial and business.. ........................ 
Indwtnal ........................................ 
118 acre or less (town houses,. ..................... 
114 acre ......................................... 
113 acre ......................................... 
1R acre ......................................... 
lam? ........................................... 
2 acres .......................................... 

Urban districts: 

Residential districts bv averaqe lot size: 

Lkveloping urban a m  

Newly graded areas ipervious areas only, 

Idle lands (CN's are determined using cover types 
no vegetationP ................................... 
similar to those in table 2-2c). 

68 79 
49 69 
3s 61 

98 98 

98 98 
g3 89 
76 86 
R 82 

I 
63 77 

96 96 

85 89 92 
fz 81 88 

65 77 85 
38 61 7s 
30 51 R 
25 54 i o  
20 51 68 
12 46 65 

88 
79 
14 

- 
sa 

98 
92 
89 
87 

85 

96 

94 
91 

90 
83 
81 

79 
8o 

77 

77 86 '91 

m 
84 
80 

sa 

98 
sa 
91 
89 

88 

98 

I 
93 

92 
87 
86 
I 
84 
82 

94 

'Avenge runoif conduon. mi 1,  = I I . ; ~ .  

'The avenue percent impervious area shown was used to develop the compmire CN's. Other ussumpUOns are US fOllOwS: i ~ u S  Yrrm 

are directly connected to the t lrr iwe svstem. impemlous arena have a CN of 98. and perrrous - 
s p s a  in EWd hvdmlornc cundition. CN'a fur other combindrions of conditions mrv be computed usinp f i  23 O r  24. 
F N ' s  shown are equivalent LO those oi pasarure. Cumpo~iro CN's m y  be computed for orher combinatiOns of o p n  S p D a  mver tW. 
. C o m p t e  CN's for ndLural desert landscaomg should be computed using f i  2.3 or 24 b d  on the impmrous ym pemnW (CN 
= 98) and the pervious area CN. The perrious urea CN'a are vssumed eqtuvvienr u) desen shrub in poor h y h l e  mdbh 

Lcompmite CN's to use tor the design oi temporary m- durinq gyadtne and comuvaion a h d d  be mmpld 2-3 0 ~ 2 4  
brscd on the derpe  oi development iunpemiou~ area pemncsge) und the CN's for the newly g d d  pe- .R.L 

considered Wav.*nt lo Open 

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

. - ........ 
. 
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ROUGHNESS COEFFICIENTS (Manning's n) FOR SHEET FLOW(from USDA scs 1986b) 

Surface description n1 

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

Fallow (no residue). ......................... 0.05 

. .  

Cultivated soils: 
Residue cover < 20% ...................... 
Residue cover > 20% ...................... 

0.06 
0.17 

Grass: m-SS 
Short grass prairie ........................ 0.15 
Dense grasses2 ............................ 0.24 
Bermudagrass ............................. 0.4 1 

Range (natural) ............................. 0.13 

Woods: 
Light underbrush.. ........................ 0.40 
Dense underbrush ......................... 0.80 

'The n values are ;I cuniposite of' informatioti compiled by Engman 
(1986). 
*Includes species such as weeping loveptxss. bluepass.  buffalo 
grass. blue grama g-rass. and native crass mixtures. 
3When selecting 11. cunsider cover to  a height of about 0.1 ft. This 
is the only part of the plant cover that will obstruct sheet flow. 

(2lfl-VI-TR-!E. Second Ed.. June 19%) 
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VALUES OF THE ROUGHNESS COEFFICIENT n (from Chow, Vente, 1959) 

- 
Type of channel and description 

C. EXCAVATED OR D R E D ~ E D  
a. Earth, straight and uniform 

1. Clean, recently completed 
2. Clean, after weathering 
3. Gravel, uniform section, clean 
4. With short grass, few weeds 

1. No vegetation 
2. Gram, some weeds 
3. Denee weeds or aquatic plants in 

4. Earth bottom and rubble sidea 
5. Stony bottom and weedy banks 
6. Cobble bottom and clean sidea 

1. No vegetation 
2. Light brush on banks 

1. Smooth and uniform 
2. Jagged and irregular 

e. Channels not mnintained, weeds and 
brush uncut 
1. Dense weeds, high as flow depth 
2. Clean bottom, brush on sides 
3. Same, highest stage of flow 
4. Dense brush, high stage 

b. Earth, winding and sluggish 

deep channels 

e. Draglineexcavated or dredged 

d. Rockcuts 

D. NATURAL STREAMS 
D-1. Minor streams (top width at flood stage 

<loo It) 
a. Streams on plain 

1. Clean, straight, full stage, no rifta or 

2. Same as above, but more stones and 

3. Clean, winding, some pools and 

4. Same aa above, but some weeds and 

6. Same as above, lower stages, more 

6. Same aa 4, but more stones 
7. Sluggish reaches, weedy, deep pools 
8. Very weedy reaches, deep pools, or 

floodways with heavy stand of tim- 
ber and underbrush 

deep pools 

weeds 

shoals 

stones 

ineffective alopee and sections 

Minimum 

0.016 
0.018 
0.022 
0.022 

0.023 
0.025 
0.030 

0.028 
0.025 
0.030 

0.025 
0.035 

0.025 
0.035 

0.050 
0.040 
0.045 
0.080 

0.025 

0.030 

0.033' 

0.035 

0.040 

0.045 
0.050 
0.075 

Normal 

- 
0.018 

0.025 
0.027 

0.025 
0.030 
0.035 

0.030 
0.035 
0.040 

0.028 
0.050 

0.035 
0.040 ' 

- 
o.oaa 

0.080 
0.050 
0.070 
0.100 

0.030 

0.035 

0.040 

0.045 

0.048 

0.050 
0.070 
0.100 

hfnximum 

j-&%4Pdl ua v 
Ba4-wc 

0.020 

0. OaQ, 
b 0.033 ) 

0.030 
0.033 
0.040 

0.025 Sr*rGC€ 

0 :035 
0.040 
0.050 

0.033 
0.  OGO 

0.040 
0.050 

0.120 
0.080 
0.110 
0.140 

0.033 

0.040 

0.045. 

0.050 

0.055 

0.060 
I: 080 
0.150 
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Additional flow path parameters are provided. in the following table: 

Subarea A 

Flow Type Length Slope n Area WP 
( f i t )  (fi2) (fi) 

Sheet Flow 100 0.167 
Shallow 110 0.167 

Concen t rat 
ed 

Open Channel 700 0.007 0.018 15.4 13.8 
ODen Channel 400 0.01 0.018 15.4 13.8 

Subarea B 
Flow Type Length Slope n Area Wp 

Sheet Flow 100 0.167 
Shallow 350 0.05 

(fit) (fi2) (fit) 

Concentrat 
ed 

ODen Channel 150 0.333 0.018 15.4 13.8 

Subarea C 
Flow Type Length Slope n Area Wp 

Sheet Flow 100 0.167 
Shallow 110 0.167 

(fit) (e) (fi t )  

Concen t ra t 
ed 

Open Channel 500 0.007 0.018 15.4 13.8 

Rainfall assumed to fall directly into catchment 

n = Manning’s Coefficient, Wp = Wetted perimeter , Note: (1) 

Values of area and Wp are calculated using equations 2 and 3 of the calculation procedures section. 
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Step 2:The required capacity, VR for the catchment area is assumed equal to Vin. 

Step 3: Calculate the E-W catchment area width, Wm required to contain VR. 

Cross-sections representing storage capacity are located as shown in Figure 3 2nd 4. 
Cross-sections are shown in Figures 5, 6, 7, and 8. 

0 Distance between cross-sections is 150 ft.’ 
0 . Minimum required freeboard = 6 in. ’ 
0 LCS gravel porosity is assumed as 0.3. 

Step 4:Design temporary drainage ditches to accommodate the maximum runoff rate, q, from the 
design storm. A typical ditch cross-section is shown in Figures 2 and 8 of the calculation-’ 
procedures section.. 

4.1 Estimate the allowable flow rate, qA for each ditch using Manning’s equation; 

From typical sections shown in Figures 5 and 6 of the calculation procedures. 

0 Ditch shape is trapezoidal. 
0 

0 

0 East Ditch: 

Width of ditch base = 5 ft. ’ 
Allowable Flow depth = 1.9 ft.-(See Figure 2 in the Calculation Procedures section). 

Sideslopes = 4H:lV and 3H:lV - 
Slope of ditch centerline at the catchment = 1%. -- 

Sideslopes = 1.5H:lV and 3H:lV -. 
Slope of ditch centerline at the catchment = 2%.- 

0 West Ditch: 

Manning’s coefficient: 0.01 8 as selected for TR-55 Analysis in Step 1.4. 

4.2 Evaluate the maximum flow velocity, Vsl for the temporary ditches. 

I 0 Temporary ditches are unlined. 
0 

0 

Maximum flow velocity allowable for unlined channels = 2 fps (OHIO SCS, 1984): 
Input parameters for calculation of V, from step 4.1. 
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TABULAR HYDROGRAPH METHOD Version 2.00 
Pro j ect : FERMCO/OSDF User: DGP Date: 01-23-96 
County : HAMILTON State: OH Checked: Date: t / r j / sL  
Subtitle: Impacted Material Catchment Area for q-yr 24-hr storm 

#dl watershed area: 0.021 sq mi Rainfall type: I1 

A B C D 

Frequency: 25 years 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Area(sq mi) 0.01* 0.01* O.OO* O.OO* 
Rainfall(in) 4.7 4.7 4.7 4.7 

Runoff (in) 
Tc (hrs) 0.05* 0 .04*  0.03* 0.00 . 
Curve number 91* 91* 91* 98* (2uuaff c,N) F d r t  SdAf+PREhf p,= adoc 

3.69 3.69 3.69 3.46,_ DFTEfl lu( Iw&'i?ad dF 
(Used) 0.10 0.10 0.10 0.10 \-eb&p v ~ L ~ M E ,  v,, E M T R ~ W  

TimeToOutlet 0.00 0.00 0.00 0 . 0 0  

Time 
(hr) 

11.0 
11.3 
11.6 
.11.9 
'"12 . 0 
-12 * 1 
'12.2 

- l2.3 

12.6 
_. 12.7 
-12.8 
.'13 . 0 
13.2 
13.4 

13.6. 
13.8 
14.0 
14.3 
14.6 
15.0 

16.0 
,15.5 

16.5 
17.0 
17.5 
18.0 
19.0 
20.0 

0.04 0.04 0.04 0.01 
(Used) 0.10 0.10 0.10 0.10 

Total _ _ _ - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

2 
2 
5 
27 
51 
79P 
49 
17 

11 
10 
7 
6 
6 
6 
5 
4 

P - Peak Flow 

A B C D 

5 

3 
3 
2 
2 
2 
2 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 

* 

6 3 3 

1 1 
1 1 
1 1 
1 0 
1 0 
1 0 
1 0 
1 0 

0 
0 
0 
0 
0 
0 
0 
0 

- value(s) provided from TR-55 system routines 
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k .  RUNOFF CURVE NUMBER COMPUTATION Version 2.00 

Project : FERMCO/OSDF User: DGP Date: 01-23-96 

Subtitle: Impacted Material Catchment Area for 25-yr 24-hr storm 
County : HAMILTON State: OH Checked: Date: . rj - 9 C  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Hydrologic Soil Group 

erea : A 

COVER DESCRIPTION A B C D 
Acres (CN) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
DEVELOPING URBAN AREA (No Vegetation) 
Newly graded area (pervious only) - - 4.10(91) - 

Total Area (by Hydrologic Soil Group) 
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00 

Pro j ect : FERMCO/OSDF User: DGP Date: 01-23-96 

Subtitle: Impacted Material Catchment Area for 25-yr 24-hr storm 
County : HAMILTON State: OH Checked: e Date: t/ t 3 / 5 4  

COVER DESCRIPTION 
Hydrologic Soil Group 

A B C D 
Acres (CN). . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DEVELOPING URBAN AREA (No Vegetation) 

- Newly graded area (pervious only) - 4.98(91) - 

Total Area (by Hydrologic Soil Group) 
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00 &P 
Pro j ect : FERMCO/OSDF User: DGP Date: 01-23-96 
County : HAMILTON State: OH Checked: Date: ~ / L ) / s L  
Subtitle: Impacted Material Catchment Area for 25-yr 24-hr storm 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Hydrologic Soil Group 

9"'" : 
COVER DESCRIPTION A B C D 

Acres (CN) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DEVELOPING URBAN AREA (No Vegetation) 
Newly graded area (pervious only) - - 2.34(91) - 

Total Area (by Hydrologic Soil Group) 
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. ib' - 
TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

Project : FERMCO/OSDF User: DGP Date: 01-23-96 
County : HAMILTON State: OH Checked: Date: ~ / t ? / f ~  
Subtitle: Impacted Material Catchment Area for 25-yr 24-hr storm 

- - - _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - -  Subarea #I - A - - -___ - - -__ -_ - - -__ -____________  
Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Sheet 2.55 100 .167 A 0.010 

Open Channel 400 -01 .01815.4 13.8 ' 0.012 

a- 
Flow Type 2 year Length Slope Surface n Area 

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

Shallow Concent'd 110 .167 U 0.005 
Open Channel 700 . 007  .01815.4 13.8 0.026 . 

Time of Concentration = 0.05" 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  

C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated =. 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

B Fallow (No Res.) G Grass, Burmuda -.-- Surface Codes - - -  

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.00 
Project : FERMCO/OSDF User: DGP Date: 01-23-96 
County : HAMILTON State: OH Checked: ,+@WL- Date: L / L ~ / F . C  
S title: Impacted Material Catchment Area for 2-yr 24-hr storm 

1 watershed area: 0.021 sq mi Rainfall type: I1 Frequency: 2 years 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas - - - - - - - -__- - - - - - - - -_______ 
- A  B C D 

ldk 

Area(sq mi) G.01* 0.01* O.OO* O.OO* 
Rainfall (in) 2.5 2.5 2.5 2.5 
Curve number 91* 91* 91* 98* 
Runoff (in) 1.66 1.66 1.66 2.32 
Tc (hrs) 0 .05*  0.04* 0.03* 0.00 

(Used) 0.10 0.10 0.10 0.10 
TimeToOutlet 0.00 0.00 0.00 0.00 
Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
-11.9 
12.0 
12.1 
12.2 
12.3 a 12 * 5 

12.6 
12.7 
12.8 
l3.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 
19.0 

0.08 0.08 0.08 0.02 
(Used) 0.10 0.10 0 . 1 0  0 . 1 0  

Total - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow A B C D 

0 
0 
2 
12 
23 
36P 
23 
7 

6 
5 
4 
4 
2 
2 
2 
2 

1 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
4 
7 
11P 
7 
2 

2 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
4 
8 
13P 
8 
3 

2 
2 
1 
1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
2 
4 
6P 
4 
1 

1 
1 
1 
1 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
2 
4 
6P 
4 
1 

1 

1 
1 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

1 .  

0 

20.0 . - 0  0 0 0 0 
0 0 0 0 0 s o  . o  0 0 0 

P - Peak Flow * - value(s) provided from TR-55 system routines 
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RUNOFF CURVE NUMBER COMPUTATION p. veri&& 9 - 0 0  
Project : FERMCO/OSDF User: DGP Date: 01-23-96 

Date: L / z J , / ~  G County : HAMILTON State: OH Checked: & 
Subtitle: Impacted Material Catchment Area for 2-yr 24-hr storm 
*rea : A 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hydrologic Soil Group 

COVER DESCRIPTION A B C D 
Acres (CN) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DEVELOPING URBAN AREA (No Vegetation) 

- 4.10(91) Newly graded area (pervious only) - - 

Total Area (by Hydrologic Soil Group) 

e 



m- 
8- 

. % b  - 
RUNOFF CURVE NUMBER COMPUTATION Version 2.00 

Project : FERMCO/OSDF User: DGP Date: 01-23-96 

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - _ - - - - - - - - - - - _  
DEVELOPING URBAN AREA (No Vegetation) 
Newly graded area (pervious only) - - 4.98(91) - 

Total Area (by Hydrologic Soil Group) 
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Version 2.00 
Date: 01-23-96 Project : FERMCO/OSDF User: DGP 

County : HAMILTON State: OH Checked: Date: 2 / 2 3 / 5 6  

RUNOFF CURVE m B E R k b P  

Impacted Material Catchment Area for 2-yr 24-hr storm 
irea : C 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hydrologic Soil Group 

Acres (CN) . 
COVER DESCRIPTION A B C D 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
DEVELOPING URBAN AREA (No Vegetation) 

- Newly graded area (pervious only) - 2.34(91) - 

Total Area (by Hydrologic Soil Group) 



RUNOFF CURVE NUMBERTOMPUTATION Version 2.00 
Project : FERMCO/OSDF User: DGP Date: 01-23-96 
County : HAMILTON State: OH Checked: Date: - z 3  - 5~ 
Subtitle: Impacted Material Catchment Area for 2-yr 24-hr storm 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hydrologic Soil Group 

COVER DESCRIPTION A B C D 
Acres (CN) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FULLY DEVELOPED URBAN AREAS (Veg Estab.) 
Impervious Areas 
Paved parking lots, roofs, driveways - - - 1.73(98) 

Total Area (by Hydrologic Soil Group) 1.73 
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TIME OF CONCENTRATION AND TRAVEL TIM@ Version 2.00 

Project : FERMCO/OSDF User: DGP Date: 01-23-96 
County : HAMILTON State: OH Checked: Date : L / L l / f  G 
Subtitle: Impacted Material Catchment Area for 2-yr 24-hr storm 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - -  Subarea #I - A - - _ - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

*- 
Flow Type 2 year Length Slope Surface n Area 

Sheet 2.55 100 .167 . A ,  0.010 
0.005 Shallow Concent'd 110 -167 U 

Open Channel 700 .007 .01815.4 13.8 0.026 
0.012 Open Channel 400 .01 .01815.4 13.8' 

Time of Concentration = 0.05* 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - -  Subarea #3 - C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
w Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

2.55 100 .167 A 0.010 , 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  @ 
Sheet 
Shallow Concent'd 110 -167 U 0.005 
Open Channel 500 .007 .01815.4 13 :8 0.019 

Time of Concentration = 0.03* 
----- ----- 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda -,-- Surf ace Codes - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated =. 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



Task So.: 9. L ProjecuProposal So.: CE3900 Client: FERUCO Project: OSDF 

APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS .PACKAGE 

I - 

USDA-SCS TR-55 

I . L'nited States Department of Agriculture. "Crhan Hydrology for Small Wurersheds." Soil Consemation 
Ssnice.  Engineering Division. Washington. DC. Technical Release 55. June 1986. 

See Section 1.2 of the Design Parameter S m W .  a -  

FILE: B-TR55D.DOC 
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8.1 Maximum Head in LCS 
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Client: it; I P Project: . 2 r .+& LC gszF hoject/Proposal No.: && Task No.: 5 .G 

LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

. The purpose of this analysis is to evaluate the performance of the drainage layer and the 
drainage corridor components of the leachate collection system (LCS). 

METHOD OF ANALYSIS 

Drainage Laver: The maximum and average hydraulic head, and the average and maximum liquid 
thickness in the drainage layer were calculated using the USEPA HELP model and a closed-form 
analytical solution. e 
Drainage Corridor: The maximum and average hydraulic head, and average and maximum liquid 
thickness in the drainage corridor were calculated using a closed-form analytlcal solution. The flow 
capacity of the drainage corridor was calculated to verify its ability to convey leachate. 

Calculations were performed for the active operation condition and for the post-closure (i.e., 
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation 
Rates” Calculation Package were utilized in the calculations. These flow rates do not account for 
large peak flows associated with the storm design basis flow rate. 

CONCLUSIONS 

ACTIVE OPERATION CONDITION: 

Drainage Laver: 
maximum leachate head, h,, = 2.1 in. < 12 in. (O.K.) 
average leachate head, h,, = 1.1 in. 
maximum liquid thickness, T,, = 2.1 in. 
average liquid thickness, Tavg = 1.1 in. 
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Drainage Corridor: 
maximum leachate head, h,, = 3.5 in. < 12 in. (O.K.) 
average leachate head, havg = 2.0 in. 
maximum liquid thickness, T,, = 3.5 in. 
average liquid thickness, T,, = 2.0 in. 
drainage corridor capacity, QDC = 23.6 gpm 
required flow capacity, QR = 7.9 gpm 
flow capacity factor of safety, QDC/QR = 3.0 (equal to target rate of 3, O.K.) 

POST-CLOSURE CONDITION: 

Drainage Layer: 
maximum leachate head, h, = 3.05~10-~  in. < 12 in. (O.K.) 
average leachate head, havg = 1.53~10-~ in. 
maximum liquid thckness, T, = 3.06~10-~  in. 
average liquid thickness, Tavg = 1.53~10-~  in. a 

Drainage Corridor: 
maximum leachate head, h,, = 1.34~10" in. < 12 in. (O.K.) 
average leachate head, hay = 6 .7~10-~  in. 
maximum liquid thickness, T, = 1.34~10" in. 
average liquid thickness, Taq = 6 . 7 ~ 1 0 - ~  in. 
drainage corridor capacity, Qm = 9.45 gpm 
required flow capacity, QR = 1.06~10" gpm 
flow capacity factor of safety, QDC/QR = 89x103 (much greater than target value of 10, 
O.K.) - 
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LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN 1XS 

CALCULATION PROCEDURES 
INTRODUCTION 

The purpose of this package is to present the calculation procedures for the leachate collection 

system shown in Figure 1. In particular, this package addresses the following analyses: 

. 

. 
drainage layer (average and maximum leachate head and liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

DRAINAGE LAYER 

Leachate Head: The leachate head in the 

leachate generation rate calculations performed 

LCS drainage layer will be estimated as part of the 

using the U.S. Environmental Protection Agency 

(USEPA) Hydrologic Evaluation of Landfill Performance (HELP) model, Version 3.03 [Schroeder et al., 

1994a, 1994bl. As a check, the closed-form analytical solution described by Giroud and Houlihan 

[ 19951 will be used to estimate leachate head. For the analytical solution, the leachate generation rate 

estimated using HELP and assumed characteristics of the leachate collection layer will be used to 

estimate the maximum and average hydraulic heads in the drainage layer. 

Verification will be made that the maximum hydraulic head in the drainage layer is smaller than 

the maximum allowable head according to applicable ARAR’s (Le., 12 in.) and is smaller than the LCS 
4 

drainage layer thickness. 
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The following six-step approach based on Giroud and Houlihan [ 19951 will be used to calculate 

the maximum leachate head, hmm, and the average leachate head, havg; 

Step 1.  Calculate the dimensionless parameter h using the following equation: 

4i a =  
k tan’ p 

where: qi = the impingement rate of flow into the drainage layer; k = hydraulic conductivity of the 

drainage layer material; and p = angle between the horizontal and slope. 

0 Step 2. Use Equations 2 and 3 to calculate T-. 

(3) 

where: T, = maximum leachate thickness; L = the length of the slope; j = corrective coefficient; h = 

parameter defined by Equation (1); and p = angle between the horizontal and slope. A 

j=l-O.l2e~p[-[l0g(8W5) SI8 ] ] / 

Step 3. Calculate the maximum leachate head, h-, from Equation 4. 

h ,  = T,, cosp ,/ (4) 

0 

Step 4. Use Table 1 or Figure 2 to obtain TavP-. 

Step 5. From T, obtained in Step 2 and TavgJr- obtained in Step 4, calculate Tavg. 

Step 6. Calculate the average leachate head, havg, from Equation 5. 

/ 

h,, = Tmg COSB / ( 5 )  
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1 .o 
0.9 
0.8 

4 

% 
E 0.7 \ 

5 0.6 

\ p 0.4 

0.3 L a  

0.2 
0.1 

0.0 
10-4 10-3 10-2 io-’ ioo IO’ io2 io3 lo4 

Dimensionless factor, A= (qi/k) /tad’ 



.. . 

0.00 
0.002 
0.005 
0.01 

0.02 
0.03 
0.04 
0.05 

0.07 
0.08 
0.09 
0.10 

0.12 
0.14 
0.15 
0.16 

0.17 
0.18 
0.20 
0.23 

0.25 
0.35 
0.40 
0.45 

0.500 
0.50 
0.5 1 
0.52 

0.53 
0.54 
0.55 
0.56 

0.57 
0.58 
0.59 
0:60 

- 0.61 
0.62 
0.63 
0.64 

0.65 
0.66 
0.67 
0.68 

0.69 
0.70 
0.71 
0.72 

1 .Ooo 
0.99 
0.98 
0.97 

0.94 
0.92 
0.90 
0.89 

0.86 
0.85 
0.84 
0.83 

0.82 
0.80 
0.79 
0.78 

o.n 
0.76 
0.75 
0.73 

0.71 
0.70 
0.70 
0.69 - 

0.50 
0.53 
0.57 
0.62 

0.67 
0.73 
0.80 
0.87 

0.95 
1.05 
1.16 
1.32 

1.58 
2.0 
3.2 
5.5 

8.5 
13 
19 
30 

55 
135 
lo00 
0 

0.73 
0.74 
0.75 
0.76 

0.77 
0.78 
0.79 
0.80 

0.81 
0.82 
0.83 
0.84 

0.85 
0.86 
0.87 
0.86 

0.85 
0.84 

' 0.83 
0.82 

0.81 
0.80 
0.79 
0.785 

0.68 - 0.68 - 0.67 
0.68 - 0.68 - 0.66 
0.67 - 0.67 - 0.65 
0.66 - 0.66 - 0.64 

0.66 - 0.66 - 0.63 
0.65 - 0.65 - 0.61 
0.64 - 0.63 - 0.59 
0.63 - 0.62 - 0.57 

0.62 - 0.61 - 0.55 
0.60 - 0.60 - 0.53 
0.59 - 0.58 - 0.51 
0.57 - 0.56 - 0.47 

0.57 - 0.53 - 0.43 
0.51 - 0.49 - 0.37 
0.44 - 0.41 - 0.26 
0.36 - 0.31 - 0.16 

0.30 - 0.23 - 0.1 I 
0.25 - 0.17 - 0.07 
0.21 - 0.13 - 0.05 
0.17 - 0.09 - 0.03 

0.13 - 0.05 - 0.E 
0.08 - 0.02 - 0.01 
0.03 - 0.00 - 0.00 

0 - 0 - 0  

Nw: Thiptabk-~csrablishcdusingEquations46.H)a~~i51 forvalucsofXr.O.Z.amiusingcharts.publiShCd 
by hfc~nroc a d  Schcda (1988). for A c 0.25. Thc ratio r f l -  varies very little with thc slop anglc. B; wim~ 
B varies berwcen 0 and 45", the change in T f l -  is typically lcss than 0.03. Thaehre. the cabulatcd valucs of 
rfl- (which arc average values) arc citha UDaffStcd or affsted by f 0.01. The w Limit vaIuw for T f l - ,  
Le. 1/2 (for A = 0) and d 4  (hr A = a), arc a f ~ u ~ ~ f c .  For A C 0.5. thc values of & also vary v a y  little with 
0; in this case. when B varies bemen0 and 4 5 O .  thc tabluatcdvalues of&& arc eitha uppfhctcd or affstcd by f 
0.01. ForA > 0 . 5 . r h c i n f l u e ~ b ~ O f B O n ~ i s ~ g n i f i c a m .  ToiilusaatethcinftucrrcofBinthiscase. thncvalucs 
ofx&arctabul?tcdinthelastcolumn: thcvalueonthcleftisfor0 < tat@ c lOX.thcmiddlevallueisfortanI9 
= 113 (Le. a 1V:3H dope) and rhc value on thc right is for tan19 = 1 ( i t .  a 1V:lH slop) (scc Figure 11). It shouid 
bc mtcd that. in thc chans by McEnnx and Schmcder (1988). rhc paramtrcr A is tmt used. Thmhre. it does not 
appar in those chans that T f l -  and, to a cerrain e x m .  XA arc idcpcmient of B. 
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DRAINAGE CORRIDOR 

The function of the drainage corridor is to convey the leachate collected by the LCS drainage 
1;ra.A- 

layer to the LCS manhole. The drainage corridor should be permeable enough to mmmk leachate 

head to less than 12 in. and must have adequate flow capacity to convey the leachate. In accordance 

with the DCP, the flow capacity of the drainage corridor should have a factor of safety no less than three 

for the active-operation condition and no less than ten for the post-closure condition. 

Leachate Head: The closed-form analytical solution of Giroud and Houlihan [ 19951, described 

earlier in this Calculations Package, will be used to estimate leachate head in the drainage corridor. 

The impingement rate of flow into the drainage corridor (qi dc) to be used in Equation 1 will be 

calculated based on the impingement rate into the drainage layer (qi d) as follows: 

Area of Entire Cell J 
q i d c  =qi dl Area of Drainage Corridor 

This equation reduces to: 

OpLCpt,. 4 

The analysis described above will be performed for the active W s g  condition and post-closure 

grades and slopes will be utilized for the active& condition. However, 
apiid6 

condition. 

post-settlement grades and slopes will be utilized for the post-closure condition. J 

. b y ;  n . 
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Flow Caoacitv: The LCS drainage layer flow capacity should be greater than the maximum rate 

of flow &e the drainage corridor. 'The flow capacity of the LCS drainage corridor wili be calculated 

using Darcy's Equation as follows: 
L wic)r I., 

Q = kiA (12) 

where: Q = LCS drainage corridor flow capacity; k = hydraulic conductivity of the LCS drainage 

corridor material; i = hydraulic gradient ; and A = the cross-sectional area of the LCS drainage corridor, 

be TAe w % , r n u m  rccfc of FlOd ~ ' 1 - t ~  -tk Ar corrcaor w,'l 

C=I,I,& osl3 The  f,lk,#+y eyCt;O4 : 
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LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS 

DATA VERIFICATION 
INTRODUCTION 

dajq p c 4 w e t i r s  neePled 
$to pecf0r.r rc\e c4~u~crfic~s 

The purpose of this package is to present the c- for the leachate collection 

system. In particular, ths  package addresses the following analyses: 

drainage layer (average and maximum leachate head and liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

In order to perform the analyses described above, the following data is required: 

ACTIVE OPERATION CONDITION: 

DRAINAGE LAYER 

/ Leachate Head: 
qi = the maximum impingement rate of flow into the drainage layer = 0.0646 in. /day (peak daily 

k = hydraulic conductivity of the LCS drainage layer material = 0.1 cdsec  (assumed) c2> 
p = angle between the horizontal and slope = 1.28" (2.24%) (see Figure 1) J 

-6 r /  0) value from HELP leachate generation analyses results; Cases 1B and 2B) = 1 .9~10  cdsec 

L = the length of the slope = 224 ft (2688 in.) (see Figure 1) / 
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DRAINAGE CORRIDOR 

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by 
multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage 

qidc  = (0.0646 in./day) x (400 ft/ 16 ft) = 1.615 in. /day (peak daily Value) = 4 . 7 5 ~ 1 0 - ~  cm/sec '1 
k = hydraulic conductivity of the LCS drainage corridor material = 10 c d s e c  (assumed) '') 
p = angle between the horizontal and slope = 0.573' (1.00%) (see Figure 1)  

L = the length of the drainage corridor = 700 ft (8400 in.) (see Figure 1) 

corridor) as shown in Figure 2. Therefore, J J J J 

/ 

J 

Flow CaDacitv: 
k = hydraulic conductivity of the LCS drainage layer material = 10 c d s e c  
i = hydraulic gradient = 0.573' (1.00%) \.e., 

J 
0 , o l  ;I\ cJLlakon J 

A = the cross-sectional area of the drainage corridor 
= (width of drainage corridor) x (height of drainage corridor) 

2 J  = (16 ft) x ( 1  ft) x (m2/ 10.764 ftz) = 1.49 m 
.\ 

t - - L < * n , r ~ a ~ , , , I ~ c + ~ / / ,  f/o, cdeq b j \ d  be L p C  (63. 1 14 C % L L t t e a  
POST-CLOSURE CONDITION: i?eceAurer' p L g e )  

DRAINAGE LAYER 

/ Leachate Head: 
qi = the maximum impingement rate of flow into the drainage layer = 8.68xlO-' in. /day (peak 

daily value from HELP leachate generation analyses results; Case 3C and 3D) = 2.55xlO-" 
c d s e c  ('3) 

k = hy- conductivity of the LCS drainage layer material = 0.1 cdsec 

p = angle between the horizontal and slope = 1.17" (2.04%) (See Figures 3,4, and 5 )  

L = the length of the slope = 204 ft (2448 in.) (See Figures 3,4,  and 5) 

J 
J 

/ 
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DRAINAGE CORRIDOR 

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by 
multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage 
comdor) as shown in Figure 2. Therefore, 

qi dc = (8.68~10-~ in./day) x (400 ft/ 16 ft) = 2 .17~10-~  in. /day (peak daily value) = 6.38xlO-'O 

k = hydraulic conductivity of the LCS drainage corridor material = 10 cdsec  
p = angle between the horizontal and slope = 0.229' (0.40%) (worst case from Figure 4) J 
L = the length of the drainage corridor = 700 ft (8400 in.) 1 

/ J 

J 
cdsec  

J 

Flow Capacitv: 
k = hydraulic conductivity of the LCS drainage corridor material = 10 cdsec  

i = hydraulic gradient = 0.229" (0.40%) ~ I . c . ,  use o ,004 1- ca(Cr(ations) 

A = the cross-sectional area of the drainage corridor = 1.49 m2 J 

0013.11 
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LEACHATE COLLECTION SYSTEM (LCS) 
GEOTEXTILE FILTER DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the geotextile filter component 
of the leachate collection system (LCS). 

METHOD OF ANALYSIS 

Geotextile Filter Design: The geotextile filter will be designed to meet retention, permeability, and 
clogging criteria and to meet survivability requirements. 

Geotextile Biological Clogging Potential: The factor of safety against excessive long-term filter 
clogging was calculated. 

* 
CONCLUSIONS 

Geotextile Filter Design: 

required geotextile hydraulic conductivity, kgeotexae > c d s  
required porosity, ng > 30% (if nonwoven geotextile is used) 
required percent open area, A > 4% (if woven geotextile is used) 
grab strength (ASTM D 4632) = 180 lb J 

trapezoidal tear strength (ASTM D 4533) = 75 lb 
/- 

e punture resistance (ASTM D 4833) = 75 lb 

J 
J 

required equivalent opening size, 0 9 5  I 210 pm 

J 

J 

Geotextile Biological Clogging Potential: 
/ 

FS against excessive long-term filter clogging, FS = 80 
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LEACHATE COLLECTION SYSTEM (LCS) 
GEOTEXTILE FILTER DESIGN 

CALCULATION PROCEDURES 
INTRODUCTION 

The purpose of this package is to present the calculation procedures for design of the LCS 

geotextile filter. 

METHODS OF ANALYSIS 

Geotextile Filter Design 

The LCS geotextile filter will separate the protective layer from the LCS drainage layer as shown 

in Figure 1. The LCS geotextile filter will be designed based on criteria proposed by Christopher and 

Holtz [ 19941, Giroud [ 19821, and USEPA [ 19871 which include a retention criterion, a permeability 

criterion, and a clogging criterion. These criteria are described in Table 1. The geotextile filter must 

have openings which are small enough to retain fine-grained soil particles and prevent them from 

entering the LCS drainage layer, which could result in clogging or flow capacity reduction of the LCS 

drainage layer. The geotextile filter must also have openings which are large enough to allow leachate to 

pass through the soillgeotextile interface without significant flow impedance. 

Survivability requirements, such as grab, tear, puncture, and burst strength, to ensure adequate 

resistance to handling and installation stresses applied on the geotextile during construction will also be 

estimated based on the procedure outlined by Koerner [ 19941. The procedure involves the following 

two steps: (i) establish the required degree of survivability as a function of subgrade conditions and type 

of construction equipment operating above the geotextile cushion using Table 2; and (ii) establish the 

recommended minimum values of certain mechanical strength properties (Le., grab strength, puncture 

resistance, and trapezoidal tear strength) using Table 3. 
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<I?BLC 4 'e Filter Criteria for Geotextile, Adapted From [Christopher and Holtz, 1984; 

Giroud, 1982; and USEPA, 19871 
/, 

1. RETENTION CRITERION ' ' 

.1.1 Soils with less than 50 percent particles < 0.075 mm ( >  US Sieve NO. 
200) 

Density index Linear coefficient of 
uniformity of the soil of the soil 

(Relative density) 
1 < C', < 3 C', > 3 

' 9 5  < "u d50 1 oose I, < 35% 
soi 1 

medi urn 
dense 35%'< I, < 65% 
soi 1 

13.5 
0,, < 1.5 C', d,, 09, - d5o 

C'U 

18 . Og, < 2 C', d,, 095 < - d,, dense I, > 65% 
soi 1 C'U 

1.2 Soils with more than 50 percent particles c 0.075 m (US Sieve 200) 

o,, S 210 Pin (2 US Sieve 70) 

2. PEMEABIL ITY CRITERION 

2.1 Critical and/or Severe Applications 

kgaotext 1 le > lo krotl 
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' ( & ~  ; (Continued): Filter Criteria for Geotextile, Adapted From [Christopher and 

/ Holtz, 1984; Giroud, 1982; and USEPA, 19871 

2.2 Noncritical and Nonsevere Applications 

kgeotaxtile > 'soil 

3. CLOGGING CRITERION 

Nonwoven geotextiles: porosity, ng > 30% 

Woven geotextiles: percent open area, A > 4% 

Notes: O,, is the apparent opening size (AOS) of the geotextile. 

where dtIo0 and d', are the top and bottom extremities, respectively, 
o f  a line drawn through the central portion of a soil particle-size 
distribution curve. 

d,, and d,, are soil partlcle sizes for which 50% and 85% 
respectively, of particles are finer by weight. 

I, - (e - emln)/(emax - e,,,), where: e - soil void ratio; e,,, = soil 
minimum void ratio; and emax = soil maximum void ratio. 

kmaxtlle = geotextile hydraul ic conductivity 

ksol, = soil hydraulic conductivity 
. -_ . -  

The porosity ng (dimensionless) is calculated as follows: no = 1 - 
pJ(p, t,), where: pg = geotextile mass per unit area; p, = polymer 
density; and t, = geotextile thickness. Basic SI units are: p, 
(kg/m2), P, (kg/m3), and t, (m) . 
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YAfiG r ', Repuired degree of survivability as a function of subgrade conditions and construction equipment' 
~~ ~ 

Construction equipment and 6 to 12 in. of 
cover material: initial lift thickness 

Low ground- Medium High ground- 
pressure ground-pressure pressure 

equipment equipment equipment 
Subgrade conditions ( 5 4  1b.Iin.) (>4 IbJin.', 5 8  1b.Iin.l) (>8 1b.h.') 

Subgrade has been cleared of all obstacles except grass, weeds, leaves, and fine wood 
debris. Surface is smooth and level such that any shallow depressions and humps 
do not exceed 6 in. in depth or height. All larger depressions are filled. Alternatively 
a smooth working table may be placed. 

Subgrade has been cleared of obstacles larger than small to moderate-sized tree limbs 
and rocks. Tree trunks and stumps should be removed or covered with a partial 
working table. Depressions and humps should not exceed 1 in. in depth or height. 
Larger depressions should be filled. 

Minimal site preparation is required. Trees may be felled, delimbed, and left in place. 
Stumps should be cut to project not more than 6 in. 2 above subgrade. Fabric may 
be draped directly over the tree trunks. stumps, large depressions and humps, holes, 
stream channels, and large boulders. ltems should be removed only if placing the 
fabric and cover material over them will distort the finished road surface. 

L O W  Moderate High 

Moderate High Very high 

Not recommended High Very high 

*Recommendations are for 6 to 12 in. initial lift thickness. For other initial lift thicknesses: 
12 to 18 in.: reduce survivability requirement one level; 
18 to 24 in.: reduce survivability requirement two levels; 
>24 in.: reduce survivability requirement three levels. 
Survivability levels are in increasing order: low, moderate, high, and very high. 
For special construction techniques such as prerutting, increase fabric survivability requirement one level. 
Placement of excessive initial cover material thickness may cause bearing failure of soft subgrade. 

Source: After Christopher and Holtz [ 1461. 

TAoLc 3 ; AASHTO-AGC-ARBTA Joint Committee minimum geotertile properties recommended for 
SWViVabilitp 

Physical Property Requirements' 
Geotextiles < 50% ElongatiodGeotextiles > 50% Elongationb" 

Survivabdiw 
Level 

Grab 
Strength 

ASTM 04612 
. (W 

f'uncture 
R e s i s m e  

ASTM 04833 
flb.) 

Trapezoid Tear 
Strength 

ASTM D4533 
(lb. ) 

Medium 
High 

18011 15 
2701180 

70140 
100f75 

70140 
1 W 5  

~- ~~ ~~ 

'Values shown are minimum average roll values. Strength values are in the weaker principal direction. 
bElongation (strain) at failure as determined by ASTM D4632, Grab Tensile. 
'The values of geotextile elongation do not imply the allowable consolidation properties of the subgrade soil. 
These must be determined by a separate investigation. 
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Geotextile Biological Clogging Potential 

Leachate has high suspended solids as well as high organic content [Koerner et al., 19941. This 

can lead to filters becoming excessively clogged when permeated with leachate over long periods of 

time. The geotextile biological clogging potential is checked using the following method based on 

E r h h A  
Koerner et al. [ 19941: 

J 0 Step 1.  lAkwmix * the allowable hydraulic conductivity of the geotextile (kdlow) from 

Figure 2 for the liquid flow rate through the geotextile based on leachate generation rate 

calculations performed elsewhere. 

step 2. =e a drain correction factor (DCF) based on Figure 3 .  

Step 3. Estimate the required hydraulic conductivity of the geotextile (kq'd) as the 

maximum of (i) impingement rate into the drainage layer calculated using the HELP 

model, or (ii) the required hydraulic conductivity based on the permeability criterion 

described in Table 1. 

Step 4. Calculate the factor of safety against biological clogging as follows: 

J 0 

1 0 
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I Geotextile 1 

(b) Trenchwrap 
DCF = 10 to 40 

(a) ArealFdter 
DCF = 1.0 

(c) Socked Comgated Pipe 
DCF= 64 to 260 

(d) Socked Smooth Wall Pipe 
DCF = 7.500 to 24,400 
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LEACHATE COLLECTION SYSTEM (LCS) 
GEOTEXTILE FILTER DESIGN 

DATA VERIFICATION 

INTRODUCTION 

As described in the calculation procedures package, the following analyses will be performed: 
geotextile filter design; and 
geotextile biological clogging potential. 

In order to perform the analyses described above, the following data parameters are necessary: 

GEOTEXTILE FILTER DESIGN 

~ ~ E W T O ~  cf? IT& ~ o d :  
It is expected that on-site soils or impacted materials will be used in the protective layer. From 

the geotechnical investigations performed, it is possible that more than 50% of particles of some of these 
materials will be < 0.075 mm (Le., U.S. sieve 200). t /  s>e soeIs typ- C I ~ ~ , $ ,  G s  C C ,  cq e ,ML Sr. 

oSeS yst- . d d i i  7 509. 6 ~ 3 .  

ksoil= protective layer hydraulic conductivity = 1 ~ 1 0 ‘ ~  c d s  (assumed) / a h s t & - /  w:tL 

In order to determine the required degree of survivability, three pieces of information are needkd: 

a 
pEer(aa I ~ T Y  cerTEelorJ: 

u d  ; h  ‘ ‘ L Q ~ &  Genercf,oA 
S u e V l v A i 3 1 L I T f :  E i b a ‘ ‘  GL. %ks g 

1. Condition of the subgrade on which the geotextile will be placed. 
2. Thickness of initial lift of material overlying the geotextile. 
3. Highest ground pressure of construction equipment which will operate on the initial 

lift. 
The information is obtained as follows: 

1. Subgrade condition - The geotextile filter will be placed on top of the LCS drainage 
layer, a smooth and level surface. / 

2. Initial lift thickness - Assumed to be 12 in., as reflected in project specification 02710 

3. Max ground pressure on initial lift - Assumed to be 5 psi, as reflected in project 
specification 027 10 “Granular Drainage Layer.’’ 

J 

“Granular Drainage Layer.” ;* pnjecf stet 0 22 40 “ Botecf\de q w  4 
Corcfour L4.(- i’ 

J 

a ql- 
J These conditions are the same for the drainage layer and the drainage corridor. 0 8 1 :La .3 
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GEOTEXTILE BIOLOGICAL CLOGGING POTENTIAL 

From Figure 1, the allowable permeability decreases as the flow rate increases. For this 
evaluation, the peak daily flow rate into the LCS drainage layer from the “Leachate Generation 
Rate” Calculation Package will be used. Use of this value is conservative because calculated 
flow rates for post-closure conditions (i.e., long-term), when clogging is of most concern, are 
much smalle( From the “Leachate Generation y’ Calculation Package, maximum 
impingement rate = 0.0646 in./day = 1754 gpad = 16,400 lphd. Therefore, b o w a b l e  (from Figure 
1) ranges between 8x104 and 1.3~10-’ c d s .  Assume blowable = 8x104 c d s  to be conservative. 

/ J 

J J 

For assessment of kreqvd , the impingement rate into the LCS drainage layer is taken as the peak 
daily rate from the “Leachate Generation Rate” as cited above: 0.0646 in./day = 1 . 9 ~ 1 0 ~  c d s .  / 

DCF = 1 (See Figure 2) / 
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Flow Rate (l/ha-day) 
1 & , e o  Lphd.  

J 

Ottawa Sand 
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mmmmmN 7 W 
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---.--H 8 NPNW 

- m - - H  1 6  NPNW 
,+ST 4 HBNW 

-P 6 NPNW 
-e -A 10 W 

- - - - - N  22 NW/W 



[Geotextile] 

.-. ,/ .../*'e' (a) .Areal Fdter ....... 

i: DCF = 1.0 
L ---- .- " 

(c) Socked Cormgated Pipe 
DCF = 64 to 260 

(b) Trenchwrap 
DCF = 10 to 40 

(d) Socked Smooth Wall Pipe 
DCF = 7,500 to 24,400 
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e c  hojectmoposal No.: g o o  Task No.: a 
Evaluation of Construction Survivabilitv: 

The two-step method outlined by Koerner [1994] will be followed. The evaluation is the same for ' 

both the landfill base and the Leachate Collection and Leak Detection (LCLD) corridor. For the first 
step, the required degree of survivability is established based on the following conditions: (i) smooth and 
regular subgrade condition; (ii) initial lift thickness of 12 in.; and (iii) maximum equipment. ground 
pressure on initial lift of 5 psi. Based on Table 1, these conditions indicate that the required degree of 
survivability is 'moderate'. 

For the second step, minimum required values for mechanical properties of the geotextile are 
established from Table 2 based on the 'moderate', or medium, survivability requirement. The chart 
provides minimum required values for two ranges of geotextile extensibility. Values were obtained for 
the more extensible range because th s  range is applicable to nonwoven materials most likely to be 
selected for the geotextile filter. The required minimum average roll values from the c h m y e :  (i) grab 
strength (ASTM D 4632) of 1 1 d b ;  (ii) puncture resistance (ASTM D 4833) of 40 lb; and (iii) 
trapezoidal tear strength (ASTM D 4533) of 40 lb. These required minimum values apply to both the 

J 

machine and cross-machine directions of the geotextile. a 
Adequate construction survivability for the geotextile filter can be achieved by including 

mechanical property requirements in the appropriate project specification (Le., project spec. 027 14, 
"Geotextiles") which exceed the required minimum values cited above. Inspection of the referenced 
specification indicates that this approach has been followed and that the construction survivability of the 
geotextile filter is adequate. The values in the specification for the geotextile filter are as follows: (i) 
grab strength (ASTM D 4632) of 180 lb; (ii) puncture resistance (ASTM D 4833) of 75 lb; and (iii) 
trapezoidal tear strength (ASTM D 4533) of 75 lb. 1 
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%U 1 t .  Required degree of survivability as a function of subgrade conditions and  construction equipment‘ 

pressure 
equipment equipment equipment 

Subgrade conditions ( 5 4  lb.lin.) (>4 1b.h.‘. 58  1b.h.’)  (>8 IbJin.’) - + 

Subgrade has been cleared of all obstacles except grass, weeds, leaves. and fine wood 
debris. Surface is smooth and level such that any shallow depressions and humps 
do not exceed 6 in. in depth or height. All larger depressions are filled. Alternatively 
a smooth working table may be placed. 

Subgrade has been cleared of obstacles larger than small to moderate-sued tree limbs 
and rocks. Tree trunks and stumps should be removed or avcred with a partial 
working table. Depressions and humps should not exceed 1 in. in depth or height. 
Larger depressions should be filled. 

Minimal site preparation is required. Trees may be felled. delimbed. and left in place. 
Stumps should be cut to project not more than 6 in. ? above subgrade. Fabric may 
be draped directly over the tree trunks, stumps, large depressions and humps, holes, 
stream channels, and large boulders. hems should be removed only if placing the 
fabric and a v e r  material over them will distort the finished road surface. 

LOW J’ High 

Moderate High Very high 

High Very high Not recommended 

*Recommendations are for 6 to 12 in. initial Lift thickness. For other initial lift thicknesses: 
12 to 18 in.: reduce survivability requirement one level; 
18 to 24 in.: reduce survivability requirement two levels; 
>24 in.: reduce survivability requirement three levels. 
Survivability levels are in increasing order: low, moderate, high, and very high. 
For special construction techniques such as prerutting. increase fabric survivability requirement one level. 
Placement of excessive initial cover material thickness may cause bearing failure of soft subgrade. 

Source: After Christopher and Holtz 11461. 

TABLE ‘2: -0-AGC-ARBTA Joint Committee minimum geotextile properties recommended for 
8urvidil i ty  

Physical Property Requirements’ 
Geotextiles < 50% ElongatiodGeotextiles > 50% Elongationb” 

Grab Puncture Trapezoid Tear 

Survivability ASTM wb12 ASTM 04833 ASTM 04533 
h e 1  , fb.) (1b.j f1b.J 

Strength Resistance Strength 

‘Values shown are minimum average roll values. Strength values are in the weaker principal direction. 
bElongation (strain) at failure as determined by ASlM D4632, Grab Tensile. 
‘The values of geotextile elongation do not imply the allowable consolidation properties of the subgrade soil. 
These must be determined by a separate investigation. 
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LEACHATE COLLECTION SYSTEM (LCS) . 

LCS PIPE DESIGN 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the LCS collector pipe. This 
pipe acts as a backup to the LCS drainage corridor. The evaluation will be performed for both 
active operation and post-closure conditions.. 

METHOD OF ANALYSIS 

The flow capacity, perforation size, and structural stability (wall crushing, wall buckling, and 
excessive ring deflection) were calculated for the LCS collector pipe. a 
CONCLUSIONS 

pipe flow capacity for active operation condition, Qp = 198 gpm J 
required flow capacity for active operation condition, Qpr = 7.9 gpm / 

flow capacity factor of safety for active operation condition, QdQpr = 25 > 3 (OK) ' 
pipe flow capacity for postclosure condition, Qp = 125 gpm 1 
required flow capacity for post-closure condition, Qpr = 1 . 0 6 ~ 1 0 ~  gpm A 
flow capacity factor of safety for postclosure condition, QdQP = 1.18~10~ >> 10 (OK) 1 
perforation diameter for design, d = 0.625 in. J 

factor of safety against pipe wall crushing, FS, = 5.3 1 

factor of safety against pipe wall buckling, FS,b = 4.4 J 

factor of safety against excessive ring deflection, FSd = 1.4 / 

A=- 

'L 
-- 
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. LEACHATE COLLECTION SYSTEM (LCS) 
LCS -PIPE DESIGN 

CALCULATION PROCEDURES 
1 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for the LCS collector pipe 

design. The LCS collector pipe is provided as a backup to the LCS drainage corridor. The h c t i o n  of 

the LCS collector pipe,. is to convey the leachate collected by the LCS drainage layer to the LCS 

manhole. The LCS collector pipe must have adequate flow capacity to convey the leachate and adequate 

structural resistance to withstand the applied loads. In addition, since collector pipes are perforated to 

permit flow of leachate into the pipes, the size of the perforations must be large enough to accept the. 

flow of leachate into the pipe without the buildup of head, and small enough to prevent pipe bedding 

material fiom entering the pipe. 0 
METHODS OF ANALYSIS 1 

Pipe Flow Capacity; LCS pipe flow capacity should be greater than the maximum rate of flow 

into the pipe. The pipe flow capacity will be calculated using Mkming’s equation as follows: 

where: Q, = collector pipe flow capacity; R,, = hydraulic radius 

the perimeter of the wetted area; for a pipe with a circular cross 

diameter); i, = hydraulic gradient (slope of the collector pig); A, = cross-sectional area of the pipe; and 

n = Manning’s roughness coefficient. 
ma ;*rum 

ThKate o? flow of leachate entering a collector pipe may be calculated by multiplying the rate of . . 

0 impingement on the LCS drainage layer by the plan area of the LCS drained by the pipe: 
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1 J 
where: Qpr = flow capacity required for the collector pipes: Q = design impingement rate on the LCS 
drainage layer; and Ad = plan area of the LCS drained by the pipe. I v ’ . t c z  2pe J bs d a g r r d  

%r I*rawmvM rm+pnsAt tefC * pfiti~43 f i l l  redU,dqny w ~ : t ~ +  LCS cocr,der, 

The analysis described above will be performed for the active operation condition and the post- 

closure condition. -grades and slopes will be utilized for the active operation condition 

and post-settlement grades and slopes will be utilized for the post-closure condition. (&) 

1 

Pipe Perforation Sizing Maximum allowable diameter of perforations in the collector pipe will 

be specified to ensure retention of LCS gravel particles. The maximum allowable diameter of 

perforations in the collector pipes to provide retention of gravel particles may be determined as follows 

[USEPA, 19831: 

e -  (3) 

where: dh = maximum perforation diameter to provide particle retention; dss = particle size of the 

pipe bedding material for which 85 percent by weight of the particles are finer; and F = factor varying 

from 1.2 to 2. For pipes with slots, replaces with w, where w is slot width in Equation 3. 
L 

_ .  .. . .  
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As indicated previously, the active operation condition assumes that the collector pipe is buried 

under 6-in. of LCS drainage layer material and 1 -ft of protective soil layer. The 18 in. of separation used 

for the active operation condition is a conservative value used for checking the structural stability of the 

pipe. The stresses due to traffic are assumed to be applied by a truck with a capacity of 35 tons and a 

wheel load of 20,000 lb when full. The total stress on the pipe is then the sum of the stresses applied by 

PiPe Structura 1 Stability Calculations will be performed to ensure the LCS pipe is able to 

withstand the loads applied on it with an adequate factor of safety. Failure mechanisms that will be 

checked are: (i) wall crushing; (ii) wall buckling; and (iii) excessive ring deflection. Stresses applied on 

the LCS pipe will be estimated for: (i) active operation condition (Figure 1) (Le., stresses due to traffic 

when a 6-in. thick layer of LCS drainage layer material and a 1-ft thick protective soil layer are placed 

on the pipe)(it is assumed that no traffic will be allowed on the pipe during construction until it is 

covered with a minimum of 18 in. of soil total); and (ii) c condition (Le., stresses due to overburden 

materials). Plastic pipe can be designed to resist failure by the above mechanisms using design methods 

presented in the technical literature [Uni-Bell, 1991; Phillips 66, 1988; and Chevron, 19921. 

s + - L r c  

where: oic = stress on the collector pipe: yp = average unit weight of the overburden materials; D, = 

thickness of the overburden materials; B, = outer pipe diameter; C, = load coefficient (Table l), which is 

a function of BJ(2Dp) and LiJ(2Dp); P = concentrated load; Fi, = impact factor accounting for dynamic 

loads; and Li, = effective length of pipe, which is arbitrarily defined as follows by ASCE [1979]: Li, = 3 

ft if pipe is longer than 3 ft, and Li, = actual pipe length if pipe is shorter than 3 4 .  
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During the post-closure condition, the stress applied to the pipe is due to the overburden 

materials above the pipe (i.e., protective soil cover material, liner system material, compacted impacted 

material, and cover soils). This stress is calculated as follows: 

o i c  = r p *  / ( 5 )  

where: oic = stress on the collector pipe: y, = average unit weight of the overburden materials; and D, = 
1 

thickness of the overburden materials. 

Wall Crushing: Wall crushing can occur when the stress in the pipe wall, due to external 

vertical pressure, exceeds the compressive strength of the pipe material. The factor of safety against 

pipe wall crushing may be calculated using the following equation: d o t e :  c w w  "4 
?MLp 66, p b .  * 
l08?-7/ A 13 (Mi) (6) 
+* ewAde p9c S W ~ I ~  

J - *O Y 

Fswc - ( S D R  - 1)o max. 

@ where: FS,, = factor of safety against pipe wall crushing; o,, = compressive yield strength of the pipe, e+ 

SDR = standard dimension ratio of the pipe; and om= = maximum stress applied to the pipe. 

Wall Buckling: Wall buckling, a longitudinal wrinkling in the pipe wall, can occur when the 

external vertical pressure exceeds the critical buckling pressure of the pipehedding aggregate system. 

The factor of safety against pipe wall buckling may be calculated using the following equation: 

112 FLIJ~s 66 p & ~ ~ - ~  ci*d 
/ obde  q+ Cn e* (7) E'E 

F s w b = g [ ( S D R ) 3 ]  0 max & h c e f  q,b+ , 

S& & *a et-*-* 
where: FSWb = factor of safety against pipe wall buckling; om, = maximum stress applied to the pipe; 

E' = modulus of soil reaction for pipe bedding; E = modulus of elasticity of the pipe material; and SDR 

= standard dimension ratio of the pipe. 

. -  

Excessive Ring Deflection: Ring deflection is the change in vertical diameter of the pipe as 

the pipehedding aggregate system deforms under the external vertical pressure. The actual ring 

deflection of the pipe must be less than the allowable ring deflection of the pipe. The factor of safety 

' 

0 
against excessive ring deflection may be calculated using the following equation: O C ! ~ ~ ~ ~  
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where: AR = allowable ring deflection in = modulus of soil reaction for pipe bedding; and 

ring deflection of the pipe will be obtained 

+ bct ,yJ  &* s 160 

om= = maximum stress applied to the 

from the manufacturers and technical literature. p i - d  mewu yrc/J;cLp J t G H  
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LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN 
DATA VERIFICATION 

INTRODUCTION 

As described in the calculation procedures package, the following analysis will be performed: 
LCS collector pipe design (flow capacity, perforation sizing, and structural stability). 

In order to perform the analyses described above, the following data is required: 

LCS COLLECTOR PIPE DESIGN 

The geometric characteristics of the 6-in. nominal diameter HDPE SDR-11 pipes are as follows: 
outer diameter, B, = 6.625 in.; ,/ 
wall thickness, t = 0.602 in.; J 

inner diameter, Bi = 5.421 in.; J 
mean radius, r = 3.01 in.; and / 

The characteristics of the pipes to be used in structural stability calculations, as estimated from a 
manufacturer's literature [Phillips 66, 19881, are as follows: N&: Checker 04 ?Llh,~ 66 

/ (1591) % check p p a  
J p p d -  d / s k  

modulus of elasticity = 2.74 x lo6 psf; 
compressive yield strength of the pipe = 2 16,000 psf; and 
allowable ring deflection of SDR-11 pipe used for gravity flow = 2.7 percent. 

J 

J J  PiDe How CaDacity: 
Rh = Bi / 4 = hydraulic radius = 1.36 in. (3.45 cm) 
i, = hydraulic gradient = 0.573" (1%) (Figure 1) for active operation condition ' L /  

/ = 0.229" (0.4%) (Figures 2,3, and 4) for post-clostfre condition 
Ap = ZBi 2 / 4 = cross-sectional area of the pipe = 23.1 / 2  in (1.5~10- 2 m 2 . J  ) 

n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) J 
L,,,&de, rcron-ded v = k  40, ?h*j$s 66 

0 
<19QI) ' 4  0.00~ 
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/ 
qi = the impingement rate of flow into the drainage layer = 0.06447 in./day (peak daily value 

from HELPJeachate generation analyses results; Cases 1B and 2B) = 1.9~10 cdsec  cb) 

= the impingement rate of flow into the drainage layer = 8.68~10” i n . 6 ~  (peak daily value 
from HELP leachate generation analyses results; Cases 3C and 3D) = 2.55~10‘ cdsec  c b )  

/ 
;,** 

J& 
$f 

11 4 

Ad = plan area of the LCS drained by the pipe = 6.5 acres ,/ / F y d a  5 )  
(2.63 s104mg) 

Pipe P erforat ion Si ‘zing; 
dss = particle size of the pipe bedding material for which 85 percent by weight of the particles are 
finer; for ODOT #57 gravel, dss = 23 - 30 nun as shown in Table &d Figure 5. 

F = factor varying from 1.2 to 2 (use 1.2) 

L doh: use of ODOT *57  r w c 9  8 Use dss = 23 mm. J u l u u v & a  

StrUCtUr Ce(rr “ 

U 5  dm e c-rrrdtw ts 7 J 
m 4 e 4  t*, z m i e c t  apt. 

f l o e  eZ7te  mnukr D n y c  . .  a1 Stabilitv; 

a -  An average unit weight (a near upper-bound estimate) of the final cover system, liner system, and 
impacted material was calculated in the “Foundation Settlement” calculations package. 
y, = average unit weight of overburden materials = 125 pcf ( MHcN/m3) J 

The thickness of overburden materials was calculated for the following two cases: Case 1 D, = 

~ 1 8  in. and for Case 2 the thickness of overburden materials is equal to the maximum 

L9.6 

difference found between the subgrade grading plan (Figure 6) and the final cover system 
grading plan (Figure 7). The maximum difference is approximately 65 ft @.e., 660 ft - 592 ft 
- 3 fl (compacted clay liner)) at the location indicated on Figures 6 and 7. 
D, = thickness of the overburden materials = Case 1 = 18 in.; Case 2 = 65 ft 

and a wheel load of 20,000 lb when full) ’ 
reference] )- P = concentrated load = 20,000 lb (90 kN) (assumed based on truck with a capacity of 35 tons 

Fi, = impact factor accounting for dynamic loads = 1.5 [ASCE, 1979; see procedures package for 

B, = outer pipe diameter = 0.552 ft (0.168 m)(6.625;~,) 
Li, = effective length of pipe = 3 ft (1 m) J 

J 

&/ M A :  C~se  1 - e& 
C o A t i n  wrth trbfie,L 

I ~ ~ * C Q = C , :  ; 
p&t - c --a 
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/ *Wall Crushing 
5 = compressive yield strength = 21 6,000 psf (1 0,346 P a )  
SDR = standard dimension ratio of the pipe = 1 1  J' p c  

c/ c/ 
Wall Buckling: 
E' = modulus of soil reaction for pipe bedding = 432,000 psf (20,560 Wa) 
E = modulus of elasticity of the pipe material = 2.74~10 
SDR = standard dimension ratio of the pipe = 11 J 

sf (1.3 lxlOs P a )  v' 3 

- 27 Excessive h n g  D eflection; 
AR = allowable ring deflection in percent #percent 
E' = modulus of soil reaction for pipe bedding = 432,000 psf (20,560 kPa) 

/ / 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to present the analysis of leachate migration through the primary liner and 
into the LDS. 

METHOD OF ANALYSIS 

The infiltration rate of leachate through the primary liner into the LDS was estimated using the USEPA 
HELP model analysis performed in the "Leachate Generation Rates" Calculations Package. 

The assumptions made to perform this analysis and the results are summarized in this package. 
Furthermore, a discussion of potential sources of flow into the LDS (other than leachate migration through 
the primary liner) is also presented. a 
CONCLUSIONS 

Infiltration rates through the primary liner are as follows: 

/ 
0 peak daily rate for the initial stage of operation @e., 10 A of impacted material) = 9.8 x gpad 

0 peak daily rate for intermediate Sfage of operations (i-e., 30 ft of impacted material and 12 in. of 
intermediate soil cover) = 9.8 x 10" gpad 

average.annua1 rate for initial stage = 5.4 x 10 gpad 
/ 

average annual rate for intermediate stage = 2.5 x 

average annual rate for post-closure stage = 1.84 x 10 gpad 

J 

/4 
0 

0 gpad 
/ 
4 

0 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to discuss potential sources of flow into the LDS and to present the 
analysis of leachate migration through the primary liner into the LDS. 

POTENTIAL SOURCES OF FLOW TEIROUGH THE PRIMARY LINER 

J 
Gross, et a1 [ 19901 discussed the potential sources of flow fiom LDSs of double-lined landfills. As 

shown in Figure 1, these sources include: (i) infiltration through defects in the primary liner; (ii) water &om 
precipitation that impinges the LDS during construction (“construction water”); (iii) water expelled &om the 
LDS due to compression of the layer (“compression water”); (iv) water squeezed out of a clay component of 
a composite top liner as a result of clay consolidation (“consolidation water”); and (v) ground water that 
infiltrates the bottom liner and enters the leak detection layer (“infiltration water”). @ 

For the OSDF liner system, all of these sources may contribute flow to the LDS. However, the 
magnitude and the time period is different for each source. Construction water and compression water may 
be of si ificant amounts but will seep out of the LDS within days or weeks of installation of the primary 
liner. The geosynthetic clay liner (GCL) in the primary liner composite is thin and will be placed dry. 
Therefore, little or no consolidation water is expected. Infiltration of the ground water is expected to be 
minimal or non-existent for most of the cells because: (i) the perched ground water is either below the liner 
system or is only a few feet above the liner system part of the time and therefore the upward hydraulic 
gradient is very small; and (ii) the secondary liner is composed of a geomembrane underlain by a GCL and a 
3-ft thick layer of compacted clay, and therefore very little or no infiltration should be expected. 

Jg” 
/ 

/ 

’ Based on the above, the primary source of flow in the LDS is assumed to be due to migration of leachate 
through the primary liner. J 

LEACHATE MIGRATION THROUGH PRIMARY LINER 

Migration of leachate through the primary liner can potentially occur due to: (i) infiltration through 
holes or other defects in the geomembrane component of the primary liner; and (ii) diffusion of .leachate 
through the composite liner. For the purpose of this analysis it is reasonably assumed that diffusion through 
the primary liner is negligible.JAnalysis of leachate infiltration through holes in the geomembrane 
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0 = TOTAL FLOW 
Y//////,,/ CLAY 

0 = A + B * C * D  

SOURCES: 
A = TOP LINER LEAKAGE 

= CONSTRUCTION WATER AND COMPRESSION WATER 

c 3 CONSOLIDATION WATER 

D = INFILTRATION WATER 
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component of the primary liner was performed as part of the “Leachate Generation Rates” Calculation 
Package. This analysis was performed using the USEPA HELP model. 

REFERENCES 

1 Gross, B.A., Bonaparte, R., and Giroud, J.P., “Evaluation of Flow fiom Landfill Leakage Detection Layers”, 
Proceedings, Fourth International Conference on Geotextiles, Vol. 2, The Hague, 1990, pp. 48 1-486. 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER 

DATA VERIFICATION 

Leachate migration through primary liner analysis was performed as part of the "Leachate Generation 
rates" Calculation Package. Data required to perform this analysis is included in that package. The 
variables that have the greatest effect on the results are the fiequency and size of holes in the 
geomembrane components of the primary liner and the quality of contact between the geomembrane and 
GCL components of the primary liner. For this analysis, it was assumed that the fiequency and size of 
holes in the geomembrane liner are one 1 cm sue hole per acre, based on the recommendations of 
Giroud and Bonaparte [ 1989aI. The HELP model ranks the contact between geomembrane and soil as 
perfect, excellent, good, poor and worst case. For this analysis, the contact between the geomembrane 
and the GCL was assumed to be good./&od geomembrane contact is defined as a geomembrane 
installed with as few wrinkles as possible on an adequately compacted, low-permeability layer with a 
smooth surface [Giroud and Bonaparte, 1989% 1989b; Giroud et al., 19891. This condition is believed to 
be representative of the type of contact that will be achieved between the primary geomembrane and the 
primary GCL for the OSDF liner system. J 

2 L /  

REFERENCES 

/Giroud, J.P. and Bonaparte, R., "Leakage Through Liners Constructed with Geomembranes, Part I: 
Geomembrane Liners", Geotextiles and Geomembranes, Vol. 8, No. 1, 1989% pp. 27-67. 

/Giroud, J.P. and Bonaparte, R., "Leakage Through Liners Constructed with Geomembranes, Part 11: 
Composite Liners", GeotextiZes and Geomembranes, Vol. 8, No. 2, 1989b, pp. 71-1 11. 

/Giroud, J.P., Khatami, A., and Badu-Tweneboah, K., "Evaluation of the Rate of Leakage Through Composite 
Liners", Geotextiles and Geomembranes, Vol. 8, No. 4, 1989, pp. 337-340. 
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MIGRATION THROUGH PRIMARY LINER 
CALCULATION RESULTS 

Infiltration rates through the primary liner were calculated using the USEPA HELP model. The results 
are summarized below. 

/ J 
0 Peak daily rate for initial stage of operations @e., 10 A of impacted material) = 3.6 x idday (9.8 

10” @ad). 

J J 
0 Average annual rate for initial stage = 7.3 x loq5 idyear (5.4 x 1O”gpad). 

0 Peak daily rate for intermediate stage of operations (i-e., 30 ft of impacted material and 12 in. of 
intermediate cover) = 3.6 xJO-~ d d a y  (9.8 x 10” gpad). 

Average annual rate for intermediate stage = 3.4 x 

J 
/ / 

0 idyear (2.5 x 10” gpad). 

./, J 
0 Average annual rate for post-closure stage = 2.48 x lo6 idyear (1.84 x 10 gpad). 

Note that peak daily rate for the post-closure stage can’t be calcutated with certainty due to rounding errors by 
the HELP program, but is expected to be greater than 1.84 x lo4 g p d  
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LEAK DETECTION SYSTEM (LDS) 
MAXIMUM HEAD IN LDS 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS . 

The purpose of this package is to evaluate the performance of the drainage layer and the 
drainage corridor components of the leak detection system (LDS). 

I 
i 

METHODS OF ANALYSIS 

Drainage Laver: The maximum and average thickness of liquid in the LDS drainage layer were 

I calculated using a closed-form analytical solution. J 

Drainage Comdor: The maximum and average hydraulic head and thickness of liquid in the 
drainage corridor were calculated using the USEPA HELP model and a closed-form analytical 
solution. The flow capacity of the drainage corridor was calculated using Darcy’s equation to verify 
its ability to convey liquid with an adequate factor of safety. J 

0 
i 

Calculations were performed for the active operation condition and for the post-closure (i.e., 
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation 
Rates” Calculation Package were utilized in the calculations. These flow rates do not account for 
large peak flows associated with the storm design basis flow rate. 

J 

CONCLUSIONS 

ACTIVE OPERATION CONDITION: 

I 

i 

J LDS Drainage Laver: 
maximum thickness of liquid, T, = 2.15~10” ft. < 12 in. (OK) cf 
average thickness of liquid, Tave,w = 2.36~10-~ ft. y 
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J J LDS Drainage Corridor: 

average leachate head, hay = 1 .1  l ~ l O - ~  in. 1 

maximum leachate head, h, = 2.22~lO-~ in. < 12 in. (OK) 

maximum liquid thickness, T, = 2.22~lO-~ in. 
average liquid thickness, Tavg = 1.1 IxlO-’ in. J 

required flow capacity, QR = 4 .42~10-~  gpm J 
flow capacity factor of safety, &/QR = 5 . 3 4 ~ 1 0 ~  >> 3 (OK) / 

drainage corridor capacity, QDC = 23.6 gpm J 

POST-CLOSURE CONDITION: 

LDS Drainage Laver: J 
maximum thickness of liquid, T, = 2.96~10“ ft. < 12 in. (OK) J 

average thickness of liquid, Tave,w = 1.32~10“ ft. 

J LDS Drainage Corridor: 
maximum leachate head, h, = 8.49~10-~  in. < 12 in. (OK) J 

average leachate head, h,, = 4 .25~10-~  in. J 

maximum liquid thickness, T, = 8.49x10-’ in. 
average liquid thickness, Tavg = 4.25~10-~  in. 
drainage corridor capacity, Qm = 9.45 gpm / 
required flow capacity, QR = 6.75~10-~  gpm /’ 
flow capacity factor of safety, QW/QR = 1 .40~10~  >> 10 (OK) / 
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LEAK DETECTION SYSTEM (LDS) 
MAXIMUM HEAD IN LDS 

CALCULATION PROCEDURES 
INTRODUCTION 

The purpose of this package is to present the calculation procedures for the leak detection system 

(LDS) shown in Figure 1. In particular, this package addresses the following analyses: 

0 

0 flow capacity of the LDS drainage corridor. / 

average and maximum thickness of liquid in the LDS drainage layer; 

average and maximum leachate head and liquid thickness in the LDS drainage corridor; and ' 
I 

METHODS OF ANALYSIS 

.; 
LDS DRAINAGE LAYER 

I 

The maximum and average thickness of liquid in the LDS will be calculated using the folloying 

approach based on Bonaparte and Giroud [ 19951: 

where: T, = the maximum thickness of liquid in the LDS which occurs vertically under a primary 

liner geomembrane hole, Q = the leakage rate through a hole in the primary liner , k = the hydraulic 

conductivity of the LDS drainage material, TaVe,,, = the average flow thickness in the entire zone wetted 

as a result of this leakage, L = horizontal length of slope, and p = the slope angle. The above equations 
e / 

! 
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are based on the following assumptions [Bonaparte and Giroud, 19951: (i) the primary liner leakage rate 

is constant and steady-state conditions prevail; (ii) the top liner is a geomembrane with Eree flow through 

the geomembrane hole (i.e., the leakage rate through the top liner is low enough that the liquid heads in 
the LDS are independent of liquid heads in the LCS); (iii) capillarity of the drainage medium is not 

considered; and (iv) the flow velocity is small, therefore, the flow is laminar and Darcy’s equation can be 

used. V‘ 

Verification will be made that the maximum hydraulic head (assumed equal to maximum liquid 

thickness) in the LDS drainage layer is smaller than the maximum allowable head according to 

applicable ARAR’s (i.e., 12 in.) and that the maximum liquid thickness is smaller than the LDS drainage 

layer thickness (i.e., 12 in.). A 

The analysis described above will be performed for the active operation condition and the post- 

closure condition. Design grades and slopes will be utilized for the active operation condition and post- 

settlement grades and slopes will be utilized for the post-closure condition. 

! 

,- 
Baseline design flow rates established in the “Leachate Generation Rates” Calculation Package 

were utilized in the calculations. These flows do not account for large peak flows associated with the 

storm design basis flow rate. / 

DRAINAGE CORRIDOR 

The function of the LDS drainage corridor is to convey the liquids collected by the LDS drainage 

layer to the LDS manhole. The drainage corridor should be permeable enough to QUIUUXJ eachate 

head to less than 12 in. and must have adequated flow capacity to convey the liquid in the LDS. In 

accordance with the DCP, the flow capacity of the LDS drainage corridor should have a factor of safety 

no less than three for the active operation condition and no less than ten for the post-closure condition. 

1.1 *+ .It: 

Leachate Head: The closed-form analytical solution described by Giroud and Houlihan [ 19951 

will be used to estimate leachate head. For the analytical solution, the leachate generation rate estimated 

using the U.S. Environmental Protection Agency (USEPA) Hydrologic Evaluation of Landfill 

Performance (HELP) model as part of the “Leachate Generation Rates” Calculation Package and 

a ’ 
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assumed characteristics of the drainage corridor will be used to estimate the maximum and average 

hydraulic head and liquid thickness in the drainage corridor. 

The following six-step approach based on Giroud and Houlihan [1995] will be used to calculate 

the maximum leachate head, h-, and average leachate head, havg; 

Step I .  Calculate the dimensionless parameter h using the following equation: 

4i a =  d k tan’ p 
where: qi = t ie  impingement rate of flow into the drainage corridor; k = hydraulic conductivity o 

LDS drainage corridor material; and p = angle between the horizontal and slope. 

(4) 

the 

The impingement rate of flow into the drainage corridor (qi dc) to be used in Equation 4 will be 

calculated based on the impingement rate into the drainage layer (qi d) as follows: 

Area of Entire Cell 
q i d c  = qi dl Area of Drainage Corridor / 

This equation reduces to: 

J Width of Entire Cell 
Width of Drainage Corridor qidc = qidl 

where: W,II = width of cell; and wdc = width of drainage corridor. 

Step 2. Use Equations 7 and 8 to calculate T-. 

j = 1 - 0.12 exp[ -[ Iog(8A / S ) 5 ’ 8 ] 2 ]  

J (7) 

where: T, = maximum leachate thickness; L = the length of the slope; j = corrective coefficient; h = 

parameter defined by Equation (4); and p = angle between the horizontal and slope. 
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Step 3. Calculate the maximum leachate head, h,, from Equation 9. 

h,  = T,,  COS^ J (9) 

Step 4. Use Table 1 or Figure 2 to obtain TavP,. 

Step 5. From T, obtained in Step 2 and TavP- obtained in Step 4, calculate Tavg. 

Step 6. Calculate the average leachate head, havg, from Equation 10. 

1 

h, = Tmg cosp J (10) 

Verification will be made that the maximum hydraulic head in the drainage corridor is smaller 

than the maximum allowable head according to applicable regulations (Le., 12 in.) and that the 

maximum liquid thickness is smaller than the LDS drainage layer corridor thickness (i.e., 12 in.). 

The analysis described above will be performed for the active operation condition and post- 

closure condition. Design grades and slopes will be utilized for the active operation condition and post- 

settlement grades and slopes will be utilized for the post-closure condition. / @ ! 

Flow CaDacitv: The LDS drainage layer flow capacity should be greater than the maximum rate 

of flow within the drainage corridor. The flow capacity of the LDS drainage corridor will be calculated 

using Darcy’s Equation as follows: 

Q = kiA J (1 1) 

where: Q = LDS drainage corridor flow capacity; k = hydraulic conductivity of the LDS drainage 

corridor material; i = hydraulic gradient ; and A = the cross-sectional area of the LDS drainage corridor. 

The maximum rate of flow within the LDS drainage layer will be calculated using the following 

equation: 

QR = qi 4 / 

where: qi = the impingement rate into the drainage layer and & = total area of an OSDF cell. 

This calculation conservatively assumes that the impingement rate will be maintained for a duration 

sufficient to create steady state flow conditions in the LDS drainage corridor. J 
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be med that. in rhc chans by McEnroc and schrocdu (1988). the p"mcm A is not used. Thaefon. it does not 
appear in thos charts that T,,,fl- and. to a camin extau. x& arc dqmdent of 8. 

Source..  G l r o v d  + d,,dl,ku,,, 1 qc 
I 
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LEAK DETECTION SYSTEM (LDS) 
MAXIMUM HEAD IN LDS 

DATA VERIFICATION 
INTRODUCTION . _  

The purpose of this package is to present the data parameters needed to perform the calculations 

for the LDS. In particular, this package addresses the following analyses: 

drainage layer (average and maximum liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

! i In order to perform the analyses described above, the following data is required: / 
I 

ACTIVE OPERATION CONDITIONS: e 
Drainage Layer: 

Q = leakage rate through the hole in the primary liner (= rate of infiltration (m/min) through 
primary liner calculated using 4046.87 m2 (assumes 1 hole per acre)) J 

J 
= 3.77~10-~ gpm (average 
= 6 . 7 9 ~ 1 0 ~  (peak the HELP model, Case 1B and 2) 

ated using the HELP model, Case 1B) 

k = hydraulic conductivity of the LDS drainage layer material = 0.1 cm/sec J 

p = the slope angle = 1.28' (2.24%) (see Figure 1) 

L = the horizontal of the slope = 224 ft (2688 in.) (see Figure 1) J 

Drainage Corridor: 
The impingement rate of flow into the drainage corridor is calculated by multiplying the peak 

daily value from HELP for the drainage layer by a factor (width of cell / width of drainage corridor) as 
shown in Figure 2. Impingement rate is taken as equal to the infiltration through the top liner (in HELP 
calculations from "Leachate Generation Rates" Calculation Package). J 

qi = the maximum impingement rate of flow into the drainage corridor = 3.6~10~' in. /day (peak 
daily value, Case 1B and 2) = 1.058x10-" cm/sec / 

1/ 

0012,3'?; = (1.058x10-" cm/sec) x 2.645~10-" cm/s - 
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k = hydraulic conductivity of the LDS drainage corridor material = 10 c d s e c  / 
(This assumed value is reflected in project specification 027 10 “Granular Drainage Layer”.) 

p = angle between the horizontal and slope = 0.573” (1.00%) (see Figure 1) ,/ 
L = the length of the drainage corridor = 700 ft (8400 in.) (see Figure 1) J 

Flow CaDacitv: 
k = hydraulic conductivity of the LDS drainage corridor material = 10 c d s e c  
(This assumed value is reflected in project specification 027 10 “Granular Drainage Layer”.) 
i = hydraulic gradient = 0.573” (1.00%) 

A = the cross-sectional area of the drainage corridor 

w 

/ 
/ 

= (width of drainage corridor) x (height of drainage corridor) 
= (16 ft) x (1 ft).x (m2/ 10.764 ft2) = 1.49 m2 
\ o f f  

POST-CLOSURE CONDITION: e,  
Drainage Laver: 

Q = leakage rate through the hole in the primary liner (= rate of infiltration (dmin) through 
primary liner calculated using theHELP model x 4046.87 m2 (assumes 1 hole per acre)) 

J = 1.29x10-’ gpm (average annual daily flow calculated using HELP, Case 3) 
= 1 . 0 4 ~  
/- 

gpm (peak daily flow calculated using HELP, Case 3) 
k = hydraulic conductivity of the LDS drainage layer material = 0.1 cdsec  
p = the slope angle = 1.17” (2.04%) (See Figures 3,4, and 5) 
L = the horizontal of the slope = 204 ft (2448 in.) (See Figures 3,4, and 5 )  

/ 
/ 

Drainage Corridor: 
The impingement rate of flow into the drainage corridor is calculated by multiplying the peak 

daily value from HELP for the drainage layer by a factor (width of cell / width of drainage corridor) as 
shown in Figure 2. Impingement rate is taken as equal to the infiltration through the top liner (in HELP 
calculations from “Leachate Generation Rates” Calculation Package). 

qi = the maximum impingement rate of flow into the drainage corridor = 5 . 5 ~ 1 0 - ~  in. /day (peak 
rl 

daily value from HELP leachate generation analyses results; Case 3) = 1.62~10- 13 cdsec  

- 4.042~10-’~ cm/sec 
k = hydraulic conductivity of the LDS drainage corridor material = 10 c d s e c  

2 {/I 

9 0 3- 23‘7 - ) I  v- - = (1.62~10-’~ cdsec)  x 

- --!. - 
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p = angle between the horizontal and slope = 0.229" (0.40%) (worst case from Figure 4) J 

L = the length of the drainage corridor = 700 ft (8400 in.) / 

Flow CaDacitv: 
k = hydraulic conductivity of the LDS drainage corridor material = 10 cdsec J 

i = hydraulic gradient = 0.229' (0.40%) 
A = the cross-sectional area of the drainage corridor 

A 

= (width of drainage corridor) x (height of drainage corridor) 
= (16 ft) x (1  ft) x (m2/ 10.764 it2) = 1.49 m2 J 
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LEAK DETECTION SYSTEM (LDS) 
TIME OF TRAVEL IN EDS 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to estimate the maximum time of travel in the leak detection 
system (LDS). In accordance with the “Design Criteria Package,” the maximum time of travel in 
the LDS should not exceed 20 days. 

METHOD OF ANALYSIS 

The maximum time of travel of liquids in the LDS is estimated for the active operation condition 

and the post-closure condition. Design grades and slopes are utilized for the active operation condition 

and post-settlement grades and slopes are utilized for the post-closure condition. @ 

CONCLUSIONS 

time of travel for active operation condition = 15 days c 20 days ( O K )  
time of travel for post-closure condition = 16 days < 20 days ( O K )  
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LEAK DETECTION SYSTEM (LDS) 
TIME OF TRAVEL IN LDS 

CALCULATION PROCEDURES 
INTRODUCTION 

The purpose of this package is to present the calculation procedures for the time of travel in the 

leak detection system (LDS). The LDS drainage corridor is the primary collector and the LDS pipe acts 

as a backup. 

METHODS OF ANALYSIS 

TIME OF TRAVEL IN THE LDS 

The maximum amount of time necessary to detect a leak through the primary liner is referred to 

as the time of travel. This time of travel will be calculated as the summation of travel time in the LDS 

drainage layer, travel time in the LDS drainage corridor (or LDS collector pipe), and travel time in the 

LDS pipe extending from the edge of the cell to the LDS manhole for the furthest location in the cell 

away from the LDS manhole (See Figure 1). J 

The time of travel in the LDS drainage layer (tDL) is calculated based on Darcy’s equation as 

follows: 

... 

where: kDL = the hydraulic conductivity of the LDS drainage material; iDL = the hydraulic gradient 

(slope of LDS drainage layer); nDL = the porosity of the LDS drainage material; and LDL = length of flow 

in the LDS drainage layer. 

e. 
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The time of travel in the LDS drainage corridor (tw) is calculated based on Darcy's equation as 

follows: 

where: k x  = the hydraulic conductivity of the drainage corridor material; i m  = the hydraulic gradient 

(slope of drainage corridor); n w  = the porosity of the drainage corridor material; and L w  = length of 

flow in the drainage corridor. 

The time of travel in the LDS collector pipe ( k p )  is calculated based on Manning's equations as 

follows: 

L C P  J 
Rho'66 iC,0.5 

t C P  = ( 3 )  

radius (defined as the ratio of the flow area to the perimeter of the wetted area; 

cross section Rh = Bi/4; where Bi is pipe inner diameter); icp = hydraulic 

gradient (slope of the collector pipe); AP = cross-sectional area of the pipe; n = Manning's roughness 

coefficient; and LCP = length of LDS collector pipe. 

The time of travel in the LDS pipe section extending outside of the cell to the LDS manhole (tp) 

is calculated based on Manning's equations as follows: 

t p  = 
Rho.66 iP0'5 

(4) 

where: & ,  hydraulic radius (defined as the ratio of the flow area to the perimeter of the wetted area; 
/-*fL-fI -flowl.nJ 

for a pipe with a circular cross section Rh = BJ4; where Bi is pipe inner diameter); ip = hydraulic gradient 

(slope of the dketar  pipe); Ap = cross-sectional area of the pipe; n = Manning's roughness coefficient; 

and LP = length of LDS pipe extending outside of the cell to the LDS manhole. 

The total time of travel, t, in the LDS will b e x t h e  maximum of: 

t = t D ,  + t,, + t p  

t = t D ,  + tDC + t ,  

1 

J 

The analysis described above will be performed for the active operation condition and the post- 

closure condition. Design grades and slopes will be utilized for the operation filling condition and post- a 
settlement grades and slopes will be utilized for the post-closure condition. J 00%223. 
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LEAK DETECTION SYSTEM (LDS) 
TIME OF TRAVEL IN LDS 

DATA VERIFICATION 
INTRODUCTION 

As described in the calculation procedures package, an analysis of the time of travel in the LDS 
will be performed. 

In order to perform the analyses described above, the following data is required: 

ACTIVE OPERATION CONDITION: (see Figures 1 and 2) 

Time of Travel in the LDS Drainage Laver: 
LDL = length of flow in the LDS drainage layer = 224 ft 
nDL = porosity of the LDS drainage material = 0.397 (see "Leachate Generation Rates" 
Calculations Package) 

J 
/ 

J 
kDL = hydraulic conductivity of the LDS drainage material = 0 . 1 c d s  r r ~ s S v m ~  msAtmuM vq'q I 

iDL = slope of the LDS drainage layer = 1.28" (2.24%) 
/ J  r i ~  C e f L t i A  t i  proiect 

3 p - e  62110 
\\ ' 
Grqdw hq ' A T  L y e '  ' 

Time of Travel in the LDS Drainape Corridor: 
LK = length of flow in the drainage corridor = 600 ft 
n K  = porosity of the drainage corridor material = 0.397 (assumed) 
km = hydraulic conductivity of the drainage corridor material = 10 c d s  

im = slope of the drainage corridor = 0.573' (1 .O%) 

J 
J 

d 
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Time of Travel in the LDS PiDe (Extending from outside the cell to the LDS manhole): 
Lp = length of LDS pipe extending from outside the cell to the LDS manhole = 135 ft (41.15 m) 
Rh = Bi / 4  = hydraulic radius = 1.36 in. (3.45 cm) 
i, = hydraulic gradient = 2.29" (4%) 

n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) 

r/ r/ J 

73 P" je  5ee dote Cc)  o n  p C c d 4  

POST-CLOSURE CONDITION: (See Figures 3'4, and 5) 1 

Time of Travel in the LDS Drainage Laver: 
LDL = length of flow in the LDS = 204 f t  
nDL = porosity of the LDS drainage material = 0.397 (see Leachate Generation Data Verification 
Package) 
kDL = the hydraulic conductivity of the LDS drainage material = 0.1 c d s  

iDL = the slope of the LDS drainage layer = 1.17" (2.04%) 

/ 
J 

J 

Time of Travel in the LDS Drainage Corridor: 
LDC = length of flow in the drainage corridor = 660 f t  
n x  = porosity of the drainage corridor material = 0.397 (assumed) 
km = the hydraulic conductivity of the drainage corridor material = 10 cm/s 

J 
/ 

J 

im  = the slope of the drainage corridor = 0.229" (0.4%) / 

J /  
Time of Travel in the LDS Collector Pi*: 
k p  = length of LDS collector pipe = 660 ft (201.17 m) 
R h  = Bi / 4 = hydraulic radius = 1.36 in. (3.45 cm) ' 
icp = hydraulic gradient = 0.229" (0.40% conservative) 

n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) 

/ 

/ 

Time of Travel in the LDS PiDe (Extending from outside the cell to the LDS manhole): 
Lp = length of LDS pipe extending from outside the cell to the LDS manhole = 135 ft (41.15 m) 
Rh = Bi / 4 = hydraulic radius = 1.36 in. (3.45 cm) 
i, = hydraulic gradient = 2.29" (4%) J 

n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) 
J 

00%23,2S a 
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LDS PIPE DESIGN 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the LDS collector pipe. This 
pipe acts as a backup to the LDS drainage corridor. The evaluation will be performed for both 
active operation and post-closure conditions. 

METHOD OF ANALYSIS 

The flow capacity, perforation size, and structural stability (wall crushing, wall buckling, and 
excessive ring deflection) were calculated for the LDS collector pipe. 

CONCLUSIONS 
a 

0 

pipe flow capacity for active operation condition, Qp = 198 gpm J 

required flow capacity for active operation condition, QR = 4.42~10-~ gpm / 

flow capacity factor of safety for active operation condition, QdQpp 4 .48~10~  >>3 (OK) 
pipe flow capacity for post-closure condition, Qp = 125 gpm 
required flow capacity for post-closure condition, QR 
flow capacity factor of safety for post-closure condition, QdQpr = 1 .50~10~  >> 10 (OK) 

factor of safety against pipe wall crushing, FS, = 4.09 , OK 
factor of safety against pipe wall buckling, FS,b = 3.39 , OK ', 
factor of safety against excessive ring deflection, FSd = 1.10 , OK 

/ 
8.33xlO-' gpm 

perforation diameter for design, d = 0.625 in. / 
J 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN 

CALCULATION PROCEDURES 
INTRODUCTION 

The purpose of this package is to present the calculation procedures for the LDS collector pipe 

design. The LDS collector pipe is provided as a backup to the LDS drainage corridor. The function of 

the LDS collector pipes is to convey the leachate collected by the LDS drainage layer to the LDS 
manhole. The LDS collector pipe must have adequate flow capacity to convey the leachate and adequate 

structural resistance to withstand the applied loads. In addition, since collector pipes are perforated to 

permit flow of leachate into the pipes, the size of the perforations must be large enough to accept the 

flow of leachate into the pipe without the buildup of head, and small enough to prevent pipe bedding 

J @ material from entering the pipe. 

METHODS OF ANALYSIS 

Pipe Flow Capacitv: LDS pipe flow capacity should be greater than the maximum rate of flow 

into the pipe. The pipe flow capacity will be calculated using Manning’s equation as follows: 

i,0.5 A, 
n Q, = 

where: Qp = collector pipe flow capacity; Rh = hydraulic radius (defined as the ratio of the flow area to 

the perimeter of the wetted area; for a pipe with a circular cross section when flowing full (maximum 

capacity) Rh = BJ4; where Bi is pipe inner diameter); i, = hydraulic gradient (slope of the collector pipe); 

Ap = cross-sectional area of the pipe; and n = Manning’s roughness coefficient. J 
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The maximum rate of flow of leachate entering a collector pipe may be calculated by multiplying 

the rate of impingement on the LDS drainage layer by the plan area of the LDS drained by the pipe: 

Qpr =qi% / (2) 

where: Qpr = flow capacity required for the collector pipes: qi = design impingement rate on the LDS 
drainage layer; and & = plan area of the LDS drained by the pipe. The pipe will be designed for 

maximum impingement rate to provide full redundancy with the LDS corridor 

The maximum rate of flow of liquid entering the LDS collector pipe will be assumed equal to the 

rate of infiltration of liquids through the primary liner. This rate will be calculated using the USEPA 

HELP model as part of the Leachate Generation Rate Calculations package. ,/ 

The analysis described above will be performed for the active operation condition and post- 

Design grades and slopes will be utilized for the active operation condition. * closure condition. 

However, post-settlement grades and slopes will be utilized for the post-closure condition. 
/ 

Pipe Perforation Sizing Maximum allowable diameter of perforations in the collector pipe will 

be specified to ensure retention of LDS gravel particles. The maximum allowable diameter of 

perforations in the collector pipes to provide retention of gravel particles may be determined as follows 

[USEPA, 19831: 

where: dh max = maximum perforation diameter to provide particle retention; dgs = particle size of the 

pipe bedding material for which 85 percent by weight of the particles are finer; and F = factor varying 

from 1.2 to 2. For pipes with slots, replace dh max with w, where w is slot width in Equation 3. 
J 
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LDS PIPE STRUCTURAL STABILITY 

Calculations will be performed to ensure the LDS pipe is able to withstand the loads applied on it 

with an adequate factor of safety. Failure mechanisms that will be checked are: (i) wall crushing; (ii) 

wall buckling; and (iii) excessive ring deflection. Stresses applied on the LDS pipe will be estimated for: 

(i) active operation condition (Figure 1) (Le., stresses due to traffic when a 6-in. thick layer of LDS 

drainage layer material is placed on the pipe); and (ii) post-closure condition (Le., stresses due to 

overburden materials). Plastic pipe can be designed to resist failure by the above mechanisms using 

design methods presented in the technical literature [Uni-Bell, 1991; Phillips 66, 1988; and Chevron, 

As indicated previously, the active operation condition assumes that the collector pipe is buried 

under 6-in. of LDS drainage layer material. The 6 in. of separation used for the active operation 

condition is a conservative value used for checking the structural stability of the pipe. The stresses due 

to traffic are assumed to be applied by a truck with a capacity of 35 tons and a wheel load of 20,000 lb 

when full. The total stress on the pipe is then the sum of the stresses applied by the soil layers and the 

stresses applied by the loaded truck, which can be calculated as described by ASCE [ 19791 as follows: 
D C  

(4) / uic = y,D, + C, 
Lic Bc 

where: a, = stress on the collector pipe: y, = unit weight of the soil materials; D, = thickness of the soil 

cover; B, = outer pipe diameter; C, = load coefficient (Table l), which is a function of BJ(2Dp) and 

LJ(2Dp); P = concentrated load; Fic = impact factor accounting for dynamic loads; and Lc = effective 

length of pipe, which is arbitrarily defined as follows by ASCE [ 19791: L,, = 3 ft if pipe is longer than 3 

ft, and L,, = actual pipe length if pipe is shorter than 3 4 .  /- 
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During the post-closure condition, the stress applied to the pipe is due to the overburden 

materials above the pipe (i.e., protective soil cover material, liner system material, compacted impacted 

material, and cover soils). This stress is calculated as follows: 

o i c = Y p D p  / (5 )  

where: Cic = stress on the collector pipe: yp = average unit weight of the overburden materials; and Dp = 

thickness of the overburden materials. 

Wall Crushing: Wall crushing can occur when the stress in the pipe wall, due to external vertical 

pressure, exceeds the compressive strength of the pipe material. The factor of safety against pipe wall 

crushing may be calculated using the following equation: 

a where: FS, = factor of safety against pipe wall crushing; o, = compressive yield strength of the pipe; 

SDR = standard dimension ratio of the pipe; and o,, = maximum stress applied to the pipe. 

Wall Buckling: Wall buckling, a longitudinal wrinkling in the pipe wall, can occur when the 

external vertical pressure exceeds the critical buckling pressure of the pipehedding aggregate system. 

The factor of safety against pipe wall buckling may be calculated using the following equation: 
112 N & ~  : pL,I\ 66 (lq9l) 

FSwb =E[ E'E ] O P P ~ , C ~  o,?dd. t lo~d  (7) 

where: FSwb = factor of safety against pipe wall buckling; o,, = maximum stress applied to the pipe; E' 

= modulus of soil reaction for pipe bedding; E = modulus of elasticity of the pipe material; and SDR = 

standard dimension ratio of the pipe. 

6, (SDQ3 + d b r  d f  G 2  f O 4 2  J 
f l  w sede o f  l - b  Qf. 9 

Excessive Ring Deflection: Ring deflection is the change in vertical diameter of the pipe as the 

pipelbedding aggregate system deforms under the external vertical pressure. The actual ring deflection 

of the pipe must be less than the allowable ring deflection of the pipe. The factor of safety against 

excessive ring deflection may be calculated using the following equation: J 
a 

0@$2al 
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/ 
ARE' FS,, = 

.loo0 max 

where: AR = allowable ring deflection in percent (Note: percent means vertical diameter change i- 

original diameter x 100); E' = modulus of soil reaction for pipe bedding; and o,, = maximum stress 

applied to the pipe. The allowable ring deflection of the pipe will be obtained from the manufacturers 

and technical literature. / 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN 

DATA VERIFICATION 
INTRODUCTION 

As described in the calculation procedures package, the following analysis will be performed: 

In order to perform the analyses described above, the following data is required 
LDS collector pipe design (flow capacity, perforation sizing, and structural stability). 

LDS COLLECTOR PIPE DESIGN 

The geometric characteristics of the 6-in. nominal diameter HDPE SDR-11 pipes are as follows: 
outer diameter, B, = 6.625 in.; V' 

wall thickness, t = 0.602 in.; ' 

mean radius, r = 3.01 in.; and 
inner diameter, Bi = 5.421 in.; J 

/ 

The characteristics of the pipes to be used in structural stability calculations, as estimated from a 
manufacturer's literature [Phillips 66, 19881, are as follows: 

1 modulus of elasticity = 2.74 x lo6 psf; J 

compressive yield strength of the pipe = 216,000 psf; and 
allowable ring deflection of SDR- 1 1 pipe used for gravity flow = 2.7 percent. 

1 

/ PiDe Flow CaDacity: 
Rh = Bi / 4 = hydraulic radius = 1.36 in. (3.45 cm) 
i, = hydraulic gradient = 0.573' (1 %) (Figure 1) for active operation condition / 

J 
= 0.229' (0.4%) (Figures 2,3, and 4) for post-closure condition 

phtll./~ 66 A,, = nB? / 4 = cross-sectional area of the pipe = 23.1 in2 (1 Sx10- m ) ' (c,-sOt-a+ve , f ((151) -tcco-m=-d> n=o.oo? 

/ n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) J 
qi = the active operation impingement rate of flow into the drainage layer = 3 .6~10-~  in./day 

(peak daily value from HELP leachate generation analyses results; Cases 1B and 2B) = 
1.06~10~'' cdsec  / 001. --?.r iy  L 

" J  1 ' 3  - --- - 
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qi = the post-closure impingement rate of flow into the drainage layer = 2.5~10“ in./yr (6.8~10‘~ 
in./day) (average annual value from HELP leachate generation analyses results; Cases 3) = 
1.62~10-l~ cdsec  J 

Impingement rate is taken as equal to the infiltration through the top liner (in HELP calculations 
from “Leachate Generation Rates” Calculation Package). 

& = plan area of the LCS drained by the pipe = 6.5 acres (2.63~10 m ) Figure 1) ./( 4 2  

Pipe Perforation Sizing: 
d85 = particle size of the pipe bedding material for which 85 percent by weight of the particles are 
finer; for ODOT #57 gravel, d85 = 23 - 30 mm as shown in Table 1 and Figure 5. Use of ODOT 
# 57 gravel for LDS drainage corridor is reflected in project specification no. 02710 “Granular 
Drainage Layer”. 

J 
. 

Use d85 = 23 mm (conservative) 
F = factor varying from 1.2 to 2 (use 1.2) I /  

Structural Stabilitv: 
An average unit weight (a near upper-bound estimate) of the final cover system, liner system, and 

impacted material was calculated in the “Foundation Settlement” calculations package. 
yp = average unit weight of overburden materials = 125 pcf (19.6 kN/m3) / 

The thickness of overburden materials was calculated for the following two cases: Case 1 (active 
operation condition with traffk loading) Dp = 6 in. (conservative) and for Case 2 (post- 
closure condition) the thickness of overburden materials is equal to the maximum difference 
found between the subgrade grading plan m e  6) and the final cover system grading plan 

The maximum difference is approximately 65 ft  (i.e., 660 ft - 592 ft - 3 ft 
(compacted clay liner)) at the location indicated on Figures 6 and 7. 
Dp = thickness of the overburden materials = Case 1 = 6 in.; Case 2 = 65 ft 

and a wheel load of 20,000 lb when full) 

I 

/ 

P = concentrated load = 20,000 Ib (90 kN) (assumed based on truck with a capacity of 35 tons 

Fic = impact factor accounting for dynamic loads = 1.5 [ASCE, 1979; see LDS Procedures 

B, = outer pipe diameter = 0.552 ft (0.168 m) (6.625 in.) 
L,, = effective length of pipe = 3 ft (1 m) 

Package for reference] / 

J Q(-Jlzc.g a 
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Wall Crushing: 
o,, = compressive yield strength = 216,000 psf (10,346 Wa) 
SDR = standard dimension ratio of the pipe = 1 1  (per design) J 

Wall Buckling: 
E' = modulus of soil reaction for pipe bedding = 432,000 psf (20,560 Wa) 

SDR = standard dimension ratio of the pipe = 1 1  

E = modulus of elasticity of the pipe material = 2 . 7 4 ~  lo6 psf ( 1.3 1 x 1 Os kPa) J 

/ 

/ Excessive Ring Deflection: 
AR = allowable ring deflection in percent = 2.7 percent 

E' = modulus of soil reaction for pipe bedding. = 432,000 psf (20,560 kPa) J 
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LEAK DETECTION SYSTEM (LDS) 
ACTION LEAKAGE RATE 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to estimate the action leakage rate for the On-Site Disposal 
Facility (OSDF) cells. 

METHOD OF ANALYSIS 

The action leakage rate was calculated in accordance with procedures for RCRA Subtitle C 
. facilities, as described in 40 CFR 8 264. 

@ CONCLUSIONS 

c/ 
/- 

e 

0 

Initial response leakage rate for the OSDF 
Higher response leakage rate for the OSDF cells, ALR = 200 gpad 
Initial response and higher response actions will be described in the Remedial Action 
Contingency Plan for the OSDF. 

11s = 20 gpad 
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LEAK DETECTION SYSTEM (LDS) 
ACTION LEAKAGE RATE 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for the On-Site Disposal 

Facility (OSDF) action leakage rate. 

METHODS OF ANALYSIS 

An action leakage rate will be defined to establish a threshold for response actions in the event of 

excessive LDS flow. In accordance with procedures for RCRA Subtitle C facilities, as described in 40 0 - CFR 0 264 (attached), the action leakage rate is the maximum design flow rate that the LDS can remove 

without the fluid head on the bottom liner exceeding one foot. The USEPA [1992] presents the 

following formulas for calculating the flow in the LDS resulting from a leak in the primary liner: 

Q=khtanaB,, - (1) 

where: Q = flow rate in the LDS (drainage layer); h = head on the secondary liner; k = hydraulic 

conductivity of the LDS drainage medium; a = slope of the LDS; D = LDS thickness; and B,, = average 

width of the flow in the leak detection system, perpendicular to the flow. The action leakage rate is then 

determined by multiplying the calculated flow rate by the allowable frequency of liner system leaks. 

REFERENCES 

J USEPA, “Action Leakage Rates for Leak Detection Systems ”, Supplemental Background Document for 
the Final Double Liners and Leak Detection Systems Rule for Hazardous Waste Landfills,. Waste Piles, 
and Surface Impoundments, Office of Solid Waste, January 1992. oc%.-:c3 - --- 

‘L 
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Environmental Protection Agency 

(d) Paragraph (c) of thls sectlon wlll not 
apply if the owner or operator demonstrates 
to the Regional Administrator. and the Re- 
gional Administrator flnds for such landfffl. 
that alternative design and operatlne prac- 
tices. together with location characteristics. 
will prevent the migration of any hazardous 
constituent into the ground water or surface 
water at least BB effectively as such liners 
and leachate collection systems. 

0 264.302 Action leakage rate. 
(a) The Regional Administrator 

shall approve an action leakage rate 
for surface imDoundment units subject 
to 0 264.301tc) or (d). The action leak- 
age rate is the maximum design flow 
rate that the leak detection system 
(IDS) can remove without the fluid 
head on the bottom liner exceeding 1 
foot. The action leakage rate must in- 
clude an adequate safety margin to 
allow for uncertainties in the design 
te.g.. slope, hydraulic conductivity, 
thickness of drainage material). con- 
struction, operation. and location of 
the IDS. waste and leachate charac- 
teristics. likelihood and amounts of 
other sources of liquids in the IDS. 
and proposed response actions te.g., 
the action leakage rate must consider 
decreases in the flow capacity of the 
system over time resulting from silta- 
tion and clogging. rib layover and 
creep of synthetic components of the 
system. overburden pressures, etc.). 

(b) To determine if the action leak- 
age rate has been exceeded, the owner 
or operator must convert the weekly 
or monthly flow rate from the moni- 
toring data obtained under 
0264.303tc). to an average daily flow 
rate (gallons per acre per day) for 
each sump. Unless the Regional Ad- 
ministrator approves a different calcu- 
lation, the average daily flow rate for 
each sump must be calculated weekly 
during the active life and closure 
period. and monthly during the post- 
closure care period when monthly 
monitoring Is required under 
0 264.303tc). 
t57 FR 3400. Jan. 20.19021 

Ermcrm DAIZ Nom At 57 FR 3400. Jah 
20. 1002 0 264.302 was added effective July 
29.1002. 

283 

9 264.303 

0 264.303 Monitoring and hSlllpcctiOn. 

(a) During construction or installa. 
tion. liners (except in the case of exist- 
ing portions of landfills exempt from 
0 264.301ta)) and cover systems (e.g.. 
membranes, sheets. or coatings) must 
be inspected for uniformity, damage, 
and imperfections teg., holes, cracks, 
thin spots, or foreign materials). Im- 
mediately after construction or instal- 
lation: 

(1) Synthetic liners and covers must 
be inspected to ensure tight seams and 
joints and the absence of tears, PUC- 
tures, or blisters; and 

(2) Soil-based and admixed liners 
and covers must be inspected for im- 
perfections including lenses, cracks, 
channels. root holes, or other structur- 
al non-uniformities that may cause an 
increase in the permeability of the 
liner or cover. 

(b) While a landfill is in operation, i t  
must be inspected weekly and after 
storms to detect evidence of any of the 
following: 

( 1) Deterioration, malfunctions, or 
improper operation of run-on and run- 
off control systems: 

(2) Proper functioning of wind dis- 
persal control systems. where present: 
and 

(3) The Presence of leachate in and 
proper functioning of leachate collec- 
tion and removal systems, where 
present. 

tc)(l) An owner or operator required 
to have a leak detection system under 
0264.301tc) or (d) must record the 
amount of liquids removed from each 
leak detection system sump at least 
once each week during the active life 
and closure period. 

(2) After the f inal  cover is installed. 
the amount of liquids removed from 
each leak detection system sump must 
be recorded at least monthly. If the 
liquid level in the sump stays below 
the pump operating level for two con- 
secutive months, the amount of liquids 
in the sumps must be recorded at least 
quarterly. If the liquid level in the 
sump stays below the pump operating 
level for two consecutive quarters, the 
amount of liquids in the sumps must 
be recorded at least semi-annually. If 
at any time during the post-closure 
care period the pump operating level 
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LEAK DETECTION SYSTEM (LDS) 
ACTION LEAKAGE RATE 

DATA VERIFICATION 
INTRODUCTION 

As described in the calculation procedures package, an analysis of the action leakage rate will be 
performed. In order to perform the analyses described above, the following data is required: 

Jfa IUe refLCfed ih specs. 
k = hydraulic conductivity of the drainage medium = 0.1 c d s  - 
h = head on the bottom liner = 12 in../ -s. ~ k w * 4 \ e  +be (40 CFR §2c4) 

J J a = slope of the LDS = 1.28” (2.24%) (see Figure 1) 

D = leak detection system thickness = 12 in. J do&, ,, j L c k e e s s  c f 9 
L D S  l a y  
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LEACHATE TRANSMISSION SYSTEM (LTS) 
GRAVITY LINE DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the LTS gravity line. This gravity 
line transfers leachate and liquids collected from the On-site Disposal Facility (OSDF) cells to a 
temporary lift station during the active life of the OSDF or to the permanent lift station during later 
stages of the OSDF development and after closure. 

0 METHODS OF ANALYSIS 

0 The LTS gravity line flow capacity was estimated to verify it can handle design flow rates with 
adequate factors of safety. Manning's equation was used to calculate the line flow capacity. This 
capacity was compared to baseline design flow rates for active-operation and post-closure conditions 
and to the storm design basis flow rate. 

Structural stability (i-e., resistance to wall crushing, wall buckling, and excessive ring deflection) of 
the LTS gravity line was also evaluated. 

Soil cover thickness required to protect the LTS gravity line from frost was also estimated. 0 

CONCLUSIONS 

Flow Capacity: 
0 LTS gravity line flow capacity, Q, = 140 gpm J 

Baseline design flow rate during active operations, Q, = 15.8 gpm; 

factor of safety, Q,/Q, = 8.9 > 3 (OK) J 

Baseline design flow rate during post closure, Qpc = 9 . 7 ~  10' gpm; e 0 

factor of safety, Qc/Qpc = 1 .44~10~  >> 10 (OK) J oQ)laz;;G 
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0 Storm design flow rate during active operations, Q, = 80 gpm; 1 
factor of safety, Q,/Q, = 1.75 > 1 (OK) J 

Structural Stability: 
0 

0 

0 

factor of safety against LTS gravity line wall crushing, FS, = 37 (OK) ' 
factor of safety against LTS gravity line wall buckling, FSd = 3 1 (OK) ' 
factor of safety against LTS gravity line excessive ring deflection, FSd = 1, (OK) * 

Frost Protection: 
. 0 Thickness of silty or clayey cover recommended to protect the LTS gravity line fi-om frost = 2 fl f 

0 

0 

Thickness of gravel recommended to protect the LTS gravity line fi-om fi-ost = 3 ft J 

Minimum depth of LTS gravity line below the ground = 8 ft >> 2 to 3 fl (O.K.) 4 
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LEACHATE TRANSMISSION SYSTEM (LTS) 
GRAVITY LINE DESIGN 

CALCULATION PROCEDURES 

INTRODUCTION 

. The purpose of this package is to present the calculation procedures for the LTS gravity line 

design. The LTS gravity line extends between the leachate collection system (LCS) manholes along the 

western boundary of the On-site Disposal Facility (OSDF) and terminates into a lift station as shown in 

Figure 1. During the active life of the OSDF, the LTS gravity line transfers leachate and liquids 

collected fiom the OSDF cells to a temporary lift station. The temporary lift station is a LCS manhole 

which is retrofitted to include pumps and other fittings as appropriate. The locations of temporary lift 

stations will be selected based on the OSDF development needs and schedule. A temporary forcemain 

transfers liquids fiom the temporary lift station to a permanent lift station located south-west of the 

OSDF. During later stages of the OSDF development and after closure, the LTS gravity line will 

transfer flows directly to the permanent lift station. A forcemain will transfer flows fiom the permanent 

lift station to the Advanced Waste Water Treatment (AWWT) facility located at the FERNALD site. 

a 

1 

The LTS gravity line should have adequate capacity to convey design flow rates, should have 

adequate structural resistance to withstand stresses applied on it fiom overburden materials and fiom 

equipment traffic, and should be protected fiom fiost with a soil cover of adequate thickness and 

thermal properties. Methods to perform these evaluations are described below. 

METHODS OF ANALYSIS 

LTS Gravity Line Flow Capacity: 

The LTS gravity line flow capacity will be calculated using Manning’s equation for pipe 

follows: 
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0.66 0.5 
Rh i p  A ,  J 

n Q, = 

where: Q, = pipe flow capacity; Rh = hydraulic radius (defined as the ratio of the flow area to the 

perimeter of the wetted area; for a pipe with a circular cross section flowing full under atmospheric 

pressure, Rh = Bi/4, where Bi is pipe inner diameter); ip = hydraulic gradient (slope of the pipe); Ap = 

cross-sectional area of the pipe (= 71 B: /4); and n = Manning’s roughness coefficient. The Manning’s 

equation assumes steady uniform fully turbulent flow conditions. 

As discussed in the ‘‘Leachate Generation Rates” Calculation Package (LGRCP) and the Design 
Criteria Package (DCP), h e  LTS gravity line must have adequate capacity to convey: (i) the baseline 
design flow rate during active operations with a factor of safety no less than three; (ii) the baseline 

- design flow rate after cell closure with a factor of safety no less than ten; and (iii) the storm design flow 
rate during active cell operations with a factor of safety no less than one. The baseline design flow rates 
are solely a function of the leachate generation rates calculated for the OSDF. Accordingly, baseline 
design flow rates for active-operation and post-closure conditions calculated in the LGRCP will be used 
in this calculation package 

/ 

J 

J 

@ 

The storm design flow rate is a function of: (i) the rate of direct infiltration of storm water runoff 
&om active portions of the OSDF into the LCS of the cell containing the runoe (ii) the mechanical 
flow control systems on the LTS gravity line; (iii) the storage capacity of the permanent lift station; and 
(iv) the capacity of the AWWT facility. Analyses performed in the “Required Cell Leachate Storage” 
Calculation Package indicate that storm water runoff &om active portions of the OSDF are substantial 
and therefore infiltration of this runoff into the LCS pipe and thereafter into the LTS gravity line must 
be regulated through mechanical controls imposed on the LTS gravity line. The rate of flow of the 
impacted runoff into the LCS pipe should be controlled such that: (i) flow in the LTS gravity line 
remains below its capacity under gravity flow conditions (i.e., not under pressure; this flow capacity is 
estimated to be 140 gpm as will be demonstrated in the calculations section of this package); (ii) the 

- volume of flow in the LTS gravity line over a period of one hour does not exceed the storage capacity 
of the permanent lift station in accordance with the DCP (based on the capacity of .a preselected 
permanent lift station of a reasonable size for this type of project, this volume is 4800 gallons and 
therefore the flow rate is 80 gpm); and (iii) the capacity of the AWWT facility ( approximately 200 

@ 
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gpm) is not exceeded. Based on these requirements it is recommended that the maximum flow rate in 
the LTS gravity line (i.e., the storm design flow rate) be 80 gpm. 

f 

LTS Gravity Line Structural Stability: 

Calculations will be performed to ensure the LTS gravity line is able to withstand the loads 

applied on it with an adequate factor of safety. Failure mechanisms that will be checked are: (i) wall 

crushing; (ii) wall buckling; and (iii) excessive ring deflection. Stresses applied on the LTS gravity line 

include stresses due to traffic and stresses due to overburden materials. Plastic pipe can be designed to 

resist failure by the above mechanisms using design methods presented in the technical literature Wni- 

Bell, 1991; Phillips 66, 1988, 1991; and Chevron, 19921. 

The stresses due to traffic are assumed to be applied by a truck with a capacity of 35 tons and a 

wheel load of 20,000 lb when full. The total stress on the pipe is then the sum of the stresses applied by 

the soil layers and the stresses applied by the loaded truck, which can be calculated as described by 

ASCE [ 19791 as follows: 

where: oic = stress on the pipe; yp = average unit weight of the overburden materials; Dp = thickness of 

the overburden materials; B, = outer pipe diameter; C, = load coefficient (Table l), which is a function 

of BJ(2DJ and LiJ(2Dp); P = concentrated load; Fi, = impact factor accounting for dynamic loads; and 

Li, = effective length of pipe, which is arbitrarily defined as follows by ASCE [ 19791: Li, = 3 ft if pipe 

is longer than 3 ft, and Li, = actual pipe length if pipe is shorter than 3 ft. 

Wall Crushing: Wall crushing can occur when the stress in the pipe wall, due to external vertical 

pressure, exceeds the compressive strength of the pipe material. The factor of safety against pipe wall 

crushing may be calculated using the following equation: 

FS,, = J 
a 
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where: FS, = factor of safety against pipe wall crushing; oy = compressive yield strength. of the pipe; 

SDR = standard dimension ratio of the pipe; and a,, = maximum stress applied to the pipe. 

Wall Buckling: Wall buckling, a longitudinal wrinkling in the pipe wall, can occur when the 

external vertical pressure exceeds the critical buckling pressure of the pipehedding aggregate system. 

The factor of safety against pipe wall buckling may be calculated using the following equation: 
112 &&: PWUIPS bb C1-Q mu- 

(4) J 
1.2 E’E O P D f I l U  F** 

FS, =-[ ] W i j j  To K\SVY 
WD5IDGHEsrJ -  

0, (sDR)3 

where: FS, = factor of safety against pipe wall buckling; a,, = maximum stress applied to the pipe; 

E’ = modulus of soil reaction for pipe bedding; E = modulus of elasticity of the pipe material; and SDR 
= standard dimension ratio of the pipe. 

Excessive Ring Deflection: Ring deflection is the change in vertical diameter of the pipe as the 

pipehedding aggregate system deforms under the external vertical pressure. The actual ring deflection 

of the pipe must be less than the allowable ring deflection of the pipe. The factor of safety against 

excessive ring deflection may be calculated using the following equation: 

0 

where: AR = allowable ring deflection in percdt; E’ = modulus of soil reaction for pipe bedding; and 

ornu = maximum stress applied to the pipe. The allowable ring deflection of the pipe will be obtained 

from the manufacturers and technical literature. 

LTS Gravitv Line Frost Protection: 

Analyses included in the “Liner System Frost Protection” Calculations Package are applicable to 

the LTS gravity line. In that package, estimates were made of the minimum thickness of protective soil 

needed to provide frost protection of the clay liner. Recommendations were made that a 2-ft thick layer ,/ 
of a clayey or silty material or a 3-ft thick layer of gravel is adequate to provide frost protection. These 

a 
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recommendations will also be used for the LTS gravity line. Because the LTS gravity line will be at 

least 8 ft below the ground surface, the line is adequately protected from frost. Therefore, no additional f 

calculations will be performed in this package. 
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LEACHATE TRANSMISSION SYSTEM (LTS) 

GRAVITY LINE DESIGN 

DATA VERIFICATION 

The LTS gravity line is a dual containment pipe with the inner pipe being a 6-in. diameter 
HDPE SDR-11 pipe and the outer pipe being a 10-in. diameter HDPE SDR-11 pipe. The flow capacity J 
of the inner pipe will be calculated in accordance with the methods described in the Calculation 
Procedures section of this package. 

The characteristics of the 6-in. diameter inner.pipe required to do this calculation are as follows: 

b 

inner diameter, Bi = 5.421 in. 
hydraulic radius, Rh = Bi / 4 = 1.36 in. (0.0345 m) ‘ 
cross-sectional area, Ap = nB: / 4 = 23.1 in2 (1.5~1 0-2 m2) 
hydraulic gradient, ip = 0.286’ (0.5%) (taken as the minimum slope along the entire length of the 
gravity line as shown in Figure 1 of the Calculation Procedures section of this package which is J 
conservative) 
Manning’s roughness coefficient, n = 0.013 s/m0-33 (conservative for smooth HDPE pipe; a value 09 
0.009 is ofim used). 
Baseline design flow rate during active operations, Q, = 22,803 gpd =15.8 gpm (fiom “Leachate 4 

Generation Rates” Calculation Package) 
Baseline design flow rate during post closure, Qpc = 1.4 gpd = 9 . 7 ~  lo4 gpm (from “Leachate/ 
Generation Rates” Calculation Package) 
Storm design flow rate during active operations, Qs = 80 gpm 4 

The characteristics of the 10-in. diameter outer pipe and other parameters to be used in the 
structural stability calculations are as follows: 

outer diameter, B, = 10.75 in. (0.896 A) J 

wall thickness, t = 0.977 in. 4 0 
effective length of pipe, Li, = 3 A (1 m) 
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average unit weight of overburden materials, y, =125 pcf (conservative assumption for compacted,/ 
backfill material) 
maximum thickness of overburden materials, Dp = 8 ft (fiom Drawing G33 of the Intermediated 
Design Drawings, February 1996) 
load coefficient C, = 0.015 (fiom Table 1 of Procedures section for Lic / (2 D,) = 3 ft / (2 x 8 ft) = 

0.1875 and B, / (2 D,) = 0.896 fi / (2 x 8 Et) = 0.056)J 
concentrated load, P = 20,000 lb (90 kN) (assumed based on truck with a capacity of 35 tons and a 
wheel load of 20,000 lb when full) 4 

impact factor accounting for dynamic loads, Fic = 1.5 [ASCE, 1979; see Calculations Procedures 
section of this package for reference] J 

modulus of elasticity of pipe, E = 2.74 x lo6 psf ( 1 . 3 1 ~ 1 0 ~  kPa) as estimated fiom a manufacturer’s 
literature Phillips 66, 1988, 19911 J 

compressive yield strength of pipe, o,, = 216,000 psf (10,346 kPa) as estimated fiom a 
manufacturer’s literature [Phillips 66, 1988, 19911 J 

allowable ring deflection of SDR-11 pipe used for gravity flow, AR = 2.7 percent as estimated fiom 
a manufacturer’s literature [Phillips 66, 1988, 19911 
modulus of soil reaction for pipe bedding, E’ = 432,000 psf (20,560 kPa) J 

. 
J 

f 

a 
. 
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LEACHATE TRANSMISSION SYSTEM (LTS) 

TEMPORARY FORCEMAIN DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

. The purpose of this analysis is to evaluate the performance of the LTS temporary forcemain. 
This temporary forcemain transfers leachate and liquids from the temporary lift station to the permanent 
lift station during the active life of the OSDF. 

METHODS OF ANALYSIS 

0 The LTS temporary forcemain resistance to rupture due to hydraulic pressure was evaluated. 
e 

0 Structural stability (;.e., resistance to wall crushing, wall buckling, and excessive ring deflection) of 
the LTS temporary forcemain was also evaluated. 

Soil cover thickness required to protect the LTS temporary forcemain fiom fiost was also estimated. 0 

CONCLUSIONS 
Hydraulic Pressure: 
0 

Structural Stabilitv: 
factor of safety against LTS temporary forcemain hydraulic rupture, FSh, = 8.7 (OK) ’ 

0 

0 

0 

Frost Protection: 

factor of safety against LTS temporary forcemain wall crushing, FS, = 25.7 (OK) 
factor of safety against LTS temporary forcemain wall buckling, FS, = 21.3 (OK) 
factor of safety against LTS temporary forcemain excessive ring deflection, FSd = 6.9 (OK) 

0 Thickness of silty or clayey cover recommended to protect the LTS temporary forcemain fiom fiost 
= 2 f t r ’  

Thickness of gravel recommended to protect the LTS temporary forcemain fiom fi-ost = 3 ft r/ 
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LEACHATE TRANSMISSION SYSTEM (LTS) 
TEMPORARY FORCEMAIN DESIGN 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for the LTS temporary 

forcemain design. The LTS temporary forcemain transfers liquids fiom the temporary lift station to the 

permanent lift station located south-west of the OSDF as shown in Figure 1. During later stages of the 

OSDF development and after closure, the LTS temporary forcemain will no longer be needed. The LTS 

gravity line will then transfer flows directly to the permanent lift station. * 
The LTS temporary forcemain should have adequate strength to resist rupture due to hydraulic 

pressure, should have adequate structural resistance to withstand stresses applied on it fiom overburden J 

materials and fiom equipment traffic, and should be protected fiom fiost with a soil cover of adequate 

thickness and thermal properties. Methods to perform these evaluations are described below. 

METHODS OF ANALYSIS 

LTS Temporary forcemain Hvdraulic Pressure: 

The LTS temporary forcemain resistance to hydraulic rupture will be calculated using the 

following equation: 

2. Prating 
P h  

FShr = 

where: FShr = factor of safety against hydraulic rupture; Phg = pressure rating of the forcemain pipe 

material which incorporates a factor of safety of 2, and P h  = hydraulic pressure in the forcemain (taken 

as the hydraulic head provided by the pumps multiplied by the unit weight of leachate, hh yJ. 
@ 
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LTS Temporaw - Forcemain Structural Stability: 

Calculations will be performed to ensure the LTS temporary forcemain is able to withstand the 

loads applied on it with an adequate factor of safety. Failure mechanisms that will be checked are: (i) 

wall crushing; (ii) wall buckling; and (iii) excessive ring deflection. Stresses applied on the LTS 

temporary forcemain include stresses due to traffic and stresses due to overburden materials. Plastic . 

pipe can be designed to resist failure by the above mechanisms using design methods presented in the 

technical literature [Uni-Bell, 1991; Phillips 66, 1988, 1991; and Chevron, 19921.' 

1 
J / 

The stresses due to traffic are assumed to be applied by a truck with a capacity of 35 tons and a 

wheel load of 20,000 lb when full. The total stress on the pipe is then the sum of the stresses applied by 

the soil layers and the stresses applied by the loaded truck, which can be calculated as described by 

@ ASCE [1979] as follows: 

where: oiC = stress on the pipe; y, = average unit weight of the overburden materials; D, = thickness of 

the overburden materials; B, = outer pipe diameter; C, = load coefficient (Table l), which is a function 

of Bc/(2D,) and LiJ(2Dp); P = concentrated load; Fi, = impact factor accounting for dynamic loads; and 

Li, = effective length of pipe, which is arbitrarily defined as follows by ASCE [1979]: Li, = 3 ft if pipe 

is longer than 3 ft, and Li, = actual pipe length if pipe is shorter than 3 ft. 4 

Wall Crushing: Wall crushing can occur when the stress in the pipe wall, due to external vertical 

pressure, exceeds the compressive strength of the pipe material. The factor of safety against pipe wall 

crushing may be calculated using the following equation: 

where: FS,, = factor of safety against pipe wall crushing; ay = compressive yield strength 

SDR = standard dimension ratio of the pipe; and am= = maximum stress applied to the pipe. * 
001263'7 

. .  

(3) 

of the pipe; 
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Wall Buckling;: Wall buckling, a longitudinal wrinkling in the pipe wall, can occur when the 

external vertical pressure exceeds the critical buckling pressure of the pipebedding aggregate system. 

The factor of safety against pipe wall buckling may be calculated using the following equation: ,,* uo=: PWU.\pS CC (l9S1) APPtZC6 pd 
t4DDRc-L -Torr. 64- 

where: FSwb = factor of safety against pipe wall buckling; om, = maximum stress applied to the pipe; 

E’ = modulus of soil reaction for pipe bedding; E = modulus of elasticity of the pipe material; and SDR 

= standard dimension ratio of the pipe. 

Excessive Ring Deflection: Ring deflection is the change in vertical diameter of the pipe as the 

pipebedding aggregate system deforms under the external vertical pressure. The actual ring deflection 

of the pipe must be less than the allowable ring deflection of the pipe. The factor of safety against 

excessive ring deflection may be calculated using the following equation: 

. 

@ 

/ 
where: AR = allowable ring deflection in percent; E’ = modulus of soil reaction for pipe bedding; and 

om% = maximum stress applied to the pipe. The allowable ring deflection of the pipe will be obtained 

fi-om the manufacturers and technical literature. 

LTS Temporarv Forcemain Frost Protection: 

Analyses included in the “Liner System Frost Protection” Calculations Package are 

applicable to the LTS temporary forcemain. In that package, estimates were made of the minimum 

thickness of protective soil needed to provide fiost protection of the clay liner. Recommendations were 

made that a 2-Et thick layer of a clayey or silty material or a 3-ft thick layer of gravel is adequate to 

provide frost protection. These recommendations will also be used for the LTS temporary forcemain. 

No additional calculations will be performed in this package. 

/ / 

0 
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LEACHATE TRANSMISSION SYSTEM (LTS) 
TEMPORARY FORCEMAIN DESIGN 

DATA VERIFICATION 

Y 
The LTS temporary forcemain is a dual containment pipe with the inner pipe being a 3-in. 

diameter HDPE SDR-11 pipe and the outer pipe being a 8411. diameter HDPE SDR-11 pipe. The 

ability of both inner and outer pipes to resist hydraulic rupture and the ability of the outer pipe to resist 
structural stresses from traffic and overburden materials will be calculated in accordance with the 
methods described in the Calculation Procedures section of this package. 

J 

The data required to do the hydraulic pressure calculations are as follows: 

J 0 - 0 hydraulic head provided by the LTS temporary lift station pumps, hh = 85 ft (see “Temporary Lift 
Station and Manhole Design” Calculation Package) 

unit weight of leachate, yl = 62.4 pcf 

pressure rating of the pipes, Phg = 160 psi (for all SDR 11 HDPE pipes, from Plexco Product 
Literature) 

0 

0 
4 

The characteristics of the %in. diameter outer pipe and other parameters to be used in the 
structural stability calculations are as follows: 

J 

1 
outer diameter, B, = 8.625 in. (0.719 A) 
wall thickness, t = 0.784 in. 
effective length of pipe, Li, = 3 ft (1 m) ‘ 
average unit weight of overburden materials, yp =125 pcf (conservative assumption for compacted 
backfill material) 
thickness of overburden materials, Dp = 3 fi (selected to provide enough fiost protection of the 

forcemain) 
load coefficient C, = 0.094 (from Table 1 of Procedures section for Li, / (2 Dp) = 3 ft / (2 x 3 ft) = 

0.5, and B, / (2 Dp) = 0.719 A / (2 x 3 ft) = 0.12) 

f 

d 

- 4  4 

O 0 1 Z Q 1  0 
/ 
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concentrated load, P = 20,000 lb (90 
wheel load of 20,000 lb when full) ’ 
impact factor accounting for dynamic loads, Fi, = 1.5 [ASCE, 1979; see Calculations Procedures 

section of this package for reference] ’ 
modulus of elasticity of pipe, E = 2.74 x lo6 psf (1 .31~10~ kPa) as estimated from a manufacturer’s 
literature [Phillips 66, 1988, 19911 ‘ 
compressive yield strength of pipe, oy = 216,000 psf (10,346 kPa) as estimated from a 
manufacturer’s literature [Phillips 66, 1988, 19911 (f 

allowable ring deflection of SDR-11 pipe used for gravity flow, AR = 2.7 percent as estimated from 
a manufacturer’s literature [Phillips 66, 1988, 19911 r/ 
modulus of soil reaction for pipe bedding, E’ = 432,000 psf (20,560 kPa) ‘ 

(assumed based on truck with a capacity of 35 tons and a 
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LTS TEMPORARY LIFT STATION AND MANHOLE DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to perform the required calculations for the design of 
the Leachate Transmission System (LTS) temporary lift station and the Leachate Collection System 
(LCS) and Leak Detection System (LDS) manholes. The system is designed for optimal perfomance at 
the baseline design basis flow rate during active operations. The system is designed to handle, when 
required, the storm design basis flow rate. The storm design basis flow rate is addressed in Calculation 
Package “LTS Gravity Line Flow Capacity” and Calculation Package “LTS Pipe Hydrogaph.” 

METHODS OF ANALYSIS 

The calculations required for the design of the above components are: 

0 the LTS temporary lift station pump design requirements were estimated including flow 
capacity, and hydraulic head. The fieqency of pump starts was also estimated; 

0 the LTS temporary lift station was checked to ensure an adequate factor of safety against 
hydrostatic rupture of the intake; 

0 hydrostatic uplift of the LTS temporary lift station and the LCS and LDS manholes was 
checked to ensure an adequate the factor of safety against uplift; and 

0 the structural stability of the LTS temporary lift station and the LCS and LDS manholes 
was checked to ensure adequate factors of safety against radial circumferential crush 
strength, constrained radial buckling, axial stress, and axial buckling. The structural 
stability of the concrete covers and anchor rings for the temporary lift station and 
manholes was evaluated to ensure adequate strength. 

CONCLUSIONS 

LTS Temporary Lifr Station Pump Design Requirements 

a Flow Capacity = 80 gpm 

0 Hydraulic Head = 100 ft 

0 Pumps Starts for baseline design basis flow rate = 2 per hour 
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LTS Temporary Lifr Station Pipe Hy&aulic Pressure 

a The calculated factor of safety is 38. This factor of safety exceeds the minimum 
required factor of safety of 2.0. J 

LTS Temporary Lip Station and LCS andLDSManholes Uplip 
J 

a The calculated minimum factor of safety is 1.9. This factor of safety exceeds the 
minimum required factor of safety of 1.4. J 

LTS Temporary Lift Station and LCS and LDSManholes Structural Design 

FS radial circumferential crush strength = 8.1 > 2.0 (OK.) d 
a 

a 

FS constrained radial buckling resistance = 3.0 > 2.0 (OK.) 1 
FS axial stress = 23.6 > 2.0 (OK) J 

FS axial buckling = 4.9 > 2.0 (OK) / 

a Concrete Structural Analysis 
%L 2 b,1t7 

The reinforcement schedules are presented in Figures 1 tkemgk4 on pages 
of the Analysis Results section of this Calculation Package. 

/ 
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LTS TEMPORARY LIFT STATION AND MANHOLE DESIGN 

DESCRIPTION OF SYSTEM: 

The LCS and LDS manholes are located to the west of each cell of the OSDF. The function of 
each LCS manhole is to provide acces to the connection between the two LCS collector pipes from 
each cell and the LDS pipe from the LDS manhole to the Leachate Transmission System (LTS) gravity 
line. The LDS manhole is provides access to the LDS pipe to allow for the monitoring of liquid 
generated from the leak detection layer of the OSDF. The LCS manhole for Cell 3 will serve as a 
temporary lift station during some period of construction of the OSDF. The LCS manhole will contain 
the inlet for the temporary lift station. The temporary lift station will contain pumps that will serve to 
deliver liquid to the permanent lift station through the temporary LTS force main. It is noted that other 
LCS manholes may also be used as temporary lift staions as required by the actual construction 
sequence. 

The manholes will be constructed o f  high density polyethylene (IDPE) with a Class 100 wall 
thickness rating. Each manhole, both LCS and LDS, is approximately 7 ft (2.1 m) in diameter and 
approximately 9.5 ft (2.9 m) in height. Each manhole has a flange around the circumference of the base 
which extends approximately 12 in. (305 mm) beyond the outside diameter of the manhole. The 
manholes will be placed on a granular foundation and concrete antifloatation anchors will be placed 
above the base flange. The area around the manhole will be backfilled at least 3.5 ft (1.1 m) from the 
outside of the manhole with embedment fill and compacted to approximately 90% Relative Density 
(ASTM D 4253). A concrete cover will be placed over each pair @e., LCS and LDS) of manholes. A 
plan view of the manhole system is presented in Figure 1. 

e 

CALCULATION PROCEDURE 

ORGANIZATION 

0 LTS Temporary Lift Station Pump Design Requirements 

LTS Temporary Lift Station Pipe Hydraulic Pressure 0 

0 LTS Temporary Lift Station and Manhole Hydrostatic Uplift 

0 LTS Temporary Lift Station and Manhole Structural Design 

Structural Concrete Design for the Cover and Anchor Ring 0 

081320 



. r: " 2 5 3  
GEOSYNTEC CONSULTANTS Page -of z x  

pb6 g6/3/?5 

I \ 
I I 

I '  

SOURCE 60% h I G N  



GEOSYNTEC CONSULTANTS p , w  4 4  km PAGE 3 O F ~ Y  
Written by: BRIAN D. JACOBSON Date: 4 / 7-1 4 

client: FERMCO Project: FJZRNALD OSDF ProjedPropasaINo.: GE3900 Task No.: 8.6 

Date: %/Or / y Reviewed by: c #% 

RB q G / 3 / z <  
0 

LTS TEMPORARY LIFI' STATION PUMP DESIGN REQUIREMENTS 
CALCULATION PROCEDURE 

PURPOSE OF ANALYSIS 
\irk 

The LTS temporary list station will deliver leachate and impacted material runoff to the permanent 
lift station. The two pumps at the temporary list station must each be capable of delivering the storm 
design basis flow rate to the permanent lift station via the temporary forcemain. To select the appropriate 
pump to deliver the design flow, the head losses expected in the system must be calculated. 

J 

METHOD OF ANALYSIS 

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

e the configuraton of the system is presented in Figures 2 and 3; 

e each of the two pumps should have a capacity which (i) exceeds the baseline design basis 
flow rate during active operations by a factor of safety of 3 and (ii) which equals or exceeds 
the storm design basis flow rate. The pumps must supply the pressure head required to 
overcome the elevation head difference between the temporary lift station and the permanent 
lift station, and the frictional losses along the length of the pipe; 

the pressure head required from the pump is calculated using the consewation of energy 
equation as follows: 

where: 

21 

P1 = pressure at Point 1; 
Y = unit weight of leachate; 

= elevation at Point 1, measured from a reference point; 

Vl = velocity at Point 1; 
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g = acceleration due to gravity; 
&, P2, V2 are defined similar to Z,, P,, and VI; 
Hp = pressure head provided by the pump; and 
Ch,,., = summation of frictional head losses between Point 1 and Point 2. 

The velocity and pressure terns can be neglected because the velocities are negligible and both 
locations are at atmospheric pressure and the terms, therefore, cancel. Thus, Equation 1 can be reduced 
and rearranged as follows: L 

The friction head loss in this system is caused by (using the longest path): ( b * h e c . t  

- (1) 2" - abrupt inlet 
- (1) 2" - check valve 
- (4) 2" - 90" ell 

- (1) 1 1/2" - globe valve 
- (1) 1 1/2" - check valve 

- (1) 1 1/2" - 90" ell 
- (1) 1 1/2" x 2" expansion 

'l 

J '4 pi. t 2) 

- (1) 2" - tee - branch 

- (1) 1-1/2" - tee - branch 

- (1) 2" - flow meter 
- (1) 2" - ball valve 
- (1) 2" x 3" expansion 
- (2) 2" union 
- (2) 2" gate valve 
- (1) 3" - tee - line 
- (3) 3" - 90" ell 
- 1 ft  of 1 1/2" pipe (friction loss is neglected 
- 30 ft  of 2" pipe 
- 2,800 fi of 3" pipe 

To estimate the losses from the above components product literature was used when available, 
otherwise, Hydraulic Institute standard tables were used. - 

e the friction loss in the fittings was calculated using the following formulas; 

GE39OO-8.6/2/F9630 124 
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where: 

hL,P = head loss in fittings, (ft); 
Q = required flow rate through fitting, (gpm); 
sg = specific gravity of fluid, (dimensionless); 
CV = measured constant by manufacturer; 
Y = unit weight of fluid, (lb/P); and 
P V  = pressure loss across fitting at given flowrate, (psi). 

or 

where: 
hLfi-s = head loss in fittings, (ft); 
kfi-, = loss coefficient for each types of fitting, (dimensionless); 
V 

g = gravitational acceleration, (ft/sec2). 

= average velocity of flow in fitting based on required flow rate, (ft/sec); 
and 

0 the friction loss in the pipe is calculated using the Darcy-Weisbach equation; 

where: 

h,,,, = friction head loss in pipe, (ft); 
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f = friction factor = function of Reynolds number (Re), and relative 

roughness of pipe, (21, (dimensionless), (see Figure 4); 

VD Re = - 
Y 

L = length of pipe, (ft); 
D = inside diameter of pipe, (ft); 

V 
A 

V = kinematic viscosity of liquid, (ft?/sec); 
Q = required flow rate, (Pis); 

A = area of pipe = f (fi?); and 

K* = equivalent sand roughness of pipe, (ft). 

= average velocity of flow in pipe = 9, (ft/sec); 

4 

PUMP STARTS 

The time between pump starts was calculated for the baseline design basis flow rate as follows: 

where: 

V, = 
I = baseline design basis liquid flow rate; 
F T  = t h e  required to fill lift station; and 
2 

storage volume between pump off and pump on levels; 

= number of pumps at the lift station (pumps alternate). 

The storage volume, Vu, consists of volume in the LTS gravity line and in the intake. The latter 
will be neglected. The volume stored in the LTS gravity line is shown in Figure 5. 
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FIGURE 5 
LTS GRAVITY LINE 

x l x  
4 2 4  

= - ZD2 Lp + - - ID2 LpF 

J or 
'Tc - 4 ZD2 (LF + f L )  

where: 

Vu = 
Lp = length of pipe completely filed; and 

volume stored between pump off and pump on level; 

LpF = length of pipe partially filled. i/ 
and 

DP - L p = -  12) LPF = - 
S S J 

Q 

(9) 

where: . / 
= difference between pump on and bottom of LTS gravity line elevation; and DP 

S = slope of LTS gravity line. 0 0 1.2 2.3 J 
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LTS TEMPORARY LIFT STATION PIPE HYDRAULIC PRESSURE 

CALCULATION PROCEDURE 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to estimate the factor of safety against hydrostatic rupture of the 
intake at the temporary lift station. The maximum hydrostatic pressure is caused by impacted runoff 
(leachate) from the 25-yr, 24-hr storm event stored in the temporary storage basin of the cell. 

METHOD OF ANALYSIS 

The following procedure was used to calculate the hydrostatic pressure. 

0 the maximum elevation of the stored impacted runoff was evaluated for the 25-year, 24-hour 
storm event (see Figure 5A); a 

0 the elevation of the base of the intake inside of the LCS manhole was determined and the 
pressure at the base was evaluated using the following formula: 

where: 

P" = pressure inside intake, (psi); 
YL = unit weight of runoff, (lb/fl?); 
hp elevation of runoff stored in Cell 1 after the 25-year, 24-hour storm 

event, (ft); and 
hL elevation of the bottom of the intake inside of the LCS manhole, (ft). 

= 

= 

0 the rated pressure of the intake was divided by the calculated pressure to determine the factor 
of safety as follows: 

A 
_.- I 
.L GE3900-8,6/7/F9630124 
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W?,Itc 

where: 

Pmd = 

P" = calculated hydrostatic pressure; and 
2 = correction for built-in factor of safety of 2. 

pressure rating of the intake (which incorporates a factor of safety of 
2); 

INTERPRETATION OF RESULTS 

The calculated factor of safety will be compared to the industry standard factor of safety of 2.0. 
If the factor of safety exceeds 2, then the design is acceptable. 
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LTS TEMPORARY LIFT STATION AND MANHOLE HYDROSTATIC UPLIFT 

CAECULATIONS PROCEDURE 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to estimate the factor of safety against hydrostatic uplift of 
the LTS temporary lift station and the LCS and LDS manholes, all of which are similar in 
dimensions and design (See Figure 6). This uplift is caused by the perched ground water table in 
the till layer below the ground surface. The uplift will be evaluated at the manhole with the 
highest perched water table. 

METHOD OF ANALYSIS 

The factor of safety against hydrostatic uplift will be calculated utilizing the following 

Where: 

FS,W = 

Fu = sum of all upward forces 

factor of safety against hydrostatic uplift 
sum of all downward forces - - 

Fd 

The forces acting on the manhole and concrete anchor ring are defined as presented in Figure 7. 

J W, = weight of HDPE manhole (negligible, assume zero, conservative) 
W2 = weight of concrete anchor ring 

Where: 
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% =E[(OD+2LJ2 4 -OD2]T,y, (14) 

Where: 
OD = outside diameter of manhole, (ft); 
L C  

T C  = thickness of the concrete anchor ring, (ft); and 
'ysc = unit weight of saturated concrete, (lb/ft3). 

- - length of the concrete anchor ring, (ft); 

W3 = weight of embedment fill above concrete anchor ring 

W, =-[(OD+2LC)' 7r -OD2 Kgy, +T,y,) J 
4 

Where: 
= 
= 

thickness of the saturated embedment fill, (ft); 
unit weight of saturated embedment fill, (lb/fi3) 

unit weight of dry embedment fill, (lb/ft3) 

T, 
'y% 

Ydg 

Tdg = thickness of the dry embedment fill, (fi); and J 
= 

W, = weight of concrete cover. In order to minimize the axial stress applied to the 
manhole, lhe weight of the concrete cover will not be accounted for to resist 
uplift. Therefore, for this analysis, W, is assumed zero. 

fiction resistance along the potential failure surface in the embedment fill. To be 
conservative, assume potential failure surface extends from the outside perimeter 
of the concrete ring vertically to the ground surface / 

J 
t,cbecr- 5 t - -ih) 

F = 

Where: 

= 

bg = 
oHSg = 

Asp = 
4 = 

average horizontal stress in dry embedment fill, (See Fig 7); 
area of potential failure surface in dry embedment fill; 
average horizontal stress in saturated embedment fill, (See Fig 7); 
area of potential failure surface in saterated embedment fill; and 
angle of internal fiction of embedment fill, (deg). J 

J 
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with 

A, = a(OD+2Lc)T, / 

Where: 

K , =  active earth pressure coefficient = (1-sin 4)/(1+sin$) ' 
(conservative to use active E.P coefficient, Ka. Actual lateral pressures 
may be closer to at-rest conditions); ,/ 
angle of internal fiction of embedment fill, (deg) 
outside diameter of manhole, (ft); 
length of the concrete anchor ring, (ft); 
thickness of dry embedment fill, (fi); 
thickness of concrete cover, (ft); 
unit weight of dry concrete, (1b/fi3); 
unit weight of dry embedment fill, (lb/ft3); 
thickness of saturated embedment fill, (ft); 
unit weight of saturated embedment fill, (lb/ft3); and 
unit weight of water, (1b/ft3). / 

/ 
The total uplift force (i-e., bouyant force) is defined by the following equation: 

F, = y h z (OD+2L,)z  / (17) 
" 4  

Where: 
YW = unit weight of water, (lb/ft3); and 

height of water above manhole base, (ft). - - h W  
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LTS TEMPORARY LIFT STATION AND LCS AND LDS MANHOLE 
STRUCTURAL DESIGN CALCULATION PROCEDURES 

Structural analyses will be performed to estimate: (i) radial circumferential crush strength, (ii) 
constrained buckling resistance, (iii) axial crush strength, and (iv) axial buckling resistance for the LTS 
Temporary Lift Station and the LCS and LDS manholes. The calculated stress for each failure mode is 
compared to the maximum allowable stress to determine a factor of safety. 

SURCHARGE LOAD OF CONCRETE COVER 

The concrete cover will be designed to transfer all of the load fiom the cover to the soil 
surrounding the manhole to avoid placing an additional axial load on the manhole. However, a portion 
of the load fiom the cover will be transfered to the sidewalls of the manhole. 

Calculate weight of cover based on geometry presented in Figures 1 and 6. 

w, = L w c Y c  

Where: 

Wc = weight of concrete cover, (lb); 
L - - length of cover, (fi); 
W = width of cover, (ft); 
Tcc = thickness of cover except over manholes, (fi); and 
f i  = unit weight of concrete, (lb/fi3). 

Note: The effect of hatch openings has been neglected. / 



c 
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Calculate area of soil bearing the load 

A, = LW-(2:(OD)') (19) J 

Where: 

A, = area of soil bearing the load, (ft2); 

W = width of cover, (ft); 
OD = outside diameter of manhole, (ft); and 
2 

L = length of cover, (ft); / 

= accounts for both LCS and LDS manhole plan area. J 

Calculate the surcharge load on the soil 

Where: 

PI3 = surcharge load on the soil, (lb/ft2); 
W, = weight of concrete cover, (lb); and 
A, = area of soil bearing the load, (ft2). / 



~ e - 2 5 3  
21 3 Y  

'a, - 
GEOSYNTEC CONSULTANTS  MA^ 4 L / ~ / Z S  Page -of 

Written By : BRIAN D. JACOBSON Date: 9b!oJ/Zy Reviewed by: rcs Date: 4 / < / ? L  

client: FERMCO Project: FERNALDOSDF Project/F'roposal No.: GE3900 TaskNo.: 8.6 

R4 4 b / 3 / t t e  

RADIAL EARTH PRESSURE 

The maximum radial earth pressure resulting from embedment fill and groundwater acting 
radially on the manhole may be estimated using the following equation suggested by Gartung, Pruhs, 
and Hoch [ 19891 and modified to account for the surcharge load applied by the concrete cover. 

Where: 

maximum radial earth pressure, (psi); 
surcharge on soil by concrete cover, (lb/fi*); J LL+ *.fie bpsc ';f 
earth pressure coefficient, (dimensionless); 1 

Tk ncLnC\c?(c J 

factor to account for the potential ovality of the manhole, (dimensionless); J 
thickness of dry embedment fill, & J 
unit weight of dry embedment fill, (pcf); 
thickness of saturated embedment fill, (fi); 
unit weight of saturated embedment fill, (pcf); 
unit weight of water, (pcf); and 
depth below water table, (e). J 

ALLOWABLE RADIAL CIRCUMFERENTIAL CRUSH STRENGTH 

The allowable radial cirumferential crush strength of the riser should be greater than the radial 
earth pressure placed upon the wall of the riser. The factor of safety with respect to radial 
circumferencial crush strength is presented below. 

A formula, as suggested by Watkins, Szpak, and Allman [ 19741 for the radial cirumferencial 
crush strength is presented below: 

(23) 
2ACx il P, =- 
OD 

Where: 

pc = radial circumferential crush strength, (psi); J cs = allowable long-term compressive strength, (psi); 
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A = cross-sectional area of riser, (in.2/in.); and 
OD = outside diameter of riser, (in.). J 

The long-term allowable compressive stress (CJ of the riser material at a given temperature (7)  
is calculated using the following equation recommended in the PLEXCO Manhole Technical Reference 
[1996]: 

2000 - 12.012(T- 73.4) c* = -. (24) N 

Where: 

CS = 
T = operating temperature, @); and 
N = 

allowable long-term compressive strength at temperature (T), (psi); J 

safety factor (taken as 1 so that individual factors of safety could 
be calculated during subsequent calculations). J 
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ALLOWABLE CONSTRAINED RADIAL BUCKLING RESISTANCE 

The allowable constrained radial buckling resistance of the riser must exceed the radial earth 
pressure imposed upon the riser by an appropriate factor of safety. The factor of safety with respect to 
constrained radial buckling is presented below. 

A formula suggested by Cagle and Glassock [1982] is presented below: 

Where: 

allowable constrained radial buckling pressure, (psi); 
buoyancy reduction factor (1-0.33 hJh for hw< h) ; 

depth below water table, (ft); 
depth of burial, (ft); 
modulus of soil reaction, (psi); 
modulus of elasticity of riser material, (psi); 
moment of inertia of wall section, (i~~.~/in.); 
mean diameter of riser (ID + 22); 
riser inside diameter. (in.); and 
centroid of wall section, (in.). 

<' 

J 
1/( 1 ); 

/ 

J 

The long-term modulus of elasticity (E) at a given temperature is calculated using the following 
equation developed by Lytton and Chua [1985]: 

- 

Where: 

E = 
T = operating temperature, 0); and 
tm = duration of load, (hours). 

/ 

elastic modulus of HDPE at temperature (2") and loading duration (tm), (psi); 

7 # > 6 >  001 -2 0 Ad 
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AXIAL DOWNDIUG LOAD 

The axial downdrag load resulting from negative skin friction between the HDPE riser and the 
surrounding embedment fill can be calculated using the following procedures suggested by Bowles 
[1982]: 

An estimate of the radial earth pressure can be made using the following formula. It is 
conservative to assume dry conditions as this will give the maximum effective radial pressure. 

Where: 

p R d v  = radial earth pressure, (ps f ) ;  
1.21 = 
h = depth of burial, (ft); 
Y'ds = unit weight of dry embedmet fill, (pcf); and 

factor to account for the potential ovality of the manhole. (dimensionless); 

K = earth pressure coefficient, (dimensionless). J 

The estimated radial earth pressure is used to determine the average shear stress. 

Ta = p8(%) / (29) 

Where: 

T a  = average shear (frictional) stress, (ps f ) ;  and 
= coefficient of friction between riser and embedment fill, (dimensionless). 

The axial downdrag load is calculated based on the average shear stress and the geometry of the 
manhole. i / ~ ~ ~ r ~ ~ r ~ ~ t e  t. U ~ Q  y v w -  ~ k r  ~ * s s  J 

Pd =z(OD)T,h L/ (30) 

3 

Where: 

pd = downdrag load, (lb); and 
OD = outside diameter, (ft). / 
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ALLOWABLE AXIAL STRESS 

The allowable axial stress should not exceed the allowable long-term compressive stress of the 
material including a factor of safety. The factor of safety with respect to axial stress is presented below. 

The stress resulting from the downdrag load is presented in the following equation. 

Where: 

omia1 = axial stress in riser wall, (psi); 
p d  = downdrag load, (lb); 
D m  
A = riser cross-sectional area, (in. /in.). 

= mean diameter, (ID + 2z), (in.); and J 
2 
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AXIAL BUCKLING 

The axial stress should not exceed the stress at which axial buckling occurs including a factor of 
safety. The factor of safety with respect to axial stress is presented below. 

The axial stress at which axial buckling occurs can be calculated using a formula suggested by 
Roark and Young [1975]. 

Where: 

c&&1e = 
E = modulus of elasticity of riser material, (psi); 
I = moment of inertia ofriser wall section, (in?/in.>; 
D m  = mean diameter, (ID + 2z), (in.); 
ID = riser inside diameter. (in.); and 

stress level in the riser at which buckling occurs, (psi); e 
z = centroid of wall section, (in.). / 
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TEMPORARY LIFI' STATION MANHOLE COVER SLAB 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedure to design the manhole cover slab 
for the temporary lift station. The cover slab, manhole dimensions, and ground water level are shown in 
Figure 6 

METHOD OF ANALYSIS 

As shown in Figure No. / , the cover slab outside the manhole areas is supported by the ground 
beneath the slab (Areas A and B); and, the cover slab inside the manhole area (Area C) is self-supported, 
to eliminate any load transferred to the manhole HDPE cover located immediately beneath the manhole 
cover slab. Therefore, the slab on areas A and B will be analyzed as totally supported and on area C as 
self-supported, following the requirements set forth in the ACI 318-89 building code. 

Cover Slab Outside of Manhole Area 

The slab is analyzed as totally supported. Since differential settlement is considered to be minimum, 
flexural stress is also minimum. The ACI 318-89 building code [Section 10.5.31 requires for structural 
slabs of uniform thickness a minimum reinforcement ratio and maximum spacing as required by shrinkage 
and temperature according to Section 7.12. 

For grade 60 deformed bars, Section 7.12.2.l(b) of the ACI 318-89 building code states "Area of 
shrinkage and temperature reinforcement shall provide at least the following ratio of reinforcement area to 
gross concrete area: 

Plnin = 0.0018 

Pmin - - minimum reinforcement ratio 

where: 

GE3900-8.6/ 1OiF9630 124 
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The minimum reinforcement area is given by the following equation: 

where: 

As = minimum reinforcement area 
b = slab unit width 
h = slab thickness 

Section 7.12.2.2 requires shrinkage and temperature spacing not farther apart than five times the 
slab thickness, nor 18 in. 

Cover Slab on TOD of Manhole Cover 

As shown in Figure / , the unsupported span length is approximately 8 feet. 

0 Vertical Loads. The ultimate load on unit area is given by the following equation: 

Wv = 1.4 WD + 1.7 WL 

where: 

Wu = ultimate load on unit area 
W, = dead load 
W, = live load including cleaning equipment 

0 Flexural Moment. The slab is considered conservatively as hinged-end beam: 

wu L2 M, = - 
8 

where 

Mu = ultimate moment 

GE39OO-8.6/ 1 1 E9630 124 
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W, = ultimate load 
L = span length 

e Shear. The ultimate shear at the supports is given by the equation: 

where: 

Vu = ultimate shear 
W, = ultimate load 
L = span length 

e Flexural Capacity. The ultimate moment capacity is given by the following equations: 

a = A, 6 
0.85 f,' bw 

where: 

e Shear Capacity. 

ultimate moment capacity 
strength reduction factor 
area of tension reinforcement 
specified yield strength 
distance from extreme compression fiber to centroid of tension 
reinforcement 
depth of equivalent rectangular stress block 
specified compressive strength of concrete 
slab unit width 

The ultimate shear capacity for slabs is given by the following equation: 



wrilten by: 4Wsn G: ** 0 Date: %/03/4f~eviewed by: A K. Date: ?G/o?/t 6 

client: FERMCO Project: FERNALD OSDF ProjWProposal No.: GE3900 Task No.: 8.6 

@3 4rO/qzf- 

Vu' = t#)vc 

V, = 2 E  bw d 

where: 

v; = ultimate shear capacity 
V C  = nominal shear strength provided by concrete 
4 = strength reduction factor 
ff = specified compressive strength of concrete 
bW = slab unit width 
d = distance from extreme compression fiber to centroid of tension 

reinforcement 

GE39OO-8.6/ 13lF9630 1 2 4  
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MANHOLE CONCRETE ANCHOR RING 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this calculation is to design the manhole concrete anchor ring. The anchor ring is 
shown in Figure No. 6 . 

METHOD OF ANALYSIS 

As shown in figure 6 , the concrete anchor ring is supported by the ground beneath the ring and was 
analyzed as a totally supported structure. The minimum reinforcement ratio for a totally supported 
flexural beam given by the ACI Building Code (ACI 318-89) is: 

where: 

Pmin = minimum reinforcement ratio 
fY = specified yield strength for the reinforcement 

The ring is analyzed using the flexural beam theory. Since the structure is totally supported, the 
minimum reinforcement is required. 

The minimum flexural reinforcement area given by the ACI 318-89 is: 

A, = pmin b (h-2.5'9 

where: 

As = minimum reinforcement area 
b = anchor ring width 

GE3900-8.6/ 14m9630 124 
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h = anchor ring thickness 
2.5" = adopted clear cover for buried concrete structures 

The minimum shear reinforcement area given by the ACI building code is: 

50bw s 
A, = - 

fY 

where: 

A" = minimum shear reinforcement area 
bW = anchor ring width 
S = shear reinforcement spacing 

f y  = specified yield strength for the reinforcement 
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LTS TEMPORARY LIFT STATION AND MANHOLE DESIGN 

DATA VERIFICATION 

0 LTS Temporary Lift Station Pump Design Requirements 

LTS Temporary Lift Station Pipe Hydraulic Pressure 

LTS Temporary Lift Station and Manhole Hydrostatic Uplift 

0 

0 

0 LTS Temporary Lift Station and Manhole Structural Design 
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LTS TEMPORARY LIFI' STATION PUMP DESIGN REQUIREMENTS 
DATA VERIFICATION 

Using the pump off level in the temporary lift station and the lag pump on level in the permanent 
lift station as the worst case basis for calculations, the following values are established: 

Q = requiredflow rate 
= max (3@aseline design basis flowrate during active operations)) storm design basis 

flow rate 
max (3(15.8 gpm), or 80 gpm) = rnax (47.4 gpm, or 80 gpm) = 

= 80gpm 
z, = 592.8 ft (Figure 3) 
Z, = 573.5 ft(Figure3) 

Ch, 1-2 Terms 

- (1) 2" - abrupt inlet 
- (1) 2" - check valve 
- (4) 2" - 90" ell 

- (1) 1-1/2" - globe valve 
- (1) 1-1/2" - check valve 
- (1) 1-1/2" - 90" ell 

- (1) 2" - tee - branch 

- (1) 1-1/2" - tee - branch 

- (1) 1-1/2" x 2" expansion 

- (1) 2" - flow meter @I 80 gpm 
- (1) 2" - ball valve 

- (1) 2" x 3" expansion e - (2) 2" union 

h = K -  v2 
2g 

K, = 0.5 
Cvl = 151 
K, = 0.95 
Gl = 1.4 
&a = 7.2 
Cv2 = 80 
lqa = 1.2 
G2 = 1.5 

P, = 2.0 psi drop 
Cv3 = 190 

Source 
Code 

HI 
M 
HI 
HI 
HI 
HI 
HI 
HI 

HI 

M 
M 

HI 

K,, = 0.05 HI 

Table 
No. 

1 

3 
4 

1 

1 
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- (2) 2" gate valve 
- (1) 3" - tee - line 
- (3) 3" - 90" ell 

I(gv = 0.17 HI 1 
& = 0.16 HI 1 
hS = 0.35 HI 1 

D1-1p = 1-1/2" Sch 80 = 1.533" = 0.1278' 
D2. = 2" Sch 80 = 1.917" = 0.1598' 
D,. = 3" SDR-11 = 2.826" = 0.2355' 

P 5 
P 5 
P 5 

V = kinematic viscosity of leachate, assume equal to water @ 50°F = 1.41 x lo-' ft2/s 
(from Bok and Tuve "Handbook of Tables for Applied Engineering Sciences") 

Source Code: 

M = Manufacturer Literature 
HI = Hydraulichstitute 

Plexco Product Manual P - 
Ll = Length of 2" pipe = 30 ft 
L, = Length of 3" pipe = 2,800 ft 

- 

DP = 
S = slope of LTS pipe = 0.75 % 
I = 

ID = 

2'-0" - see temporary lift station drawings (Figure 3) 

peak average leachate generation rate = 15.8 gpm - see LTS gravity line design 
package 
LTS pipe inside diameter = 5.349" - Plexco Pipe Manual, Table 5 
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Resistance Coefficients K for Valves and Fittings 

BELL-MOUTH REGULAR 0 4  
INLET OR REDUCER SCREWED 0.3 

K = 0.05 45OELL 0 2  

~ RFGLII A R  Y H-!-t 

SCREWED 

LONG K 

FLANGED 
TEE I 

BRANCH o6 
FLOW o 4  

K 

D 

h = K x *  FEET (METERS) OF FLUID 
29 

:UT).:: D = nominal iron pipe size in inches (in X 25.4 
( valves and foot valves will be only partiallv open and will exhibit higher values of K than shown. 

mm). For velocities below 15 ft/s (4.6 m/a). - 
I- 
I - 



t Ball unseats to permit flow in one direction but seals against seat to prevent backflow May be used 
either vertically or horuontally Minimum shut-off is 5 PSI Truerllnionend connectors facilrtate valve 
maintenance e FOO~ valve opmn permits screening of fqreign rpatter 

TRUE UNION 
BALL CHECK VALVE 

I 

SPECIFICATIONS 
SIZES: ' 1 2 " 4 "  

MODELS: Socket, Threaded, Flanged 
(ANSI) 

BODIES: PVC. CPVC, PP and PVDF 
SEATSISEALS: EPDM. or Teflon-coated 

VITON 

DIMENSIONS (IN INCHES) 

5 

PRESSURE VS. TEMPERATURE (PSi.WATER. NON-SHOCK) 

I PVC I CPVC I PP I PVDF 
Size I 30°F I 30°F I -5°F 
(Inches) I 120°F I 120°F 140°F 175°F 195°F I 85°F 140°F 175°F 1140°F 175°F 195°F 210°F 
'12-2" 1 150 I 150 120 85 55 I150 85 60 I 150 120 110 85 

~~ 

100 I 100 85 - 6 0  45 I 70 60 40 I 100 85 60 45 I 

'7 

ASAHI/AMERICA 
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DIMENSIONS (INCHES) 

Laying CenterUp3 Reglsta TIsnsmltbw 
- 

Hauslng End Length to8eee Helght Hdght 

BZ or PL NPT - Mate 7.5 1.7 1 3  4.4 
BZ or PL NPT - Male 7.5 1 .? 3.3 4.4 
BZ NPT - M8le 8.0 1.7 3.6 5.0 

NPT - Male 10.75 1.9 3.8 5.5 

Material Conneotlone A 5 C D 

Lk I NPT - Male 10.75 2.3 4.2 5.6 
8Z NPT - Female 12.62 1 2.4 4.6 6 .Q 
82 I NPT - Female 15.25 2.9 5.1 1 6.5 

SPECIFICATIONS 

Approrimate 
Weight 

5 
5 
6 
5 
12 
20 
30 

POUndS 

M2S 
M25 I' M35 

518 1/2-25 
3f4 1/2-30 
3 4  3/4-35 

Model 25 is available with optional Odrmsibn resistant Infemals WHh bath housing materlale: tempereture limit wlth this option 
creased on the bronze housing model to 250" F. 

PRESSURE L ~ S S  CHART 

Industrial Disc Maters 
Fiat# of Flew in Gallons Per Minute 

0 10 2aQ 

I 
Badger Meter, I nc. f ndustrial Division 

Tetephooe: (414) 355-0400 Voice Mail; (414) 355-0410, Enension 637 * n f i @ d B ~ ~  
All Qts rubjceroon8n9p Wr(m0ut noticr 

4549 W. Brown Deer Road. P. 0. Box 23098 Milwaukee, WI 53223-0099 

ci F a :  1410) 3567499 
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3OoF 30°F 
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DIMENSIONS (IN INCHES UNLESS OTHERWISE NOTED ) C, VALUES 

3 

r 3" 630 I 2 76 3 52 929 7 87 I 4 88 

150  120 85 55 

ASAHIIAMERICA 2 



e 

9 ZI 
9 - z k 7  ’ * I  Paee -of Y 

b f ~ ~  2 5 3  GEOSYNTEC CONSULTANTS 

Written By : BRIAN D. JACOBSON Date: ? b / d / j R e v i e w d  by: G E 5  Date: Zz &?5 f b  

Client: FERMCO Project: FERNAL.D OSDF ProjectProposal No.: GE3900 TaskNo.: 8.6 

R ~ c P ~ ]  17 E% qb 

PE 3408 Industrial Piping System 
Pipe Data and Pressure Ratings Bulletin No. 301 

Chevron & Plexco 
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LTS TEMPORARY LIFI’ STATION PIPE HYDRAULIC PRESSURE 
DATA VERIFICATION 

The maximum elevation of the stored leachate in Cell 1 for the 25-year, 24-hour storm event was 
determined to be 0.5 ft  below the top of the primary liner at the intercell berm between Cell 1 and Cell 2. 
As presented in Figureapthe Leachate Collection System Grading Plan (Drawing G-12) establishes the 
surface of the LCS drainage layer at 610.75 ft elevation. The elevation of the stored leachate is therefore 
610.25 ft. 

The elevation of the base of the pressure vessel at Cell 3 can be determined 
Lift Station and Manhole Hydrostatic Uplift calculations package. From Table $of 
the elevation of the access road at Cell 3 is 599.0 ft. The base of the manhole is 9.7 ft  below the access 
road (Figure 6 of the above calculation package). Therefore the base of the manhole is at 589.3 ft. The 
base of the intake is approximately 1.3 ft above the base of the manhole. Therefore the base of the intake 
is at an elevation of 590.6 ft. 

The rated pressure of SDR 11 pipe is 160 psi according to Plexco Product literature (Table 5) .  
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LTS TEMPORARY LIFI' STATION AND MANHOLES HYDROSTATIC UPLIFI' 
DATA VERIFICATION 

INTRODUCTION 

As described in the Calculation hchge ,  the manhole with the highest perched groundwater 
elevation will be analyzed. Data requirements include the following: 

a perched ground water table elevations at each manhole location; J 

a elevations of each manhole; and A 

a thickness and unit weight of the materials used to anchor the manholes. J 

@ 1 Perched Ground Water Table Elevations 

As presented in the Hydrostatic Uplift of liner system calcula 'on ackage, the Design-Basis Perched 

results of the analysis are presented 
Ground Water Contour map was prepad. As presented in Figure $ 7  $ the map was used to determine the 
maximum level of perched ground water at each manhole location. 
in Table f .7  

0 
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TABLE $97 

MAXIMUM ELEVATION OF PERCHED GROUND WATER 
ABOVE lMANH0LE BASE 

Manhole Elevation of Elevation of Feet of 
Number Perched Ground Water Access Road GW Above Base") \ 

603.5' / 

600.0' 
594.0' 
588.75' 1 
585.5' 
582.5' 
578.0' ' 
577.0' ' 
578.0' J 

605.0' J 
602.0' J 

599.0' J 

596.0' 
593.0' 
590.0' 
587.5' *' 

585.5' 
583.5' ' 

8.5'* J 

8 . 0 ' 1  
5.0' 
2.75' 
2.5' 
2 .5'1 
0.5' 
1.5' 
4.5" 

Note: (1) Elevation of GW above base = 10' - (elevation of access road - elevation of GW). 
* Used as the design basis. J 

i/ t 
cc -Tt IS At,kr.Le A,% 

w e 5 5  G!, &(e&. F Lhl, 01 L? 
F U ~ '  ie .& j Elevation of Manholes 

9 
Figure ID presents the Final Cover Grading plan which was used to determine the elevation of the 

access road at &ch manhole. The results of the analysis are presented in Table I$ 
7v 

DIMENSIONS AND UNIT WEIGHTS 

OD = outside diameter of manhole = 7.363 ft  J 
Plexco design manual (see Table 8) 

LC = length of concrete anchor ring = 1.75 ft  (assumed) J 

TC = thickness of concrete anchor ring = 1 ft (assumed) J 

Yllc = unit weight of saturated concrete = 155 lb (assumed) J 

OO~.,.J<-& 7 r- c. 

A 
_.- - 
.L GE3900-8.6/24/F9630124 
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J 
thickness of saturated embedment fill = 7.42' (see Figure 6) 

unit weight of saturated embedment fill = 145 lb/ft! (assumed)/ 

thickness of dry embedment NI = 1.0 ft  (see Figure 6) J 

unit weight of dry embedment fill = 135 1b/@ (assumed) J 

angle of internal friction of embedment fill = 35" (assumed) J 

thickness of concrete cover = 0.67 ft  (see FiguE 6) / 

unit weight of dry concrete = 150 lb/ft! (assumed) , 
unit weight of water = 62.4 lb/P 

~ 

height of water above manhole base = 8.5 J 

rate of leachate generation = 15.8 gpm /- 
Baseline design flowrate during active operations 
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DATA VERIFICATION 

TEMPORARY LIFT STATION AND MANHOLE STRUCTURAL DESIGN 

length of concrete cover = 24 ft -/ - - L 

w =  width of concrete cover = 21 ft t/ 

T = maximum temperature = Assume 73.4 "F ' 
t m =  

Y C  

K 

duration of load = Assume 200 years or 1,753,200 hours 

unit weight of concrete, 
Assume 150 pcf, typical or concrete 

earth pressure coefficient, = 0.426 J 

Assume fiction angle (4) of 35 de ees and K = KO = 1-sin 4 
Conservative for an angular emb&ent fill compacted with moderate compaction 

- - 

- - 

hdg = thickness of dry embedment fill, 1 ft; 1/ 

hsg - - thickness of saturated embedment fill, 8.5 A; J 

= unit weight of dry embedment fill, (pcf) 
Assume 135 pcf, typical for embedment fill 

@ ydg 

Pf) = unit weight of saturated embedment fill, 
Assume 145 pcf, typical for saturated em edment fill Ysg 

yH20 = unit weight of water, (pcf) = 62.4 pcf 

h = depth of burial, (A) = 9.5 ft (See Figure 6) 

Based on the Design Perched Groundwater Contour Drawin 

package 

coefficient of fiction between riser and embedmet fill, dimensionless) CLS 
Assume 0.4, typical for the interface between HDPE an granular materials J 

OD = outside diameter = 7.363 ft or 88.36 in. 
Table 8, PLEXCO Manhole Technical Reference 

riser's cross-sectional area = 1.264 h2/in. A 
Table 8, PLEXCO Manhole Technical Reference 

hw - - depth below water table = 8.5 ft J 

See the Hydrostatic Uplift of the Temporary Lift Station an f Manholes calculation 

= 6 

- - 

E' - - modulus of soil reaction = 1500 psi / 
Table 9, Duncan Hartley Soil Reaction Modulus 

/ 
moment of inertia of wall section = 0.925 in:/in. 
Table 8, PLEXCO Manhole Technical Reference 

- - 
e 1  

= mean diameter of riser (ID + 2z) = 86.338 in. J Dm 
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I D =  riser inside diameter = 7.0 ft or 84 in. 
Table 8, PLEXCO Manhole Technical Reference J 

riser wall centroid = 1.169 in. 
Table 8, PLEXCO Manhole Technical Reference 

l /  
- - Z 
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Table 8 SPIROLITE Class 100 Closed Profile Riser Properties (11 

Table 9 Duncan-Hartley Soil Reaction Modulus f 1) 

1,050 1,600 2,400 3,600 
15 - 20 1.100 1.700 2.500 3,800 

(SP;SW,GP,GW) 
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TEMPORARY LIFI' STATION MANHOLE COVER SLAB 
DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to verify the data required for the calculation procedures described 
in the previous section. 

Cover Slab Outside the Manhole Area 

Reinforcement Ratio 

Pmin - - minimum reinforcement ratio (dimensionless) 

Flexural Reinforcement Area 

4 = minimum flexural reinforcement area (in2) 
b = slab unit width 12 in. 
h = slab thickness (in.), 6 in. in area (A), 8 in. in area (B) 

Cover Slab on TOD of Manhole Cover 

Vertical Loads 

W, = ultimate load (psf) 
W, = dead load 
W, = live load = 125 psf (adopted) 

GE39O0-8.6/23/F9630 124 
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Flexural Moment 

Mu = ultimate moment (in-kips/ft) 
Wu = ultimate load (psf) 
L = span length = 8 ft 

Shear 

VU = ultimate shear (kips) 
L = span length = 8 ft 

Flexural Capacity 

ultimate moment capacity (in-kips/ft) 
strength reduction factor = 0.90 
area of tension reinforcement (in') 
specified yield strength = 60,000 psi 
distance from extreme compression fiber to centroid of tension reinforcement 
= 5.5 in. (adopted slab thickness = 8 in) 
depth of equivalent rectangular stress block (in) 
specified compressive strength of concrete = 3,000 psi 
slab unit width = 12 in. 

Shear Capacity 

v,: = ultimate shear capacity (kips) 
4 = strength reduction factor = 0.85 
vc = nominal shear strength provided by concrete (kips) 
fl = specified compressive strength of concrete = 3,000 psi 
bW = slab unit width = 12 in. 
d = distance from extreme compression fiber to centroid of tension reinforcement 

= 5.5 in. (adopted slab thickness = 8 in) 

GE3900-8.6/24/F9630 124 
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MANHOLE CONCRETE ANCHOR RING 
DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to verify the data required for the calculation procedures described 
in the previous section to perform the design of the concrete anchor ring. 

Flexural Reinforcement 

Reinforcement Ratio 

Pmin = minimum reinforcement ratio (dimensionless) 
f y  = specified yield strength for the reinforcement = 60,000 psi (adopted) 

Flexural Reinforcement Area 

As = minimum flexural reinforcement area (in') 
b = anchor ring width = 21 in. 
h = anchor ring thickness = 12 in. 

Shear Reinforcement 

A" = minimum shear reinforcement area (in') 
b w  = anchor ring width = 21 in. 
S = reinforcement spacing = 12 in. (adopted) 
f y  = specified yield strength for the reinforcement = 60,000 psi (adopted) 
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LTS TEMPORARY LIFT STATION AND MANHOLE DESIGN 

ANALYSIS RESULTS 

0 LTS Temporary Lift Station Pump Design Requirements 

LTS Temporary Lift Station Pipe Hydraulic Pressure 0 

0 LTS Temporary Lift Station and Manhole Hydrostatic Uplift 

0 LTS Temporary Lift Station and Manhole Structural Design 
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TEMPORARY LIFT STATION 
MANHOLE COVER SLAB 

CALCULATION RESULTS 

Cover Slab Outside the Manhole Area 

Reinforcement Ratio 

Pmin - - 0.0018 

Flexural Reinforcement Area 

e 6 in. thick slab (Area A) 

A, = 0.0018(12)(6) = 0.129 in2 
#4 Bar :. A, = 0.20 in2 
Maximum Spacing = 18 in. 

Use 1 #4 @ 18" O.C. 

e 8 in. thick slab (Area B) 

A, = 0.0018(12)(8) = 0.173 in2 
#4 Bar :. A, = 0.20 in2 
Maximum Spacing = 18 in. 

Use 1 #4 @ 18" O.C. 

Cover Slab on TOD of Manhole Cover 

Vertical Loads 

W, = 1.4 (150)(1)(8/12) + 1.7(125) = 352.5 psf 
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Flexural Moment 

Mu = 33,840 (in-lb)/ft = 33.8 (in-kip)/ft 

Shear 

vu = 352S (8) = 1,410 b = 1.4 kips 
2 

Flexural Capacity 

Assuming a #4 bar @ 18 in. 

4 = 0.20 in2 

0 26 
2 

Mh = 0.90 (0.20)(60)(5.5 - A) = 57.9 in.-kip/ft 

M& = 57.9 (h-kiP)/ft > MU 
Use 1#4 bar @ 18" O.C. (top and bottom) 

Shear Capacity 

vc = 2 d m ( 1 2 ) ( 5 . 5 )  = 79229 lb 
v c  = 7.2 kips 
v; = 0.85 (7.2) = 6.12 kips > Vu 

No reinforcement required for shear. 

GE39OO-8.6/27/F9630 124 
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Reinforcement Detailing 

Reinforcement detailing is shown in Figure No. 1 .  

GJ3900-8.6/28/F9630 124 
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MANHOLE CONCRETE ANCHOR RING 
CALCULATION RESULTS 

Flexural Reinforcement 

Reinforcement Ratio - 200 
p- - - = 0.0033 

60,000 

Flexural Reinforcement Area 

A, = 0.0033 x 21 (12 - 2.5) = 0.65 in2 
3 #5 Bars :. A, = 0.93 in2 
3 #4 Bars .*. A, = 0.60 in2 
Use 3#5 Bars (top and bottom) 

@ Shear Reinforcement 

1 #4 Bar :. A, = 0.20 in2 
Use 1 #4 @ 12" (stirrup) 

Reinforcement Detailing 

Reinforcement detailing is shown in Figure No. 2. 
0 Note: The manufacturer must provide a hole in the triangular webs welded to the outside 

of the manhole wall and the manhole base, to pass the reinforcing bar through it. 
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LTS PERMANENT LIFT STATION DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to perform the required calculations for the design of 
the Leachate Transmission System (LTS) permanent lift station. The system is designed for optimal 
perfomance at the baseline design basis flow rate during active operations. The LTS permanent lift 
station will be designed to resist hydrostatic uplift caused by the perched ground water table in the till 
layer below the ground surface. Structural analyses will be performed to estimate: (i) radial 
circumferential crush strength, (ii) constrained buckling resistance, (iii) excessive ring deflection, and 
concrete reinforcement size and spacing for the LTS Permanent Lift Station. The calculated stress for 
each failure mode is compared to the maximum allowable stress to determine a factor of safety. 

METHODS OF ANALYSIS 

The calculations required for the design of the above components are: 

a the LTS permanent lift station storage volume was checked to ensure adequate capacity; 

0 hydrostatic uplift of the LTS permanent lift station was checked to ensure an 
adequate &factor of safety against hydrostatic uplift; and 

a the structural stability of the LTS permanent lift station was checked to ensure adequate 
factors of safety against radial circumferential crush strength, constrained radial 
buckling, and excessive ring deflection. The structural stability of the concrete cover for 
the LTS permanent lift station was evaluated to ensure adequate strength. 

CONCLUSIONS 

LTS Permanent LIP Station Storage Volume 

0 Volume of LTS Permanent Lift Station Above High-High Alarm Level = 2594 gal 
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LTS Permanent LiJt Station Hydrostatic UpIiJt 

0 The calculated minimum factor of safety is 1.4. This factor of safety equals the 
idhwabk factor of safety of 1.4. 
mrrt 

LTS Permanent Lifr Station Structural Design 

0 HDPE Structural Calculations 
FS radial circumferencial crush strength = 6.0 > 2.0 ( O K )  

0 FS constrained radial buckling resistance = 2.1 > 2.0 ( O K )  

h 
0 FS excessive ring deflection = 2.1 > 1 .O ( O K )  

0 Concrete Structural Analysis 

The reinforcement schedules are presented in Figure 1 on page 10 of 10 in the Analysis 
Results. 
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LTS PERMANENT LIFT STATION DESIGN 

DESCRIPTION OF SYSTEM: 

The LTS permanent lift station is located to the southwest of the OSDF. The function of the 
LTS permanent lift station is to collect and temporarily store liquid generated in the OSDF prior to 
pumping of the liquid to the Advanced Wastewater Treatment Facility (AWWT). 

The LTS permanent lift station will be dual-contained and will be constructed of high density 
polyethylene (HDPE) using 8 ft (2.4 m) inside diameter pipe with a Class 100 wall thickness rating for 
the outer containment pipe and 7 ft (2. lm) inside diameter pipe with a Class 160 wall thickness rating 
for the inner primary pipe. The LTS permanent lift station is approximately 22 ft (6.7 m) inside length 
and 22.7 ft (6.9 m) outside length. The LTS permanent lift station will be placed on an embedment fill 
foundation. The area around the LTS permanent lift station will be backfilled at least 3.5 ft (1.1 m) 
fiom the outside of the structure with embedment fill and compacted to approximately 90% Relative 
Density (ASTM D 4253). A concrete cover will be placed over the LTS permanent lift station. The 
LTS permanent lift station is presented in Figures 1 and 2. 

CALCULATION PROCEDURES 0 
0 LTS Permanent Lift Station Storage Requirements 

0 LTS Permanent Lift Station Hydrostatic Uplift 

0 LTS Permanent Lift Station Structural Design 

0 HDPE Structural Calculations 

0 Concrete Structural Calculations 
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LTS PERMANENT LIFI' STATION STORAGE VOLUME 
CALCULATION PROCEDURE 

PURPOSE OF ANALYSIS 

The LTS permanent lift station should have a capacity exceeding the baseline design flow rate after 
closure over a one-week period:'The baseline design flow rate after closure was determined based on 
analysis perfomed with the HELP model presented in the Calculation Package "LTS Gravity Line Flow 
Capacity". The volume of liquid that can be stored in the LTS permanent lift station will be compared with 
volume required at this flow rate.JThe LTS permanent lift station dimensions are shown on Figures 1 and 
2. 

METHOD OF ANALYSIS 

The storage volume required to meet the one-week requirement will herein be defined as the volume @ available between the high alarm level and the cmwn of the horizontal storage tank in the LTS Permanent 
Lift Station./As a conservative assumption, the volume that would be stored in the LTS pipe is not 
included.ae volume in the lift station at any level is defined as follows: . 

V = L A  / 

V = volume in lift station 

A 

L = length of horizontal storage tank (l-sldc L-fl\) / 
= cross sectional area of the liquid in the tank (;&le .-) / 

The area of the liquid in the tank can be calculated using the geometry presented in Figure 3 from 
which the following equation was derived: 
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where: 

A 
e 

= 
= 

cross sectional area of the liquid in the tank 
angle between liquid surface to the tank wall to the center of the tank 

3 

where: 

h = depth of liquid in the tank J 

r = radius oftank / ( , d e  d u s )  
N = radiusoftank-h 

X 
e 

= 
= 

length from tank wall to center of liquid surface 
angle between liquid surface to the tank wall to the center of the tank (radians) 
ld/?;TC: 8; S.k-' ( *//.)= 5.4 -' (9) 
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The volume required to store the baseline design flow rate after closure for one week is calculated 
as follows: 

J 

where: 

Vpc = required volume post-closure (gal) 
Qpc = baseline design flow rate after closure (gdday) 
fpo / = time period flow rate is to be s t o d  (days) 
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LTS PERMANENT LIFT STATION HYDROSTATIC UPLIFT 

CALCULATIONS PROCEDURE 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to estimate the factor of safety against hydrostatic uplift of 
the LTS permanent lift station. The dimensions and design parameters are presented in Figures 
1 and 2. This uplift is caused by the perched ground water table in the till layer below the 
groundsurface. J 

METEIOD OF ANALYSIS 

The factor of safety against hydrostatic uplift will be calculated as follows: 

Where: 

FSuplfft = 
Fd - - sum of all downward forces; and / 
Fu = sum of all upward forces. / 

factor of safety against hydrostatic uplift; / 

The forces acting on the LTS permanent lift station are defined as presented in Figure 2. 

Where: 

VI = weight of HDPE manhole and contents (negligible, assume zero, 
conservative) J 
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W2 = weight of embedment fill above the springline of the horizontal storage 
tank of the LTS permanent lift station will be calculated as follows: 

Where: 

OD8 = outside diameter of horizontal storage tank, (ft); / 

L = length of the horizontal storage tank, (ft); I (ouf& h j i ) d  
Ta = thickness of the saturated embedment fill from the springline of 

the horizontal storage tank to the bottom of the concrete cover 
slab, (ft); J 

z g  = unit weight of saturated embedment fill, (lb/ft3); J 
OD6 = outside diameter of the riser, (ft); and / 
H' = height of the riser fiom the top of the horizontal storage tank to the 

bottom of the concrete cover slab, (e). , 
W3 = weight of concrete cover over the horizontal storage tank will be calculated as 

follows: 

Where: 

OD8 = outside diameter of horizontal storage tank, (ft); J 

= length of the horizontal storage tank, (ft); [oy+,& 
/ 

L 
Tdc = thickness of the dry concrete, (ft); / 

ydc = unit weight of dry concrete, (1b/ft3); J 

Tsc = thickness of the saturated concrete, (ft); and 
E C  = unit weight of saturated concrete, (1b/ft3). j 

J 
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F = f?iction resistance along the potential failure surface in the embedment fill. To be 
conservative, assume potentiaplure surface extends from the springline of the 
horizontal storage tank vertically to the bottom of the concrete cover slab. / 

Where: 

oHSg = average horizontal stress in saturated embedment fill, 
(See Figure 2); (effedd &cs) J 

Asg = area of potential failure surface in saturated embedment fill; and 
9 = angle of internal fiction of embedment fill, (deg). ~ 

Whcre: 

with 

A, = T,(20D8 + 2 L)  / 

effective horizontal stress (See Figure 2); / 
thickness of dry concrete, (A); J 

unit weight ofdry concrete, (1b/fi3); J 

thickness of saturated concrete, (ft); 
unit weight of saturated concrete, (1b/fi3); J 

unit weight of water, (1b/fi3); r/ 
thickness of the saturated embedment fill from the springline of the 
horizontal storage tank to the bottom of the concrete cover slab, (A); / 
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I = unit weight of saturated embedment fill, (lb/ft3); 
?k 4, Kll = active earth pressure coefficient = (1-sin b)/(l+-sinb); 
OD8 = outside diameter of horizontal storage tank, (ft); and 
L = length of the horizontal storage tank, (ft). C 

The approximate total uplift force (;.e., buoyant force) is estimated by the following equation: 

Where: 
Yw = unit weight of water, (ib/ft3); J 

L 
OD8 = outside diameter of horizontal storage tank, (ft); J 

Ts8 - - 

T, = thickness of saturated concrete, (ft). 

= length of the horizontal storage tan&, (e); dd,ck IenJA) 

thickness of the saturated embedment fill from the springline of the 
horizontal storage tank to the bottom of the concrete cover slab, (ft); and 
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PERMANENT LIFT STATION STRUCTURAL DESIGN 
HDPE STRUCTURAL CALCULATION PROCEDURES 

Structural analyses will be performed to estimate: (i) radial circumferential crush strength, (ii) 
constrained buckling resistance, and (iii) excessive ring deflection for the LTS permanent lift station . 
The calculated stress for each failure mode is compared to the maximum allowable stress to determine a 
factor of safety. 

SURCHARGE LOAD OF CONCRETE COVER 

The concrete cover will be designed to transfer all of the load from the cover to the soil 
surrounding the riser to avoid placing an additional axial load on the riser. 

Calculate weight of cover based on geometry presented in Figure 1. 

K = =cw-TccYc 

Where: 

W, = weight of concrete cover, (lb); 
L C  = length of cover, (ft); 
W = width of cover, (ft); 
Tcc = 
E = unit weight of concrete, (ib/ft3). 

thickness of cover except over manhole riser, (ft); and 

/- 
Note: The effect of hatch openings and localized thinning of the conrcrete cover over the 

riser has been neglected. 
J 
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Calculate area of soil bearing the load 

A, = L,W - (:(OD6)’) 

Where: 

A,  = area of soil bearing the load, (fi2); 
LC = length of cover, (fi); 
W = width of cover, (e); and 
ODs = outside diameter of riser, (fi). / 

Calculate the surcharge load on the soil 

Where: 

/ PCV = surcharge load on the soil, (lb/fi2); 
Wc = weight of concrete cover, (lb); and 
A,  = area of soil bearing the load, (fi2). 
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RADIAL EARTH PRESSURE 

The maximum radial earth pressure resulting from soil and ground water acting radially on the 
LTS permanent lift station may be estimated using the following equation suggested by Gartung, Pruhs, 
and Hoch [ 19891 and modified to account for the surcharge load applied by the concrete cover. 

J 

Where: h/ote: &er f * t m L  for 

fd? dcJgq cslcs. 

wax. <cd,$ eacTk pressure 
maximum radial earth pressure, (psi); -7 elso be ~ , - c ~ r l  f;r 

earth pressure coefficient, (dimensionless); 
factor to account for the potential ovality of the structure, (dimensionless); 
unit weight of saturated soil, (pcf); 
unit weight of water, (pcf); 
depth of burial, (ft); and 
depth below perched water table, (ft). 

surcharge on soil by concrete cover, (lb/ft2); 

ALLOWABLE RADIAL CRCUMFERENTIAL CRUSH STRENGTH 

The allowable radial cirumferential crush strength of the horizontal storage tank should be 
greater than the radial earth pressure placed upon the wall of the horizontal storage tank. The factor of 
safety with respect to radial circumferential crush strength is presented below. 

A formula, as suggested by Watkins, Szpak, and Allman [ 19741 for the radial cirumferential 
crush strength is presented below: 

2 AC, Pc =- 
OD, 

Where: 

PC = radial circumferential crush strength, (psi); 
cs = allowable long-term compressive strength, (psi); 
A = 

-T a'. 
cross-sectional area of horizontal storage tank, (k2/in.) ; and 

ODs = outside diameter of horizontal storage tank, (in.). ~ @ ~ . . ~ . , 3  



t - t  
Page L 1 o f  E a 2'5 3 

GEOSYNTEC CONSULTANTS 
N # T  96 /z j 16 

Written By : BRIAND. JACOBSON Date: T&k/ I 6 Reviewed by: G #?> Date: 23 f 4 7 6  

TaskNo.: 8.6 0 Client: F E m c O  Project: FERNALD OSDF Projecfioposal No.: GE3900 

CSCDTL) I7 Fk% 96 

The long-term allowable compressive stress (Cs) of the HDPE at a given temperature ( r )  is 
calculated using the following equation recommended in the PLEXCO Manhole Technical Reference 
[1996]: 

14- 

J 
2000 - 12.012(T- 73.4) c, = 

N 

Where: 

cs = allowable long-term compressive strength at temperature (T), (psi) 
T = operating temperature, (OF) 

N = safety factor (taken as 1 so that individual factors of safety could 
be calculated during subsequent calculations) 

/ 
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ALLOWABLE CONSTMINED RADIAL BUCKLING RESISTANCE 

The allowable constrained radial buckling resistance of the LTS permanent lift station must 
exceed the radial earth pressure imposed upon the LTS permanent lift station by an appropriate factor of 
safety. The factor of safety with respect to constrained radial buckling is presented below. 

A formula suggested by Cagle and Glassock [ 19821 is presented below: 

Where: 

allowable constrained radial buckling pressure, @si) 
buoyancy reduction factor (1-0.33 hJh for hw< h) 
1/( 1 +4e60.065h') 
depth below water table, (A) 
depth of burial, (ft) 
modulus of soil reaction, (psi) 
modulus of elasticity of HDPE, (psi) 
moment of inertia of wall section, (in."/;n.) 
mean diameter of horizontal storage tank (ID + 22) 
horizontal storage tank inside diameter. (in.) 
centroid of wall section, (in.) 1/ 

The long-term modulus of elasticity (E) at a given temperature is calculated using the following 
equation developed by Lytton and Chua [ 19851: 

/ \ -0.083 

E =i32,000( 60tm ,J 
-138.6(T-70) 

10 1436.846+T-70 

Where: 

I? 

E = 
T = maximum temperature above ambient temperature, ("F) 

elastic modulus of HDPE at temperature (2) and loading duration (tm), (psi) 

tm = duration of load, (hours) / 
001 ;01 
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EXCESSIVE RING DEFLECTION 

- ARE’ 
Fsring.d@ection - 100a,, 

Where: 

AR = allowable ring deflection , (“h) 
E’ = modulus of soil reaction, ( p s f )  
%ax = maximum stress applied to the horizontal storage tank, ( p s f )  J 

Where: 

%ax = 
P C V  = surcharge on soil by concrete cover, (lb/ft2); 
h, = 
E g  = unit weight of saturated soil, (pcf); 
Tdg = thickness of dry gravel, (A); and 
Ydg = unit weight of dry gravel, (pcf). / 

maximum stress applied to the horizontal storage tank, ( p s f )  

thickness of saturated gravel (equal to height of water above base), (ft); 
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PERMANENT LIFI' STATION MANHOLE COVER SLAB 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedure to design the manhole cover slab 
for the permanent lift station. The cover slab, manhole dimensions, and ground water level are shown in 
Figure 1. 

METHOD OF ANALYSIS 

As shown in Figure I , the cover slab outside the manhole areas is supported by the ground beneath 
the slab (Areas A and B); the cover slab inside the manhole area (Area C) is self-supported to eliminate 
any load transferred to the manhole HDPE cover located immediately beneath the manhole cover slab. 
Therefore, the slab on areas A and B will be analyzed as totally supported and on area C as self-supported, 0 following the requirements set forth in the ACI 318-89 building code. 

The slab is analyzed as totally supported. Since differential settlement is considered to be minimum, 
flexural stress is also minimum. The ACI 318-89 building code [Section 10.5.31 requires for structural 
slabs of uniform thickness a minimum reinforcement ratio and maximum spacing as required for shrinkage 
and temperature. 

For grade 60 deformed bars, Section 7.12.2.l(b) of the ACI 318-89 building code states: "Area of 
shrinkage and temperature reinforcement shall provide at least the following ratio of reinforcement area to 
gross concrete area" : 

k i l l  = 0.0018 

where: 

Pmin = minimum reinforcement ratio 

GE3900-8.6/3 1/F9630 124 
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The minimum reinforcement area is given by the following equation: 

As = P& (b)W CZ I) 

where: 

A S  = minimum reinforcement area 
b = slab unit width 
h = slab thickness 

Section 7.12.2.2 requires shrinkage and temperature spacing not farther apart than five times the slab 
thickness, nor 18 in. 

Cover Slab on TOD of Manhole Cover 

As shown in Figure 

0 

, the unsupported span length is approximately 8 feet. 

Vertical Loads. The ultimate load on unit area is given by the following equation: 

Wv = 1.4 WD + 1.7 WL 

where: 

W, = ultimate load on unit area 
W, = dead load 
W, = live load including cleaning equipment 

0 Flexural Moment. The slab is considered conservatively as hinged-end beam: 

wv L2 M, = - 
8 

where 

GE3900-8.6I32P9630 124 
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M, = ultimate moment 
W, = ultimate load 
L = span length 

Shear. The ultimate shear at the supports is given by the equation: 

wv L vu = - 
2 

[Z  y; 
i 

where: 

V, = ultimate shear 
W, = ultimate load 
L = span length 

Flexural Capacity. The ultimate moment capacity is given by the following equations: 

where: 

a 
f,' 
bW 

a = A, fY 

0.85 fc' bw 

ultimate moment capacity 
strength reduction factor 
area of tension reinforcement 
specified yield strength 
distance from extreme compression fiber to centroid of tension 
reinforcement 
depth of equivalent rectangular stress block 
specified compressive strength of concrete 
slab unit width 

GE3900-8.6/33/F9630 124 
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0 Shear Capacity. The ultimate shear capacity for slabs is given by the following equation: 

Vu' = c$vc 

I 

where: 

v; = ultimate shear capacity 
v, = nominal shear strength provided by concrete 
4 = strength reduction factor 
fl = specified compressive strength of concrete 
b w  = slab unit width 
d = distance from extreme compression fiber to centroid of tension 

reinforcement 

GE3900-8.6/34/p9630 124 
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LTS PERMANENT LIFT STATION DESIGN 

DATA VERIFICATION 

0 LTS Permanent Lift Station Storage Requirements 

0 LTS Permanent Lift Station Hydrostatic Uplik 

0 LTS Permanent Lift Station Structural Design 

HDPE Structural Calculations 

0 Concrete Structural Calculations 
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LTS PERMANENT LIFI' STATION STORAGE VOLUME 
DATA VERIFICATION 

/ 

= inside length of LTS Permanent Lift Station = 22 ft 
D -2r 
L 
h l u p h h  = depth of liquid at the high alarm = 4' J 

tpc 

= inside diameter of LTS Permanent Station = 7 ft 

= 
= 

base line design flowrate after closure = /,6f gpd -' f i i *  
storage time required post-closure = 1 week = 7 days J F~., 

& p ~ - ~ + y  i,*e h i 7 1  
CGlG i Qpc 
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LTS PERMANENT LIFI' STATION HYDROSTATIC UPLIFT 

DATA VERIFICATION 

ODs = outside diameter of horizontal storage tank = 8.388 rt; J 
PLEXCO Design Manual, Table 2 

length of the horizontal storage pipe = 23.7 f€; & k d e  L2sL) J 
Figure 1 

c63. 1 ~d 2) J 

L = 

T d c  - - thickness of the dry concrete = 1.3 A J 
Figure 2 

ydc = unit weight of dry concrete = 150 1bm3 (~ssumed) J 

thickness of saturated concrete = 0.2 A J 

Figure 2 
- - 

K C  

= unit weight of saturated concrete = 155 lb/ft3 (Assumed) J %C 

G = thickness of the saturated embedment fill fiom the springline of the J 
horizontal storage tank to the bottom of the concrete cover slab = 7.2 ft; 
Figure 2 

f ig  = 

OD6 = outside diameter of the riser = 6.338 ft; 

unit weight of saturated embedment fill = 145 lb/ft3 (Assumed) J 
o< +& w e ~ ~ - p j e 4  m+d 

PLEXCO Design Manual, Table 2 1 q-d 2) 

HR = height of the riser fiom the top of the horizontal storage tank to the 
bottom of the concrete cover slab = 2.9 ft; / 
Figure 2 

angle of internal fiiction of embedment fill = 35 deg (Assumed) 
J 

= 

K, = active earth pressure coefficient = (1-sin $)I( l+sin$) = 0.271 

= unit weight of water, (lb/fi3) = 62.4 pcf 
YW 
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PERCHED GROUND WATER TABLE ELEVATION 

As presented in the Calculation Package “Hydrostatic UpIijI of Liner System”, the Design-Basis 
Perched Ground Water Contour map was prepared. As presented in Figure 1, the map was used to 
determine the maximum level of the perched ground water at the LTS permanent lift station location. 
As presented in Figure 2, the Final Grading Plan with Lift Station and Manhole Locations was used to 
determine the distance between the Cell 9 LCS manhole and the LTS permanent lift station. The results 
of the analysis are presented in Table 1. 
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t m =  

LTS PERMANENT LIFT STATION STRUCTURAL DESIGN 

HDPE STRUCTURAL DATA VERIFICATION 
29 

length of cover = Mft 
See Figure 1 
width of cover = 12 ft J 
SeeFigure 1 

/ 

,' 

maximum temperature above ambient temperature = Assume 73.4 "F / 
duration of load = Assume 200 years or 1,753,200 hours 

unit weight of concrete = Assume 150 pcf, typical for concrete 

earth pressure coefficient, = 0.426 

Conservative for an angular poorly graded gravel compacted with moderate compaction 

unit weight of dry soil = Assume 135 pcf, typical for gravel 

unit weight of saturated soil = Assume 145 pcf, typical for saturated gravel 

unit weight of water = 62.4 pcf / 

J 

Assume friction angle (4) of 35 degrees and K = KO 1 -sin $ J 

J 

depth-ofburial, (ft) = 12.5 ft 
See Figure 2 J 

J depth below water table = 11.7 A 
Based on the Design Perched Ground Water Contour Drawing 

outside diameter of containment ipe = 8.388 fl or 100.66 in. 

outside diameter of riser = 6.425 A or 77.10 in. 
Table 2, PLEXCO Manhole Technical Reference 

Table 2, PL#CO Manhole Technical Reference 

modulus of soil reaction = 1500 psi = 216,000 lb/ft2 
Table 3, Duncan Hartley Soil Reaction Modulus 

moment of inertia of wall section = 1.203 i ~ ~ . ~ / i n .  
Table 2, PLEXCO Manhole Technical Reference 

Table 2, PLEXCO Manhole Tec f nical Reference 

containment i e's cross-sectional ?ea = 1.452 in. 2 /in. 

J 

,- 
mean diameter of containment pipe (ID + 22) = 98.526 in. / 
containment i e inside diameter = 8.0 ft or 96 in. 
Table 2, PL#CO Manhole Technical Reference 

J 
Table 2, P L g C O  Manhole Technical Reference 

J 

containment i e wall centroid = 1.263 in. 

Allowable ring deflection = Assumed 2%, conservative 0 14 001 .pz-_I;p 



Page -of 9 &  - GEOSYNTEC CONSULTANTS 
~ 9 6 / z /  14 

Written By : BRIAN D. JACOBSON Date: %/&. 14 Reviewed by: 6 e5 Date: 23 &F6 a client: FERMco Project: FEXNALD OSDF ProjectProposal No.: GE3900 TaskNo.: 8.6 

R r 3 C m ) v i  m 3  Cib 

/ 
Table %SPlROUTE Class 100 Closed Profile Riser Properties (0  

c/ 

Table 3 DuncanMartley Soil Reaction Modulus 



Written by: A GufT/fl 6 Date: qb(o)/?l Reviewed by: AK Date: '6/0ddt 

Project: FERNALD OSDF Projedlproposal No.: GE3900 Task No.: 8.6 e w3 FERMco 3ny ; i%7  

PERMANENT LIFI' STATION MANHOLE COVER SLAB 
DATA VERIFICATION 

> 

INTRODUCTION 

The purpose of this package is to verify the data required for the calculation procedures described 
in the previous section. 

Cover Slab Outside the Manhole Area 

Reinforcement Ratio 

Pmin = minimum reinforcement ratio (dimensionless) 

Flexural Reinforcement Area 

A, = minimum flexural reinforcement area (inz) 
bw = slab unit width = 12 in. 
h = slab thickness, = 6 in. in area A, = 18 in. in area B 

Cover Slab on TOD of Manhole Cover 

Vertical Loads 

Wu = ultimate load @sf) 
W, = dead load 
W, = live load = 125 psf (adopted) 

Flexural Moment 

MU = ultimate moment (in-kips/ft) 
Wu = ultimate load @sf) 



client: FERMCO Projea: FERNALD OSDF ProjeeuPrOposal No.: GE3900 Task No.: 8.6 

L = span length = 8 ft 

Shear 

v u  = ultimate shear (kips) 
L = span length = 8 ft 

Flexural Capacity 

ultimate moment capacity (in-kips/ft) 
strength reduction factor = 0.90- 
area of tension reinforcement (in") 
specified yield strength = 60,000 psi (adopted) 
distance from extreme compression fiber to centroid of tension reinforcement 
= 9.5 in. (adopted slab thickness = 12 in.) 
depth of equivalent rectangular stress block (in) 
specified compressive strength of concrete = 3,000 psi 
slab unit width = 12 in. 

Shear Capacity 

v; = ultimate shear capacity (kips) 
9 = strength reduction factor = 0.85 
v c  = nominal shear strength provided by concrete (kips) 
ff = specified compressive strength of concrete = 3,000 psi 
b w  = slab unit width = 12 in. 
d = distance from extreme compression fiber to centroid of tension reinforcement 

= 9.5 in. (adopted slab thickness = 12 in.) 

GE3900-8.6/36/F9630 124 
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LTS PERMANENT LIFT STATION DESIGN 

ANALYSIS RESULTS 

0 LTS Permanent Lift Station Storage Requirements / 

LTS Permanent Lift Station Hydrostatic Uplift J 

LTS Permanent Lift Station Structural Design 

0 HDPE Structural Calculations 

0 

/- 

Concrete Structural Calculations 
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PERMANENT LIFI' STATION 

MANHOLE COVER SLAB 

CALCULATION RESULTS 

Cover Slab Outside the Manhole Area 

Reinforcement Ratio 

Pmin = 0.0018 

Flexural Reinforcement Area 

e 6 in. thick slab (Area A) 

A, = 0.0018(12)(6) = 0.129 in2 
#4 Bar :. A, = 0.20 in2 
Maximum Spacing = 18 in. 

Use 1 #4 @ 18" O.C. 

e 18 in. thick slab (Area B) 

A, = 0.0018(12)(18) = 0.38 in2 
#6 Bar :. A, = 0.44 in2 
Maximum Spacing = 18 in. 

Use 1 #6 @ 18" O.C. 

Cover Slab on TOD of Manhole Cover 

Vertical Loads 

W, = 1.4 (150)(1)(12/12) + 1.7(125) = 422.5 psf 

GE3900-8.6/37/F9630 124 



Flexural Moment 

Mu = 40,560 (in-lb)/ft = 40.5 (in-kip)/ft 

Shear 

vu = 422S 
2 

= 1,690.5 Zb = 1.7 kips 

Flexural Capacity 

As the first trial, a steel area equivalent to the minimum steel required for temperature and shrinkage 
is used to evaluate the flexural capacity, as follows: 

Pmin = 0.0018 
AS = 0.0018 x 12 x 12 = 0.259 in.2 
1#5 :. As = 0.31 in.2 

0 39 
2 M; = 0.90 (0.31)(60)(9.5 - -) = 155.7 in.-kip/ft 

M; = 155.7 (in-kip)/ft > MU 

The minimum steel (1#5 at 12 in. O.C.) required for temperature and shrinkage has sufficient 
flexural capacity to support the ultimate flexural moment. This reinforcing steel will be located in the slab 
at 2.5 in. from the bottom surface of the slab. 

For the long term performance of the concrete slab and to prevent stress concentrations 
around the manhole access opening in the slab, a second set of reinforcing steel will be located in the slab 
at 1.5 in. from the top surface of the slab. ooa L" ' 3  <- 

GE3900-8.6/38/F9630 124 
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Shear Capacity 

VC = 2 4-(12)(9.5) = 127486 lb 
VC = 12.4 kips 
VA = 0.85 (12.4) = 10.5 kips > Vu 

Reinforcement Detailing 

Reinforcement detailing is shown in Figure No. I . 

GE39OO-8.6/39/F9630 124 
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COMPUTATION COVER SHEET 

SUBJECT OF CALCULATION: LTS PIPE HYDROGRAPH 
Computations By: Signature A! ( S c ( r n I A  25 f=cb 4x 

(Cognizant Engineer) Date 
Printed Name D S  A - OT fiM+%r\] 

and Title P 0 TELT E rd GI I4 G& 

Assumptions 

Checked by: Date 
and Procedures s i g n a m  d c..FLb 2 G  F € O  9 6  

(Checker) PrintedName G. -?AS< 

and Title S T A F F  .Jg€& 

computations 
Checked by: 
Checked by: 

Signature - - -2’ G. ( 3 ~  2 G  c € b q &  
Date 

Printed Name ’ 3 4 ~ 1 ~  L G. T S S S  
and Title 5 r A F F  Ed 6 ldt?E& 

Signature - - -2’ G. ( 3 ~  2 G  c € b q &  
Date 

Printed Name ’ 3 4 ~ 1 ~  L G. T S S S  
and Title 5 r A F F  Ed 6 ldt?E& 

Computations 
Backchecked by: Signature (?&&I &anz 2 6  6&96 

(Cognizant Engineer) C I U  Date 
Printed Name M k T D I  4 * oT* r\F\ptrJ 

and Title P€Lo 3 E T  Grd G I N E E ~  

Approved by: 
(DTL and TETL) 

Signature && 26 -96 u u  Date 
PrintedName M * T - D Z  4. OTYMPrd 

and Title 

Signature 26 (%6% 

Printed Name 
and Title 

Date 

Record of Revision (Number and initial all revisions) 

Date BY Checked I Approval Rev. No. Reason 

@.E3900-08.6/F963OO66. CDC 96.02.15 
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LEACHATE TRANSMISSION SYSTEM (LTS) 
PIPE HYDROGRAPH 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to estimate a flow hydrograph for the LTS pipe. This hydrogrph 
represents the rate of flow in the LTS pipe as a function of time after the design storm event. 

METHODS OF ANALYSIS 

@ 
0 A worst-case scenario is assumed to occur when six cells are under final closure, 1 cell is in the 

intermediate stage of operation (i.e., 30 ft  of impacted material and an intermediate cover), 1 cell is 

in the initial stage of operation (i.e., 10 ft  of impacted material) and is equipped with an impacted 
runoff catchment area, and 1 cell has just been opened and just started receiving impacted material. 
The 25-yr, 24-hr design storm event is considered in the analysis. 
The volumes of,leachate generated in closed and active cells, impacted runoff stored in the 
catchment area, and storm water collecting in the new cell were estimated. An inflow-outflow 
budget analysis was performed to estimate the flow rate in the LTS pipe on daily basis considering 
the maximum flow rate allowed in the LTS pipe estimated in the “LTS Gravity Line Design” 
Calculation Package. 

0 

0 

CONCLUSIONS 

The maximum flow rate in the LTS pipe is 80 gpm. M e r  the 25-yr, 24-hr storm event, the LTS 
pipe is estimated to be transferring flow at this rate for approximately 20 days. Thereafter, the flow 
rate decreases back to an average rate of 8.3 gpm and a peak rate of 15.8 gpm. 
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0- = 1,754 gpad (714) 

Peak daily for post-closure stage = 0.024 gpad (lo-'+) 

Peak daily for initial stage (i.e., 10 ft of waste) 
Peak daily for intermediate stage (Le., 30 ft of waste and seasod cover) = 1,754 gpad (7,4 ) 

Average annual for initial stage = 1,145 gpad (4.3) 
Average annW for intermediate stage = 696gpad ( 3 , \ )  

Average annual for post-closure stage = 0.002 gpad {qgk.*) 
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

** 
** 
**  

** HELP MODEL VERSION 3.04a (10 JULY 1995) **  
**  DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
**  ** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA FILE: c:\applicat.ion\help3.04a\MAJ3.D4 
TEMPERATURE DATA FILE: c:\applicat.ion\help3.04a\MAJ.D7 
SOLAR RADIATION DATA FILE: c:\applicat.ion\help3.04a\MAJ.D13 
EVAPOTRANSPIRATION DATA: c:\applicat.ion\help3.04a\~~~.Dll 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: C:\APPLICAT.ION\HELP3.04A\ma-j3new.OUT 

c:\applicat.ion\help3.04a\MAJ3.D10 

TIME: 17: 0 DATE: 2/25/1996 

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

TITLE: FERNALD OSDF, 24-hr 25-hr storm event, newly constructed cel 

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

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 
FIELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0304 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 224.0 FEET 



LAYER 2 
- - - - - - - -  

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
POROSITY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY = 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS - - 0.00 HOLES/ACRE 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 - GOOD 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #21 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 2 . %  AND 
A SLOPE LENGTH OF 224.  FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

7 0 . 5 0  
0.0 
1.000 
1.0 
0 . 0 1 3  
0 . 3 9 7  
0 . 0 1 3  
0.000 
0 . 3 6 5  
0 .365  
0.00 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES /YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NOTE: EVAPOTRANSPIRATION DATA W+S OBTAINED FROM 
CINCINNATI OHIO 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3 9 . 1 0  DEGREES 
= 0.00 

104 
295 

= 1.0 INCHES 
= 9 . 1 0  MPH 
= 7 0 . 0 0  % 
= 6 7 . 0 0  % 
= 7 3 . 0 0  % 
= 7 2 . 0 0  % 

- - 
- - 



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COVINGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
- - - - - - - - - - - - - -  - - - - - - -  _ - - - - - -  - - - - - - -  - - - - - - -  

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA W A S  SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG M?iR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ - - - - -  - - - - - - -  - - - - - - -  - - - - - - - - - - - - - -  - - - - - - -  
28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 
AND STATION LATITUDE = 39.10 DEGREES 

HEAD #1: AVERAGE HEAD ON TOP OF LAYER 2 
DRAIN #1: LATERAL DRAINAGE FROM LAYER 1 (RECIRCULATION AND COLLECTION) 
LEAK #1: PERCOLATION OR LEAKAGE THROUGH LAYER 2 

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

1 *  
2 *  
3 *  
4 ”  

8 *  
9 f  
10 * 

0.00 0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 
0 .003  0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 
0.00 0.000 0.000 0.0130 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 

.0000E+00 
00% 149 



11 
12 
13 

e ;: 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

6% 42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

a:: 
68 
69 
70 

* 
* 
* 
* 

* *  
* *  
* *  

* 
* 

* 
* 
* 
* 
* 

* 
* 
* 
* 

* 
* 

* 
* 
* 
* 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0 . 0 0  
0.00 
0 . 0 0  
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0 . 0 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0.000 
0 .000  
0 . 0 0 0  
0 .000  
0.000 
0 .000  
0 .000  
0.000 
0.000 
0.000 
0 . 0 0 0  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 . 0 0 0  
0 .000  
0 .000  
0 . 0 0 0  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .000  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 .000  
0.000 
0 . 0 0 0  
0 .000  
0 .000  
0.000 
0.000 
0.000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 .000  
0 . 0 0 0  
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .000  
0.000 
0.000 
0.000 
0.000 
0 .000  
0.000 
0.000 
0.000 
0 . 0 0 0  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 

p1 

0 .0000  .0000E+00 .0000E+00 
0 . 0 0 0 0  .0000E+00 .0000E+00 
0 .0000  .0000E+00 .0000E+00 
0 . 0 0 0 0  .0000E+00 .0000E+00 
0 . 0 0 0 0  .0000E+00 .0000E+00 
0 . 0 0 0 0  .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .OOOOE+OO .0@00E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
C.0000 .CCOOE+OO .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 0 0 1 ,IS0 
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71 
72 
73 

77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 * 

* 
* 

102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 

128 
129 
130 

0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 
0.00 0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 

0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
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131 
132 
133 a' 2 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 

187 
188 
189 
190 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4 . 5 0  
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.004 
0.086 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.2681 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 

0.0000 .0000E+00 . O O O O E + a O  
0.0000 .0000E+00 .0000E+DO- 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000'E+00 

2'$. 8 

3.9953 .2264 .4530E-06 
10.8674 .6158 .1232E-05 
9.2213 .5225 .10463-05 
7.8709 .4460 -89253-06 
6.7183 .3807 .7618E-O6 
5.7345 .3249 .6502E-O6 
4.8948 -2774 .5550E-06 
4.1780 .2367 .4737E-06 

.4044E-06 3.5662 .2021 
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191 
192 
193 

(I); % 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 a;; 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 

248 
249 
250 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
o * o o o  0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 

3.0440 ,1725 .34513-06 
2.5982 .1472 .29463-06 
2.2177 -1257 .25153-06 3 
1.8930 -1073 .21463-06 
1.6158 .91563-01 .18323-06 
1.3792 .78153-01 .15643-06 
1.1772 .66703-01 .13353-06 
1.0048 .56943-01 -11393-06 
0.8577 -48603-01 .97253-07 
0.7321 .41483-01 .83013-07 
0.6249 .35413-01 .70853-07 
0.5334 .30223-01 .60483-07 
0.4553 .25803-01 .51623-07 
0.3886 .22023-01 .44063-07 
0.3317 .18793-01 .37613-07 
0.2831 .16043-01 .32103-07 
0.2417 .13693-01 .27403-07 
0.2063 .11693-01 .23393-07 
0.1761 .99773-02 .19963-07 
0.1503 .85163-02 .17043-07 
0.1283 .72693-02 .14553-07 
0.1095 .62043-02 .12423-07 
0.0935 .52963-02 .10603-07 
0.0798 .45203-02 .90453-08 
0.0681 .38583-02 .77213-08 
0.0581 .32933-02 -68493-08 
0.0496 .28113-02 -68033-08 
0.0423 .23993-02 -68033-08 
0.0361 .20483-02 .68033-08 
0.0309 .17483-02 .6803E-O8 
0.0263 .14923-02 .68033-08 
0.0225 .12743-02 .6803E-O8 
0.0192 .10873-02 .68033-08 
0.0164 .92793-03 .68033-08 
0.0140 .79213-03 .68033-08 
0.0119 .67613-03 .68033-08 
0.0102 .57713-03 .68033-08 
0.0087 .49263-03 .68033-08 
0.0074 .42043-03 .68033-08 
0.0063 .35893-03 .68033-08 
0.0054 .30633-03 .68033-08 
0.0046 .26153-03 .68033-08 
0.0039 .22323-03 .68033-08 
0.0034 .19053-03 .68033-08 
0.0029 .16263-03 .68033-08 
0.0024 .13883-03 .68033-08 
0.0021 .11853-03 .68033-08 
0.0018 .10113-03 .68033-08 
0.0015 .86303-04 .68033-08 
0.0013 .73663-04 .68033-08 
0.0011 .62883-04 .68033-08 
0.0009 ,53673-04 .68033-08 
0.0008 .45813-04 .68033-08 
0.0007 .39103-04 .68033-08 
0.0006 -33373-04 -68033-08 
0.0005 .28483-04 .68033-08 
0.0004 .24313-04 .68033-08 
0.0004 .20753-04 .68033-08 
0.0003 .17713-04 .68033-08 
0.0003 .15123-04 .68033-08 

0 @: p:g 5 3 



251 
252 
253 

257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
2 72 
273 
274 
275 
276 
277 
278 
279 

282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 

308 
309 
310 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 * 000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 

0.0002 
0.0002 
0.0002 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

.12903-04 .68033-08 

.11013-04 .68033-08 

.93983-05 .68033-08 

.80213-05 .68033-08 

.68453-05 .68033-08 

.58423-05 .6803E-O8 

.49863-05 .68033-08 

.42543-05 .68033-08 

.36303-05 .68033-08 

.30983-05 .68033-08 

.26433-05 .68033-08 

.22553-05 .68033-08 

.19243-05 .68033-08 

.16413-05 -68033-08 

.14003-05 .68033-08 

.11943-05 ,68033-08 

.10183-05 .68033-08 

.86803-06 ,68033-08 

.73993-06 ,68033-08 

.63053-06 ,68033-08 
,53723-06 -68033-08 
.4575E-06 -68033-08 
.38953-06 -68033-08 
.33153-06 -68033-08 
.28203-06 ,68033-08 
.23973-06 .68033-08 
.20363-06 .68033-08 
.17283-06 .68033-08 
.14653-06 -68033-08 
.12403-06 ,68033-08 
.10493-06 -68033-08 
.88523-07 -68033-08 
.74563-07 .68033-08 
.62653-07 -68033-08 
.52483-07 -68033-08 
.43803-07 .68033-08 
.36393-07 -68033-08 
.30063-07 .68033-08 
.24663-07 .68033-08 
.20063-07 ,68033-08 
.16123-07 -68033-08 
.12773-07 .68033-08 
.99003-08 .68033-08 
.74543-08 .68033-08 
.53663-08 .68033-08 
-35843-08 .68033-08 
.20633-08 .68033-08 
.76463-09 .68033-08 
.1890E-ll .28683-09 
.00003+00 .0000E+00 
.00003+00 .0000E+00 
.00003+00 .0000E+00 
.00003+00 .0000E+00 
.00003+00 .0000E+00 
.00003+00 .0000E+00 
.00003+00 .0000E+00 
.0000E+00 .0000E+00 
.0000E+00 .0000E+00 
.0000E+00 .0000E+00 
.00003+00 .0000E+00 001 :.5G 



311 
312 
313 a21: 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 * 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 * 4:; 41 

342 
343 
344 * 
345 * 
346 * 
347 * 
348 * 
349 * 
350 
351 
352 * 
353 * 
354 * 
355 * 
356 * 
357 
358 
359 
360 
361 
362 
363 
364 

M f W  

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

9 6/2/25 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o..ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0 - 0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 
0.0130 

3 6 4  5 6 /2/2 

0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+UO 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .0000E+00 .0000E+00 
0.0000 .OOOOE+OO .OOOOE+OO 
0.0000 .0000E+00 .0000E+00 Crri"' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MONTHLY TOTALS (IN INCHES) FOR YEAR 1 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

0.00 0.00 0.00 0.00 0.00 0.00 
0.00 4.50 0.00 0.00 0.00 0.00 

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 0.000 
0.090 0.000 0.000 0.000 0.000 0.000 

LATERAL DRAINAGE COLLECTED 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
FROM LAYER 1 4.3742 0.0359 0.0003 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

'7RAGE DAILY HEAD ON 
i'OP OF LAYER 2 

0.000 0.000 0.000 0.000 0.000 0.000 
2.490 0.020 0.000 0.000 0.000 0.000 

STD. DEVIATION OF DAILY 0.000 0.000 0.000 0.000 0.000 0.000 
HEAD ON TOP OF LAYER 2 2.916 0.025 0.000 0.000 0.000 0.000 

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

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

RUNOFF 

EVAPOTRANSPIRATION 

DRAINAGE COLLECTED FROM LAYER 1 

0.000 

0.090 

4.4103 

0.000 0.00 

325.484 1.99 

16009.481 98.01 

PERC./LEARAGE THROUGH LAYER 2 0.000009 0.034 . 0.00 0 .VG. HEAD ON TOP OF LAYER 2 0.2092 

CHANGE IN WATER STORAGE 0.000 0.000 0.00 

SOIL WATER AT START OF YEAR 0.717 2602.668~pl 7-51;; 



SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

.,NOW WATER AT END OF YEAR 

; 3  0.717 2 6 0 2 . 6 6 4 p z  - 2 5 
0.000 0.000 0.00 

0.000 0.00 0.000 

ANNUAL WATER BUDGET BALANCE 0.0000 0.000 0.00 

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

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

STD. DEVIATIONS 0.00 0.00 0.00 0.00 0.00 0.00 a 
RUNOFF 
- - - - - -  
TOTALS 

0.00 0.00 0.00 0.00 0.00 0.00 

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 
- - - - - - - - - - - - - - - - - -  
TOTALS 0.000 0.000 

0.090 0.000 

STD. DEVIATIONS 0.000 0.000 
0.000 0.000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 0- ERCOLATION/LEAKAGE THROUGH LAYER 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 
0.0000 0.0000 

0.000 
0.000 

0.000 
0.000 

0.0000 
0.0003 

0.0000 
0.0000 

0.0000 
0.0000 

0.000 
0.000 

0.000 
0.000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 



STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

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

DAILY AVERAGE HEAD ON TOP OF LAYER 2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

2.4902 0.0204 0.0002 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

EVAPOTRANSPIRATION 

0.000 ( 0.0000) 0.00 0.000 

0.090 ( 0.0000) 325.48 1.993 

LATERAL DRAINAGE COLLECTED 4.41033 ( 0.00000) 16009.481 98.00723 
FROM LAYER 1 

PERCOLATION/LEAKAGE THROUGH 0.00001 ( 0.00000) 0.034 0.00021 
LAYER 2 

AVERAGE HEAD ON TOP 0.209 ( 0.000) 
OF LAYER 2 

0.000 CHANGE IN WATER STORAGE 0.000 ( 0.0000) 0.00 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 1 0.61579 2235.31201 

PERCOLATION/LEAKAGE THROUGH LAYER 2 0.000001 0.00447 

AVERAGE HEAD ON TOP OF LAYER 2 10.867 

MAXIMUM HEAD ON TOP OF LAYER 2 14.975 

LOCATION OF MAXIMUM HEAD IN LAYER 1 
(DISTANCE FROM DRAIN) 69.6 FEET 

SNOW WATER 0.00 0.0000 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2681 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0130 

*** Maximum heads are computed using McEnroe’s equations. *** 
Reference: Maximum Saturated Depth over Landfill Liner 

by Bruce M. McEnroe, University of Kansas 
ASCE Journal of Environmental Engineering 
Vol. 119, No. 2, March 1993, pp. 262-270. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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2 0.0000 0.0000 

SNOW WATER 0.000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS PACKAGE 

USEPA HELP MODEL 
c 

1. Schroeder, P.R., Lloyd, C.M., and Zappi, P.A., "nK Hydrologic Evaluan'on of Landcfill 
Pe@omame (2YEZ.P) Model, User's Guide for Version 3," U.S. Environmental Protection Agency, 
Office of Research and Development, Washington, D.C., Report No. EPA/600/R-94/168a, Sep 
1994. 

;a 2. Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L, 
"The Hydrologic Evaluation of Lund?ll Pe@ormance (HELP) Model Engineering Docwnentm'on 

for Version 3," U.S. Environmental Protection Agency, Mice of Research and Development, 
Washington, D.C., Report No. EPN_600/R-94/168b, Sep 1994, 116 p. 

See Section 1.2 of the Design Parameter Summary. 
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