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1 INTRODUCTION

The Resource Conservation and Recovery Act (RCRA) as ammended
in 1984 requires EPA to pramulgate regulations which restrict land
disposal of hazardous wastes unless it is determined by EPA that a
prohibition is not required to protect human health and the
environment The restrictions apply for as long as the waste remains
hazardous.

In promulgating such regulations, Congress has directed EPA
to consider:

A. The loﬂg-term uncertainties associated with land disposal:

B. The goal of managing hazardous wastes in an appropriate
manner; and

c. The persistence, toxicity, mobility, and propensity of
hazardous wastes and their constituents to bioaccumulate.

EPA's Office of Solid Waste (OSW) reviewed a number of
approaches which could serve to evaluate the need to ban or further
restrict hazardous wastes from land disposal. The general approaches
examined included decision criteria schemes, numerical schemes,
modeling schemes, and cambinations of all three. The approach
presented in this paper, developed by OSW represents one option
considered by EPA. It cambines a mathematical model for solute
transport with health based concentration limits and a leach test.

EPA's approach provides a systematic, consistent, and non-
capricious method for determining the need to restrict hazardous
wastes from land disposal. EPA's approach is designed to establish
~acceptable concentrations for specific chemical constituents in
waste extracts by working backward from a point of potential human
exposure (through air, groundwater, and surface water) to the land
disposal unit. Health assessment levels for each constituent will
be appropriately partitioned into the three media.

This paper presents the groundwater screening component of EPA's
approach. It is important note that in this approach decisions on
restricting land disposal of hazardous wastes will be made on a
national basis. The RCRA reauthorization legislation establishes
a petition process for consideration of site specific factors.



The groundwater screening procedure presented in this paper
involves application of an analytic solute transport equation in
conjunction with values for hydrogeologic parameters, such as
groundwater velocity, soil porosity, net infiltration, etc., that
are applied in a Monte Carlo routine to derrive a distribution
of outputs. ~

The EPA approach is based on the following general assumptions:

(1) Decisions to restrict the land disposal of hazardous
wastes will be made on a national basis.

(2) Restrictions decisions will be linked to health assessment
levels, i.e., the reference dose.

(3) The procedure developed by EPA to restrict the land
disposal of hazardous wastes are to accamodate the
variations in environmental settings, and the uncertainties
in specific chemical properties.

The scenario to be applied in conjunction with the ground water
screening procedure is a land disposal unit with a fixed point of
measurement established at distance x; down gradient. Figure 1l
illustrates a cross section and a plan view of this system.

The groundwater screening procedure can be described
gualitatively as follows. .

(L) A waste will be determined accepatble for land disposal
if specific chemical constituents are projected to migrate
to the fixed measurement point at concentrations equal
to or less than the reference dose for those chemicals.

(2) If constituents in hazardous wastes migrate to the fixed
measurement point at concentrations above the reference
dose, then the waste will be restricted from land disposal.

(4) Land disposal will be permitted, however, if it is possible
to pretreat the waste such that the constituent concen-
tration in the groundwater at the measurement point no
longer exceeds the reference dose. -

In order to apply the groundwater screening'procedure,'one must
be able to measure, estimate, or predict:

(1) 1leachate concentrations of specific chemical constituents
from a waste; and

(2) the migration of the chemical constituents in the leachate
to the measurement point.
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2 -MATHEMATICAL MODEL

A mathematical model is used to provide an instrument for
computing concentration distributions in the generic groundwater
system (depicted in Figure 1). The model is explained below in
general terms, and sample calculations are provided. A detailed
explanation of the mathematical techniques employed in the model is
presented in Appendix A at the end of the paper. The mathematical
techniques employed in the model are, however, based upon analytical
solution procedures well established in the scientific literature.

The ground water back-calculation model properly accounts for
most of the major physical and chemical processes known to influence
movement and transformations of chemicals in simple, homogeneous
and isotropic porous media under steady flow conditions (constant
velocity). The important mechanisms considered include advection,
hydrodynamic dispersion in the longitudinal, lateral and vertical
dimensions, adsorption, and chemical degradation. The model assumes
first-order chemical reactlons, and linear equilibrium sorption
isotherms.

The three-dimensional solute transport equation upon which the
ground water screening model is based is presented below as
Equation (1), written in the form (Bear, 1979):

¢ d2¢c 32¢ vV  dc d¢
Dyy—— + Dyy—— + D,, - = = + ¢ + Ic (1)
a2 a2 322 R, OX dt
where:
X:Ye2 = gpatial coordinates in the longitudinal, lateral

and vertical directions, respectively, (m)
c dissolved concentration of chemical, (g/ml)
Dxx, Dyy. retarded dispersion coeff1c1ents in the x, y and 2
Dzz directions, respectively, (m2/yr)

\Y = groundwater seepage velocity, assumed to be in the
x-direction, (m/yr) -

Ry = retardation factor, (dimensionless)

t = elapsed time, (yr)

= effective first-order decay constant, (yr-l)

e = volumetrlc water content of the porous medium,
(cm3 /cm3)

I = rate of ground water recharge from precipitation
(yr=1)



The retardation factor, R, and the effective decay constant, )
are defined as follows:

Re = 1+ Pp Ky
. ) (2)

M8 + Az pKg
and, A = (3)
0 + Ky

where:

P, = bulk density of the porous medium, (g/cm3)

Kg = distribution coefficient, (cm3/g)

@ = volumetric water content, (cm3/cm3)
A1 = decay constant for dissolved phase, (¥r"'l
A, = decay constant for sorbed phase, (yr™)

A schematic description of the three-dimensional region
considered is presented in Figure 2. The region is regarded as
semi-infinite in the x-direction (0 < x <o), infinite in the
y-direction (-0 < y <e0), and finite in the z-direction (0 < z < B).
Initially, the aquifer is assumed to be free of contamination

The solution treats the source concentration (i.e., the
contaminant concentration in the leachate directly below the land
disposal unit) as a Gaussian distribution in the lateral direction
(along the y-axis corresponding to the leading, down gradient edge of
the unit), and a uniform distribution over the vertical mixing or
penetration depth, H. The maximum dissolved concentration of the
contaminant, co, occurs at the center of the Gaussian distribution
(i.e., at y = 0; under the midpoint of the disposal unit). The
Gaussian distribution of the contaminant concentration is then defined
by its standard deviation,¢ , as illustrated in Figure 2. The
standard deviation of the distribution, o, is measured in terms of
distance (meters), and is related but not equal to the width of the
disposal unit.
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FIGURE: 2 Schematic Description of Three-Dimensional Region For
The Anaiytical Solution. ' '
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Based on the stated assumptions, the initial and boundary
conditions employed may be written as follows:

c(x, y,2,0) = 0 (4)
c(0, y, z, t) = coe'Yz/Zd'2 (5)
c (xl“o Z, t) = 0 (6)
c(x, =o2, 2z, t) = 0 (7)
cke, ¥, 2, t) = 0 (8)
oc
- (x, ¥, 0, ) = 0 (9)
Qz
o C
— (x, y,» B, t) = 0 (10)
d 2z

where B is the aguifer thickness.

The solution of equation (1) subjected to equations (4)-(10)
is derived in Appendix A. This three~dimensional analytical solution
can be written in a simple functional form as follows:

H
— ce(x, y, t) +lcp(x, v, 2z, &) (11)
B

cp(x1Y: z, t)

where H/B is the penetration ratio and c¢ (x, y, t) and
Acp (x, y» 2z, t) are functions defined in Appendix A.

Note that the function cg (x, y, t) turns out to be identical
to the two-dimensional analytical solution of a corresponding case
where full penetration of the source (or complete vertical mixing)
over the entire aquifer thickness is assumed. According to equation
(11), the solution for the general partial penetration case,
Cp (x, y, z, t), consists of two terms. The first term is the
product of the penetration ratio and the solution of the corresponding
full-penetration case. It may be interpreted as the concentration
that would be predicted if vertical spreading of the contaminant plume



is not allowed. The second term, cp(x, y, z, t), is a correction
term necessary to allow for the partial penetration effect which
leads to vertical spreading or vertical dispersion. Vertical
dispersion will cause the contaminant plume to grow in the vertical
direction with increasing longitudinal distance from the source.
The vertical extent of the plume is, however, limited by the
available aquifer thickness.

3 GENERAL DIMENSIONLESS RELATIONSHIPS

To allow simple use of the analytical model, dimensionless
relationships are introduced. First, equation (l1) is rewritten as

H
CpD = -;— cgp t Ach (12)

where Cpp, Cgp. and Ac,p are dimensionless functions obtained by
normalizing cp, cf and Acp with respect to the maximum source
concentration, cg .

Second, another dimensionless function, referred to as a
dilution factor for partial penetration, ¥, is introduced as

SpD (o
¥ = 4= = = (13)
C£fD Cf
Thus it follows that is given by
H
Z' = -;-'CfD + CpD (14)

The dilution factor will be used as a vehicle for evaluating
concentration values for the partial penetration case using
concentration values for the corresponding fully-penetration case.
The normalized concentrations, cyp and cgp, and the dilution
factor ¥, can be expressed as functions of several dimensionless
variables as shown in Appendix A. For convenience, the important
dimensionless variables are categorized as follows:
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(1) Dimensionless coordinates: xD, yD and zD, defined as

V_x X
xD = S = —
ZDxx ZaL (15a)
Vg Y
T L, T Zag (15b)
, Vsz z
7y = = — (15¢)
ZDzz' 202

where the retarded dispersion coefficients, Dxy, Dyy and D are
computed from:

Dxx ’“L‘;s' Dyy =*1Vg, and Dzz = Vg

with &, ®p and < representing the longitudinal, transverse and
vertical dispersivity coefficients, respectively, and Vg representing
the solute velocity.

(2) Dimensionless time: +tp, defined as

Vs‘t t
tD = = — (16)
b 4 T

where t denotes the elapsed time, and T denotes the transit time of
the solute. The transit time is the time taken by a solute particle
to travel from the source to the observation point (x, 0, 0) on the
X-axis. '

(3) Dimensionless decay constant: Ap, defined as

v
AD = .AT = 2

(17)
x

(4) Dim_ensidnless standard deviation: O7p, defined as

g |
D 2PL qr)l/z
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(5) Penetration ratio of contaminant source: H/B.
(6) Aquifer thickness to vertical dispersivity ratio: B/fX,.

In general, the relative concentration for the partial penetration
case can be expressed as

H B
Cpp = fch = cpplxXp, ¥Ypr zp. tp, Ap. Opr — pon (19)
B Xg

where cgp and ¥ are dimensionless functions of the form

cep = cgplxp, ¥p, tp. Ap,T D) | (20)
H B

7 = (xp, ¥Ypr Zps tpr Apr OD¢r —— :—) (21)
B z

4 SIMPLIFIED DIMENSIONLESS RELATIONSHIPS FOR STEADY-STATE
CONCENTRATION DISTRIBUTIONS ALONG THE x-AXIS

In a case where one is concerned with maximum attainable or
steady-state concentration values at measurement points along the
x-axis (y = z = 0), simplified dimensionless relationships can be
derived.

These relationships may be written as

C*pD = z*c*fD = c*pD(xD, AD'O’D' —;—, ?) (22)
Z

where c*,p and c*gp denote the dimensionless steady-state

concentration distributions for the partial-penetration and the
corresponding fully penetration cases, respectively, and I* denotes

the steady-state dilution factor for partial penetration. c*gp and
* can be written in the form

c*¢p c*¢p(xp, A p, Qp) (23)

H B '
I T*(xp, 7\1)' Tpr —, ;‘—) (24)
B

Z

10



It is seen that c*gp is a8 function of three dimensionless variables,
whereas T* is a function of five dimensionless varlables. Physical
considerations suggest, however, some of the variables in equation
(24) may not have significant influences on the value of the dilution
factor.%*. Via sentivity analysis, it is concluded in Appendix A that
an approximate functional expression forJ * may be written as

X B H
Ir* = I* (—, , ) (25)
B o, B

A comparison of equations (24) and (25) shows that the dimensionless
decay and standard deviation parameters would have secondary effects
on the value of I* for specified values of x/B, B/*, and H/B.

5 EVALUATION OF STEADY-STATE MAXIMUM CONCENTRATION VALUES

The steady-state, three-dimensional analytical solution developed
in Appendix A has been implemented into a FORTRAN camputer code,
EPASMOD-P. This code can be used to evaluate concentration values
at any specified location and time. It can also be used to obtain
dimensionless type curves (or tables of values) of the dimensionless
concentration and the dilution factor. Once they have been produced,
the type curves can be used as an alternative tool for providing a
quick estimate or prediction of concentration values at measurement
points. The case where the contaminant concentration will be
maximum corresponds to the situation in which the point of measurement
depicted in Figure 1 is located on the x-axis along the top of the
aquifer. The maximum concentration values attainable at this
point corresponds to the steady-state concentration values at the
distance x from the source. :

According to the analysis given in the previous section, steady-
state concentration distributions along the x-axis can be represented
by equation (22), which expresses c*,p for the partially-penetrating
case as the product of the steady-state dilution factor,J{ *, and the
steady-state dimensionless concentration for the corresponding fully-
penetrating case, c*gp. To provide a simple means for evaluating
concentration values at the point of measurement, the functions c*gp
and ¥* are evaluated for realistic ranges of physical parameters.

Figure 3 shows two graphs of dimensionless concentration function
c*¢p. Each graph is prepared for a specified value of Up, and
contains one family of type curves of c*g¢p versus xp, for specified
values of Ap. The effect of Ap and O on values of c*gp may be
noted. .

11
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Figure 3. Type curves of dimensionless concentration, c;b versus
dimensionless distance, Xp- -



As expected, )‘D has a significant influence on the type curves
whereas0'p has only a slight influence. The effect of Op is almost
negligible for values of xp < 10.

Figure 4 shows two graphs of dilution factor *. The first graph
is prepared for a specified value of penetration ratio, H/B = 0.25,
and contains type curves corresponding to eight selected values of
B/qz. The second graph is prepared for a specified value of ratio of
aquifer thickness to vertical dispersivity, B/, = 25. It contains
type curves corresponding to eight selected values of H/B.

From Figure 4, the following observations of the behavior of the
partial-penetration dilution factor,_f*, can be made.

1. The dimensionless parameters that have significant influences on
Y* are x/B, H/B and B/*,, which denote distance to aquifer
thickness ratio, penetration ratio, and aquifer thickness to
vertical dispersivity ratio, respectively.

2. For specified values of B/%; and H/B, the *-value is unity at
the source, where x/B = 0. As x/B increases, ¢* decreases. The
value of ¥* approaches a lower limit as x/B reaches a value
corresponding to the distance where vertical mixing is virtually
completed and the concentration becomes uniform with depth The .
lower limit of the {*-value is equal to the specified value of
penetration ratio H/B. A critical distance, xp, where the
difference between I* and H/B values equal to approximately 0.02
will be referred to as the "mixing length" for a given transport
condition.

3. There is a relationship between the ratio of mixing length to
aquifer thickness xp /B, and the ratio of aquifer thickness to
vertical dispersivity, B/X,. This relationship is approximately
linear and is defined by the following equation

Xm B
_ = K- (26)
B A

2

where k is a constant and is approximately equal to one half.

13
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6 EXAMPLE CALCULATIONS: DOWN- GRADIENT CONCENTRATION

For the sake of convenience in the computation of actual
concentration, tabulated values of c*gp versus Xp and ¥* versus
x/B are given for fairly wide and realistic ranges of the relevant
dimensionless variables. The tables of c*gp and ¥’* values are given
in Appendix B. (Note that the tables should be used in preference
to the graphs since the graphs may not provide sufficient accuracy
in the interpolation of functional values.)

The values of steady-state concentration along the x-axis can
be readily computed using either the type curves or the tables of
c*fp and ¥* values. To show the utility of the type curves and the
tables, the following sample calculations are provided.

Example 1. Consider the migration of Chemical A from a land disposal
unit. Let the average groundwater velocity in the flow region, V,

be taken as 30 m/yr. The saturated water content and the bulk

density of the aquifer material are taken as 0.35 and 1.70 g/ml,
respectively. The longitudinal, transverse and vertical dispersivi-
ties, ®5, ®p and % are taken as 15.4 m, 1.54 and 1.54 m, respectively.
The standard deviation of the Gaussian source, , is taken as 97.3 m.
The chemcial properties of Chemical A are:

3.8 x 10’2 mg/1l
5.5 x 1072 _ml/g
3.65 x 10~7 yr-l

Solubility, S
Distribution coefficient, K
Effective decay constant, A

We wish to calculate the concentration, c, at a measurement point
located at x = 308 m from the landfill. We will assume that the
initial source concentration, co, equals the solubility, S. The
penetration thickness of the contaminant source and the aquifer
thickness are assumed to be 10 and 40 m, respectively.

The calculation procedure consists of three steps. The first and
second steps involve the determination of values of c*gp and Y* from
the type curves using the given values of various physical parameters
to compute values of the relevant dimensionless variables. The third
step involves the determination of the required concentration value
from known values of c*gp, {* and ¢ .

15



Step 1: Determination of c*fD-value'

To. use the type curves, we need to compute the values of the
dimensionless parameters, Xp, p. and p. Using the given data, one
obtains: :

X 308 Ax
29, 2(15.4) Vg
97.3
2(%, )t /2 2(15.4 x 1.54)
Since, A= 3.65 x 10-7 yr-l
\' v 30 m/yr
and, Vg = — = ——0 - =
Re 1 + Kg/2/e 1 + 5500ml/g x 1.7g/m1/0.35
= 30m/yr/26715 = 1.123 x 10-3 m/yr
3.65 x 10-7yr-1 x 308m
thus, Ap = = 0.10

1.123 x 10=3m/yr

Next, we use the computed value of Up to select the most
appropriate family of type curves. The values of3\D and xp are then
entered into the graph to determine the corresponding value of c*g¢p.
The procedure for locating c*gp-value is illustrated in Figure 5.

It is seen that c*gp = 0.863.

Step 2: Determination of value of dilution factor I+
We elect to use the type curves of.f* versus x/B and select the

family that corresponds to the given penetration ratio H/B of 0.25.
- Using the given data, we obtain:

X 308
— = = 7.7
B 40
and
B 40
—_— = = 25.97

16
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We then use the computed value of B/, to select the most appropriate
curve, and enter the value x/B to determine the corresponding value of
* as illustrated in Figure 6. From the graph, it is seen that I * =

0.28.

Step 3: Determination of concentration value at the measurement point

The required value of maximum attainable or steady-state
concentration c*p at x = 308 m is obtained as follows:

c*pD = Z‘.c*fD = 0028 X 00863 = 00242
Hence c*, = 0.242 x 3.8 x 10~3
= 0.92 x 10-3 mg/1

Example 2. 1In this example, we consider the migration of Chemical B
from a land disposal unit. The chemical properties of Chemical B are

Solubility, S 0.18 mg/1
Distribution coefficient, K4 96 ml/g
Effective decay constant, 7.3 x 1073 yr‘l

Suppose we wish to know the steady-state concentration at
X =154 m, given that the groundwater velocity at the site is now
300 m/yr (ten times the velocity used in Example 1). The remaining
transport parameters and aquifer and contaminant source characteristics
are the same as before. '

Step l: Determination of c*gp-value

From the given data, we obtain:

Xp = 5
Op = 10 (as in Example 1)
N X X
D = —— =
Vg v/ (1 + Kg/”/8)

18
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7.3 x 1073yr=l x 154m

300m/yr /(1 + 96ml/g x 1.76g/m1/0.35)

.= 1.75

We then use the determined value of O0p and Ap to locate the
appropriate table in Appendix B. In this case, the most appropriate
table to use is Table 7. Thus, the values of Ap and xp are
entered into this table. The next step is to determine c*¢p via
linear interpolation shown below.

Given p =1.75, and using the given value of xp = 5, one obtains
from Table 7 in Appendix C: c*gp = 0.241 for p =1.6 and c*gp=
0.207 for p =1.8. The desired value of c*gp is that which
corresponds to p =1.75, and is given by

0.241-0.207
1.6 - 1-8

= 0.216
Step 2: Determination of value of dilution factor3’*

From the given data, we obtain:

p 4 154
— = — = 3085
B 40
B 40
z 1.54

We use the value of H/B to locate the appropriate table in
Appendix C. In this case, the most appropriate table to use is
Table 3. The values of B/*, and x/B are then entered into this
table to determine the corresponding value of the dilution factor

*, 1t follows that * = 0.36.

Step 3: Determination of concentration value at the measurement point

The required value of steady-state concentration c*p at x =154 m
is obtained as follows:

c*p = c*pD c°

0.0778

c*pp = JY*c*¢p = 0.36 x 0.216

20



Hence

c*p 0.0778 x 0.18

0.014 mg/1

7 BACK-CALCULATION OF MAXIMUM LEACHATE CONCENTRATION

It has been shown that for any combination of parameter values,
the steady-state, down-gradient concentration, ¢ = » 3t the fixed
point x can be readily determined using the type curves or tables of
function values. One can also determine the maximum concentration
at the source, (cy) that corresponds to a prescribed or set value
of the downstream concentration, c¢. (We call this the back-
calculation process.) Thus, if ¢ is assumed to be a concentration
value sufficient to meet a health assessment level such as the
reference dose for a specific chemical, then the computed c, will
be the leachate quality required to yield the reference dose at the
fixed distance. This "back calculated" leachate concentration can
then be compared to expected values from a leach test or by a
comparison to a maximum solubility value.

The above examples illustrate the calculation of steady-
state concentration distributions along the x-axis for a given
set of input parameters using the steady-state solution.
However, rather than specify one "reasonable worst case" land
disposal scenario, EPA has developed a procedure that accommodates
the possible variation in environmental settings, uncertainties
in chemical specific properties, and uncertainties in the range
of impact of engineered system releases from land disposal units.
This procedure termed Monte Carlo simulation is most suitable for
investigating the land disposal restrictions process.

8 LOGIC FLOW CHART FOR LAND DISPOSAL SCREENING

A logic flow chart for the screening procedure is presented
in Figure 7. The flow chart combines the steps EPA must take in
developing and implementing the procedure with the steps generators
and owner/operators must take in determining whether or not their
waste can be land disposed.

Using the information available at each critical step in the

flow chart (diamond shaped boxes), generators and owner/operators
must answer the following gquestions:

21
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1. Does the leachate quality for each constituent in the
hazardous waste indicate that it is acceptable for land

disposal?

2. If the leachate quality indicates that the hazardous waste
is not acceptable for land disposal, can it be pretreated or
treated such that the leachate gquality indicates that the
hazardous waste is acceptable for land disposal?

The answers to these questions lead to yes or no decisions and
dictate the action to be taken. Further, question two provides a
point where treatment of wastes can be taken into account prior to
making a final decision. A detailed, step-by-step description of

the screening procedure is given below. The parentheses indicate
who is responsible for each step, EPA or the generator/owner/operator

(Gen;0/0).
PART A: Restriction of Hazardous Waste From Land Disposal
Step 1 (EPA).. Determine "Reference Dose Concentration

For each individual constituent in the waste, there must be an
appropriate toxicologically based limit expressed in concentration
units. This value, once determined, is set to be the steady-state
down gradient concentration, c, at the fixed measurement point (x).

The steady-state value downgradient, c, will be pre-determined
by the levels evaluated in a risk assessment of each constituent in
the waste. The maximum concentration of each constituent at the
point of measurement cannot exceed either reference dose for non-
carcinogens or the a dose at a 10-® risk level for carcinogens.

Step 2 (EPA): Determine Distance to Measurement Point

The lateral, downgradient distance from the land disposal
facility to the measurement point, x, must be specified. At this
point, the presence of a constituent at concentrations exceeding
a health assessment level will result in a waste being banned from
land disposal. In this approach, we are setting x equal to 500ft.

23



Step 3 (EPA).. Compute cq

-

This step can be achieved using the type curves or tables of

dimensionless functions, c*gp and - *.

For the determination of c*gp-value, input values of the
dimensionless parameters xp, Ap, and O are required. By
definition, these dimensionless parameters depend on the distance,
X, the longitudinal and transverse dispersivities, & and g,
the standard deviation of the Gaussian distribution at the
source, 0, the chemical decay constant,) , and the transit time
T (T = x/Vg).

For the determination ofJ'*—value, input values of x/B, H/B,
and B, are required. By definition, these dimensionless parameters
depend on the distance, x, the aquifer thickness, B, the penetration
thickness of the source, H, and the vertical dispersivity, ©«,.

Values of the longitudinal, the transverse, and the vertical
dispersivities can be determined from published data. 1In the field,
the longitudinal dispersivity may vary from 5 to 100 m. The
transverse dispersivity value is usually taken to be the same as the
vertical dispersivity. The value of lateral dispersivity is a
fraction of the value of longitudinal dispersivity. The ratio of
®;, to =q may vary from 2 to 20.

The standard deviation has a similar range of variation to *,
ande=q. For a conservative prediction of downstream concentration,
the value of should be selected to be at least the same or twice the
longitudinal dispersivity. The effective decay constant, A, is
~ chemical specific. Assuming simple hydrolysis, A , can be determined
using the procedures described in detail in Section 9.

Step 4 (EPA): Develop and Promulgate List of Screening
’ levels, co, for Land Disposal Restrictions
Determinations for All Chemicals

Through the use of the computer model, EPASMOD, EPA will
develop a list of ¢, values for all chemical constituents. The cq
values can also be computed using the dimensionless functions and
tabulated values. The co values can be viewed as maximum acceptable
extract concentrations for each waste constituent if the waste is
to be considered acceptable for land disposal.

Step 5 (Gen;0/0).. Determine The Leachate Concentration, cj,

The concentration in the leachate ¢y, will be determined by a
test similar to the EPA extraction procedure (EP), developed
specifically to address organic as well as inorganic constituents.
(This test, is termed the Toxicity Characteristic Leaching
Procedure.) cy, must be determined for each chemical constituent
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in the waste for which the Agency has established values for Co-
This step is the responslblllty of the waste generator.

Step 6 (Gen;0/0).. Is cp > cg ?

Once a generator determines the actual leachate concentration,
c, of each chemical constituent in a wasce, a simple comparison is
made with the list of maximum acceptable leach concentrations, co,
developed by EPA in Step 4. 1If, for each chemical constituent in
the waste, the leachate concentration, cj, is not greater than the
listed maximum acceptable concentration, c,, for that constituent,
then the waste can be land disposed. 1f, the leachate concentration,
c,, for any constituent.in the waste exceeds the listed maximum
acceptable concentration, c,, for that constituent, the waste
is banned from land disposal.

Step 7 (Gen;0/0): Can cp, be Reduced?

If it is possible for the generator to reduce the leachate
concentration via pretreatment or treatment such that the resulting
leachate concentration, ¢y, for each. chemical constituent in the
waste is no longer greater than the listed maximum acceptable
concentration, ¢4, then the waste (follow1ng pretreatment or
treatment) can be land disposed as a hazardous waste. If the
leachate concentration, cp.,for any chemical constituent in the
waste can not be reduced via pretreatment or treatment to a level
equal to or less than it's listed maximum acceptable concentratlon,
co, the waste is banned fram land disposal.

9 CALCULATION OF EFFECTIVE DECAY CONSTANT

The effective decay constant,A , is chemical specific. Assuming
- simple hydrolysis, , can be determined from

A A]_G"'Az deb
( )

= (27)
9+Kd/lo)
where A = lumped first-order degradation rate constant, yr‘l
Al = first-order hydrolysis rate constant for the dissolved
constituent, yr-—l
Az = first-order hydroly81s rate constant for the sorbed

constituent, yr~

distribution coeff1c1ent, cn3g -1
volumetric water content of soil, cm3/cm3
soil bulk density, g/cm

gl
(42 o
Wwunu
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kd./% -
)

From process theory (Mill et al., 1981) we know that for
hydrolysis, the decay constant for the i phase can be determined from:

A; = K [HY] + K, + K [oH™], i =1,2 (28)
where K; = sefond ?rder rate constant for acid catalyzed hydrolysis,
M™+ yr~
K, = neutral hydrolysis rate constant, yr'l
Kp = sefond ?rder rate constant for base catalyzed hydrolysis,
M™t yr~
[(H*] = hydrogen ion concentration, M
[OH™] = hydroxyl ion concentration, M

Because both the sorbed and dissolved states exist we must
develop expressions for A; and Aj The dissolved case is simply as
depicted above. The pH of the groundwater must be known. For the
sorbed case, an "effective" pH of the sorbent must be known, i.e.,
what is the >fi1 of the adsorbing surface? This can vary depending
upon the soil type but a conservative estimate is one pH unit less
than the bulk fluid. Evidence also exists to suggest alkaline
hydrolysis does not operate for the sorbed state (Wolfe, 1984).
Using this approximation we have:

_ +
Ay = 10K, [H'] + K, (29)
We can now write

K. [ut K. + K.[oH"1])e 10K_[ut K.) Kql2
A _ (( alH ] + K, bl 1Ne + ( alH'1 + K, ) K405 (30)
6 + Kde

From this analysis it is clear that two things are required to compute
A. First the second-order rate constants must be known, measured,
or estimated and the pH of the groundwater must be known.

, Other parameter values required are: the bulk density, f%,
saturated moisture content, 6, the solute velocity, Vg4, and the
distribution coefficient, Kj. The bulk density, €, and the saturated
moisture content, 6, vary over a relatively narrow range and the
flow velocity, V, may be quite variable. The development of these
data are described in the discussion of Monte Carlo Uncertainty
Analysis.
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The problem remains to estimate the distribution coefficient, Ky,
needed for both the overall rate expression and the retardation
coefficient, Rg. In general, this term is dependent upon both the
chemical properties and the sorbent properties. For organic,
hydrophobic chemicals K3 is commonly correlated to the organic carbon
fraction of the sorbent (Karickhoff, 1979; Lyman, 1982). Thus, if one
knows the normalized distribution coefficient for organic carbon, Kge.
for a specific chemical and the fraction organic carbon, f,. for the
soil then,

Kg = focKoe | (31)

Values for Koc are often available for chemicals and in many cases can
be estimated from Kow (octanol-water partition coefficient)
(Karickhoff, 1979). Kgy values can be either measured or calculated
from well-known and usually reliable relationships (Lyman et al.,
1982; Mill et al., 1984). The problem remains to specify the organic
carbon content, foo, 0of the saturated zone. This value is expected to
be quite low and can be determined from surveys, published data, or
from engineering judgement. Caution must be exercised in assigning a
very low value for foo. At such values (e.g., f5c <.001 - .005) other
sorbent characteristics contribute more to sorption. The soil mineral
content, for example, will influence sorption. In any case, our
assumptions are conservative in that estimated Kyq values will be
smaller than if other mechanisms were included. Sample calculations
of and R are given below.

Example Calculations for.k and Re¢

Given: groundwater pH at 6.5

e = 0.35
foc = 0.001
= 1.20 gm an~3

chemical is X

chemical properties
water solubility, 700 mg/1l

K, = 5.04 * 1074 71 nr-l
K, =2.5* 1073 hr~!
K, = 1638 71 nr=t

Log Koy = 2.55

Find A, Ka[H+] + K, + K, [OH].

- +
Ay =10 K, [HT] + K,

3.16 * 10°7 M

at pH = 6.5 [H*]
3.16 * 10-8 M

(on-1

27



~1

Converting K,, K,, K, to units of yr°* we have

K, = 5 04*10-4M-1T -1 + 8,76 hr Y§ =1« 103 = 4.415 M1 gyl
K, = 5*1013 hr”l * 8,760 hr_yr * 10, = 21 9 yrll
Ky = 1638M' * 8. 76*103 hr yr-- = 14.35* 0% yr
Now for A, = 4.415 * 3.16*1077 + 21.9 + 14.35%106 * 3,16*1078
)1 =1.4*107% + 21.9 + .453
Al = 22.4 yr~
22 = 10 x 4.415[1077] + 21.9
Ay = 21.9 yr ’
Find: Ka

From Karickhoff (1979) we have

log Kge = 1.00 log Koy = 0.21
80 log Koo = 1.00 * 2.55 - 0.21
and Koc = 219
Kg = foc *Koe = 001 * 219 = 0.219
(22.4 * 0.35 + 21.9 * 0.219 * 1.2)
Finally, A =
0.35 + 0.219 * 1.2
A = 22.19 yr-l
«219 * 1.2
and R = (1 + ) = 1.75
' 0.35

10 SUMMARY AND OBSERVATIONS

The proposed approach is conservative but not unrealistic, since
it accommodates the opportunity for degradation (due to hydrolysis),
retardation, and dispersion in the longitudinal, lateral and vertical
directions. The proposed procedure does not require considerable
effort to execute. A careful analysis of the data required to
run the model is presented in the following section on Monte Carlo
simulation techniques.
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APPENDIX A
DEVELOPMENT OF THREE-DIMENSIONAL

ANALYTICAL SOLUTIONS FOR CONTAMINANT TRANSPORT



INTRODUCTION )

The model described in the main body of this report is based on
three-dimensional, transient and steady-state, analytical solutions for
solute transport from a distributed source in a homogeneous and isotropic
aquifer through which there is uniform groundwater flow. These solutions
are derived herein.

GOVERNING EQUATIONS

Consider the region with the distributed source shown in Figure 1.1,
The advective-dispersive equation for the transport of a nonconservative
contaminant in an adsorbing homogeneous and isotropic porous medium with
fully-saturated uniform flow can be written as

2
vl _p e o_p B p ¥y, s X =0
ax x? 3y? 327 at (1)
0<x<®m -ww<yc<w 0< z <8
where Dx’ Dy and Dx are retarded dispersion coefficients in the -

longitudinal, x, transverse, y, and vertical, z, directions, respectively
(Dx z Dxx’ Dy = Dyy, and Dz H Dzz), Vs is the retarded solute velocity, A
is the first-order decay coefficient, ¢ is the solute concentration, and t
is the elapsed time.

‘The initial and boundary conditions of the problem may be expressed as
follows:

c(x,y,2,0) =0 (2a)
C ("o Yy 2, t) = 0 (Zb)
c (x, », 2,t) = 0 (2¢)
¢ (x, ==, 2, t) = 0 (2d)
g—(z: (X, Y, 09 t) = 0 ) (29)
(%, ¥y By t) = 0 (2f)
¢ (0, y, 2, t) =c exp (=) U (2) (2)

202



where Co is the peak concentration at the source, o is the standard
deviation of the Gaussian distribution centered at x = y = 0, and U(z) is
the unit step function defined as

u(z)
u(z)

"
—
-
x
—
ia
~N
A
T
~n

0 s 2 > H1 or z > H2.

DERIVATION OF TRANSIENT ANALYTICAL SOLUTION

To derive the transient analytical solution for a Gaussian distributed
source in y with the concentration at any point y for x = 0 being uniform
between z = H1 and z = H2’ we will first derive a fundamental solution for
an infinitely thin Gaussian source located at depth z = z'. We will then
integrate this solution with respect to z' between the depth limits H1 and
HZ' .
The fundamental solution must satisfy equation (1) and the initial and
boundary conditions (2a)-(2f), as well as the following source boundary
condition:

¢ (0, vy 2, t) = (Hy - Hp) ¢y e (V) 6 (22") (2n)

wherg Co and o are the peak concentration and the standard deviation of the
Gaussian distribution, respectively, and §(z-z') is the Dirac delta
function. _

We introduce the following exponential Fourier transform in the
y=-space: ‘ '

¢ (xy a, 2z, t) = fc (x, ¥y, 2, t) exp (=i a y) dy

= Fe [ c(x, Y, 2, t)] (3)



Applying the above transform to equation (1) and making use of
boundary conditions (2c) and (2d), one obtains:

3¢ ac 92c 2. 32c = -

By means of the exponential transform, the remaining initial and
boundary conditions (2a), (2b), (2e), (2f), and (2h) can be converted to

¢ (x, a,z,0) =0 (5a); ¢ (w, a, 2, t) =0 | (5b)
a_E (x, @y By, t) =0 (5¢); a_E_ (xy ¢y 0, t) =0 (5d)
9z 3z . |
¢ (0, a, 2, t) = (2n) LI exp (:Eégf) 6(z-z') (5e)

where, for the sake of convenience, we let m = (HZ'HI)Co' Note that
equation (5e) was obtained using the relation:

o oo (+5)] - 20 o e )

Next, we introduce the finite Fourier cosine transform in the z-space:

¢ (x, a, n, t) =7 € (x, a, z, t) cos(m> dz (7)
0 B

Using this transform, equation (4), with (5¢) and (5d), and the remaining
initial and boundary conditions (5a), (5b), and (5e) can be converted to

aé 8<=: 32¢ = n2y2 = = -
a*t*'vs—x--oxm +Dy¢!2C+-B'2—DzC+)\C+IC-O (8)
and ¢ (#, a, 2, t) = 0 (9a)
¢ (x,a, n,0) = 0 | (9b)
c (0, a, n, t) = (Zw)i moexp (- g2a? ) cos < nnz' ) (9¢)
= 5
Finally, we introduce the Laplace transform in the time domain:
€ (x,a, n,p) = fexp (-pt) & (x,a, n, t) dt (10)
0 .



Using the Laplace transform, equation (8) with (9a), and the remaining
boundary conditions (9b) and (9c) can be converted to

dc d2¢ . n2n2
4V = <« D= +0 a2C - =
S dx X dx2 Y Bz ? (11)

om

p

and
(°°9 a, N, P) = 0 (123)

om

(2m?
p

(0, a, n, p) =

[@11]

=022 nrz'
mo exp ( ) cos (-——-) ‘ (12b)
\ 2 B '

Equation (11) can rearranged to yield:

Q.
om

dx? Dx dx Dx B2

o
1]
o

n2w2 o )

. (13)

The general solution to the second-order, ordinary, homogeneous
differential equation (13) is given by

o

= Aexp(r+) + Bexp(n_x) | (14)

where : . -

, - 1/2
+ g_ (p+xr+1+ Dyu2 +nD,)

X

+
9
+
N —
1 §
xJun

| ~ 0] 172
+ g_ (p+r+1+ Dya2 + nDZ)

X

e - -

1
q<
>
+
N —
x s

and
- 22
n new

B2

Because the solution must be bounded as x + D according to (12a), the
constant of integration A = 0. Boundary condition gives:

B = anzl/Zm gexp (- 9533) cos (ﬂ§3l) (15)
p

Substitution of A = 0 and B given by (15) into (14) gives, after
slight algebra:

[gl]]}
"

) V x
(Zn)l/zm c exp(- 25%3) cos(ﬂgz—) exp(z%—) (16)
X
4



. 1 exp
P
the subsidiary solution (15) must now be inverted. We will apply the
inverse Laplace transform first. Although the function

1 exp[ -4 “ 1/zx]

P
is easily inverted using tabulated results (see Carslaw and Jaeger, 1959,
p. 495), the resulting function is complicated and will therefore make

application of the inverse Exponential Fourier transform difficult.
Therefore, we will make use of the following relations:

- 1/2
2 ?
) op a4 Vs/4Dx +a Dy + nDZ ( )

%%

L1 -exp<-a(p + b)1/2>] = 2772:1'72 exp (-bt - %—E) (17a)
b T
and |
REERIS S f (0 (17b
j p *3 t) dt )

where the shift theorem was made use of in the first inverse. Using the
results, the inverse Laplace transform of (16) is

= V_x
- ¢ (x, @, n, t) = mox exp (- 02a2) cos (nnz') exp ('s” ) (18)
(ZD’()I;2 B X
2
v -
f 1 exp |- 's +a2D, +nD_ +A+I) v - x2 |dr
. y 2
0t o, L

Although the above integral can be evaluated analytically, the resulting
expression will make inversion with respect to o extremely difficult.
Thus, the time integral will be retained.

The inverse Exponential Fourier transform will be applied next. To
facilitate inversion, (18) can be written in the form:

V_x '
"€ (x, a, n, t) = —<X exp( 3 ) cos <""z) (19)
(20,) 172 NPy B .
Pl exp {-a2 (D 1 + az) (Vs +n D, +a+) X2 gt
- - T~
/ T372 y. 72 Z'D'x z' IDXr

0



We need the following inverse Exponential Fourier transform
(Churchill, 1979, p. 472)

ol [exp (2 (0 +gi)}] exp [-y2/4(0,7 + 0/2)] 0
2 [w(Dyr + 02/2) ]

Using (20) the inverse of (19) with respect to o is:

nnz'
)

V_x
c ( y Yo Ny t) = mox e ( > ) cos (
o 220 )2 B TR

2

t ) -
1 x2 y? s
. exp (- 755 - - +nD.+x+1I)t)dr
0/1:3/2 (D T+ 02)1/2 X.r 4(D T+ 02) ID; z
y 7 ' y T

(21)

Finally, our fundamental solution will be completed after making use
of the following inversion formula for the Finite Fourier Cosine transform:

)

¢ (xyy,2,t) = (Radan =08, % Lo E (%, y.m t) cos (TR
(22)
Substitution of (21) into (22) gives
) t
V_x
1
c (x, ¥y, 2, t) = mox exp (»n—)
28(2m0 )2 " Dy o/ 3/2 o2, /¢
x! T (Dy‘l‘ + )
x2 y? V:T ® nmz nvz'
exp (- . R — - W - At = It) dt +2 T cos (_E-) cos (—F")
X 4(D 1 + %_) X n=1
y (23)

) 1
!1'3/2 (Dyr +

2
x2 2 S 4
21/2exp -TD_I"—L—;'ID_' - -Ar-Ir)dr
0) X 4(0'["'0) X
z y 7

Having obtained the fundamental solution, the remaining step is to use

it to obtain the final solution by converting the infinitely thin Gaussian
source to the finite Gaussian source of equal strength and extending

from z = H1 toz = H2' This is achieved by integrating (23) with respect
to z' between the limits H1 and H2 and dividing by the source thickness,
Hy-H, . The result is given by



t
( ) C,OX (st) HZ'HI [
cC (X, ¥, 2, t) = 177 &XP -5
J 2(21er) 'ZU; 2 3/2(0 .+ 12)1/2 (24)
y .

T

T

X 4(Dyr +%z_)

t
® n H
+ % zllcos (Mz) [sm (—B—-)-sin(1r ]/
= )

n

exp(— -4-6-2— R LA - AtT- Ir> dr

3/2( 02)1/2
y * =z

2 \ V2 n2nED
. exp . _LT-(W+—B-!_+ A+D)T dr
X 4(Dy‘l’ + %—) X

Equation (24) may be expressed in a simple form as

cplxs ¥y 24 t) ,=§ celxs yo t) +oc (x, y, 2, t)  (25)

where we have assumed that H1 = 0 and H2 = H (i.e., the source extends from
the top of the aquifer through the thickness H), cp(x, Ys 2, t) now
replaces c(x, y, z, t) and cf.(x, y, t) and Acp(x, Yy, 2, t) are defined as

t
1
Celxs ¥, t) = € f
f o 13/2(202 + 40);:)1/2
xz 2
. exp (- g5 - — Y _ ar)de (26)
X" 4Dyr + 202
Acp(x, ¥, Z, t) = % z %cos (""z) sin (""H) (27)
n=1
5/17-2 1 exp(-zb—-xz -—‘L-Bt)dr
7' %(202 + 4D 1)1/2 x' 4D t+ 202 n
(¢] y y
in which —mc°cx (vsx) (28)
n whic : £ = - exp
(Z‘NDX) ZD:
v 2
n = gp- + A+ (29)
X



n2x2p
- Y4

Bn = nt —gr— (30)

It should be noted that cf(x, y, t) is identical to the two-dimensional
analytical solution for the case where the Gaussian source fully
penetrates the entire aquifer thickness. '

According to equation (25), the analytical solution for the case
of a partially-penetrating Gaussian source consists of two terms. The
first term is the product of penetration ratio H/B, and the solution
for the corresponding fully-penetrating case, Cee The second term is
Acp, which may be interpreted as a correction term that accounts for
the effect of partial penetration.

STEADY-STATE ANALYTICAL SOLUTION

A steady-state condition may be approached by letting t approach
infinity. Under this condition, the analytical solution given in (25)
may be expressed as

c;(X. ¥, 2) = g‘:?("’ y) + Ac;('x, Y, 2) (315

where the asterisk superscript is used to denote the steady-state
condition, and c;(x, y) and Ac;(x. ¥, z) are obtained from (26) and
(27) with the upper limit of the time integral set to infinity.

An alternative steady-state analytical solution can also be
obtained by direct solution of the steady-state advective-dispersive
transport equation (equation (1) without the time-derivative term),
subjected to the boundary conditions given by (2b)-(2g). This
solution can be expressed in a concise form using equation (31) but
with the function c;(x, y) and Ac;(x, Yy, 2) defined as

@ '2 2
ci(x, y) = ¢ e:p(-y {2° : ;
{x + (y'-y)2 /D, }

dy’ (32)




* ©

2 1 nrH nmz
sep(x, ¥y, 2) = % Z:l & sin(tg) cos_(—B—>

_gf exp(-y'/202)
{xz + (y'-y)2 D /Dy}*

[e x2 8 (y'-y)? ] ! (33)

in which y' is a dummy variable of integration, £' is a constant defined as

xc V.x
e = =2/ ey (34)
X

y
.n and B, are given by equations (29) and (30), and Kl(') is the modified
Bessel function of the second kind and of first order.

In a special case where one is interested in obtaining a steady-state
concentration distribution along the x-axis, equation (31) becomes -

cx(x, 0, 0) = 8 cx(x, 0) + ack(x, 0, 0) (35)

where c‘;(x, 0) and Ac;(x, 0, 0) are obtained by reducing equations (32) and
(33) to the following: :

ac*(x,0,0) = = % sin (ﬂgﬂ) os-(ﬂEE)

n=

. E*fexp Hig;ﬁ + x‘ /EZD B, ] tdE (37)
_Dx +
with £* defined as 0 X D;
E* 2c o
= exp
™ (38)



Figure 1.1. Schematic picture of the solution regidn with a contaminant
source having concentration distribution that is Gaussian in
the lateral direction and uniform between H, < z < H, in the
vertical direction.
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APPENDIX B

TABLES OF DIMENSIONLESS CONCENTRATION c;b VERSUS Xp



TABLE 1: XD VEhSUS €0 FOR S1GD = O0.500€ 01

LAMD= 0.000E 00 LAMD= U.40UE-O1 LAMD= 0.100E 00 LAMD= 0.200€ 00 LAMD= 0.300F 0O

AD-VYALUE CO-VALUE CO-VALYUE CD=-VALVE . CD=VALUE CD~VALUE
i gy ue g gy g gy S g SO S S
0.100€ 01 : 0.v31¢ 00 . 0.9%4¢ 00 U.893¢ 00 0.319¢ 0O V.756€ 00
0.150¢e 01 0.972€ 00 0.935¢€ 00 . 0.884E OV : 0.304¢ 00 V.741€ 00
V.200¢ OV 0.v658 00 0.9¢6€ 00 . 0.875¢ 00 0.798¢ U0 U.731E 00

" 0.300& OV 0.940¢ 00 0.910¢ 00 0.85%¢ 00 - 0.782¢ 00 0.714E 00
U.400€ Ot 0.v30€ 00 0.894€ VO 0.844E 00 0.767€ 0O U.0699€ 00
U.S50UE 01 ' 0.v15€ 00 0.879¢ VO = . 0.830¢ 00 0.754E 00 V.686E 00
0.%00€ 01 0.90vE 00 ~ 0.865E DO 0.816¢ 00 0.741¢ 00 . 0.674E 00
0.703€ 01 0.884E 00 0.852¢€ 00 0.803¢ 00 0.730€ 00 U.6063E 0C
J.500€ OV 0.873¢€ 00 0.839€ 00 0.791¢ 00 0.718¢ 00 U.653E 00
0.900E 01 0.860€ 00 © 0.827€ U0 0.780¢ 00 0.707¢ 00 U.643E 00
U.100¢ 02 0.848€ Q0 0.815€ 00 U.768€ 00 0.697¢ GO U.033¢ 00
0.150€ 02 0.793E 00 0.763& U0 0.719¢ 00 0.652¢ 00 U.591E 00
0.200€ 02 0.7648€ 00 0."95'00 . 0.678E€ OV 0.614¢ UO U.557E 00
0.250¢ 02 0.710¢ 00 0.682¢ 00 0.643E 00 0.583¢ 00 0.528E 00
J.302¢ 02 0.677€ 00 0.650€ 00 V.613E GO 0.5%5€¢ 00 0.503¢ 00
J.600€ 02 0.0622¢8 00 0.5v8€ 00 0.564E 00 0.511€ 00 U.463E 00
J.502¢ 02 U.579€ 00 0.557E V0D 0.525¢ VO - D.475E VO U.430E 00
0.400¢ 02 0.544€ Q0 0.523€ uoO 0.493E 00 0.446E 00 - = 0Q.604€ 0O
J.70)E 02 0.514¢ 00 O.494E 0O 0.466E€ 00 0.422¢ 00 U.3%2€ 00
J.8300E 02 0.489E 00 0.470¢ 00 0.443E 00 0.401€ 00 U.353E 00
J.903¢k 02 0.467¢ 00 0,449E 0O 0.423€ QU 0.383¢ 0C U.547€ 00
J.100€E 03 0.4459€ 00 0.631¢ 00 0.406E 00 0.367¢ 00 U.333¢€ 00
J.150E VU3 U.379¢ 00 0.364€ VO U. 3435 00 0.351U€E 00 0.281€ 00
J.200¢ 03 0.334€ 00 0.3¢21¢ U0 " U.30¢2¢ 00 . 0.27T3€ U0 U.2648€ 00
J.300€ 03 0.278€ 00 0.267€ 0O 0.251€ 00 T 0Q.227€ LU U.206E 00
J.400¢ 03 0.243€ 00 0.233€ VO 0.220€ 00 0.199¢ LO 0.180€¢ 00
J.503¢ O3 0.218¢ 00 0.210¢ 00 U.198€ OO 0.179¢ UV U.152¢ 00
J.600E 05 0.200¢ 00 0.192¢ 00 U.181¢ 00 0.164E 0O 0.148¢€ 00
J.70VUE 03 0.186€ 00 0.179¢ VO V.168E 00 0.15¢2¢ VO . 0.138E 00
J.30J0¢ 0% - 0.1764€ 00 0.167€ vo U.158¢t 00 0.143¢ VO U.129¢ 00
J.700€ 03 0.16064¢ 00 0.158¢& 00 0.1649E 00 - 0.135¢ 00 U.122¢ 00

J.10J)t 04 0.150E€ 00 0.150¢t voO U.161€ OU 0.12%¢€ 0O U.116E 00
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.TABLE 2: XD VERSUS CD FOR SIGD = 0.500& O1

LA!O' 0.400€ 00 LAMD> 0.600€ 00 LAMD= 0.800€ 00 LAMD= 0.100€ OV LAMD: 0.120€ 01

B L L L T T T e XX T 0 - R gy F S s g

XD-VALUE CO-VALUE CD=VALUE CO=VALVE - CD~VALUE CO~-VALUE
J.100€ O1F 0.700€ GO 0.6U9€ 0O U.535€ OO 0.476€ 00 U.425€ 00
‘0.150€ 01 0.683€ 00 0.546E 00 0.508E 00 0.445E 0O 0.392€ 0O
J.20%¢ 01V 0.471€E 00 0.571t U0 V.891E 00 0.425E 00 U.3$71E 00
0.30VE 0OV 0.653E 00 0.550€ VO 0.468E OV 0.4008 UO V.364E 0O
J.600E 01 - 0.638€ QU C.$35€ 0O 0.451€ 00 0.3583E VO U.327¢ 0O
0.500¢ 01 0.026€ 00 0.523€ 00 0.439€ 00 0.370€ 00 UsS16E 00
J3.50v¢ 01 0.0614E€E 00 0.512¢ U0 V.428€ 00 0.36VUE VO V.304E 00
J.TUVE OV 0.604E 00 0.502¢ VO V.419E OO D.351¢ 00 V.296€ 00
V.800€ Ot 0.594€ GO 0.6493¢ 00 - U.41%t€ 00 0.344€ VO U.2856E 00
0.700€ 01 0.5%4E 00 0.48SE VO - 0.403€ 00 0.337¢ 0O V.¢832€ 00
0.100€ 02 -0.576E 00 0.477€ VO 2.396¢ 00 0.33VE VO U.276€ 00
V.150E D2 0.537€ 00 0.443¢ 00 U.387€¢ 00 0.304€E 0O 0.253€ 00
0.200€ 02 0.506€ Q0 0.417€ QO U.344E 00 - 0.285¢ 0O V.236¢ 00
0.250¢ 02 0.479€ 00 0.394¢ 0O 0.325¢ 00 0.269€ 0O V. 222€ 00
U.300€ 02 . 0.456€ 00 0.375¢ 00 0.309€ 00 0.255¢€ 00 U.211€ 00
V.40VE 02 0.6419E 00 0.343€ U0 U.284E 00 0.233€ 00 V.192E 00
J.500E 02 .0.390€ 00 0.320€ 00 . 0.263€ 00 0.217E VU0 U. 178 00
0.600¢ 02 0.366E OV 0.300¢ 0O 0.247€ 00 0.203¢& 00 0.167¢ 00
J.700€ 02 0.346E 0O 0., 2%4E 0O 0.233€ 00 0.192¢ 00 U.157€ 00
J.%300¢ 02 0.329E 00 0.2708 VU 0.222E€ 0V 0.18¢2€ 00 U.150€ 00
J.900¢ 02 0.514¢ 00 0.258¢ 00 0.211¢ 00 0.17s¢ 00 U.1643€ 00
J.100€ 08 0.301E QO 0.267¢ 00 0.203€ 00 0.166¢ 00 U.137€ 00
J2.150€ 03 D.254€ 00 0.208¢E 0O 0.171E 00 0.164UE 0O 0.115€ 00
J.203E 03 0.224€ 0O 0.184E VO V.151€E OV 0.125¢ 00 0.101€ 00
0.300E 03 0.186¢t 00 0.153¢ 00 0.125€ 00 0.102¢ 00 0.%.0E~D1
J.603€ 0} 0.163¢ 00 0.133¢ 00 - U.109€ 00 0.895€-01 0.733€-01
~U.500E 03 0.146€ 00 0.120¢ 00 0.983E-01 - 0.805€-01 U.659€E~-01
J3.%00¢ 03 0.134€ Q0 0.110€ vo U.90UE~01 0.737€-01 U.6064€E-01
0.70JE 03 0.125€E 00 0.102€ VO 0.336€E-01 0.584€E-01 U.%1E-01
U.30U€ O3 0.117¢ 00 0.956E~U1 U.785€-0% 0.0612-01 U.925£-01
U.?0UE 03 0.110E 0V - 0.903e~y1 V.740E-01 0.606E-01 U.496E-01
0.10VUE 04 0.105€ 00 0.858€-01 U.702€-01 0.575¢-01 0.471E~01



rTaeLe

A K

X0 VERSUS €D FOR SIGD =

0.500E oO1

XD~VALUE

Y.10VE

LAYD= 0,140€ 01
CO-VALUE

0.744E~01
0.830€-01
0.088¢€-01
0.601€-01
0.54VE-0Y
0.495€E-01
0.459E-01
0.430€-01
0.6400E-01
U.386€-01

CD=-VALUE

0.229€ VU
0.219€¢ 00
0.212¢ 00
0.205¢ 00
0.200e 0O
0.195¢ vo
0.176€ 00
0.163¢ 00
0.153€ U0
0.144€ 00
0.131€ 00
0.121€ VO
0.113€ VO
0.107€¢ U0

LAND= 0.160UE O1

0.1U1E 0O

0.964€~U1
0.922¢e-~0)
0. T74E-01
0.681€e-01
0.564€~-01
0.6493¢6-01
0.463€e-01
0.405¢e-ut
0.376¢e-01
0.35%3e-ut
0.333k-01
0.316€-u1

LAMD=-0.180¢ 01
CO-VALUE

0.208€ 00

. 0.195% 00

0.187€ 00
0.180€ 00
0.174€ 00
0.169€ 00
0.164€ OO
0.147€ 00
0.136E 00
U.127€ 00
0.119€ vo
0.108c 00
U.999E-01
U.932€-01
U.873€-01
U.832€~01
V.792e-01
U.758E-01
U.636E-01
U.558E~01
0.463E-01

0.406E=01

U.3635E-01

U.332E-01

U.308€E-01

V.289€-01

0.273¢-01
U.259E~-01

LAMD= 0,200t 01
CD-VALUE

0.160€ 00
0.153€ 00
0.148E 00
0.143€ 00
0.139€ 00
0.123¢ 00
0.113¢ 00
0.103€ 00
0.991€-01
0.594€-01
0.825€e~-01
0.769E~-01
0.723€e~u1

.0.685€-01

0.652E-01
0.624E-01

- 0.522E-01

0.458E~01

0.379€E-01"

0.331e-01
0.297E-01
0.272€e-01
0.253€-01
0.237e-01
0.212€-01

LAMD= 0.250F 01

CO-VALUE

U.110€ 00
V. 104€ 00
U.994€E-01
U.954€~-01
0.919€~-01
U.799€-01
V. 722€-01
U.667€~-01
U.626E~-01
U.560€E-01

‘U.513E-01

U.676E-01
U.646€-01
U.622€-01
U.401€-01
U.383€-01
U.319€-01
V.280€E-01
U.231€-01
U.201€-01
0.181€E-01
U-'OSE‘U'
U.153€-01
U.144E-01
U.136€-01
V.129€-01



LAYD= 0,.300€ 01 LAMD= 0.4D0E 01 LAMD= O.500FE O1 LAMD= 0,800t 01 LAMD= 0.100f 02

XD-VALUE CO-VALUE CD-VALUE CO-VALUE CD=VALUE CO-VALUE
0.100& 01 0.191¢€ 00 0.134E VO 0.735€~-01 0.438£-01 . 0.277€-01
V.150¢& 01 0.155¢ 00 0.102¢ uo 0.493€-01 0.265e~01% 0.152€-0)
0.200¢€ 01 0.133¢ 00 0.829€e-01 U.367E~01 0.181e-01 V.961€E-02
J.300E O 0.108¢ 00 0.624E-U1 V.239E~-01 0.103e-01 U.48SE-02
0.60UE uY 0.933E-0Y 0.512e-01 0.176E-01 0.688E-02 0.294E-02
0.300€ 01V 0.838€E-0% 0.641E-01 U.14UE-OY 0.503€-02 0.198€~-02
U.%00& 01 0.771e~01 0.393¢e-01 U.116€-01 0.390E~02 V.144E-02
0.700€ 0V 0.720€-01 0.357&-ut V.995€~02 0.315e-02 V.110€E-02
U.30Jc 01 V.079E-01 0.329€-01 0.873€-02" 0.263€E-02 V.872€-03
J.902€ 01  0D.0645€E-01 0.337€-01 V.781E-02 0.225€-02 U.713€-03
0.100¢e 02 0.617€-01 0.289€-01 0.708€-02 0.196€-02 VU.597€-03
0.150€ 02 0.523€-01 0.231€-01 0.495€E~02 0.119€-02 0.311€-03
J.20UE 02 0.466€-01 0.198€~U1 U.392€-02 0.855€-03 0.202€-03
U.259€ 02 0.4206€-0% 0.177¢-u? 0.331€e-02 0.0764E-03 U.168€-03
0.300¢ 02 0.596€E-0V 0.162€~0U1. 0.290E-02 0.5628-03 D.V17E~-03

© Je40JE 02 U.351€E-01% 0.161E-01 V.238€E~02 0.429E-0Q3 V.823€E-04
V.300¢ 02 0.320E-0U1 0.126€-u1 U.205€~02 0.354E-0U3 U.062E-04
J.80VE 02 0.296€-01 0.115€e~01 U.183€~02 0.305€-03 U.532€-04
J.700€ 02 0.277e-01 0.107€-u1 U.1606E-02 0.27UE~03 V.458E-04
J.3UUE 02 0.261E-01 0.100€-01 V.154E-02 0.24¢E-VU3 U.404E-D6
0.900E 02 0.2647E-01 0,948E-VU2 U.143E-0¢ © 0.226E-03 U.3564E-04
U.100€ 03 . U.d30E-0Y 0.900€e-~0¢2 U.135€-02 - 0.208E-03 U.333€E-04
U. 150 U3 "0.196E-01 0.739€~02 0.107€-02 0.159€E-VU3 . V.241E-04
0.209€ 03 0.171E-01 O0.661E-02" U.915E-0) 0.1335€~0U3 V.196E~04
U.300¢€ 03 0.141€-01 0.525€E~02 0.737€-03 0.105¢-03 U.150E~-04
0.409¢ 03 V.1235E-09 0.656€E-02 UV.633E-0) 0.838YE-V& V.126€E-04
J.50J)€ 03 0.110€-01 0.408€-02 0.5684€E-0) 0.786E-V6 0.110€-04
J.60J¢E 03 0.101E-01 0.373e-u2 U.513€E-03 0.71¢2€-0s 0.994€-05
V.70J¢ 05 0.v33€-02 0.345E-02 U474E-0S 0.6560E-U¢ V.Y11E~O0S
V.830JE 03 0.876€E-02 0.323&-02 0.4463€-03 0.611€E-04 VU.346E~-05
J.900¢€ 03 VU.826E-02 0.305¢e-02 0.417&-03$ 0.574E-0& U.793€-05
V.109¢ O 0.782€-02 0.289€-02 V.395€-0S 0.563€~04 V. 749€-05



TAGBLE $: XD VERSUS CD FOR S1GD = 0.100f 02

S S o e o e . L L S L B L R R N A R R E R R R e N ™G esn b o endnmn s ewan e dnmoeens®e®naeew meeosccemnawanae
- - -

LAMD= 0.000€ 00 LAMD= D.40UE-01 LAMD= O.100E 00 LAMD= U,200E OU LAMND= O.300F uo

KD~VALUE CO-vaALUE CO-VALUE - " CD-VALUE. CO-VALUE C(D=-VALUE
J.100¢€ Of .0.995€ 00 0.957¢ 00 < 0.905€ 00 0.829¢ 00 . D.764% 00
0.150¢ 0V 0.993€ 00 0.954E VO 0.901E- 00 0.823¢ VO V.755€ 00
v.20ut 01 0.990€¢ 00 0.952¢ 00 0.899E QU 0.819€ uo V.749€ 00
0.300€ 01 0.985€ 00 0.947€ 00 0.893€ 00 " 0.813€ U0 U.241€ 00
0.400E 01 0.981¢ 00 0.94¢3E 00 2. 0.88YE 00 0.807€ 0O u.735¢ 00
0.500€ 01 V.976¢€ 00 0.958¢ 00 U.884E 00 0.803¢ LD . U.730€ 00
U.600€ Ot 0.971€ 00 0.934¢ 00 ~ 0.880€ 00 0.799¢ 0O V.726E 00
U.700¢ 01 0.967€ 0O 0.929€ VO 0.876E 00 0.795& 00 U.722¢ 00
J.300€ OV 0.962€ 00 0.925¢€ 00 U.372€¢ 0O 0.791¢ 0O U.718¢ OO
0.70VE 0V - -0.954€ 00 0.921€ 00 V.868€ 00 0.787€ V0 U.714E 00
J.10Ue 02 U.Y54E 00 0.917¢ 00 . 0.864€E 00 - 0.785€ 00 - U.711¢ 00
J.150E U2 V.¥33& 00 0.8vy7¢t 00 . 0D.865E 00 0.765€ 0O U.694E 00
0.200¢& 02 0O.¥13E 00 0.878€ 00 0.827€ 00 0.7649€ 00 0.679€ 00
U.250€ 92 0.895€ 00 0.860¢ VO 0.81VE OVL. 0.736€ LO V.665¢ 00
U.500& 02 0.878€ 00 0.%43€ 00 . VU.795€ 00 " 0.720€ 0O V.652¢€ 00
V. 40VUE 02 O.860E OO . 0.813E UO J.766E 00 0.693¢ 00 . U.62d8€ QU
0.500€ 02 0.817¢ 00 0.745¢ U0 U.740€ 00 0.670€ U0 U.607€ 00
J.600¢ 02 0.791¢ 00 0.760€ U0 0.716E 00 0.648E 0O V.587€¢ 00
V. 700€ V2 0.788E OO 0.738¢ 0O V.695k OV D.029E VO V.>70& 00
U.B00E 02 0.740E 00 . 0.77¢ 0O 0.8675¢ 00 0.311¢ 0O U.553€E Ou
J.700E 02 0.726€ 00 0.698¢ VO U.657€ 00 0.595t 00 0.539€ 00
U.100E U3 0.708E 0O. 0.580¢ VO : U.661E 00 0.58UE 00 U.525€ OO0
V.150€ 03 0.633€E 0V 0.608¢ VO 0.573€ 00 0.519¢ 00 U.469E 00
U.20U€ 03 0.578€ 00 0.555¢ voO U.523¢ 00 0.473¢ VO V.«28€ OO
"0.303€ 03 0.500¢ 00 Q.481€ U0 0.453E 00 0.641VE 00 0.371€ 00
0.400€ 03 U.447€ 00 0.430& vO U.405¢ 00 . 0.3566€ 00 U.332€ 00
0.50)E 03 "0.408E OV 0.3y2¢ U0 V.37UE OV 0.334E VO V.303€E OO0
U.500€ 03 0.378E 00 0.563& VO U.342€ 00 0.31V€E VO U.230€ 00
Y.700¢ 03 0.354€ 00 0.340¢ 00 . U.32V0€ 00 0.290¢€ 00 U.262€ 00
U.300e 03 U.333¢ 00 0.3¢0€ 00 0.502¢ OO T 0.273€ UV U.247¢ 00
J.70VE U3 0.316€ 0OV U.304¢ U0 U.286E OO0 0.259€ 00 U.23¢€ OO0

J.10JE 04 0.302¢ 00 0.290¢ vO V.273€E OU 0.2647¢ UV v.223¢ 00



TA9LE

6:

X0 "VERSUS CD FOR SIGD = (0.100¢ 02

KD=-VALUE

J.70J€
2.100€

LAYD= 0,400 00

CD-VALUE

0.202¢

ou

LAMD= 0.600¢ 00

CD-VALUE

LAMD= 0.800€E 00 LAMDS O;'OUS 01 LAmMD= 0.120¢ U1
CO=-VALUE

U.4635E
0.429E
U.418E
U.408¢
U.400¢
0.384¢
0.370¢
U.358€
0.347€
0.337€
O.3208¢
V.320€
0.285¢
0.260E
0.225¢€
V.201E
0.194E
Ve.1720E
V.159€
0.150€
O.142E
0.136E

Co-vaLuE CD-VALUE
0.480€ 0O 0.429€ 00
0.451€ 00 V.397€ 00
0.434€ 00 U.378€ 00
0.4135¢ 00 U.355€ 00
0.401€E uO " U.341€ 00O
0.392€ vo U.332€ 00
0.38S€ 00 _ U.325€ 00
0.38VE 0 U.320E 00
0.376€ 00 U.315€¢ 00
0.37¢€ uu U.311E 00
0.369E 00 0.3508¢ 00
0.355¢ 0O V.295€ 00
0.345¢ 0O 0.2%6E 00
0.337€ 0O U.278¢ 00
0.329¢ o U.272¢ 00
0.316E vo U.¢60E 00
0.3505€¢ O VU.¢51€ 00
0.294E UV U.<¢42E 00
0.285€E 00 V.234€ 00
0.277¢ 0o V.227€ 00
0.269€ 00 U.221€ 00
0.262€ 00 V.215¢ 00
0.254€ 0O V.192€¢ 00
0.213¢ OU VU.175€E 00
0.185€¢ 0o U.1S1E 00
0.105¢ 0O U.135€ 00
0.151¢ 00 U.123€ 00
0.139¢ 00 U.114E 00
C.130€ Q0O V.107€ 00
0.123%€¢ 00 VU.101€ 00
0.116¢ 0O 0.754E~0%
0.111€ 00 U.v10E~01



TABLE 7: XD VERSUS CD FOR SIGD = 0.100€ 02

O N R B S N P B R - e - oo w oo EEmd e S oD o . o e on et enman wad e wen®sse e

LAYD= D.140€ 01 LAMD® 0.160€E O1 LAMD= 0.180E& U1 (LAMD= U,200E 01 LAMD= 0.250¢ U1

XD=VALUE CO=-VALUE CD-VALUE (D-VALUE CO-VALUE CD-VALUE
0.100€ 01 0.386€ 00 0.349¢ 00 0.318¢ 00 0.290€ VO U.234E 00
U.150€ 01 0.3352€ 00 0.314¢ 00 0.281¢ 00 0.255¢ 00 U.197€ 00
J.200€ O1 0.331¢ OO 0.292¢ 00 0.259¢ 00 0.230¢ 00 V. 174E 00
0.300&c 0) .0.307€ 00 0.266E VO 0.2352¢ 0V 0.203%¢ U0 U.148E 00
J.40UE O1F 0.292¢€ 00 0.251¢ vO V.217€ OV 0.183€E U0 U.134€ Q0
V.500& 01 0.282¢ 00 D.247€ VO 0.207¢ 00 0.178& VO U.124€ Q0
U.600€ 0V g.275€ 00 0.234¢ 00 0.199¢ 00 0.171¢ ©O U.117¢ 00
V.700¢ 09 0.270¢ 00 0.228¢ VO 0.194€ 00 0.16%€ 00 U.112¢ 00
U.30VE Ot 0.265€ OO 0.224€ VO 0.189€ OV 0.161¢ 00 U.108€ 00
J.900¢ 0% 0.2061E 00 0.220¢ VO V.135¢ OO 0.157¢ 00 U.104€ 00
v.100¢€ 02 0.238€ 00 0.216¢ 00 U.182¢ 00 0.134¢ 0O U.102¢ 0O
0.150€ 02 0.246E OV 0.205€ 00 0.171¢ 00 0.143€ 00 U.9264E-01
V.200E V2 0.237€ 00 0.197¢ L0 -U.164€ 00 0.136€ 00 U.369E-01
J.250€ 02 0.230€ 00 0.191¢ vo 0.158¢ 00 0.13%¢ VO V.830E-01
0.30J0€ 02 0.224E 00 0.186¢ U0 U.154¢ OV 0.127¢ 00 U.300€~01
0.400€ V2 0.215¢ 00 0.177¢ 00 V.166€ OO 0.129€ 00 V.753E-01
J.500¢ 02 0.¢06E 00 0.170¢ VO U.140¢ 00 D.116€ VO V.7217-01
0.300E 02 0.199€ 00 0.164€ VO 0.135€ 00 0.111€ GO U.o088¢-01
J.709€ 02 V.193€ 00 0.158¢ uo 0.130¢€ 00 0.107¢ 00 U.062E-01
U.300¢ 02 0.187€ 00 0.154€ VO 0.1206¢ OV 0.104¢ 00 U.040€-01
0.903¢€ 02 _0.18¢2€ 00O 0.169¢ 0O 0.123¢ 00 0.101¢ 0O U.620E-00
J.10VE 03 0.177€ 00 0.145¢ 00 0.119¢ 00 0.982&~01 U.603E-01
J«150€ 03 0.158¢ 00 0.129¢ 0o 0.106¢ 00 0.871€-01 0.533€E-01
0.200¢ 03 0.164E 0O 0.118¢ 0O V.956E~-01 0.792€-010 V.624£-01
J.300¢ 03. 0.124€ 00 0.102¢ 00 0.833¢-01 0.6838-01 O.616E-0%
U.40%c 03 0.111E 00 0.908e-01 U.764E-01 0.61VE~O1 U.371€-01
U.50J€ 03 0.101€ 00 0.823¢e-v1 V.078E-01 0.3556€E-01 . 0.338E-01
J.500¢ O3 0.935¢€¢-01 D.766€-01 0.628¢-01 0.314E-01 V.3138-01
J.700€ 03 0.874E-01 0.716¢€~-01t V.587€-01 0.481€-01 D.292€E-01
V.80ue 0} 0.8324€E-01 0.675¢e-V1 0.553€E-01 0.453E-01 U.275¢-~01
J.?9J)E 03 V.781E-01 0.640E-01 Ve524E-01 D.627e-01 V.2%1E-01
0.10u¢ Q& Q0.765€~-01 0.610€~u1 0.500€-01 0.409¢-01 U.2649€-01
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TA9LE 8:

X0 VERSUS €D FOR S160 = 0D,100¢ 02

_------------é-----------------d---------------------o--------------------------—------------.

LAMD= 0,300 01  LAMDa 0.400€ 01

"XD=VALUE

CD-VALUE

0.193¢ 00
0.156€ 0O

0.135¢ 00

0.11vE QU

V.966E-0Y.

0.878¢€-01
0.810€-01

0.770€-01 -

0.734E-01%
0.705€-01
0.681€-01

0.603E-01

0.559€~-01
0. 529‘-0'
0.508€E-~01
0.4726-01
0.447€-01
0.6427€-01
0.410€-01

"0.39%E6-01
- 0.382€-01
0.371€-01 -

0.326€-01
U.296E-U1
V.254E~-01
0.220E-01
U.206€-01

0.19v€E-01

0.178¢€-01
0.167€E~-01
U.159€-01
0.151e-01

0.135€¢ 00
0.103€ 00
0.340€-01
0.638€-u1
0.529€~-u1
00‘6‘6-0‘
0.616€-01
0.380€E-u1
OQSS‘E-U‘
0.333€-u1
0.317e-~-01
0.265¢-01
0.2375‘0'
0.219€e~u1

0.206€-u1
1 0.18%:-01

0.176€-u1
0.166€-01
0.158e~u"
0.1%2e-01
001‘65-01
0.161t~-01
0.123e-u1
0.111¢~-01
0. 9‘55-02
0.839€~02

0.763€-02 .

0.704e-02

[ 0.657€-02
0.618€-02

0.586E-02
0.558¢e~02

LAMD= 0,600€ 01

CO=VALUE

0.738¢-01
V.6497¢-01
U.371€-01
0.244E-01
0.181€-01
0.145€6-01
U.122€-01

‘V.105€-01

Ve934E-0D2

- 0.845€-02

U771€-D2
U.564€-02
VUeb65£-02
0.406E-02

" U.366€-02
0.316¢-0¢

V.286E-002
0.262¢€-02
Vs 265€E~02
0.23¢2E~0¢2
0.220€-02

V.211E-02

V.178E-02
U.158E-0¢2
U.133€-02
U.117€-02
V.105€~02
U.970€-03
U.903€-03 -
0.348€-03
U.302¢-03
U.763E-08

LAMD= 0.800¢ 01
CD-VALUE

0.2606€-01
O.183¢-01
0.105€e~01
0.706E~02
0.5406'02
0.6407¢e-02
0.3""02
0.280€-02
0.261E-02
0.21¢2€-02

. 0e134E~-02

0-'0'5‘02
0.%21€-03
D.7264:~-03
0.505c-03
0.498E~03
0.435€-03
0.397€-03
0.367€-03
D.544E-U3
0.325€-03
0.264E~03
0.2295’03
0.18%€-03
0.164E-03
0.147€-ys
0.1365'03
0.125€~03
0.117€-03
0.11vE-03
0.105€-03

LAMD:
CO-vA

0.640E~01 -

V.278€-01
U.153€6-01
U.949€E~-02
U.493€~-02
U.301€E-02
0.¢95€-02
V.150€E-02
V.115€-02
U.923E-03
V.762€-0)
U.544E-0)
V.349E€E-03
001165-03
V.179€-03
U.1406E-03
VU.108€-03
V.4981E-04
U.756E-04
Ue.009E-0¢
U.006E-04
U.557€E-0¢
U.518E-04
U.400E-D4%
U.338E-04
U.270€E-04
U.232E-04
U.{UOE°06
U.198E-04¢
U.173€-06
V.162€-04
U.152€-04
U 16585-04

0.100¢ v2
LuUE



TABLE 9: XD VERSUS CD FOR SIGD = O0.150€ 02

LAND= 0.000€ 00 LAMOs U.4CUE-01 LAMD= 0.100€ U0 LAMO® 0.20UE OU LAMD= O.300€ UO

X0=VALUE CO-VALUE CD=-VALUE (p-VALUE CO~VALUE CD-VALUE
0.100¢ O1F . 0.998¢ 00 0.959¢ LO U.907€ OV 0.331¢ 00 VU.7606E 00
V. 150¢€ 01 0.992¢ 00O 0.958¢ U0 .J.905€ 00 - 0.8268€ 0O U.758E QO
U.200€ 01V . 0D.996€ 0O 0.957¢ Vo . U.9U3E 00 " 0.823€ VO VU.753€E 00
0.300€ 01 0.993€ 00 0.955€ VO - 0.901€- 00 0.819€ 0O U.766E 00
U.40VE 01F 0.991€ 00 -0.953E VO 0.898€ 00 - 0.816¢ U0 U.743E 00
V.500¢ 09 0.989¢ 00 0.951¢ uD " 0.896E 00 0.313€ 0O . U. 739t 00
J.500¢ 0OV Q0.987€ QU 0.948¢8 0O | U.894¢€ 00 0.811€ 0O _U.737€ 00
‘0.700€ 01 0.9Y85E 00 0.946¢ 00 0.892¢ 00 0.809€ 00 0.735€ 00
J3.300& O1F 0.9835¢ 00 0.944E VO 0.390€ ©O 0.807& VO U.732€ 00
J.700€ 01t " U.981E UO 0.9«2¢€ U0 0.888E 00 - 0.805¢ vU v.730¢ 00
v.100¢ 02 U.979€ 00 0.940¢ 00 . 0.886¢ OO 0.803E VO U.729¢ 00
U.150€ 02 0.768E 00 . 0.950¢ 00 0.877¢ 00 0.794¢ U U.720¢€ 00
J.200¢& O2 V.Y38€ 00 0.921€ vO V.88 00 . 0.786E VO U.712¢ 00
J.25VE 02 0.969E 0OV - 0.912E VO 0.859E UL 0.778€ 0O U.705€ 00
U.300€ 02 V.939E 00 0.9V3k VO " U850 0O 0.77VE VO " V.697E 0D
J.60u€ 02 0.922€ 00 0.8846¢ 00 0.834¢ 0O 0.755¢ 00 U.684€ 00
0.500€ 02 0.905€ 00 0.869¢ 0O V.819€ 00 - D.l&1E U0 V.671E 00
U.500¢ 02 0.489E 00 0.854€ .00 V.804E 00 0.728€ U0 U.059€ 00U
J.700£ 02 © 0.874E 00 - 0.839¢& vo V.791¢ VO 0.716€ UO V.068E 00
J.300E 02 0.459€ 00 0.826¢ LD 0.778¢ 00 0.704¢ UO V.637t 00
U.900€ 02 U.845€ 00 0.8128 U0 0.765¢ QO 0.4v3€ 00 U.027¢ 00
U.103E 03 0.832¢8 00 0.8v0¢ VO 0.753E U0 0.63¢E UV V.637¢ 00
"0.150t 03 0.775€ 09 0.745¢& VO VU.701E OV 0.055¢ OU U.574E 00

- Je20JE 03 © 0.728E 00 " 0.699€ VO - U.659€ OO0 0.576€ 00 U.540E 00
0.30ve 03 0.655€ 00 0.629t 00 0.593¢ 00 0.536& 0O U.485E 0O
J.40JE 03 0.60VUE 00 0.577¢ uo 0.543€ 00 0.492€ VO U.445E 00
U.500€ 03 V.5578 00 0.535¢ Uo ‘V.504€ 00 0.4506E 00 V.613E OO
J.50)E 03 U.522€ 00 0.502€ VO ‘D.473€ 00 0.62%€ 00 0.387¢ 00
v.702¢ 0} U.493€E 00 " D.474E U0 U.446E 00 0.404E 00 U.366E 00
0.%0JE VU3 V.469E 00 0.4508 VO 0.424E 00 0.3384E 00 UV.367E 00
U.900¢ 03 VU.447E QU 0.4350t 00 0.4USE Q0 : 0.366¢ 00 JU.331€ 00

J.100¢ 04 0.429E 00 0.412¢ 0O - Ue388€ 00 0.351E 00 U.318¢ 00
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TASLE 10: XD vgnsus CO FOR SIGD = O0.150€ 02

LAMD= 0.400E 00 LAND= 0.600€ 00 LAMD® 0.800t 00 LAMD= Q0.100f 01 LAMD= 0.120€ 01

XD~VALUE Co-vALuUE CO-VALUE CO-VALUVUE CD-VALUE CO-VALUE
J.100¢ OV “0.709€ 00 . 0.616€ 00 0.561¢ 00 0.680¢ UO U.«30E 00
J.150E O 0.898E 00 . 0.5v8¢ 00 0.518€ 00 0.65¢2€ 00 U. 398¢ 00
2.200€ U9 0.691E 00 0.587¢ 00 - U.SVU3E OO0 ~ 0.435¢ 00 U.579€ 00
2.500¢e O1 0.682€ 00 0.576t 0O 0.487& 00 0.410€ 00 V.357€ 00
J.40V0€E 01 0.677€ 00 .- 0.566E LO V.477€ 00 0.404€ 0O U.344E 00
J.503€ 0V 0.673€ U0 0.561¢ VO U.470E 00 9.37%0¢€ 0O U.336€ OO
J.500¢ 01 0.670¢ 00 - 0.557¢ Uo U.406E OV 0.3v1& 0O U.329€E 00
V.70V O 0.068E OV 0.554¢ U0 "U.662E OU 0.386¢ UO U.325E 00
0.300U¢ 0V V.0666E 00 0.551€ U0 U.659€ 0OV 0.333E. 0O U.321€ 0O
J.?00E 01 0.063& 00 . 0.549€ 0O V.656E OV - 0.330E 00 . U.318E DO
D.100€ V2 0.662¢ 00 0.567¢ VO 0.456¢ 00 0.377¢ 00 U.315¢E 00
J.15V¢e 02 U.653¢ 00 0.538¢ VO U.465E OV 0.36%€ 00 U.3506E 00
U.200e 02 U.645E 00 0.531€ Lo 0.438E 00 . 0.30¢€ OO0 U.299E 00
U.25U€ 02 0.639E 00 0.525€ uO . U.832E OV - 0.357€ VO V.294¢ 00
0.300& 02 0.0632€ 00 0.519¢ 00 Q.427€ Ou 0.352€ 00 U.¢290¢ 00
J.60UE U2 U.019E OV 0.509€ 0O 0.418¢t 00 O.304E VO U.¢283¢ 00
V.500¢ 02 0.608¢ 00 0.499¢ U0 V.410E VU 0.337€ 00O u.277¢ 00
U.50uE 02 0.597€ 0V . 0.490€E vo V.6402¢ 00 0.330€ 0O u.271¢ 00
J.793¢ 02 V.587€ Q0 0.481€ vO 0.395¢t 00 0.324E€ 0O U.260% 00
9.800€ 02 ~ - V.577¢ 00 0.473€ VO u.388¢ 00 0.319¢ QO U.262¢ 00
J.700€E 02 0.968E€ 00 0.685€ UO V.38%2¢ 00 0.313¢ 00 U.¢57€ 00
J.100E 03 0.559€ 00 0.458€ VO 0.376€ 00 0.30%E 0O 0.253¢ 00
J.150¢ 08 0.520€ 00 0.426€ 00 V.3469E 00 0.286E 00 0.235€ 00
J.200€ 0} - 0.688E 00 0, 4u0e 00 U.323¢ 00 0.2069E U0 0.220€ 00
J.300€ 0y 0.439Y€ 00 .  0.360& 0O . U.29SE 00 0.2s2€ U0 U.198€ 00
U.40VUE V) 0.403¢ 00 0.330¢ 00 v.270¢ 00 . 0.221€ 00 V.181¢ 00
J.500¢& 03 0.374E€ 00 0.306¢ 00 0.251¢€ 00 0.205€ OO U.168¢ 00
J.50JE O} 0.55VE 00 0.287¢ 00 V.235€ 00 0.192¢ U0 V.158¢ 00
7.70U¢€ U3 0.331¢ QO . 0.271€ WO © 0.2228 00 0.18¢¢ 0O U.149E 00
-J.%0JE 0} 0.314€ 00 0.257¢ 00 v.211¢ 00 0.173€ vOo - V.141€ 00
J.90VE 0} 0.30ue 00 0.248¢E VO U.201¢t 00 0.165€ 00 U.135¢ 00

J.109E 06 0.¢87¢ 00 0.235€E U0 - U.193E 00 0.158¢& VO U.129E 00
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TABLE 11: XD VERSUS CD FOR SIGD = O0.150E 02

LAMD= 0.140€ 01 LAMD= 0.160€E 01 LAMD=*0,.180E U1 LAMD= 0.20UE 01 LAMD= 0.250€ 01

..... P L L R R L L R L e Y L L L L T T T R Y T T R 2

XD-VALUE CO=-VALVE CD-VALUE CD-VALUE CO-VALUE CD-VALUE
0.100¢ 01 0.387€ 00 0.350¢ 00 0.318E 00 - 0.290€ 0O U.234€ 00
" 0.150€ 01 0.353¢ 00 0.314¢ 00 V.281E 00 ‘0.253€E U0 U.197€ 00
0.200€ OV “0.332¢ 00 0.293¢ 0O 0.259¢ OV 0.231€ 00 U.175€ 00
0.309¢ OF 0.308€ 00 0.268¢ 00 0.234€ 00 0.205¢& 00 U.149€ OO
0.400e 01 0.295€ 00 0.253€ vO U.219€E 00 0.190€ 00 ‘U«135€ 00
U.500€ 0Y 0.285€ 00 0.244¢ VO . 0.209E OV 0.180¢ 00 V.125€ 00
0.500€ 09 0.279¢ 00 0.237€ U0 U.202€ 00 0.173¢ 00 U.11L€ 00
J.700& 01 0.274€ 00 0.232¢& U0 V.197€ 00 0.167¢8 VO U.113€ 00
- 0.800€ 01 0.27u€ U0 0.228€ U0 U.192€ 00 0.165€ 00 VU.110€ 00
J.900€ 01 0.266€ 00 0.224€ 0O 0.189€ 00 0.160€ 00 0.106¢ 00
0.100¢ 02 0.264E 00 0.221€ 00 U.186€ 00 -0.157€ 0O U.104€ 0O
V.150% v "0.254€ 00 0.212€ VO 0.177¢ 00 0.143E 00 V.955€E-017
J.200¢€ Q2 0.248E 00 0.206¢ 00 V.171€ 00 0.143E 00 U.908€E-01
U.250& 02 0.263¢ Q0 0.2U2¢& VO V.167¢ OO 0.139¢ 00 v.877e-01
v.300& 02 0.24V0€ 00 0.198¢ VO 0.164E OO0 0.136€ 0O U.853€-01
V.4J0c 02 0.233¢ 00 0.192¢ 0O 0.159€ 00 0.131¢ 00 V.918€E-01
0.5U2%¢& 02 0.228€ 00 0.188¢ U0 D.155€ 00 0.12%€ 00 U.792€-01
J.500€ 02 0.223¢8 VO 0.1%&¢€ VO 0.151€ OV 0.125€¢ 0O V.770E-01
V.700¢ 02 0.219¢ 00 0.180€ 00 V.148E OO0 0.122¢ LU 0.752€-01
V.%00¢ 02 0.215¢ 00 0.177€e voO V.145€E OV 0.120€ 00 U.735€E-01
J.909¢ 02 V.211¢ 00 0.174¢ VO 0.143E 0O 0.1%7¢ 00 V.721E-01Y
2.103¢ 03 0.208€ OO0 0.171c 0O 0.14UE 00 0.115€ U0 v.707€-01
J.150¢ 03 0.193€ 00 0.158€ VU 0.130¢ 00 0.107¢ VO V.551€-01
J.200€ 33 0.181€ 00 0.148€ 0O V.12¢2¢ 00 0.997¢e-01 0.0609E+01"
0.300¢€ 03 "0.162¢ 00 0.153€ 0O 0.109¢ 00 0.394E-01 Us546E-01
J.400E O3 O.169€ OV 0.1¢2¢ VO 0.994€-01 0.818E-01 V.498E-01
V.500¢e 03 0.138¢ 00 0.113e 00 V.925€~01 0.758E-01 V.461E-01
7.500¢ 03 0.129¢ 00 0.106€ VO U.867E-01 0.71VE-D1Y U.4632€-01
U.700€ U3 0.122¢ 00 0.999€-01 U.818¢-01 0.67TUE~DY 0.407€-0%
J.%00¢& 03 0.115E 00 V.98~ 0.777E-01 0.630€E-U1, Ue S37E-010
V.700E U} 0.11us 00 0.905€e-0U1 0.761€-01 0.607E-01 V.369€E-01
J.10UE 06 0.106& 00 0.867e~01 . 0.710€-01 0.5828-01 . Ue3S3E-D1



TABLE 12: XD VERSUS (D FfOR SI1GD = 0.15°E 02

P Y R Y P Y T P R LY T L L L R el kil L L T T T T T T L T T N iy,

LAMD= 0.300€ 01 LAMD= 0.¢0UE 01 LAMD® 0.600E O1 LAND= 0.800€ 01 LAMD= U.100E U2

L R L L L L L T R L 0 X ey S S S S - et --wa- - -

AD=VALUE CD-VALUE CO-VALUE CO-VALUE CO-VALUE CD-VALUE
V.100E 01 0.193€ 00 0.135¢ 00 0.738€-01 0.440E-01 0.278£-01
V. 1SVE 01 0.1%6€ OU 0.103e 00 Ue&97E=-01 0.267€-01 V.153€-01
U.20Ut U 0.135¢ 00 0. 9%62E~01 U.371€E-01 0.1835t~01 0.971E~-02

. U.30VE 01 0.411E 00 0.661E-01 0.244E-01 0.1035€~-u1t Ve 49SE~02
U.49V€ 01 0.973E-01 0.532€~-01 0.182E-01 0.710€-02 U.302€-02
J.500€ 01 0.886E-01 0.665E-01 Us146€-01 0.526€E-02 - U.208E~02
U.860VE 01 ‘0.825€~-01 0.618E-U1 "U.123E-01 0.410E-02 V.151€-02
0. 70VE O 0.780€~01 0.3856-01 U.107€-01 0.336E-02 V.116E-02
J3.800¢ 01 0.746E~-01 0.359€-01 0.946E-02 0.283:-02 U.934E-03
J.700€ 01 0.718E-01 0.339€e-01 0.856€E-02 0.245€-02 U.272€-03
U.10UE 02 V.095€-01 0.323¢e-01 0.785€-02 0.216€-02 U.6564E-03
J.15U€ 02 0.623€-01 0.273e-0t 0.581€~02 0.13%€-02 U.3585-03
J.200€ 02 U.586E-01 0.267e~01 0. 483E~-02 0.104€~-02 V.20S€E-03
U.25JE 02 0.558E-01 0.231e~U1 V. 626E-02 0.861E-03 V.18BE-03
2.300€ V2 0.539€~-01 0.219€-01 V.389€~-02 0.747-03 U.156€-03
J.609€ 02 0.512€E-01 0.204E~-U1 V.362€-02 0.612é-03 U.117€-03
J.309¢ 02 0.493E-01 0.193E~-u1 0.312¢8-02 0.535€6-03 U.986E-04
J3.500¢& 02 0.478E-01 0.186€-D1 V.292€-02 O.484E~03 V. E3PE~D4
J.TO00E V2 0.465€~-01 0.179€-ut V.277€E-02 0.447€-03 - U.753E-04
J.800E 02 0.454E-01 0.174€-01 0.265E-02 0.6420€-03 U.691E-0¢
U.700¢ 02 0.444€~01 0.1706-01 0.255€-02 0.398¢-03 0.662E-04
0.100€ 03 0.435E-01 0.166E-01 0.2647E~02 0.38VE~U3 0.606E-04
0.150€ 03 0.397€-01 0.150€-01 0.217€-02 0.322¢-03 0.4%7€-04
J.200€ 03 0.372€e-01 0.139¢-01 U.198E~02 0.287€-03 0.626€E-04
0.300¢ 0 0.332€6-01 0.124¢~01 V.173€-02 0.2646E~-0) . U.353€E~-04
J.6008 O3 0.303€-0¢ 0.112¢-01 U.156E=-12 0:.219€-03 U.310€-06
2.500€ 03 0.281€-01% 0.104€-01 V. 1464E-02 0.20UE~-0S U.2%1E-04
J.600€¢ 03 0.253E-01 0.972e-02 J.136E-02 O.186€6~U3 U.259€E-04
J.70UE 03 0.268E-01 U.916€6-02 U.126€E-0¢ 0.174E-03 U.242E-0¢4
J.J0UE 03 0.23%€-01 0.869¢-02 U.119€-02 0.164E-0) U.227E-U4
J.700€ 03 0.226E-~01% 0.8288~02 U.113€E-02 0.156E-03 V.210E~-04
V.10Ué 0& U.215€~-01 0.793-02 V.108E-0¢ 0.169&~0}

V.205€E~-04



TABLE 13: X0 VEASUS CO FOR S1GD = 0,200t 02

EXE P P R R P R L R R L R L e L L R R PR RS LR L R L R L L T L R LR R L R T R R ok X X R R Sy

LAMD= 0,000& 00 LAMD® 0.400E-0% LAMO= O.700E 00 LAMD® 0.200E 0O LAMD= 0,300 U0

XD=-VALUE CO-vALUE CD~VALVE CO=VALVUE CD=VALUE CD-VALUE
J.100¢ OV 0.799¢ 00 0.960€ 0O U.9U8E 00 0.83¢€ 0O v.767¢ 00
J.153& OF 0.998¢ 00 0.960¢ U0 . V.9206& 00 0.827€ VO U.759€ 00
J.200¢ 01 " Q.v98E 00 0.959¢ U0 U.905€E 00 0.824€ 00 VU.754E 00
0. 300¢ 01 - O.¥96E 00 0.958€ 0O U.903€ Q0 0.821€ VO U.748€ Q0
J.40JE 01 0.v95€ 00 0.956€ U0 0.902€ 00 0.81v€E 00 U.765€ 0O
J.500E 01V 0.994¢ 00 0.955€ VO U.900E& 00 0.817¢ 00 0.743€ 00
v.60J& 01 . 0.993€ V0 0.954k 00 0.899¢ 00 0.315€ 0O VU.741€ 00
9.709¢ 01V 0.991¢ 00 0.953L U0 U.898E 00 0.814E 0O V.73v€E 00
0.30VE 01 U.990E OV 0.9518 VO 0.897¢€ 00 0.815¢ VO V.738¢€ 00
0.700¢& 01 0.v39¢ 00 0.950¢ U0 "0.895E 00 0.81¢¢€ OO VU.736E 00
J.100E 02 0.v84E 00 0.949c 00 0.894€ 00 0.81U€ 00 V.735€ 00
0.150¢& 02 - 0.78¢2¢ 00 0.963¢ VO 0.889¢ 00 0.805& 00 ~ V.T30E 00
J.200E 02 .. 0.v70€ 00 U.938¢ 00 . 0.8835€ 00 0.80V¢ VO U.725€ 00
J.250¢ 02 - 0.97VUE 00 0.932¢ VO 0.878€ 00 0.79%€ VO - V.720€ 00
J.300€ 02 0.765€ 0O 0.927¢ 0O 0.873€ GO 0.79UE 0O 0.710€ 0O
0.400€ 02 ‘0.75«E€ 00 0.916¢ VO U.8%03E 00 : 0.781€ 00 0.707€ 00
9.500t 02 0.943E U0 0.906t VO . U.8535€ 00 0.772¢ U0 V.699E 00
U.60%€ 02 0.v33¢ 00 0.896E U0 0.844E 00 0.764E QO 0.4692€ 00
J.700€ 02 V.v23E 00 0.887¢ VO - ~ U.835E 00 . 0.756c 00 " 0.084E 0O

" 0.800¢ 02 U.v13E 00 0.877¢ 00 V.826€ 00 . 0.74%E 00 0.o77€ 00
“J.90uE 02 0.904E 00 0.868¢ U0 0.818E 00 0.74U& 0O V.670E 00
0.100¢& 03 . 0.895E 00 0.860¢& 00 0.810€ 00 0.733¢ vO V.0063€E 00
U.13%JE 03 0.853E QU .. 0.,820€ 00 0.772¢& 00 0D.099E 00 V.032E DO
0.200¢ 03 0.317¢ 00 0.785€ 0O 0.739€ 00 0.669E 00 0.005€ 00
V.30JE 03 0.756& 00 0.726€ VO U.5834E 00 0.619¢ 00 U.60€ 00
0.400E 03 0.707¢ 00 0.080¢ U0 0.64UE OV - 0.579¢ 00 0.524E 00
J.50J¢ 03 V.067E 00 0.6641€ 00 - 0.603€ 00 0.546€ 00 V.49«E 00
0.500¢ 05 0.633€ 00 . 0O.o6DB8E 00 U.572E 00 0.518 0O V.469E 00
U.70UE 05 0.003¢ OU 0.580¢ 0O U.566E 00 O0.496k U0 U.&47€E OO
U.50VE 05 "0JOTTE OV 0.55%5€ U0 0.523€ 00 0.473€E 0O U.428€ 00
J.900€ 03 U.55%€ 00 0.533¢ 00 U.502E 00 0.454€ 0O U.411E 00

J.100€ 0¢ 0.535¢ 00 0.514€ VO U.634E 00 0.438€ 00 V.396€ 00
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TABLE 14: XD VERSUS €O FOR S1GD = 0.200€ 02

S o & R R E , o P E O o o R o nenS ot e oo m e wn® PP EEm e D P D S e .- -

LAYD= 0.400€ 00 LAMD= 0,600E 00 LAMD= 0,800E 00 LAHD' 0.100E O1 LAMD= 0.120€ 01

XD-VALUE CD-VALUE CD-VALUE CD-VALUE CD-VALVE CD-VALUE
2.10J€ 01V ~0.710€ 00 0.616€ 0O 0.542¢ Q0 0.481¢ 00 U.430€ 00
0.150¢ 01 .~ 0.098E 00 0.598¢ 00 0.518¢ 00 0.453¢ UO V. 399 00
J.200& 09 0.692¢ 00 0.588¢ VO 0.504E 00 0.436E 00 V. 380E 00
U.30vE OF 0.086E€ OV 0.575¢ 00 0.488¢ 00 0.410c 00 V. 358E 0O
0.400€ O1F . U.580¢ 00 0.568¢e 00 - 0.479€ 00 0.405€¢ 00 0. 3645 OV
0.50J¢ 01 .0.076€ 00 0.564E€ 00 . U.472¢ 00 0.398¢ 00 0.337e 00
V.60VE U1 " 0e.874E 00 0.560¢ 00 0.468¢ 00 ) 0.393¢ OO0 "U. 531 00
U.700E O1F 0.672€ 00 0.558¢€ 00 0.465E 00 0.389¢ 00 0.327¢ 00
0.800E 01 0.670€ 00 0.555¢ 00 0.462¢ 00 0.386€ 00 0. 323¢ 00
J.900¢€ 01 . 0.669E€ 00 0.5353¢ V0 0.460€ 00 .-0.383E 00 V. 320€ 00
J.10Ue 02 0.668E 00 0.552¢ 00 0.458¢ 00 ' 0.581¢€ 0O U. S18€E 00

" 0.150€ 02 . 0.052€ 00 0.345¢ U0 0.451€ 00 0.373¢ U0 V. 310¢ 00
J.200E 02 0.637€ 00 0.341¢ 0O 0.446E 00 0.344¢ 00 U. 305€E 00
0.259€ 02 0.653€ 00 0.537¢ 00 0.442¢ 00 0.364E VO - U.301€ 00
J.3U00E V2 0.649E 0O 0.533¢ vO 0.438E 00 . D.361€ 00 V. ¢7?3¢ 00
0.400¢ 02 U.041E OV . - 0.5¢26E 00 . 0.43¢2€E 00 . 0.355€ VO V.293€ 0O
9.350J¢ 02. 0.633E 00 - 0.520¢ VO 0.427E 00 0.351€ 00 0. 238€ 00
0.600¢€ 02 0.026E& 00 G.514€ 0O "0.422€ 00 0.3406€ 00 V.285€¢ 00
J.700€ 02 0.019€ 00 0.508¢€ 00 0.417¢ OU 0.342¢ 00 0. 231€ 00
9.%00€ Q2 0.613€E 0O - 0.302¢ uO _0.412¢ 00. 0.338€ 0O U.278¢€ 00
J.70J€ 02 0.607€ 00 0.497¢ 00 0.408¢E 00 0.335¢ VO U.275E 00
J.100¢ 03 0.600E 00 0.492¢ VO 0.404€ OO 0.331€ 00 V.272¢ 00
J.150¢ U3 . 0.572¢€ 00 0.469€ VO 0.384¢ 00 0.515¢ 00 U. 258 OV
v.200¢ 03 0.548E 00 0.469¢ U0 0.368E 00 - 0.301& 00 V. 247 00
0.3509¢ 03 . 0.,507¢ 00 0.415¢ VO 0.340¢ 00 0.279¢ 00 U.228€ 00
J.409€ 03 - 0.474€ OV 0.388¢& 00 U.318E 00 0.261€ 00 0.214€ 00
J.500¢€ 03 - Q.467E 00 0.366€ U0 0.300¢ 00 0.2406€ 0O - U.201€ 00
0.%00€ 03 0.424E 00 0.347¢ 00 0.285E 00 0.233€ 00 V. 191 00
U.70UE 03 0.404€ 00 . 0.331E vO 0.271€ OV 0.22¢€ 02 V. 182¢ 0O
U.8%0J€ 03. 0.387¢ 00 0.317e VO 0.260€ 00 0.213€ 00 - U.174E 0O
J.70)¢€ 03 0.572¢ 0O 0.3uSe VO | 0.249¢ 00 0.204€ 0O U.167€ 0O

J.100€ 06 U.358¢ 00 T 0.294€ UO 0.240¢ 00 0.197€ 00 U.161E OV
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TABLE 15: xb veRsus co FOR S160 = 0.200¢ 02

- LAMDs 0,140¢e 01 LAMD= 0.160€E 01 Lanps 0. 1805 Ut Lamos o, ZOOE 01 Lamp= o, 2505 u1
KD=~VALUE Co-vaLue Co-vaLye Co-vALUE Co-vaALUE CD-vaAL

J.100¢ 01 0.307€ 00 0.350¢ vo 0.318¢ 00 0.29%ve vg U.235€ 00
0.150€ 01 0.353¢ 00 0.315¢ oo . 0.282¢ 00 0.253¢ oo V.197¢ 00
0.200¢ 01 0.333¢ 00 0.293¢ 00 0.280€ 00 0.231¢ vo U.175€¢ 00
0.30J¢ 01t 0.30ve vo 0.268¢ 00 0.234¢ 00 0.205¢ vo U.149€ 00
J.40%¢ 01 0.293¢ ou 0.254€ vo 0.219¢ oo 0.19vE .00 U.135E 00
V.500€¢ 01 0.287¢ 09 0.245¢ 00 V:210¢ 00 0.18vV€ 00 V.125¢ 00
0.600¢ 01 0.280€ 00 0.238¢ vo 0.203¢ 00 0.173¢ 00 U.119¢ 00
2.700¢€ 01 V.275€ 00 0.233¢ vo U.198¢ 00 0.168€ 00 U.114€ 00
0.300¢ 01 0.272¢ 00 0.229¢ vo U.194¢ 00 0.164€ vo U.110¢ oy
J.900¢ 01 0.268€ 00 0.226¢ uo 0.190¢ ou 0.181¢ vo V.107€ o0
0.100€ 02 0.266€ 00 0.2¢3¢ 00 t.188¢ 00 0.158¢ 00 U.105E

0.150¢€ 02 0.457¢ o0 0.215¢ 0o 0.179¢ o0 0.150¢ 00 V.967€~-01
J.200€ Q2 0.2%5¢2¢ 00 0.209¢ vo 0.174€ vo 0.145¢ vo V.723€-01
0.250¢ 02 0.249€ 00 0.206€ vu U.171€ 00 0.14¢2€ 0o U.895€6~01
0. 309€ 02 0.248€ 00 0.2V03¢ 00 V.168¢ oo 0.139¢ 00 Ue876E-~01
0.40UE 02 0.241€ 00 0.199¢ o 0.164€ 00 0.136€ 00 0.345€-01
J.500€ 02 0.237¢ oo 0.195¢ vo 0.161¢ VO U.133¢ 00 0.824€-01
U.5%00¢ 02 0.234¢ 00 0.193¢ vo 0.159¢ ou ~ 0.131€ vo V. 807€-01
2.709¢ 02 - 0.¢31€ 00 0.190€¢ o0 0.156€ 00 0.129¢ vug U.793¢-01
J.800€ 92 - 0.228€ 00 0.188¢ vo U.154€ 00 " 0.127€ 00 0.780€-01
J.900€ 92 "~ 0.226€ 00 0.185¢ go U.152¢ 00 0.125¢ 00 0.769€-01
J.100€ 03 0.225¢ 909 0.183¢ vo 0.151¢€ ou .0.124€ 00 V.759€-01
J.150€ 03 0.212¢ 00 . 0.174€ vo 0.163€ 00 0.117¢ 00 V. 710€-01
U.200¢ o0} 0.203¢ 00 0.166€¢ 00 0.136€ 00 . 0.112¢ oo V. 0682€-01
U.300¢€ 03 0.187€ 00 © 0.153€ 09 .U.126E€ 00 0.103¢ ou U.628€-01
U.400¢ 03 0.175¢ vu 0.143¢ o U.118E 00 0.963:-01 . Ues586€E-~D1
U.3500¢ 03 0.165€ 00 0.135¢ vo - 0.111€ 00 - " 0.907e~01 U.552€-01
J.60UE 03 0.156€ 00 0.128€ o0 0.105€ 0o - 0.860€~01 0.523€-01
J.700€ 03 0.149¢ 00 0.122¢ vo 0.100€ 00 0.819e~u1 U.698E-01
U.30UE v} 0.143€ .00 0.117¢ vo V.957e-01 0.784€-01 U.&76€-01
U.900€ 03 0.137¢ 00 0.112¢ uo U.919€-01 - 0.7535€e-u1 U.457¢-01

9.100¢ 04 " 0.132¢ Q0 0.108¢ 0o 0.885€-01 0.725€-01 U.641€-01



TASLE 16: XD VERSUS CD FOR SIGD = 0.200€ Q2

- LAMD= 0.3006 O1 LAMD= 0.400E O1 LAMD= 0.600€ U1 LAMD= 0U.800€ O1 LAMD= 0.100¢ 02
KD-VALUE

CO-VALUE CO-VALUE CO-VALUE CO-VALUE CoO~VALUE
0.100¢ 09 0.193€ 00 0.135€ U0 0.7368€-01 0.440€E~01 V.278E-01
D.1520€ 09 0.156€ 00 0.103& 00 0.498E-01V 0.267e-01 V.153¢6-01
J3.200¢€ 01 0.135¢ 00 0.863E-U1 V.372€-01% 0.183€-01 V.972e-02
0.300E 0% 0.111¢ 0O - 0662601 U.245€E-01 0.106E-01 V.495€-02
0.400€ OV ‘Q.975€-01 . @es83k-01 0.183€-01 0.711€-02 U.303E-02
J.500E 01 0.389€-01 0.466t-01 V.167E-01V 0.525€-02 V.206€-02
0.80JE 01 0.829E-01 0.420€-0Y V.123E-01 0.412€~-02 V.151E~-02
0.700¢ 01 0.754£-01 0.387e-01 0.107€-0% 0.337¢-02 0.117e-02
0.800& 01 0.750€-01 0.361€-01 0.951€-02 0.285€-02 U.938€¢-03
J.900¢ Ot 0.723€~-01 0.341€~-01 0.861€~02 0.246€-02 Q.776E~-03
0.100€ 02 0.700€-01% 0.325€e~-01 0.790€-02 0.217e-02 U.0657e-03
0.150¢ 02 0.631E-01 - D.276E~-01Y U.587€-02 0.139€-02 U.552¢-03
V.200¢ 02 V.593€-01 " 0.25%E-01 0.490E-02 0.106€~02 U.¢48E-03
J.25V¢ 02 0.569¢E-01 0.235&~01 VU.634E~02 0.377€-03 0.191¢-03
J.309¢ 02 0.552€-01 0.225e~-01 U.398€-02 0.763€-08 V.157¢-03
J.60UE 02 . 0.529E~-01 0.210¢ -0 U.352€-02 0.630€-03 U.120€-03
J.500& Q2 0.513¢€-01 0.20tE~00 U.324€-02 0.3555€~-03 0.999€~-04
J.50JE 02 0.500€~01 0.194€~01 0.300E-02 0.505¢€-03 V.a376€E-0¢
0.70JE VL2 "0.490E-01 0.189E-0Y V.292¢-02 0.470E-03 V.791E~04
U.900¢ 02 " U.4B81E-U1 0.185¢e-01 0.281€-02 D.444E-03 "U.730E~04
J.700¢ 02 0.476€-01 0.181€-01 V.272€-02 0.423E~03 U.093€E~04
U.109€ 05 0.4067E-01 0.178e-Y 0.264E-02 0.407€-03 0.646E-04
U.150€ 03 0.439€E-01 0.165e~01 V.239€-02 0.353€-03 U.534E~-0¢
0.200¢ 05 V.617€E~-01 0.156€~-uUt V.222¢-02 0.322¢€-03 U.6T76E~0¢
U.300€ 03 0.383€-0t 0.14643€~-v1Y 0.200€e-02 0.233E-03 U.406E-0¢
J.400¢ 0) 0.357E-U" 0.132¢e-01 0.184E-D2 0.258€E-03 V.365E-0¢6
J.500¢ 03 0.336€E~01 0.126E-01 0.172€-02 0.239€E~03 V.336E-04
J.500€ 03 U.318¢E-01 0.118¢e-01 0.162€E-02 0.225€-03 U.313E-0¢
0.703¢ 03 0.303€-01 0.112e-uU1 U.1564E-Q2 0.21¢E~-US U.295€~04
V.3029¢ 03 U.289€-01 . 0.107e-01 V.167E-02 0.202e-03 U.280E-04
0.900t 0) 0.278E-01 0.103¢e~-01 VD.161E-02 0.193E-0) V.267E-04
V. 100€E 04 0.¢48E-01 0.988E-U2 U<135€E-02 " 0.188E-03 U.2¢50E-04
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TABLE 17: XD VERSUS CD FOR SIGD = 0,250¢ 02

P L L Ty Ty N T Y R L R T R L L, L Ll L L R T T T L X Ay N e -

LAYD= 0,000 00 LAMD= 0.400E-01 LAMD= O,100E UO LAMD= 0,200f 00 LAMD= 0,300E 0O

XD=YALUE CO-VALUE Ch-VALUE CO=VALUE CO-VALUE CO~VALUE
0.100€ 01 . 0.999E¢ 00 0.961¢ 0O V.908E 00 0.932¢E 00 0.747E QO
V.15J€ 01 " 0.999E 00 0.960c 00 0.907E 00 0.828¢ 00 V.759€ 00
0.209€ 01 0.998E 00 0.960€ 0O 0.906¢ 00 .0.825€ 00 U.754€ QU
U.300¢ 0% " 0.998€ 00 0.959€ 0O 0.904¢ 00 0.822¢ 00 0.749E 00
U.400¢ 0V ° 0.y97& 00 0.958¢ 00 0.903E 00 0.820€ 00 V. 766E 00
J.500¢€ 01 0.998€ 00 0.957¢ 0V 0.902¢ 00O 0.819¢ 00 - Oe744Et 00
U.%00€ 01 0.995¢ 00 0.956€ 00 * 0.901€ 00 0.818¢ U0 V.743E 00
J.700¢ O1F 0.994€ 00 0.956E 00 v.901¢€ 00 0.817€ 00 Vo761E OO
2.80u0¢ 01 0.Y94E€ 00 0.955¢e vOo 0.900¢ 00 0.816€ 0O V.740E 0O
V.90VE OfF 0.993€E Ov 0.756¢ 00 - U.899¢ 00 0.815¢ 00 VU.739€ 00
0.10UE 02 V.992€ 00 0.953¢ VO 0.898¢ 00. 0.814E 00 0.738E 0OV
Je15J€ 02 . 0.988E 00 0.950¢€ 00 0.895€E 00 0.81V€E 0O V734% 00
0.200€ 02 0.984€ 00 0.946¢€ 00 0.891¢ 00 0.807¢ 00 V.731E 00
0.259€ 02 0.981¢€ 00 0.942¢ 0O 0.888E 0C 0.884€ 00 G.728¢€ GO
J7.300¢ 02 .0.977¢ 00 0.939¢ 00 U.8384¢ 00 0.80v€ 00 U.725E 00
J.60uE 02 0.969€ 00 0.932¢ U0 0.377¢ 00 0.794c VO V.719€ 00
J.50U0€E 02 0.962€ 00 0.925¢ 00 . V.371€ 00 0.788€ U0 U.716€ 00
J.50UE 02 U.955€ 00 0.918¢& v0 V.864E OU 0.782¢ 00 0.708E 00
0.700€ 02 0.948E 00 0.9%1E 00 0.858€ 00 0.777€ 00 0.703¢ 00
2.800¢& 02 - 0.942€ 00 0.9uS€e 00 0.852& 0V 0.771¢ 00 - UD.098E 00
0.900¢ 02 -+ 0.935¢ 00 0.898¢ 00 U.846€ 00 0.766c 00 U.0693€ 00
0.100& 03 0.729€ 00 0.992¢ 0O 0.84VE 00 0.760€ 00 U.688% 00
0.150€ O3 0.898€ 00 0.863€E 00 0.813€ 00 0.736€ UO VU.6606E OO0
J3.200¢ 0 VU.870E 00 0.836E 00 0.788€E 00 " 0.713E VO U.645E 00
J.300¢ 0} 0.822¢ 00 0.790¢ 00 - - O.744E 00 0.673€ 00 0.609E 00
J.400¢ 03 0.7/81E 00 0.750€ 00 0.707€ 00 0.840& VO - U.579¢ 00
0.500¢ 03 0.,7&5€¢ 00 0.716¢ 00 UV.875E€ 0U -0.63Ut VO U.552E DO
J.80VE 05 0.714E€ 00 0.686¢t 00 0.646E 00 0.5385€ 00 U.5272€ 0O
0.700€ 03 0.687¢ 00 0.660€ 00 0.622€ 00 0.56¢¢ 00 0.509€E 00
J.800¢ U3 - U.062€ 0U . 0.686€ U0 0.599€ 00 0.56¢¢ 00 U.691€ 00
J.900& 05 0.640E 00 0.615€ 00 - V.579E 00 - 0.524€ VO 0.674E 00

J.100€ 0¢ 0.020E€ 00 0.596¢ 00 0.561E 00 0.508¢ voO U. 4505 00
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TABLE 13: XD VERSUS CD FOR SIGD = O0.250€ 02

LAMD= 0.400E 00 LAMD= D.600t 00 LAMD= D.800E U0 LAMD= 0.100E 07 ULAMO= 0.120¢ 01

XD-VALUE CO-VALUE CD-VALUE CO~VALUE CD=-VALUE CO-VALUE
0.100¢ 01t 0.710¢ 00 0.616€ 00 0.562¢ 00 © 0.481E 00 U.430€ 00
J.150€ OO 0.699€ 00 0.598€ 00 0.518¢ 00 0.453¢ 00 U.379E 00
0.200€ 01 0.692€ 00 0.588€ 00 U.504E 00 0.436E 00 V. 380E 00
9.53500€ 01 0.885¢ 00 0.576¢ 00 - 0.488¢ 00 0.417€ 00 U.358E 0O
0.40J€ 01 0.081¢ 00 . 0.569E 00 0.479¢ OV 0.404€ 00 . 0.346E 00
J.500€ 01 . 0.578¢ 00 0.565€ VO 0.6473€ 00 0.399E VO U.338€ 00
0.500€ Ot 0.6760€ 00 0.562¢ 0O 0.469€.00 0.394€ 0O U.332€ 00
0.700€ 01 0.674¢ 00 0.559€ VO ° 0.666t 00 0.390€ 00 U.327E 00
U.%00& 01 0.673E 00 0.557¢ vo 0.463¢ 00 0.387¢ 00 0.324€ 00
J.90JE OV . . 0.671€ OO 0.555¢ 00 " 0.461E 00 0.344€ 00 V.321€ 00
U.100€ 02 0.670E 0G0 0.554€ 00 0.459E 00 0.382€ 00 0.319E 00
0.150€ 02 - 0.6456E 00 0.549€ 00 - V«653E 00 0.375¢ 00 U.311€ 0O
0.2002 02 0.663¢ 00 0.545E 00 0.649¢ 00 0.371¢ 00 U.307€ 00
0.250€ 02 0.660€ 00 .0.562€ VO D.44606E 00 0.368¢t 00 V.304E 00
0.30UE 02 0.657€ 00 0.540€ 00 V.464¢ OU 0.365€ U0 U.301€E 0O
V.6400€ U2 0.651¢ 00 0.535€ U0 0.439E 00 0.361E 00U 0.297€ 00
J3.50VE 02 0.0646E 00 0.530 00 - 0.435¢ 00 0.358¢ 00 . U.29sE 00
J.500¢€ 02 0.649E OV 0.526€ 00 U.432¢6 00 0.355€¢ 0O U.291¢ 00
0.700& 02 ‘0.637€ 00 0.522€ 0O U.428¢ DO 0.352¢ 00 U.289E 00
U.300¢€ 02 U.632¢8 00 0.518€E 00 0.6425€ 00 0.349E 00 U.<286% 00
J.700€ 02 0.627€ 00 0.514€ VO 0.622¢8 00 D.3406E€ 00 U.2%4E 00
J.100¢ 03 . 0.623F 00 0.511€ 00 U.419¢ 00 0.344€ UO V.232€ 00
J.150€ 03 0.602€ 00 0.494E VO V.405¢ OV 0.532€ 00 U.272¢8 00
J.200¢€ 03 0.58«E 00 0.478€ U0 0.392¢ Ov 0.321€ 00 U.263€ 00
0.300¢ 03 0.551€ 00 0.452¢ 0O 0.370¢ 00 0.303€ 00 D.248E 00
0.400¢ 03 ‘0.524E 00 0.429€ 00 U.351E 00 - 0.28BE 00 V.236E 00
0.500¢ 03 0.500€ 00 0.409E 0O : 0.335¢ 00 0.275¢ 00 0.225%5¢ 00
V.800¢ 03 0.479E 00 0.3v2¢ VO . U.321t 00 0.263E 00 0.216E 00
U.?00¢ 03 0.461¢ 00 0.377€ 00 0.309¢ 00 .0.253€ 0O 0.207¢ 00
0.800¢ 03 U.444E 00 0.364€ 00 0.298¢ 00 0.244¢ 00 0.200€ 00
0.900t 03 0.429¢8 00 0.352¢€ 00 . 0.2%8¢ 00 0.236¢ 0O 0.193¢ 00

J.100€ 0¢ 0.416€ 00 0.3«1€ 0O 0.279¢ 00 " 0.228€ uo V.187¢ 00
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TABLE 19: XD VERSUS CO FOR SIGD = 0.250€ .02

LAYD= 0.140€E O1 LAMD= 0.160¢ 01 LAMD= 0.180F U1 LAMD= 0.200FE 01 LAMD= 0.250€ 09

XD-VALUE CO-VALVE CD-VALUE CO~VALUE CO~VALUE Cb-VALUE
0.100€ 01 0.337€ 00 0.350€ VO 0.318¢ 00 0.290€ 00 V.235€ 00
J.150E 0V V.353€ 00 0.315¢ 00 0.282¢ 00 0.253¢ 00 V.197¢ 00
0.20)€ 09 0.333€E 00 - 0.293E 00 0.260¢ 00 0.231¢ 00 0.175€¢ 00
J.30J)¢ 0% 0.309¢ 00 0.269¢ OO0 0.234¢ 00 0.205¢ 00 V.150¢ 00
U.400E O1 0.296E 00 U.254E U0 V.220¢ 00 0.190e 00 0.135¢ 00
V.350VE 01 0.287€ 00 0.2645€ U0 0.210€ 00 0.181¢ 00 V.128E 00
J.400¢ 01V 0.281€ 00 0.238¢ G0 0.203¢ 00 0.174¢ 0O 0.119¢ 00
0.700€ 01 0.270€ 00 0.234E€ 00 0.198¢ 00 ~0.169¢ 0O U.114E 00
U.300€ 01 "0.272€ 00 0.230€ U0 0.194¢ 00 0.165¢ 00 0.110¢ 00

- 0.900¢€ 01 0.26vE 00 0.227e U0 V.191¢ 00 0.162¢ 00 0.107€ 00
J.100€ 02 0.267€ 00 . 224 00 0.188E 00. 0.159¢ 00 0.105€ 00
J.150€ 02 ~ 0.259€ 00 0.216€ 00 0.180€ 00 0.151€ 00 U.972e-01
V.200€ 02 0.254E 00 0.211€ 00 U.176€ 00 0.146¢ 00 U.930£-01
V.250€ 02 0.251¢€ VU 0.208¢ 0O 0.172¢ 00 0.143€ U0 U.Y04€-01%
J.300& 02 0.249E 00 0.206¢ 00 0.170¢ 00 0.16%€ 00 VU.884E-01
J.400& 02 0.245& 00 0.202€ 0O 0.167€ 00 0.135¢ QO V.858E-01
J.50VE 02 0.262€ 00 0.199¢ voO U.164¢ 00 0.136¢ 00 V.840E-09
0.600€ 02 - 0.24V0E 00 0.197¢ 00 - 0.162€ 00 - 0e134E UU 0.820E-01
J.703& 02 0.237E 00 0.195€ VO 0.161€ 00 0.132¢ 00 0.814E-01
0.300€ 02 0.235€ Q0 0.193¢ 00 0.159¢ 00 0.131€ U0 U.804€~01
J.?00€ 02 0.233€E 00 0.192€ 00 0.157€ 00 0.129€ 00 U.795€-01
J.100€ 03 0.231€ 00 0.190€ 00 v.156¢ 00 0.128€ 00 U.787e-01
J.150€ 03 0.223€ 00 0.183€ 00 0.150€ 00 0.123¢ 00 V.754€-01
0.200¢ 03 0.216€ 00 0.177€ 00 0.145€ 00 0.119¢ U0 V.727€-01
J.30JE 05 0.204€ 00 0.167€¢ 00 0.132¢ 00 0.112€ VO U.683€E-01
J.400E 03 0.193¢ 00 0.158¢ uO U.130€E 00 0.106€ VO V.647E-01
0.500€ 03 0.184E 00 0.151e 00 0.124€ 00 0.101€ 00 U.616E-01
J.80%€ 03 ‘0.177€ 00 0.145€ VO 0.118¢€ 00 D.971e~01 U.590€-01
J.70VE 03 0.170€ VU 0.139¢ Uo 0.114€ 00 0.933e-01 0.547€-01
0.809%¢ 03 0.164E DO D.134E 00 0.110¢ 00 0.399%e-01 V.540E-01
J.700€ 03 0.158E 00O 0.130€ 00 0.106€ 00 0.869E-01 0.528€E-01%
J.10)¢ 06 0.155E 00 0.125¢ 00 0.103E 00 0.842E-01 U.511E~01



TASLE 20: XO.VERSUS €D FOR SIGD = 0.250€ 02

LAMD= 0.300€ 01 LAMD= 0.400¢f 01 LARD= 0,600 01 LAMD= 0.800¢ 01 LamMos 0.100€ 02

XD-vALUE CO-VaALUE. CO-VALUE CO-vALUE CO-VALUE CO-VALUE
----- .---------‘---.---------------------h-------------------.'-‘-.,---------------------------
J.100€ 01 0.193€ .00 0.135¢ 0o 0.738E-01- 0.440E-01 V.278€-01
J.150¢ 01t 0.157¢ 00 0.103%¢ vo U.498€-01 J.267€-01 V.153€-01
J.200€ 01 0.135¢ 00 0.863¢-01 U.372€-01 0.1336-01 U.972€-02
0.300€ 01 0.111E 00 0.642€-01 U.245€-01 0.100€-01 V.495¢-02

“Je40J€ OO 0.976€~-01 0.534€-01 0.1836-01 0.711€-02 U.303€-02
J.500€ 01 0.890E-01 0.467€-01 U.147€-01 0.525€-02 V.207€-02
9.60V€ 01 0.830€e-01 O.421E~01 0.123€-01 V.6126-02 U.152E~02
0.700€ 01t 0.7806E~01 0.387e-01 0.107E-01 0.337€-02 VU.117€-02
J.80J0¢€ 01t 0.752e-01 " 0.362€-01 V.953€E~-02 0.245€-02 U.v40€-03
U.90V0¢E 01 0.725¢-01 0.3426-01 U.843€-0¢ 0.247€~-02 V.277€-03
J.10JE 02 0.703€-01 0.326€E-01 0.792€-0¢2 0.214€-02 V.659€-03
0.150€ D2 0.634E-01 0.278€-01 0.59v€E-02 0.14VE-Q2 VU.363E-03
J.203€ 02 0.598€E-01 0.253e~01 0o 694E~02 0.107€-02 U.250€E-03
0.250¢ 02 0.575€6-01 0.238¢6-01 0.638¢6~02 0.8364€-03 U.192E-03
J.300¢ 02 0.559€-01 0.227€-01 0.402€-02 0.771€-03 0. 159E-03
U.400E 02 0.537e-01. 0.214€e-01 U.357e-0¢ 0.63vE-0S 0.122€-03
J.500€ 02 0.523€6-01 0.205€e-01 0.331€~-02 .0.565€-03 ~ U.102€-03
U.600¢ 02 0.512e-01 0.199€-uU1 U.312¢-0¢ 0.516€-03 0.%94E~-0¢
J.700€ 02 0.5035€6~01 0.194€-01 U.299E-02 0.482€-0} U.311€E-0¢
J.8%00¢ 02 0.496E-01 0.190€-01 V.289€-02 0.457€-03 V.751€E-0¢4
J.900¢ 02 0.490€-01 0.187¢-01 V.281€-02 0.437€-03 V.7DSE~04
J2.100€ 03 0.684E-01 0.184€-01 0.274€-02 - 0.621E-0 UV.669€-04
J.1SUE 03 0.461E-01 0.176€-01 V.251€-02 0.371€-03 0.5061E-0¢
J.200% 03 0.444E-01 0.166€-01 V.236€~-02 J.362€~03 U.504€-0¢
U.300€ O3 0.416€-01 0.155€e-01t . 0.212€-02 0.307€-03. D.441E-0¢
0.400E 03 0.394£-01% 0.1646€-01 0.203¢€-02 0.284¢-03 0.602€-04
v.500E US 0.3575¢e-01 0.139€-u1 0.192€-02 0.267e-03 V.375€-04
0.500€ 0} 0.359E-01 0.133¢e-ut V.183€-02 0.2535€-u} U.353€E-04
U.700€ 03 0.345¢-01 0.127¢e-u1 V.175€-02 0.2642€~03 U.336€-~04
U.802%¢ o0 0.33¢2¢-01 0.123e-01 U.168€-02 0.232€-03 U.321€-04
J.700€ O3 U.352%E-01 0.118€e-u1 0.162€-0¢ D.225€e-03 U.308€-04
J.10J€ 04 0.310e~0" 0.115€e-01 V. 157€E-02 0.215€-03 U.297E-0¢



TABLE 21: X0 VERSUS (D'KOQ SIGO = 0.300& 02

LA A L P R L Y L L L e R e L L e LRl L Ll L D R e L L L Lk L X T S

LAND= 0,000t 00 LAMD= D.&40DE-01 LAMD= D.100E 00 LAMD= 0,2006 00 LAND= 0,300f 00

X0-VALUE CO-VALUE CO-VALUE CO-VALUE CoO~-VALUE CO~VALUE
U.100E 01t 0.999€ 00 0.961 00 - U.909E 00 - 0.83¢€ 00 . 0.767€ 00
0.153€ 0V 0.999¢ 00 0.961e 00 .0.907¢ 00 O.828€ 00 0.759E 00
J.20J€ Ot d.999€ 0O 0.960€ 00 U.908t 0O 0.825¢ VO U.755€¢ 00
J.30VE 0Ot . J.Y98E 0O 0.959¢ 00 0.905¢ 00 . 0.823¢ 00 V.750€ 00
J.40J0€ 01 0.994E 00 0.959€¢ 0O U.9204€ 00" 0.321€ 0O 0.747E€ 00
0.500€¢ 01 0.997€ 00 0.958¢ 00 - 0.903€ 00 0.820€ 00 V.745€ 0O
2.800€E O 0.997€ 00 0.958€ U0 0.903€ 00 0.819¢ 00 U.744E 00
‘0.700¢& 01 " 0.996€ 00 0.957¢€ 00 0.902¢ 00 0.818¢ 00 0.743¢ 00
V.%00¢& 0Ot 0.996E 00 0.957€ 00 U.901¢E 00 " 0.817¢ U0 U.T42€ 00
V.90V 01 © 0.995€¢ 00O 0.956€ VO 0.901E 00 0.817€ 0O 0.761E 00
J.100€ V2 0.994E 00 0.956E 00 0.900E 00 0.3%16€ 0O . 0.740€ 00
0.159¢ 02 - 0.992& 00 0.953€ 00 0.898¢t 00 0.313¢ 0O VU.737€ 00
J.20U€ 02 0.989¢ GO 0.950€ 00 U.895¢€ 00 0.811¢ 0O 0.736¢ 00
U.250¢ 02 0.786E€ 00 " 0.948€ 00 V.393E 00 0.808¢ U0 U.732€ 00
J.300¢ 02 ‘Ue¥84¢& 00 0.9«5€ VO - 0.3°0¢& 00 0.8u6€E 00 0.730¢ 00
J.600¢ 02 . 0.979¢ 00 . 0.9640& 00 0.886E 00 0.802€ 00 0.726¢ 00
J.500& 02 0.773¢ 00 0.935€ VO 0.381E VO 0.79r¢ 0O 0.722€ 00
0.500€ 02 . 0.7968E 00 0.950& 00 0.876€ 0O 0.793¢ U0 U.718¢€ 00
U.702¢ 02 0.963€ 00 0.926€e 0O 0.372€¢ 00 ° 0.789€ 00 U.714€ 00
V.800¢ 02 0.958€ 00 - 0.921E 00 0.867€¢ 00 0.785¢ VO V.710¢ 00
0.90V€E 02 . 0.953€ 00 0.916¢ VO 0.863€ OV 0.781¢ 0O 0.707¢ 00
V.100€ O3 G.v69€ 00 0.912€ .00 0.859€ 00 0.777¢ 0O ~0.703E OO
U.150¢ 03 U.926€ Q0 0.890€ 0O - -0.838E€ 00 0.758¢ ©O U.886€ 0O
3.200¢ U3 0.90S€ 00 0.869€ 0O 0.819€¢ 00 0.76%¢ 00 0.670E€ 00
J.309¢ 03 0.865€ 00 0.832¢ 00 - 0.734€ 00 0.709E 0O U.0&2E 00
J.40VE 03 0.832€ 00 0.800& uO 0.753€ Uv 0.681%¢ UU V.617€ 00
0.500E 03 -+ 0.90¢€ 00 0.770e 00 0.726¢€ 00 0.657¢ VD . V.594E 00
0.400¢ 03 . g.?775€ 00 0.744¢ 0O 0.70%t€ 0O . 0.634€ 0O 0.574E 00
0.700¢ 03 0.75V€E 00 0.721¢ V0 0.679€E 00 . 0.614¢ 0O U.556€ 00
0.800€ 03 0.728E 0O 0.699¢ 00 0.6058€ 00 0.596¢€ 0O U.539¢€ 00
U.?700€ 03 0.797€& 00 0.579¢ V0 - - 0.0640E 0OV 0.579e 00 U.524€ 00

0.100¢ 06 0.688€ 00 0.601€ 0O -0.023¢ 00 0.564€ 0O - J.510t 0O
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TABLE 22: XD VERSUS CD FOR SIGO = ©O,300€ 02

LAMO= 0.400E 00 LAMD= 0.60VE 00 LAMD= 0.800 00 - LAMD= 0.100E 01 LAMD= 0.120€e U1

KD=VALUE CD-VALVE CD=-VALUE CO-VALUE CD-VALUE CD-VALUE
J.100¢ 01t 0.710€ 00 0.617¢ voO U.542€ 00 0.431¢ 00 U.430¢ 00
J.150€ 09 0.699E 00 0.599€ 00 U.518E 00 0.453E 0O V.399¢ 00
0.209€ O° 0.0693E 00 0.588E 0 0.505¢ 00 0.436¢ VO v.380¢ 00
U.30VE 01 . 0.635€ 00 0.5758€ 00 V.489E 00 0.417€ 00 U.353€ 00 -
V.40JE 0V . 0.081€ 00 0.570€ 00 0.480¢ 00 0.406¢ 00 U. $40€ 00
J.50VE O1 0.679€ 00 0.565€ VO 0.474€ 00 0.399€ 00 U.338€ 00
U.500€ 01t 0.677¢ 00 0.562€ 00 0.470€ 00 - 0.394€ 00 U.332¢ 00
J.700€ 0OtV 0.675¢ 00 0.560¢ 00 0.467¢ 00 0.390e 00 v.328¢ 00
U.30VUE OF 0.674E 00 0.558¢ 00 . U.6664€ 00 0.387¢ 00 0.325¢ 00
J.9200€ Q1 0.473E QU . 0.557¢ wo 0.4462¢ 0O 0.38%¢ U0 ¢.322¢ 00
0.10V€ 02 0.67¢E€ 00 0.555E 00 0.460€ 00 0.383€ v0 U.320E 00
J.150€ 02 0.668€ 00 . 0.551E 00 0.455€ 00 . 0.377€ 0O 0.312¢ 00
0.200€ 02 0.660€ OU 0.548¢ 00 0.451€ 00 0.373%€ 00 V.30t 00
0.252€ 02 - 0.663E 00 0.565€ 0O U.649E 00 0.370¢ vO U.306E OO
J0.300€ 02 0.661%E 00 0.543€ 00 0.447E 00 0.368¢ 00 0.303€ 00
2.400& 02 0.657¢ 00 0.540& 00 0.443¢ 00 0.305E 00 L.300¢ 00
0.500¢ 02 0.654€ 00 0.536E 00 0.440E 00 0.362¢ 00 " U.298E 0O
0.400¢ 02 0.650€ 00 0.533€ 00 0.438E 00 0.359E vO 0.295€¢ 00
0.702¢ 02 " 0.647E 00 0.530¢ 00 ‘0.435€E 00 0.557¢ W0 0.293¢ 00
V.800¢ 02 0.643E 00 0.527€ 00 0.432¢ 00 0.355¢ 00 V.291€ 00
V.920VE 02 0.640E 00 0.526€ 00 0.430E 00 0.353¢E 00 U.290¢ 00
0.100€ 03 - J.637€ 00 0.522€¢ 00 - 0.428c 00 0.351¢ 00 V.288¢€ 00
U.150€ 03 0.62%¢ 00 0.509€ 00 0.417¢ 00 0.342€ U0 U.280¢ 00
VU.200¢ O} 0.607E 00 0.497¢ U0 0.407€ 0O 0.334E U0 0.274¢ 00
0.300¢& 03 0.531¢ 00 U.476E U 0.390¢ 00 0.319€ 00 V.262€ 00
J.400E O3 0.558¢€ 00 0.457€ 00 0.374¢ 00 0.307¢ 00 0.251¢€ 00
U.500€ 03 . 0.5348¢ 00 0.440E U0 0.361€ 00 0.295¢ 00 - 0.242E 0O
0.50VE U3 0.519¢ 00 0.4625¢ U0 0.3¢8¢ 00 0.285¢ U0 U.23¢€ 00
U.709€ 03 0.503€ 00 0.412¢8 U0 U.337¢ 00 0.276€ 0D 0.226¢8 00
U.300€ 05 0.688¢% 00 0.400c 00 0.327€ 0O 0.268¢t 00 0.219¢ 00
J.20VE 03 : 0.474E 00 0.348E U0 0.318€ 00 - D.200€ VO V.¢c13€ 00

"J.10VE 06 0.461€E OU 0.378& 00 U.309€ 00 " 0.253¢ UU -U.208E 00 -
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TASLE 23: XD VERSUS (D FOR SIGD = 0,300 02

o e e o e . - " T S T - . - - - = . ... ... -

LAMDS 0.140& 01 LAMD= 0.16UE 01 LAMD= 0.180E UV LAMO= 0.200Ff O' LAMD= 0.250F U1

- D e D T T T DA TR A R A e W T e A A R RS D S D R D P R Y R e Y e P D D SR AR R TR W . -

XD~VALUE CO-VALUE CO-VALUE CO-VALUE CO-VALUE CD-VALUE
J.100€ 01 0.387€E 00 0.350€ 00 0.318€ 00 - 0.290€ 00 " U.235E 00
0.152& 09 0.353€ 00 0.315¢ 00 0.282E DO 0.253€ 00 V.197€ 00
0.203¢ 01 0.333€ 00 0.294¢ 00 " 0.260€E OV 0.231€ 00 V.175€ 00
3.3038 01 0.310€ 00 0.209€ U0 . 0.234€ 00 0.2US5¢e U0 "0.150€ 00
J.400¢ 01 0.290€ 00 0.255€ 0O 0.220€ 00 0.190€ 00 U.135€ 00
2.500¢ 01V J.<87E 00 0.245& 00 0.210€ 00 0.181€ 00 V. 126E 00
'3.403¢ 01 V.281¢ 00 0.239¢ 00 U.203€ 00 . 0.174€ U0 - U.1V9€ 00
"J.70J€ 01 0.270€ 00 0.236€ 00 ° 0.198¢ 00 0.109€ U0 V.114E 00
U.30V& 01 0.273¢ 00 0.230€ VO - V.195€ 00 0.165¢ 00 V.A11E 00
J.90¢ 01 0.27uE 00 0.227€ 00 V.191€ 00 0.162¢ 00 V.108€ 00
J.100& 92 0.260€ 00 0.224& 00 0.189€ 00 0.159€ U0 U.10SE 00
J.150€ 02 0.260€ 00 0.216€ 00 0.181€ 00 0.151€ 00 U.975€-01
0.200¢ 02 0.256E 00 0.212¢& 0O V.176€ 00 0.147€ 0O U.934E€-01
J.250€ 32 0.¢53€.00 0.209€ U0 0.173€ 00 0.144€ VO 0.908€-01
0.300& 02 0.250€ 00 0.207&é U0 U.171E 00 0.1642€ 00 U.890E-01
J.400& 02 0.247€ 00 0.204€ VO V. 168 OV 0.139¢ VO  0.866E-01
J.500& 02 0.245€ 00 0.202¢ U0 0.166€ 00 . 0.132& 00 U.849€~-01

" .500¢ 02 V.243E 00 0.200€ VO U.164E 00 0.135€ 00 U.837€-01
0.700¢ 02 0.¢61E 00 0.198¢ 00 0.163€ 00 0.134€ UO 0.627€-01
J.800E 02 0.¢39E 00 0.197€ U0 0.162€ 0V 0.133€ U0 U.s818€-01
J.90U€ 02 0.238E 00 0.195€ u0 V.161€ 00 0.132€ QO V.411€-01
U100 U3 0.230€ 00 0.194€ VO 0.159€ 00 0.131€ 00 . 0.8046€-01
3.152¢ 03 0.230¢ 00 0.189€ 00 6.155¢ 00 0.127¢ 00 V.777€-01
J.200€ 03 0.224€ 00 0.184€ 0O 0.151€ 00 0.124€ 00 0.75SE-01
0.30V& 03 0.214E 0O 0.176E 00 D.144E 00 0.113€ 00 0.719€-01
J.40JE 03 0.206€ 00 0.169€ 00 0.138€ 00 0.113€ 00 V.889€-01
J.50J¢ 03 0.198¢ 00 0.102€.00 0.133€ 00 0.109¢ 00 0.663E-01
3.400€ 0% 0.191€ 00 0.157€ 00 0.128E 00 0.105€ 0O V.640E-01
2.703: 0} 0.125€ 00 0.152€ U0 0.124€ 00 0.102¢ O U.619€-01
3.%0%€ 03 0.180E 00 0.147€ U0 0.121€ 00 0.988€-01 U.000E-01
0.700& 03 0.175€ 00 0.143& VO 0.117€ 00 0.90UE-01 U.583€E-01
J.100E 04 0.170E DO 0.139€ 0O 0.114E 00 0.934E-01 U.587€-01



APPENDIX C
TABLES OF DILUTION FACTOR &* VERSUS x/B



- TABLE 1: Dilution Féctqr(ZETA) versus X/B for Penetration Ratio(H/B) = 0.S00E-01

.S0000E-01

B/ALFAz B/ALFAz B/ FAz B/ALFAz

= ).500E 01 = 0.100E 02 = 0.150E 02 = 0.250E 02

X/B-Value " Zeta-Value Zeta-Value Zeta-Value Zeta-Value
D.10D0D0E OO0 0.35931E 00 D.47179€ 00 0.54392E 00 0.63613E 00
0.15000E 00 0.26821E 00 0.36266E 00 0.42835E 00 D.S1949E 00
0.20000E 00 d.21738E 00 0.2975% 00 0.35544E 00 0.43971E 00
0.30000E 00 0.1624606 00 0.224462E 00 0.27087 00 0.34104E 00
0.40000E DO 0.13330E 0O 0.1846%€ 00 0.22353€ 00 0.28349€ 00
0.SD000E 00 0.11487& 00 -0.15927& 00 - 0.19311€ 00 0.24581E 00
D.40000E OD 0.10212E 0D 0.14152E 00 0.1717SE 00 0.21910E 00
0.70000 0O 0.92725E-01 0.12832€ 00 0.15582E 00 0.1990%E 00
0.8000ce 00 0.8551&4-01 0.11808€ 00 3.14342€ (0 0.18338E 00
0.90000E 00 0.79812£-01 (0.10984E 00 0.13345E 00 0.17074E 00
0.1000CE 01 0.75200e-01 0.10309€ 00 0.12522E 00 D.16029€ 00
0.15000E 01 - 0.6148Z-01 0.81532£-01 0.98720E-01 - 0.12644E 00
D.20D00E D1 0.5S54DB8E-D1 D.b??bSE-Dl 0.84021E-01 0.10748E 00
'0.25000E 01 0.52562E-01 0.462952£-01 0.74579E-01 0.95013-01
0.30000E 01 0.51213e-01 0.58483E-01 0.468054E-01 0.84090E-01
0.40000E 01 0.50271E-01 0.536469E-01 0.59951E-01 0.74081E-01
0.50000E 01 0.50060E-01 0.5158%9e-01 . 0.55534E-01 0.66450E-D1
0.60000E 01 0.5S0013e-01 0.50687E-01 0.53084E-01 0.61344E-01
0.70000E 01 0.50003E-01 0.S0297%&-01 0.51718E-01 0.57852E-01
0.80000E 01 -0.50001E-01 0.501268E-01 0.50957E-01 0.S5442E-01
0.90000E O1 - 0.50000e-01 0.50055e-01 0.50533e-01 0.53773e-01
0.10000E Q2 0.50000e-01 0.50024E-01 0.50294E-01 0.52617&€-01
0.15000E 02 0.5S0000E-01 0.50000e-01 . 0.50016E-01 0.50419E-01
0.20000E 02 0.50000e-01 0.50000e-01 0.50001E-01 0.50067E-01
0.30000E D2 - 0.50000E-01 0.5S0000E-01 0.5S0000E-D1 0.5000Ze-01
0.40000E 02 0.50000e-01 0.50000E-01 0.S0000E-01 0.50000E-01
0.50000E 02 0.50000e-01 0.50000e-01 0.50000e-01 0.50000e-01
0.60000E 02 0.50000E-01 0.5S0000E-01 0.50000e-01 0.50000E-01
0.70000E 02 0.50000E-01 0.S0000E-01 0.50000E-D1 0.50000E-01
0.80000E 02 - 0.50000E-01 0.5S000CE~-01 0.50000E-D1 0.50000e-01
0.90000E 02 .0.-5S0000E-D1 0.S0000E-D1 0.50000E-01 0.5S0000E-D1
0.10000E 03 0.5S0000E-01 0.S000CE-01 0 0.50000e-01




TABLE 2: Dilution Factor(ZETA) versus X/B for Penetration Ratio(H/B) = 0.S00E-O1

B/ALFAz B/ALFAz B/ALFAz B/ALFAz

= 0.350E 02 = 0.S00E 02 = 0.750E 02 = 0.100E 03

X/B-Value - Zeta-Value Zeta-Value Zeta-Value Zeta—-Value
0.10000E 00 0.69468E 00 '0.75Z253€ 00 0.8110%9 00 0.84725E 00
0.15000& QO 0.58284E 00 D.64986E 0O 0.72285€ 00 0.77074 00
0.20000 00 0.5S0102& 00 0.56926E 00 0.64796 00 0.70235E 00
0.30000 00 0.3947E 00 0.45777% 00 0.53563€ 00 0.59338E 00
0.40000E 0O 0.33043€ 00 . 0.38470€ 00 0.45920E 00 '0.51496E 00
0.5S0000E 00 0.28755& 00 0.33845€ 00 '0.4049SE 00 0.45747€ 00
0.40000 00 0.25485E 00 0.30326E G0 0.36464E 00 0.41384 00
0.70000 0O 0.23367& 00 0.27646E 0D 0.33352E 00 B.37971E 00
0.80000e 00 '0.21548E 00 0.25530E 00 0.3087CE 0O 0.35223€ 00
0.9000CE 00 0.20077€ 00 0.23811€ 00 . . 0.2883% 00 0.32960E 00
0.1000C0E 01 0.18857%& 00 0.22382E 00 0.27143E 00 0.31040E 00
0.1S000E 01 0.14899& 00 - D.17721E 00 0.215S&4E 00 D0.24758E 00
0.20000& D1 0.12649€ 00 0.1S082 00 ~0.18380E OO 0.21134E 00
0.25000e 01 0.11200& 00 0.13340E 00 © 0.16271E 00 0.18723E 00
0.30000E 01 0.10142E OO 0.12083E 00 0.147446E 00 0.16977€ 00
0.40000E 01 0.86975E-01 0.1035% 00 0.124649€ 00 D.14572¢ 00
0.S0000E 01 0.77452e-01 0.92091E-01 0.11244E 00 0.129461€ 00
0.460000e 0Ot 0.70704E-01 0.83761E-01 0.1022SE 00 0.11784 00
0.70000E 01 0.65738e-01 0.77416£-01 0.943%0E-01 0.10881E 00
0.8000CE 01 - 0.62011E-01 0.72430E-01 0.88113-01 0.101S57%& 00
0.9000ce a1 0.57184E-01 0.68434E-01 0.82964E-01 0.95599e-01
0.10000E 02 0.5702%e-01 0.65190E-01 0.784655E-01 0.90578e-01
0.15000E 02 0.51851E-D1 0.55854E-01 0.64758E-01 0.738462E~-01
0.20000E D02 0.50487£-D1 0.52268£-01 0.57751E-01 D.564538E-01
0.3000QE 02 0.50034E-01 0.50340e~-01 0.52152e-01 0.55509e-01
0.40000E 02 0.50002e-01 - 0.50051E-01 0.505768e-01 0.52094E-01
0.5S0000E 02 0.5S0000e-01 0.50008e-01 0.50164E-01 0.507946E-01
0.4£0000E 02 0.50000E-01 0.S0001E-D1 0.50044E-0D1 0.50303-01
0.70000E 02 0.50000e-01 0.50000e-01 0.5S0013e-01 0.50115e-01
0.80000E 02 0.5S0000e-01 0.50000E-01 0.50004E~-01 0.50044E-01
0.90000E 02 0.5S0000E-01 0.50000-01 0.S0001E~-D1 0.50017E-01
0.10000E 03 0.50000E-01 0.S0000E-D1 . 0..S50000e-01 0.50004E-01




TABLE 3¢ Dilution Factor(ZETA) versus X/B tor Penetration Ratio(H/B) = D.100E OO

X/B-Value

Zeta-Value

B/ALFAz

= 0.100E 02
Zeta-Value

B/ALFAz

= (0.1S0E 02

. Zeta-Value

B/ALFAz

= 0.2ZS0E

02

. Zeta-Value

DDDDDADCJCJDDDbQDDDDQGDODDQODDDUDDD

.10000e
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. 30000
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.10000E
. 10000
. 10000E
. 10000

SB1255%F

oo
oo
0o
oo
0o
oo
0o
00
00
oo
00
aa
oo
oo
0o
0o
/1]
0o
00
0o
00
0o
oo
oo
0o
0o
(s]0]
oag
0o
oo
oo
oa




TABLE 4: Di lution Factor (ZETA) versus X/B far Penetration Ratio(H/B) = 0.100E OO0

B/ALFAz B/ALFAz B/ALFAz B/ALFAz
= 0.350E 02 = 0.500e 02 = 0.750E 02 = 0.100E 03
X/B-Value Zeta-Value Zeta-Value Zeta-Value Zeta-Value
0.10000E 00 0.884461E 00 0.91587E 00 0.943568E 00 0.95872E 00
0.15000e 00 0.822461E 00 - 0.86804E 00 0.90987& 00 0.93338E 00
0.20000e 00 0.76389€ 00 0.82038E 00 0.874463E 00 0.90611E OO
0.30000e 00 "0.656333E 00 0.73265E 00 0.80472€ 00 0.84945E 00
- 0.40000E 00 0.568555E 00 0.65925E 00 0.74080 00 0.79440E 00
0.50000E G0 0.S2574€ Q0 0.59941E Q0 0.46850%€ Q0 0.7439CE 00
0.40000 OO 0.47901E 00 0.55114E OO0 0.63743E 00 0.&9688E 00
0.70000E 0D 0.44165E OO 0.51137% 00 0.59674E 00 0.465922E 00
0.80000E 00 0.41113€ 00 0.47825 00 0.56192€ 00 0.62438E 00
0.90000E 00 0.36573 00 D.45027E 00 0.53184E 00 0.59371E 00
0.10000E 01 0.36423E 00 0.42633E 00 D.50566E 00 0.566560E OO0
0.15S000€ 01 0.279192E 00 0.34430E 00 0.41325E 00 0.44818E 00
. 0.20000E D1 0.24976E 00 0.29S58E 00 0.35671E 00 0.40624E DO
0.25000E 01 -0.2215SE 00 0.26246%€ 00 a.31799 Q0 0.36321E 00
0.30000E 01 0.2010&6E 00 0.23845E 00 0.28946E 00 0.3312sE 00
0.40000E 0Ot 0.17284E 00 0.2053zE 00 0.24950E 00 0.284629€ 00
0.S0000E 01 0.15414E 00 0.1828%€ 00 '0.22256E 00 0.25583E 00
0.60000E 01 0.14087€ 00 0.164657% 00 0.20275E 00 0.23304E 00
0.70000€ 01 0.13108E 0D 0.15410E 00 0.18741€ 00 - 0.21552E 00
0.80000& 01 .0.12372e 00 0.14428E 00 0.17512 00 0.20143E 00
0.90000E D1 0.116814E 00 0.13440E 00 0.16501E 00 0.18979€ 00
0.10000E 02 0.11388E Qa 0.13000 a0 0.15654E 00 0.17996E 00
0.15000E 02 0.10364E 00 0.11157 Q0 0.1291SE 00 0.14711E 0O
0.20000E 02 0.10096E 00 - 0.10448E 00 0.115S31E 00 0.12871E 00
0.30000E 02 0.10007& 00 0.10067E 00 - 0.10425E 00 0.11088€ 00
0.40000E 02 0.10000E 00 0.10010 00 " 0.10118E 00 0.10414E 0O
0.S0000E 02 0.10000E 00 D.1000ZE 00 D.10033E 00 0.101S7E 00
0.40000E 02 0.10000E 00 0.10000E - 00 0.10009= 00 0.10040E 00
0.70000E 02 0.10000E 00 0.10000E 0O 0.10003& 00 0.10023E 00
0.80000& 02 0.10000 00 0.10000E 00 0.10001E 00 0.10009e 00
0.90000E 02 0.10000E OO0 0.10000E 00 0.10000E 00 0.10003E 00
0.10000E 03 0.10000E 00 0.10000E 00 0. 0.10001E 00

.10000E 00



fABLE 5: Dilution Factor(ZETA) versus X/B for Penetration Ratio(H/B) = 0.1SDE 0D

X/B-Value

B/ALFAz
= 0.500E 01
Zeta-Value

B/ALFAz
= 0.100E 02
2eta-Value

B/ALFAz
0.1S0e 02

Zeta-Value

B/ALFAz
0.250E 02

Zeta-Value

(mfelrlcl=lal=l=R~Relol=E=Relal=Rel=-Rel=-R-Rel=l=Rel=R-R=-R=R=R=N=

.10000€
.15000€
.20000E
.30000€
.4DDD0E
.50000E
.&0000E
. 70000
.80000E
.90000€
. 10000
. 150006
.20000E
.ZS000E
.30000E
.40000E
.SO000E
.60000E
. 70000E
.80000E
.S0000E
.10000E
.1SOD0E
.20000€E
.30000E
. 40000E
.S0000E
.&D0D0E
. 70000E
.80000E
.90000E
. 10000E

1]

0o .

0o
oo
o0
0o
oo
oo

oo -

0o
01
o1

01

01
a1
(1)1
01

01

01
01
01
02
02
i7;
02
02
0z
02
02
02
02
03

0O0C0O000OQNO0OCO0O0O0CO000000000C0000

0.74390E 00
0.63944E 00
0.S58568E 0O
0.44816E 0D
D.37872E 0D
.331S5E 00
.29751E 00
.2Z7181E 0D
.Z5175€ 0D
.23570E 00
.22262E 0D
.18327E 00
.16549E 00
.15743E 00
.15352E 00
.1S079E 00
.1SD18E OD
.1S004E 00
.1S001E OO0
.15000E Q0
.15000E 0O
.15000E 0D
.15000E 00
.15000E Q0
.15000E 00
.15000E 00
.15000E 00
.1S000E 0O
.1S000E 00
.15000E 00
.15000E 00
.15000E 00

dDODDDQOOOBQQQOUDQD

0.83871£ 00
0.75900 00
0.48848 00
0.57857 00
D.S0062ZE 0D

- 0.64397E 00

0.4012SE 00

- 0.36794E 00

0.34122 00
0.31928e 00
0.30092e 00
0.24081E 00
0.20776E 00

.1604SE 00
.15461E 0O
.1519%€ a0
.15084E 00
.15037E 00
.1501&E 00
.15007E 00
.15S000E 0D

.1SD00E 00
.1S000E 00
.1S000E 00
.15000E DO
.1SDODE 0D
.1S000E 00
.1S000E 00
.15000E 00

.187S4E 00
17640€ 00

.15000& 00 -

000000000000 OO0 ooOoOoooooDD oo O0000o

.88263€ 00
.B1967E 00
.76023E 00
.658SE 00
.58104E 0O
.5213%€ 00
.47679E OO0
.4376ZE 00
.40730E 00
.38208€ 00
.3507SE 00
.2B923 00
.24799€ 00
.Z2104E 00
.20230E 00
.17884E 00
.16504E 0D
.1S89SE 00
.15499€ 00
.15278E 00
.15155E 00
.15084E 00
.1SO00SE 00
.15S000€ 00
.1S000E 00
.1S000E 00
.15000E 00
.15000€E 00
.15000E 0D
.15000E 00
.15000E 00
.15000E 00

o

.92559% 00

g
z

0a

.83878E 00
.7S4635E 00
.68544E 00
.62658E 00
.S7803€ Q0
.S3771€ 00
.S0387 00
.47511E 00
.45037E 00
.36492E 0O
.31377%& 00
.27919€ 00
.ZS401E 00
.21969€ 00
.19769€ 0D
.18291E 00
.172768E 00
.16579€ 00
.1609SE 00
.15759& 00
.15122E 00
.15019€ 00
.15000E 00
.15S000E 00
.15000E 00
.15S000E 00
.15S000E 0O
.1S000E 00
.15000& 00
.15000E 00




TABLE 6: Dilution Factor(ZETA) vekéus X/B tar Penetration Ratio(H/B) = 0.150E 00

B/ALFAz = B/ALFAz B/ALFAz B/ALFAz
: = 0.350E 02 = 0.500E 02 = 0.750E 02 = 0.100E 03
X/B-Value Zeta-Value Zeta-Value . Zeta-Value Zeta-Value
0.10000E OO 0.944693E 0D 0.96427E 0D 0.97841E 0D 0.98548E 00
0.1S00CE 00 0.91499€ 00 0.94208E 00 0.964461E 00 0.97607E 00
~ 0.20000E 00 0.88137& 00 0.91793e 00 0.9491&E 00 0.96534E 00
0.30000E 0O . 0.61403€ 00 0.84480E 00 0.91445€ 00 0.94062E 00
0.40000E 00 0.75171E 00 0.81587% 00 0.87762 00 0.91283€ 0D
0.S0000e 00 0.469686E 0D 0.74812€ OO 0.84034E 00 . - 0.88352ZE 00
0.40000E 0O 0.64956E 0D 0.72475€ 00 0.80434E 0D 0.853794E 00
0.70000E OO 0.408%6E 00 0.685%8E 00 0.77044E 0O 0.82496E 00
0.80000& 00 0.5S7404E 00 0.65152 00 0.73897& 00 . 0.79718€ 00
0.0000E 00 0.5S4378E 00 0.462090 00 0.71000E 00 -0.77085t 00
0.10000E D1 0.51734 00 0.59362E 00 -0.68344E 00 0.74610E 0O
0.1S000E 01 0.42363 00 0.49320E 00 0.5800SE 00 0.64487 00
0.20000E 01 0.34599E 00 0.42904E 00 . 0.51004& 00 0.57256E 00
0.25S000 01 .0.32641€ 00 0.384168 00 0.45954E 00 0.51894E 00
0.30000E O1 0.29724€ 00 0.3S070E 00 0.42122 00 0.47749€ 0D
0.40000E 01 0.25640E 00 0.30344E 00 0.364624E 00 0.41713E 00
0.S0000E 01 0.22940E 00 0.27118E 00 0.32815€ 00 0.37479€ 00
0.40000E D1 0.20996E 0D - 0.24751E 0O .- 0.29984E 00 0.34304E 0O
0.70000E 01 0.19563E 00 0.22934E 00 - . 0.27776E 00 0.31817 00
0.80000E 01 0.18484E 00 0.21496E 00 0.25997 00 0.29800E 0O
0.70000E 01 0.17645E 00 0.20344E 00 0.24527€ 00 0.2812Z€ 00
0.10000E 02 0.17040€ 00 0.19405 00 0.23292e Q0 0.26701E 00
0.15000E 02 0.1S537E 00 - 0.16699E 0D 0.19281E 0O 0.21914E 00
0.20000E 02 0.1S141E 00 0.1S&56E 00 0.1724% 00 0.19217 00
0.30000E 02 D.1SD10E OO 0.1S099€ 00 . D.156ZSE OO D.146599E 00
0.40000E 02 0.1S001€ 00 0.1S01SE 00 0.15173€ 00 0.154088 00
0.S0000E 02 0.1S000E 00 0.1S002E 00 0.1S048€ B0 0.15S231E 00
0.40000E 02 0.1SD0C0E 0D 0.1S000E 00 0.15013€ 00 0.15088E 00
0.70000E 02 0.1S000E 00 0.15000e 00 0.15004E a0 0.15033€ 00
0.80000E 02 0.1S000E 00 0.1S000E QO 0.15S001E @O0 0.15013E 00
0.90000E 02 0.1S000E OO0 0.1S000E 00 0.15000E 00 0.1500sE 00
0.10000E Q3 0.1S000E 00 0.15S000E 00 0.1S000E 00 0.15002z 00




© TABLE 7: Di |utAiDn Factor(ZETA) versus X/B for Penetration Ratio(H/B) = 0.250E 0O

B/ALFAz B/ALFAz B/ALFAz B/ALFAz
- = (0.500E 01 = 0.100E 02 = 0.150E 02 = D.2S0E 02
X/B-Value Zeta-Value Zeta-Value Zeta-Value ‘Zeta-Value
0.10000& 00. 0.87964E 00 - 0.93491E 00 0.95723€ 00 0.97666E 00
/0.15S000 00 '0.81504E DO 0.89635E 00 0.93088E 00 - 0.96174E 00
0.20000 0O 0.75437%& 00 0.85456E 00 0.90257E 00 0.94511E 00
0.30000€ 00 - 0.65200e 00 - 0.77971E QO 0.84401E 00 0.9081S 00
0.40000e 00 . 0.9741&E 00 0.71168E 00 0.78754E DO 0.8488%E 0Q
0.S0000e 00 0.51514E 00 - 0.65400E 00 " 0.73612 00 0.82980E 00
0.460000E 00 0.44695¢4E 00D - 0.60567E 00 - 0.469056E 00 0.79242E 0O
0.70000 0O 0.43362E 00 0.56511E 00 - 0.65063E 00 0.75751E 00
0.80000e 0O 0.40473E 00 0.53080 00 0.61570£ 0G0 0.72535E 00
0.90000e 00 0.38114E 00 0.S0150E 00 0.585046E 00 0.69593€ 00
0.10000E D1 0.361462ZE 00 0.47625E 00 0.55804E 00 0.646909E 00
0.15000 01 0.301465E 00 0.38939€ 00 0.446070E 0O 0.56567E 00
0.20000E 01 0.27441E QD 0.33943€ 00 0.40D47E 00 0.49647E 00
0.25000& 01 - 0.2615€€ 00 0.30833E 00 0.35988& 00 0.44702E 00
0.30000E 01 - 0.25548E 00 0.28828& 00 0.3311SE 00 0.40987E Q0
0.40000E 01 0.25123 00 0.2646568E 00 0.29491E 0O 0.35794 00
0.50000€ 01 0.25027€ 00 . 0.25718€ 00 --0.27501E 00 0.32411E 00
0.60000€ 01 0.25004E 00 - D.2S5311E 00 0.2463%4E 00 0.30121E 0O
0.7000CE 01 0.25001E G0 ‘0.25134E a0 0.25777€ 00 0.28547€ 00
0.8000CE 01 0.25000E 00 . 0.25056E 00 . 0.25433 00 0.2745%9€ 00
0.90000E 01 0.25000E 00 0.2502% 00 0.25241E 00 0.26705E 00
0.10000E 02 0.25000€ 00 0.25011E 00 0.25134E 00 0.26183 00
0.1S000E 02 0.25000E 00 0.25000e 00 0.25007E 00 0.2518%€ 00
0.20000E 02 0.25000E aa 0.25000e 00 0.25800E 00 0.25030E DO
0.30000E D02 0.25000E 00 0.25000e 00 0.25000 00 0.25001€ 00
0.40000e 02 0.25000e 00 0.25000E 00 0.25000€ 00 0.25000E 00
0.50000E 02 0.25000e 00 0.25000e 00 0.25000e 00 0.25000E 00
0.460000E 02 0.25000E 00 0.25000E 00 0.25000E 00 0.25000E 00
0.70000€E 02 0.25000E 00 0.25000E 00 0.2S00CE 00 0.25000E 00
D.80000E 02 0.25000E 40 0.25000E 00 0.25000 00 0.25000€E 00
0.90000E 02 0.25000E 00 0.25000E 00 0.25000E 00 . 0.25000E 00
0.10000E 03 0.25000E 00 0.25000E 00 0.25000e 00 0.25000E 00




TABLE B: Dilution Factor(ZETA) versus X/B for Penetration Ratio(H/B) = 0.250E 00

B/ALFAz B/AlLFAz B/ALFAz B/ALFAz

: = 0.350E 02 . = 0.500E 02 = 0.750E 02 = 0.100E 03

X/B-Val ue Zeta-Value . Zeta-Value Zeta-Value Zeta-Value
0.10000€ 00 0.968518E 00 D.99134E 0O 0.99548E 00 0.99752E 00
0.15000e 00 0.97555E 00 0.98564E 00 0.99279€ 00 0.99584E 00
0.20000E 00 0.96457E 00 0.97903€ 00 0.98940E 00 0.99388E 00
0.30000e 00 0.93930E 00 0.96329€ 00 0.98108 00 0.98895E 00
0.40000e 00 0.91093E 00 0.94474E 00 0.97081E 00 0.98270E 00
0.S0000E 00 0.8810%& 00 " 0.92414E 00 0.95881E 00 0.9751SE 00
~0.4000CE 00 .0.8510SE 00 0.90234E 00 0.9453%E 00 0.96642E 00
0.70000E 00 0.82171E 00 0.87998& 00 0.93086E 00 a.954667E 00
0.80000e 00 0.793462 00 - 0.85746ZE 00 0.91564E 00 0.94606E 00
0.90000E 00 0.76705E 00 0.83564E 00 0.8999SE 00 0.93478£ 00
0.10000E D1 0.74213€ 00 0.81431E 00 0.88408& -00 0.92301E 00
0.15000E 01 0.64054E 00 0.72090E 00 0.80745E 00 0.86145E 00
0.20000€ D1 0.56830E 00 0.648%1E 00 0.74135E 00 0.80352 00
0.25000 01 0.51482€ 00 0.59314E 00 - 0.6885%4E 00 0.75232E 00
0.30000 01 0.47360E 00 0.54886E 00 - 0.64110E 00 0.70812E 00
0.40000e 01 - 0.41398E 00 0.48295E 00 0.570&62€ 00 0.63593E 00
01.S0000E 01 0:.37290E 00 - 0.43571E 00 0.51848€ 0Q 0.58252& 00
0.60000£ 01 0.34313 00 0.40049€ 0O 0.47815€ Q0 a0.53957%€ Q0
0.70000e 01 . 0.32094 00 0.3728%& 00 0.44586E 00 0.50448E 00
0.80000& 01 0.3042Z2 00 0.35087E 00 -0.41940€ 00 0.47568E 00
0.90000E 01 0.2914%E 00 0.33304E 00 0.39724E 00 0.45113E 00
0.10000E 02 0.2817&E 00 . '0.31853€ 00 4.37845E 00 0.43004E Q0
0.15000E 02 0.25837% 00 0.27644E 00 - 0.31661E 00 - 0.35734E 00
0.20000 02 ‘0.25220E 00 0.26025%€ 00 0.28503& 00 0.315483E 00
0.30000E 02 0.25015E 00 0.25154E 00 0.25973€ a0 0.27490E Q0
0.40000 02 0.Z25001E 00 0.25023€ 00 0.25270e 00 0.25947& 00
0.50000E 02 - 0.2500CE 00 0.25003€ aa 0.25075E 00 0.25360E 00
0.60000€ 02 0.25000€E 00 - 0.29001€ 00O 0.25021€ Qa 0.25137% 00
0.70000E 02 0.25000€E a0 0.25000€ a0 0.2500&E a0 0.25052E 00
0.80000 02 0.25000 00 0.25000e 00 0.25002e a0 0.25020E Q0
0.90000E 02 - 0.25000E Q0 0.25000z 00 0.25000 .00 0.25008E 00
0.10000E 03 Q.25000E 00 4.25000E GO Q.25000 00 0.25003€ 00




TABLE 9t Dilution Factor(ZETA) versus X/B for Penetration Ratio(H/B) = 0.375€ 0o

 B/ALFAz

B/ALFAz B/ALFAz B/ALFAz
= 0.5S00E 01 = 0.100E 02 = 0.190E 02 = 0.250E 02 .

X/B-Value - Zeta-Value Zeta-Value Zeta-Value Zeta-Value
0.10000e 00 U.?&SU&;E a0 0.97443 00 - - 0.98494E OO 0.99306E 00
0.15000 00 0.91164E 0O 0.95804E 00 0.97511E 00 0.98845E 00
0.20000E OO0 0.87650E 00 0.93983E 00 0.96390E 00 0.98307& 00
0.30000 00 0.804670€ 00 0.89964E 00 0.93804E 0O 0.97011€ 0O
0.40000€ 00 0.74304€ 00 0.85756E 00 0.9090&E 00 0.959455E 00
0.50000e ao 0.48801E 00 0.814623€ 00 0.87843E 00 0.93694E 00
0.60000E 00 0.6413%9€ 00 0.77725 00 0.84810E 0O 0.91797% 00
0.70000E 00 0.60214E 00 0.74132E 00 0.8183& 00 0.89814E 00D
0.80000E OO0 0.56910E 00 0.70840E 0O D.78997E 00 0.87803€ 00
0.90000E 00 0.54119€ 00 0.47500€ 00 0.76320E 00 0.85794E 00
0.10000e 01 0.51753€ 00 0.4652268E 00 0.7381&E 00 0.83823e 00
0.15000e 01 Q.44209€ 00 0.55256E 00 0.63705€ 00 0.74929€ 00
0.20000 01 0.4068%E 00 0.49064E OO0 0.56679E OO0 0.467846ZE 00
0.25000e 01 . 0.39012 00 - 0.45087E 00 0.51674E 00 0.6231SE 0D
0.30000E D1 D.38217E 0D 0.42493E 00 0.48033 00 0.57909€ 00
0.40000 01 0.37660E 00 0.39665E 00 0.43357 00 0.51473E 00
0.50000E 01 0.37534 00 0.38438E 00 0.40766E 00 0.47145E 0O
0.460000E 01 0.37508 Q0 0.37906E 00 0.39321E aa 0.44180E 00
(0.70000 01 0.37502€ .a0 0.37675E a0 0.38515E 00 0.42131E 00
0.80000E 01 0.37500E 00 0.37574€ 00 0.38045E 00 0.40712E 00
0.90000E 01 0.37500E 00 D.37533k 00 0.3781%E 00 0.39728E 00
0.10000E 02 0.37500E 00 0.37514E 00 0.3767<E 00 0.3904SE 00
0.15000E 02 - 0.37500E 00 0.37500E 00 0.37509€ 00 0.37747E 00
0.20000 02 0.37500E Q0 0.37500E 00 0.37500E 00 0.37940E Q0
0.30000e 02 0.37500E Qo 0.37500E 00 0.37500E 00 0.37501€ 00
0.40000E 02 0.37500E 00 Q.37500E OO0 0.37500E a0 0.37500E 00
0.5S0000E 02 0.37500E 00 0.37500 00 0.37500E 0D 0.37500E 0D
0.460000E 02 0.37500E 0O 0.37500E 00 0.37500E 00 . 0.37500E 00
0.70000E 02 0.37500E 00 0.37500E 00 0.37500E 00 0.37500E 00
0.80000E 02 0.37500E 00 0.37500E 00 0.37500E 00 0.37500E 00
0.90000E 02 0.37500E 00 "0.37500E a0 0.37500E a0 0.37500E 00
0.10000E 03 0.37500E 00 0.3750CE 00 0.37500E 00 0.37500E Q0




TABLE 10: Dilution Factor(ZETA) versus X/B for Penetratign Ratin(H/B) = 0.375E ag

X/B-Value

B/ALFAz

= 0.350E

a2

Zeta-Value

B/ALFAz

= 0.500E

172

Zeta-Value

B/ALFAz

= 0.750E

02

Zeta-Value

B/ALFAz

= 0.100E 03
Zeta-Value

=R e R R R R R R R - N R T

.10000E
. 15000€
.20000€
. 30000€
.40D00E
.S0000E
.60000€
. 70000
.80000E
.S0000E
.10000€
.1S000E
.20000E
. Z5000E
.30000€
.40000E
.SODO0E
.460000€
.70000E
.80000E
.S0000E
. 10000E
. 15000E
.20000E
.30000E
.40000E
.SO0D00E
.60000E
. 70000E
.80000E
.90000E
. 10000E

0o
0o
oo
oo
0o
0o
ao

00 .

(211]
0o
01
01
01
01

01

01
o1
01
01
o1
01
174
02
az
02
02
02
02
02

0z

02
03

e y=R=R=R=R=1=R=1=R=1=R=-N=R=-R=R-R-R-R-1-

0.9961SE
0.993%7%
0.9905%k
0.98302E
0.97368&
0.9626%E
0.995029%€
0.93679E
0.92251E
0.90771E
0.89263E
.81879¢
. 73396
.697971E
.65452ZE
.S8459E
.S3379c
L4FS96E
AL&744E
A4S73E
429146
L41648E
. 38593
37788
.37520E
J7501E
.37500E
. 375008
.37500
. 37500
.37500E
0.37500E

oo

oo

0o
00

0o -

0o
ao
0o
0o
oo
ao
ao
0o
ao

0o

oo
oo
0o
0o
0o
oo
oo
oo
oo
co
oo
00
oo
oo
oo
00
0o

0.99810E
0.99682E
0.99529¢
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TABLE 11: Dilution Fa;tor(ZETA) versus.X/B for Penetration Ratiao(H/B) = 0.500E GO

B/ALFAz = - B/AFAz B/ALFAz . B/ALFAz

_ . = 0.900E 01 = 0.100€ 02 = 0.1S0E 02 = 0.250E 02
X/B-Value .. Zeta-Value Zeta-Value Zeta-Value Zeta-Value
0.10000E 00 . 0.97232€ 00 0.98872€ 00 © 0.99400E 0D D.997465E .00
0.1S000e 00 ‘0.95455E 00 0.98124E 00 0.98999€ 00 0.99604E 00
0.20000e ao - 0.93480E 00 0.97264E 00 0.98528€ 00 0.99417€ 00
(.30000€ 00 0.89176E 00 0.95237%& 00 - 0.97385E 00 0.98944E 00
0.40000€E 00 0.84760E 00 . 0.92899& 00 0.95998E 00 0.98340E Q0
0.50000€ 00 " 0.8052¢E 00 -0.90374E 00 0.94412€ 00 0.97608E 00
0.40000€ OO 0.76634E 00 : 0.8777Z2E 00 0.92681E 00 " 0.96759E 00
0.70000€ 00 '0.731S0E 00 0.85181E 00 0.9085%€ 00 0.95807& 00
0.80000E 00 . 0.70071E 00 0.82661E 00 0.88990E 00 0.94765E 00
0.70000E OO . - 0.67374E 00 0.80250€ 0O 0.87114E 00 0.934664E 00
0.10000E D1 D.465025E 00 - 0.77970e 0O -‘D.852%B8E D0 -0.92508E 0D
0.15000 01 0.57213€ 00 - 0.68667E 00 0.76824E 00D 0.854564E DO
0.20000E 01 0.53441€ 00 0.62364E 00 - 0.701&5€ 00 0.80741E 0O
0.25000E 01 0.51634 00 . 0.58171E @0 0.65114E Q0 0.75741E 00
0.30000E 01 0.50775E 00 0.55393€ 00 0.61313E-00 0.71499€ 00
0.40000£ 01 0.50173E 00 0.52343E 00 0.563246E 00 0.64956E 00
0.50000£ 01 0.5003%€ 00 0.5101SE 00 0.53533€ 00 0.40392E 00
0.460000E 01 0.50009E 00 ‘0.5043%E 00 0.51971E 00 0.5721&4E 00
0.70000£ D1 0.50002E 00 ~ 0.50190E @G0 0.51098E 00 0.55009€ 00
"0.80000e D1 - 0.50000 00 0.50082 00 0.5S0612E 00 0.S3474E 00
0.90000E 01 D.SOD00E 0D D.S003sE 00 0.S0341E 00 0.52411E 00
0.10000E 02 0.5S0000e 00 - 0.50D1%E 00 ..0.S0190E 0O 0.514672E 0D
0.15S000E 02 0.50000E 00 " . 0.50000E 00 0.S0010E 0O 0.502468 00
0.20000e 02 0.50000e 00 0.50000E 00 0.5S0001E 00 0.50043€ 00
0.30000e 02 0.50000e 00 0.50000& 0Q 0.50000E 00 - 0.50001E 00
0.40000e 02 0.50000E 00 0.50000E 0O 0.S0000E 0a 0.S0000E 00
0.S0000E 02 0.50000 00 - 0.50000E 00 0.50000E 00 0.S0000E 00
0.460000E 02 0.50000€ 00 0.50000E 00 0.50000E 00 0.50000E 00
0.70000E 02 0.50000E 00 0.50000E 00 '0.50000€ 0O 0.S0000E 00
D.80000E 02 0.50000E 00 0.50000E 00 0.50000E 00 0.S0000E 00
0.90000E 02 0.5S0000E 00 0.50000E 00 0.S0000E 00 0.S0000 00
D.10000E 03 . 0

.SD0O00E 0O 0.50000E 00 0.50000E 0O 0.S0000E 00



TABLE 12: Dilution Factor(ZETA) versus X/B tor Penetration Ratia(H/B) = 0.S00E 00

B/ALFAz B8/ALFAz B/ALFAz B/ALFAz
= 0.350E 02 = 0.500E 02 = 0.750E 02 = 0.100E 03
" X/B-Value. Zeta-Value Zeta-Value Zeta-Value Zeta-Value
0.10000E 00 0.996884E .00 0.99952E 00 0.99985E 00 0.99994E 00
0.15S000E 0D 0.99808E 00 0.99920E 00 - 0.9997SE 0D D.99990E DO
00.20000E 0D 0.9971SE 00 0.99880E 00 0.99962E 00 D.999685E 00
0.30000E 00 0.99476E 00 D.99779 0O 0.99929€ 00 0.99972e 0O
0.40000E 00 - 0.99168€ 00 0.99643E 00 0.99884E 00 0.999%6E 00
(0.50000E . 00 0.98781€ 04 . 0.99446%€ 00 0.99825E 00 0.9993C0E 00
0.40000 00 0.98314E 00 0.99253€ 00 0.99750e 00 0.9987%€ 00
0.70000e 00 0.97776E G0 0.98974E 00 0.99657E 00 0.99840E 00
0.80000E 00 0.97165E 00 .0.984%0E 00 0.99545E 00 0.99811E 00
0.90000E 00 0.964790E 00 -0.98343€ 00 0.99411E 00 . 0.99752E 00
0.10000E 01 0.9575%€ 00 0.97953€ 00 . 0.99255E 00 0.99682E 00
0.15000E 0Ot 0.91548€ 00 - 0.95464E 00 0.9813% 00 0.99140E 00
0.20000e 01 0.87028& 00 0.9238%¢ 00 0.96517E 00 0.9825SE 00
0.2ZS000E D1 0.826%6E 00 D.89110e 0O 0.94534E 00 0.97058E 0O
- 0.30000E 01 0.787446E 00 0.85845E 0O 0.92354E 00 0.95621E 00
0.40000E 01 0.72107%& 00 - 0.79689SE 00 0.87837 00 0.92337& 00
0.50000 01 0.66964E 00 0.74803€ 00 0.83517% 00 0.88881E 00
0.40000E 01 0.46300%€ a0 0.70547€ 00 a.79581E 00 0.855127E 00
0.70000e O1 0.59973 040 0.67012 00 0.76064E 00 0.82344E 00
0.80000E 01 0.57644E 00 0.64082ZE 0O D.72953€ 00 0.79415E 00
0.90000& 01 0.55857 00 0.61655E 00 0.70205 00 0.76732E 00
0.10000E 02 0.54488E 00 0.596446E 00 0.67784E 00 0.74283E 00
0.15000E 02 - 0.51183 00 0.53741E 00 0.59384E 00 0.464994E 00
- 0.20000E 02 .0.50311E 00 0.5S1450E 00 0.S4950E 00 0.59252E 00
0.30000E 02 0.50022e 00 0.50217€ 00 0.51374E DO D.S3520E 00
0.40000E 02 . 0.5S0001E OO0 0D.S0033E 00 0.5S0382€ 00 D.5133%E 00
0.S0000E 02 0.S0000E 00 0.5S0005E 00 -0.50104E 00 0.5S050%9€ 00
D.60000E 02 0.S0000E 00 0.S0001E 00 0.50029€ 00 0.50193E 00
0.70000E 02 0.50000E 00 . 0.S0000E 00 - 0.500a8€ 00 0.50073€ 00
0.80000E 02 0.50000E 00 0.S0000E 0a - 0.50002E Qo - 0.500268E 00
0.<0000E 02 '0.50000E 0C 0.5S0000E 00 - 0.S0001E 00 0.50011E 00
0.10000E 03 0.S0000E 00 0.5000CE 00 0.50000E 00 D .50004E 00




TABLE 13: Di Iution'Factur(ZETA) versus X/B tor Penetration Ratio(H/B) = 0.600E 00

.60000E 00

B/ALFAz B/ALFAz B/ALFAz B/ALFAz
: . = 0.S00E 01 . = 0.100 02 = 0.1S0E 02 = 0.250E 02
X/8-Value Zeta-Value . Zeta-Value ~ Zeta-Value Zeta-Value
0.10000E 00 0.98345€ 00 0.99387 00 0.994%6€ 00 0.998794€ 0G0
0.1S000E 00 '0.97254E 00 0.98976E 00 0.99494E 00 0.9982<E 00
0.20000E 0D 0.946D1SE 0D 0.98493E 00 0.9925ZE 00 0.9973% 00
0.30000E 00 0.93184 00 0.97321E 00 0.98448E 00 0.9952z& 00
.0.4000CE 00 0.9008%E 0D - 0.95903€ 00 0.97887E 00 0.99234E 00
0.S0000E 00 0.84938E 00 0.942Z90E 00 - 0.96977% 00 0.98877E 00
0.40000E 00 0.83888E 00 0.92542E 00 - 0.95937% 00 0.98445E 00
0.70000E 00 0.8103sE a0 0.9071¢E 00 0.94792€ 00 0.97941E 00
0.80000E 0O 0.78426€ 00 0.88851E 0D 0.93565E 00 0.97349€ 00
0.90000E 00 0.74082E 00 0.870168E 00 0.92281E 00 0.9673%E 00
0.10000E 01 0.73994E 0D 0.85217E 00 0.90943€ 00 0.96044E 0D
0.1S000E 01 0.668Z3 00 0.7737€ 00 0.84427 0O 0.920%4E 00
0.20000E 01 - 0.63268E 00 0.714644E 00 - 0.78744E 00 0.87754E 00
0.25000E 01 0.61SS5E 00 0.6773% 00 0.74203 00 0.83448E 00
0.30000E D1 0.60737 00 0.65120€ 00 .0.70672E 00 0.8000SE 00
0.40000E 01 0.46016SE 00 0.62228€ 00 0.64004£ 00 0.74094€ 00
0.S0000E D1 0.60037 00 0.60964E 00 0.633S8E 00 0.69844E 00
0.40000E 01 '0.60008€ 00 0.60418E 00 0.61874E 00 0.464853€ 00
0.70000E 01 0.60002E 00 0.460181€ 00 0.61044E 0O 0.64761E 0O
0.680000E 01 0.460000E 00 0.460076E 00 0.60582E 00 0.4330sE 00
0.70000E D1 0.460000E 00 0.460034& 00 0.60324E 00 0.62293€ 00
0.10000e 02 0.60000E OO 0.60014E 00 0.40180E 00 0.61590E 00
0.1S000E 02 0.60000E 00 0.40000E 00 0.50010 0O 0.60255E 00
0.20000E 02 0.60000E 00 0.60000E 00 0.40001E 0D 0.60041E OD
0.30000E 02 0.6000CE 00 0.460000€ 00 0.40000E 00 0.40001E 0O
0.40000E 02 0.40000E 00 0.460000E 00 0.40000E 00 0.40000E 00
0.50000E 02 0.460000E 00 0.40000E 00 0.40000E 00 0.40000E OO
0.60000 02 0.460000E 00 0.460000E 00 0.40000E 0D 0.40000E 0D
0.70000E 02 0.60000E 0O 0.40000 00 0.40000E Q0 0.460000E 00
0.80000E 02 0.460000E 00 0.40000E 0O 0.60000E 00 0.40000E 00
0.<0000E D2 0.6000CE 00 0.60000E 0O 0.40000E 00 0.40000E OO0
0.10000E 03 0.60000E 00 0.60000E 00 0 0.40000E 0O




TABLE 14: Dilution Factor(ZETA) versus X/B for Penetration Ratio(H/B) = 0.400E OD

B/ALFAz B/ALFAz B/ALFAz B/ALFAz
= 0.350E 02 = 0.S00E 02 = 0.790E 02 = 0.100E 03
X/B-Value Zeta—-Value Zeta-Value Zeta-Value Zeta—-Value
0.10000€ Qo - 0.99954E 00 0.99983& 00 0.99994E 00 0.9999%E 00
0.15000E 00 - 0.99923 00 0.99972E 00 0.99992E 00 0.99997E 0a
0.20000E 00 0.99885E 00 0.99956E 00 0.9998%& 00 0.999946E 00
0.30000E 00 0.99787 0O . 0.99921E 00 . --0.99979€ 00 0.99993€ 00
0.4000DE 0D 0.99657% 0D - D.99871E 00 0.99965E 0D 0.99988E 00
0.5S0000E GO0 0.99485 00 0.99804E 0O 0.99947 00 0.99982t 00
0.460000€ 00 0.99280E 00 - 0.99723€ 00 0.99923€ 00 "8.99974E 00
0.70000 00 0.9902% 00 0.99620e 00 0.99893 00 0.999463E 00
0.80000e 00 0.9873%E 00 - 0.99495E 00 0.99854E 00 0.99949€ 00
0.90000 00 0.98397€ 00 0.99348E 00 0.99810E 00 0.99932 .00
0.10000E D1 0.98018€ 00O - D.99177%& 00 0.99755E 00 0.99911E 00
0.15000E 01 0.95568% 00 . 0.97945€ 00 0.99322E 0D 0.99734 00
0.20000 Q1 0.92585%€ 00 0.96229€ Q0 0.98592€ Q0 0.99404E 00
0.25000e 01 0.8938% 00 0.94140E 00 0.97575E 00 0.98894 00
"0.30000E D1 0.86250E 0o - 0.91872E 00 0.96325E 00 0.98207E 0O
0.40000E 0O1 0.80592E 00 0.8726%€ 00 0.93384E 00 0.96383€ 00
0.50000E 01 0.75963E 0D 0.82994E 00 D.9021&4E 00 D.941468E 00D
0.40000E Ot 0.7230&4E 00 0.79242E 00 0.87086€ 00 .. 0.91777& 00
0.70000E O1 0.46945%€ 00 0.74&029€ 00 0.84134E 00 0.89355E 00
0.80000 01 0.67259€ 00 0.73317€ 00 0.81422E 00 0.86992E 00
‘0.90000E O1 0.65567E 00 0.71047E 00 © 0.78963E 00 ~0.84737E 00
0.10000E 02 0.64267& 00 0.69155E 00 . 0.76756E 00 -0.82617& 00
D.15000E 02 0.611725€ 00 0.63556E 00 -0.68912€ 0D 0.74184E 0O
0.20000 02 0.60294 00 0.61379€ Q0 0.64707€ 00 0.68787€ 0O
0.30000E 02 0.60020E 00 0.60207E 00. 0.61306& Q0 0.63348E 00
0.40000E 02 -0.60001E 00 0.60031E 00 0.60363E 00 0.461273€ 00
0.50000E 02 0.40000E 00 0.46000%€ 00 0.60101E 0O 0.460484E DO
D.40000E 02 0.40000E 00 0.40001E DO 0.460026E 00 0.40184E 0O -
0.70000E 02 0.60000E 00 0.60000E 00 0.40008E 00 0.40070E 0O
0.80000E 02 0.40000E 00 - 0.60000E a0 0.460002E 00 0.40027E 00
0.90000E 02 0.40000E 00 0.460000E 00 . 0.60001E QOO 0.460010E 00
0.10000E 03 - 0.60000E 0O 0.460000E 00 0.460000E 00 0.40004E 00




TABLE 15: Dilution Factor(ZETA) versus X/B tor Penetration Ratio(H/B) = 0.BOOE 0O

. B/ALFAz

~ B/ALFAz B/ALFA:z B/ALFAz
. = 0.5S00E 01 = 0.100 02 = 0.1S0E 02 = 0.250E 02
X/B-Value Zeta-Value Zeta-Value Zeta-Value Zeta~-Value
0.10000e 00 - 0.99440 00 0.99822 00 0.99923€ 00 0.99979 00
0.15000e 00 0.99063E 00 0.99701€ 00 0.99870E 00 0.999464E 00
0.20000E OO 0.98621E 00O 0.99554E 00 0.99807& 00O 0.99944E 00
0.30000£ 00 0.97562E 00 0.99191€. 00 0.99644E 00 0.99879E€ 00
- 0.40000£ 00 0.96314E 00 0.9872&E 00 0.99429€ 00 0.99834E 00
0.50000e 00 .0.94951E 00 0.981464E 0O 0.9915%€ 00 0.99754E 00
0.460000E DO 0.93537% 00 0.9751SE 00 0.98834E. OO 0.99650E 00
0.70000e 00 - - 0.92135E 00 0.946795E 00 0.98453 00 0.99522 00
0.60000E 00 3.9078ee 00 0.96020E 0D -01.98022E 00 D.99370E 00
0.90000e 0O 0.89528 00 0.95208€E 00 0.97544E 00 0.99193€ 00
0.10000e 01 g.88371& aa - 0.94375E 00 0.97031E 00 0.9878%9€ 00
0.15000E 01 0.84180e 0O 0.90334 00 - 0.94115E 00 - 0.97620E 00
0.20000£ 01 '0.8201SE 00 0.87084E 00 0.91170e 00 0.95825€ 00
- 0.25000e 01 0.809461E 00 0.84751E 00 0.8840%€ 00 0.938464E 00
0.30000E 01 - 0.804546E 00 0.83155 00 0.848541€E 00 0.91938E 00
0.40000E 01 0.80102 0O 0.81374E 00O 0.83702E 0O 0.88584 00
0.S0000E 01 0.80023€ 00 ©0.80597& 00 0.82074€ 00 0.8404%E 00
D.40000E 01 0.8000SE 0D 0.80258E 00 -0.81158E 00 0.842Z2%E 00
0.70000E 01 0.80001E 00 0.80112e 0O 0.80645 00 0.8293%€ 00
0.80000e 01 0.80000E Q0 (1.80048€E 00 0.80340E 00 0.82042 00
0.90000E D1 0.80000E GO 0.80021€ 00 0.80200E 00 0.81417€ 00
0.10000E Q2 0.80000€ 00 0.8000% 00 0.80111E 00 0.80983E Q0
0.15000E 02 0.8000CE 00 0.80000E 00 0.8000&E 00 0.801S7E 00
0.20000E 02 0.80000E 00 0.80000E 00 ~ 0.80000E 0O 0.8002sE 00
0.30000e 02 0.80000e 00 0.80000E 00 0.80000E OO 0.80001E 00
0.40000€ 02 " 0.80000 OO 0.80000E 00 0.80000E 00 0.80000 00
0.50000E 02 0.80000E OO0 ~ D.80000E 00 . . 0.80000E 00 0.80000E 00
0.460000E 02 0.80000E 00 * . 0.80000€E 00 0.80000E 00 0.80000E 00 -
0.70000E D2 0.80000E 00 0.80000E 0O 0.8D000E OO 0.80000E 0O
0.80000E 02 0.80000E 00 0.80000E OO 0.80000E 00 0.80000E 0O
0.90000e 02 0.80000e 00 0.80000E 00 0.80000E 00 0.80000E 00
0.10000E 03 0.80000CE 00 0.80000E 00 0.80000E 00 0.80000E 00




TABLE 16: Dilution Factor(ZETA) versus X/B tfor Penetration Ratio(H/B) = 0.800E 0D -

B/ALFAz B/ALFAz B/ALFAz B/ALFAz

= 0.350E 02 = 0.S00E 02 = 0.750E 02 = 0.10CE 03

X/B-Value Zeta—-Value Zeta-Value Zeta-Value Zeta-Value
0.10000E 00 0.99992E 00 0.999968E 00 0.10000E 01 0.10000 01
0.15S000 00 . ~.0.99987%& 00 0.99994E- 00 0.99999& 00 0.10000E 01
0.20000€ 00 . 0.99980E 00 0.99994E 00D 0.99999E 00 D.10000E 01
0.30000E 0a 0.99963 00 0.9998%€ 00 0.99996 00 0.10000E 01
0.40000E 00 0.9993%€ 00 0.99982 00 - D.99997%& 00 0.99999E 00
0.S0000E 00 0.99908E 00 0.99973€ 00 0.99995E 00 0.9999%€ 00
0.40000€ 0a 0.99847E 00 0.99961E 00 0.99992& a0 0.99996c 00
0.70000€ a0 0.99814E 00 0.9994SE 00 0.99968%E 00 0.99997 00
0.80000E 00 0.99754E 00 0.9992% 00 - 0.999685E 00 0.99994E DO
0.90000E 00 0.99679€ Q0 0.99900E 00 0.99980E 00 0.9999SE 00
0.10000E 01 0.99590E 00 0.99870 0O 0.99973E 00 0.99993E 00
0.15000e 01 - 0.98929€ 00 0.99625E 00 0.9991SE 00 0.99974E Q0
0.20000E 01 D.97915E 00 0.99187& 00D 0.99794E 00 0.99938E 00
0.25000E 01 0.9663LE 00 0.98548E 00 0.99587E 00 0.998455E 00
0.30000E 01 0.95210e 00 0.97734E 00 0.99280E 00 0.99745E 00
0.40000 01 0.9230SE 00 0.95766E 00 0.98372E 00 0.99334E 00
0.5S0000E 01 0.875968E OO0 0.9363%€ 00 0.97151E 00 . 0.984683E 0O
0.40000E 01 0.8753%€ 00 0.91597%& 00 . 0.95749€ Q0 0.97827& 00
0.70000E 01 0.85820 00 0.89757%& 00 0.94283€ 00 0.94682&E 00
0.80000E 01 0.8447&E 00 '0.8815SE 00 - - 0.92840E 00 0.95740E 00
0.90000E 01 0.83437% 00 0.846768%E 00 0.9144%€ 00 0.94622E 0O
0.10000e 02 0.82634E 0O 0.8563%& 00 0.90200E OO0 0.93510E 00
0.15S000E 02 0.80694E 00 0.82196E 00 0.85493E 00 0.884689E OO0
0.20000 02 0.80183E 00 0.80852e 00 0.82908& 00 0.854168E 00
0.30000E D2 0.80013E 00D 0.80128E 0O 0.8080%E 0O 0.82045E 0O
0.40000E 02 0.80001E 00 0.80019 00 0.8022sE 00 0.80787 OO
0.50000E 02 0.8000CE 0O 0.80003& 00 0.800&62E 00 0.80299t 00
0.460000E 02 0.80000E 00 0.80000E 00 0.80017E 00 00.80114E 0O
0.70000E 02 0.80000E OO0 0.80000E 00 0.8000%E 00 0.80043E 00
0.80000E 02 0.80000E 00 0.80000E 00 0.80001E OO 0.8001& 00
0.90000E 02 0.80000E 00 0.80000E 00 0.80000E 00 0.80004 00
0.10000E 03 0.80000E 00 0.80000E 00 0.80000E 00 0.80002E 00
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Development of Land Disposal Banning Decisions Under Uncertainty

1.0 Introduction
1.1 Background and Relevant History

Increasingly, the Agency is required to regulate the use or disposal
of toxic chemicals including hazardous wastes before such materials
become part of a specific, permitted system for use or disposal. The
requlatory approach developed in response to such legislative mandates is
necessarily generic in nature and must be largely based upon inherent
chemical properties. In general, however, the behavior of specific
chemicals in the enviromment and the subsequent health risks posed to
populations are highly dependent on both the environmental setting and the
chemical properties.

An obvious dilemma arises fram the requirement to regulate (based on
risks posed to human health) on a national basis when the exposure is
determined by-a caombination of site- énd chemical-specific factors. The
errors and uncertainties inherent in site-specific analyses are further
complicated by uncertainty abou:t how to properly specify a national environ-
ment. The land disposal restrictions requirements of the RCRA amendments
pose just such a dilemma. Specifically, how can the Agency detezmine the
national acceptability (or specify required treatment levels) of the land
disposal of hazardous wastes based on an evaluation of risk to human
health?

As initially conceived by the OSW, "screening levels were to be
developed to specify maximum acceptable contaminant concentrations in
waste extracts. Concentration-based fate and transport models for

groundwater, air, and surface waters were to be developed for
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a "worst case" or "reasonable worst case" 1land disposal scenario to
allow back calculation of acceptable leachate contaminations commencing
from a reference dose (or a ql* concentration for carcinogens) at a
point of potential human exposure at a specified distance directly
down gradient (e.g. water supply well, surface water intake, or
downwind exposure point). As this approach was further developed two
major issues emerged: (1) how can the reasonable worst case be defined
to avoid unrealistic situations and permit some site-specificity and;
(2) how can the considerable uncertainties inherent in any analysis of

this nature be factored into the process.

1.2 Objectives

The objectives of the material presented in the following sections
are to develop and demonstrate a procedure for applying the initially-
developed concept that accommodates the possible variation in envirommental
settings, the uncertainties in specific chemical properties, and the range
of impact of engineered system releases from disposal facilities. The
developed approach is intended to present decision-makers, for each chemical,
the level of treatment (or restriction) required to achieve any desired level
of "protection® expressed as the percentage of all possible land disposal '
scenarios that are more protective than the level chosen. In this manner
the scenario selected can be evaluated for its probability of occurence.
At one level one may say, for example, that 90% of all possible sites are
more protective than the health based threshold while 10% of all possible
sites are less protective; In this case the decision-maker can be assured
that the level of treatment selected will ensure that downgradient
concentrations will not exceed the specified target concentration in more

than 10% of all possible environmental settings.



-3
Meeting this overall objective requires that the following subobjectives
be met:
o Identify and characterize the erwvirommental and chemical properties |
contributing to variation in the release, fate, and transport of chemicals.
o) Identify and characterize the errors in estimating or measuring relevant
chemical properties.
o Develop a technique to synthesize imput data for use in inwvestigating

model variations and uncertainties.

2.0 The Concept of Uncertainty
2.1 Definitions

Uncertainty is generally defined as the absence of information abaut
the subject under consideration. In this context the absence or lack of
information uswlly refers to informmation about past, present, or future
events, values, or conditions. Rowe (1977) describes two basic types of
uncertainty: (1) descriptive uncertainty and (2) measurament uncertainty.
Descriptive uncertainty is a measure of the lack of informetion about the
identity of variables that define the systam under study. Measurament
uncertainty is a measure of the lack of informetion about how to quantify
those variables. Uncertainty analyses are typically campleted for measure-
ment uncertainty with the.assistance of a system model that transforms
inputs to cutputs via some mathematical description of the "real world"
system of interest. The objective is to quantify the nodel output uncer-
tainties given a knowledge of the irput umncertainties. Several fommal
methods exist to conduct such analyses as summarized by Cox and Baybutt
(1981). Uswally, such analyses do not address descriptive uncertainty.

That is, the model itself is assumed to adequately describe the 'real
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world" system being simulated. Uncertainty (descriptive) about the
system nodel will almost always exist and in some cases this uncertainty
is acknowledged but ignored because of policy objectives. In other
cases, descriptive uncertainty is unknown (and unknowable) and is simply

ignored.

2.2 Application to the Land Disposal Banning Process

The application of uncertainty analyses to the procedures developed
for setting limits on land disposal is highly desirable. Indeed, the
RCRA amendments directed that such regulations be developed with proper
accaunting for the long-temm uncertainties of lamd disposal technologies.
It follows that any provisions granted for continued use of land disposal
should properly accaunt for the uncertainties in the technical besis for
such provisions. Following the previcus discussion of uncertainty, two
problems must be addressed: descriptive wncertainty and measurement
uncertainty.

The choice of the models used in the procedure amd the conceptualiza-
tion of the pﬁysical system acknowledges the descriptive uncertainty in the
process. In this sense, assurptions made about land disposal performance,
location of fixed, downgradient exposwre points, and the use of wnit
risk nunbers (e.g., Reference Dose Values) are ways to include descriptive
uncertainty. For example, it is generally conceded that landfills have
and could in the future be designed such that their lower baundary is
near or actually in the saturated zone. The uncertainty about this
descriptive vafiable is simply handled by assuming all faciljties are
located such that any leakage will be directly to the saturated zone.
Additional, specific assumptions amd decisions imbedded in the procedure

that fall into the descriptive uncertainty category are:
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(1) all engineered systems fail given sufficient time

(2) the advective-dispersion ejuation with reaction amd sorption
is an accurate description of chemical fate and transport in
groundwater, surface water, and air

(3) all processes that can degrade organics in groundwater other
than hydrolysis are ignored

(4) for metals ard organics, equilibrium, reversible speciation amd
sorption are appropriate

(5) the leach test (EP III) is an acaurate measure of the leachate
concentration resulting when failure of the facility occurs

(6) the contaminant source is sufficiently large in mass to enable
an assumption of an infinite source, i.e., down gradient
contamination once reached will be maintained

(7) transient behavior is unimportant and the overall response can

be represented by steady-state estimates

Most of the assumptions listed abowe eliminate consideration of
possible effects or variables that can conceivably lead to differences
between the real and modeled systems. These expected differences
resulting fram anission of such effects represent uncertainty that is
quantified only in one sense——their exclusion will result in a more
conservative analysis. Conservative in this case simply means that a
more restrictive outcame for land disposal is generated. 'Ib.the extent
that this is desired, the assumptions per se represent an accammdation
of descriptive uncertainty. The modeling approach and its assumptions
with their descriptive uncertainty in land-related hazardous waste manage-
ment are consistent with the strong legislative presumption ageinst land

disposal.
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The problem remains to evalate measurement uncertainty. In this
éase, measurement is taken to mean assignment of specific velues to each
of the model variables and perameters. Once a model is chosen to represent
the conceptualized system, specific walues must be chosen to further
describe the behavior of the modeled system. The grourdwater nodel

relies on two general types of data:

- data on the physical, chemical, arxi' toxicological properties of
the hazardous constituents (e.g., Kooy Koys acid, neutral, and
base-catalyzed hydrolysis rates, and Reference Dose)

- data on the envirommental properties of land disposal settirgs
that impact the release, fate, and transport of each hazardaus
constituent (e.g., groundwater velocity, thickness of the saturated

zone, bulk density, grdurdvater temperature and pH, dispersivities)

Measurement uncertainty applied to the first data type is taken to
fnean the errors resulting fram laboratory or theoreﬁical analyses used to
estimate their numerical welues. In addition to experimental precision
and accuracy, errors may arise in"extrapolatim fran measurement conditions
to envirommental conditions (e.g., hydrolysis experiments comducted at
elevated temperatures extrapolated to groundweter temperatures). I-br."
some parameters, most notably partition coefficients, semi-empirical metthods
are used to estimete values and in such cases the errors in the empiricisms
contribute to uncertainty.

Measurament uncertainty applied to the secomd data type, characteriza-
tion of the relevant environmental properties, is taken to mean the
variation expected to ocaur acrass possible land disposal settings. In

the strictest sense analyses of known variation are more properly referred
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to as sensitivity analyses. Within the coritext of defining the range of
possible regulatory outcames, however, we elect to describe the characteri-
zation of variation as remresenting uncertainty. An important distinction
is made here between variation (amd measurement errors in characterizing
that variation) at a given site amd variation from site to site. Variation
within a site is an important phenamenon in site-specific issues like
permit evaluations, designs, and remedial action alternatives. The
uncertainty in the performmance of a given system will in large part
reflect the uncertainty about the characterization of the given site.
For example, the locstion of down-gradient monitoring wells to detect
future leaks is chosen based on measurements that define the direction
of graundwater flow. If uncertainty exists in the detemmination of the
flow direction, then the performance of the detection system is also made
uncertain. This "within-site" variation is not the most important source
of uncertainty, however, for the lamd disposal banning process because we
are concerned with a presumed national (generic) site. The major concern
for this casé is uncertainty in specifying the range of possible sites.

The generic nature of the resent rejulatory process leads to a
major uncertainty in characterization of the presumed national site.
Assuming it is possible to acaurately measure site properties (e.g.,
grourdwater velocities and pH) the problem reduces to one of properly
specifying the many possible canbinations of comditions that can exist in
possible sites for land disposal. Uncertainty in this sense, is simply
an explicit representation of the variation in site comditions that can
exist. Fram such information the levels chosen for regulating land
disposal restrictions can be easily referenced to the full range of

possible outcames or restrictions.



3.0 Technical Approach
3.1 Monte Carlo Analyses

The recent review by Cox and Baybutt (19681) noted five different
methods for conducting uncertainty analyses. The choice of any one method
is largely detemined by the structure of the system model amd the objective
of the analyses. In same cases the methods are quite limited because of
the requirements imposed for their use. For example, analytic techniques
require a mathematically tractable system model that permits direct
calaulation of output uncertainties given the imput distributions. 1In
same cases, knowledge about the source of the cutput uncertainty given a
multitude of possible irmput uncertainties is needed in order to minimize
or reduce uncertainty; for these cases, techniques that randomly cambine
individual inputs to produce a single autput are unacceptable because it
is not possible to know the sowce of the uncertainty. However, the
monte carlo method remains the most widely-used procedure and is suitable
for investigating the land disposal restrictions process.

Before further elaboration on the monte carlo method it is useful to

review the needs for the land disposal restrictions process:

(1) portray in a concise manner the field of information describing
an estimete of all possible exposures

(2) demonstrate that all reasonable steps were taken to reflect
the wide range of possible site conditions for land disposal
systems

(3) irvestigate the range and distribution of g:séi.ble restrictions

needed to insure specified levels of protection
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(4) properly reflect the uncertainty introduced by laboratory-

measured model parameters for hydrolysis amd sorption

The emphasis here is on the output of the modeling process. The exact
cause of output variation is less important at this stage of develcping the
restrictions. For these reasons, the monte carlo approach is appropriate,
relatively easy to implement, and camputationly efficient for the systan
model used.

Figure 1 illustrates the monte carlo procedure used in this analysis.
If G(X) represents the desired output distribution for a given variable,
i.e., C, the éccq:table leachate concentration, then the mrocess is

represented by:
G(X) = £f(Fys B, +..Fp) (1)

where f( ) = the system model
Fi, Fy «...Fh = imput distributions for

parameters or variables.

G(X) is defined from the distribution produced from a large murber of
similations, i.e., 5000 - 10,000.

Note fram Figure 1 that two kinds of irputs are defined - parameters
and forcing function values. Model parameters are representations of
physical or chemical properties (e.g. soil hilk density, hydrolysis rate
constants). Forcing function values correspond to variables or constants
that specify comlitions or states of the systeun. In some groundwater
transport models such inputs are internally estimated rather than externally

derived as shown here.
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The monte carlo process proceeds as follows:
o values fram each irput distribution are selected at randam.
o a value for the desired autput variablé, G, is camputed for each
randanly selected set of irputs
o the input selection and camputation steps are repeated a large
number of times, e.g., 5,000
O the cutput values are analyzed for presentation as a distribution.
An important point to remember in campleting the monte carlo process is
the notion that the derived autput distribution, G(X), is greatly influenced
by the input distributions, F;,F...F,. This is true even if the system
model is known to be a perfectly correct representation of the phy-sical

systeu (i.e., no descriptive uncertainty).

3.2 Modexg Parameters and Input Data

The groundwater model parameters amd input data requirements are given
:in detail in the mathematical description of the model. The major question
for their use in monte carlo analyses is their relationship one to the
other. In the simplist case where all imput values are independent, the
monte carlo process is straightforward. Once each imput distribution
is developed the process is executed as described.  ¥here inputs are-
correlatead, and therefore deperdent, the proper specification of each
distribution becames much nore difficult. For example, if Fp is dependent
upon Fj then F; amd F, have a joint distribution. That is, any value
of F; is the probebility of F given a corresponding velue of Fj
(and vice versa). For other situations where dependence exists among
more than two variables the problem is further campounded with requirétents

for joint probability functions. Before developing input data distributions,
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it is first necessary to determine the e)ds'tence of any dependence among
the data.

Table 1 illustrates the expected dependence among the graundwater
model's parameters and inmput data. This table was constructed from a
canbination of documented ofsex:vations ard engineering judgement. In
sane cases very weak dependence may exist but an assumption of independence
is acceptable in light of the model's sensitivity to the assumption. The
data pairs denoted by D are thought to be sufficiently dependent to
require generation of correlated irmput sequences. All pairs denoted by I
are considered independent. The downgradient distance, X will be fixed

ard thus it can be deleted because it will take on a single, known value.

3.3 Data and Information Sources

The single values or distributions of values for the various irmput
parameters and variables must be developed fram data, theoretical
constructs, expert judgement or policy considerations. A number of
different sources can be used in developing this information including

the following:

o the scientific and engineering literature

O laboratory experiments and measurements for specific chemical reactions

o EPA directed surveys
o chemical structure-property correlations and structure-activity

relationships
o mathematical modeling
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Values .

Smmary of Relationships Among Model Parameters and Input

D D D b D I D
D D D D D I I
I D D D D D I
I D D D D D I
I D D D D D I
1 I I D D D I

D denotes dependence

I denotes weak or no dependence

kn kp
I I
I I
I 1
I 1
T 1
I I
I 1
I 1
I I
I I
I I
I D
D D
I 1
I
1
I I
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The required data can be further characterized according to type.

That is, data that describe pollutant transport, data that characterize
the environment, and data that characterize the individual chemicals. The
major data influencing transport are flow velocity, V, and dispersivities
*p, &7, and &y, Flow velocities for varicus sites have been reported
in the literature and were included in the EPA survey of Part B pemit
applications. In many cases velocities can be estimeted using a rehtiorship
incorporating Darcy's law when the gradient, hydraulic comductivity, amd
porosity are known. Similarly, dispersivities have been reported for a
nutber of case studies and recent i'seardu has defined both enpiriical
and theoretical methods for relating dispersivities to other system
properties.

Envirormmental characterization data can be developed fram national
data bases. For example, many growxdwater pH and temperature measurements
are recorded as entries to the EPA STORET data base. Ancther source is
the EPA survey of Part B permit applications for bulk densities (R),
‘porcsities (©), and facility geametries (related to ). The literature
reports individual values and ranges of values for these and other pai:amaters
including organic carbon content, foc. ‘The parameter nost clcsely related
mﬂ\eperfonmmeofﬂae@mereicmsoflaxﬂdisposai is
sign'a,o’. In this case alnost no ddta framn case studies are available
but expert judgement enhanced by modeling can be used to generate appropriate
values.

Chemical-specific data can be derived fram the literature, generated
by séecific laboratory experiments, or estimated frdn theoretical or
empirical relationships. In some cases useful qualitative information
can be generated by expert judgement. Most notable is judgement on the

existence of hydrolyzable functional graups for each campound. Expert
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judgement can determine for many chemicals if hydrolysis will degrade the
chemical. The assignment of a zero rate constant for non-hydrolyzable
chemicals allows the analysis to proceed without the need for experimental
data. In other cases structure--activity relationships .can be used to
estimate needed parameters. For example, the octanol-water partition
coefficient can be reliably estimated fraom knowledge of molecular structure.
The proper interpretation of data generated from the above methods. This
can be addressed by convening expert penels to review reported data,
specify limits of uncertainty, and delineate appropriate ranges of applica-

tion.

3.4 Data Generation Procedures

The input data and parameters listed in Table 1 must be generated
before monte carlo analyses can proceed. It is convenient to separate
this activity into two tasks: generating independent data sets; amd
generating correlated or dependent data sets. Independent data sets can
be developed as ampirical distributions of observed data, as theoretical
distributions fram a "best-fit" analyses of observed data, or as assumed
distributions. Dependent data sets can be develcped as empirical, joint,
or multivariate distributions, theoretical distributions, or fram functional

dependencies among the variables and parameters.

3.4.1 Independent PRarameters and Variables |

The sum shown in Table 1 suggests that none of the variables or
parameters is totélly independent from all other variables or parameters.
In some cases, however, an independent “seed" distribution can be generated
to which other variables are coire]ated. For example, the temperature

(T) will influence the hydrolysis rate constants (k,, Kn, ky) but the
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reverse is not true nor for the system studied does anything else infl\;ance
temperature. Thus temperature distributions can be developed as an-
independent variable. Following this rationalg, the parameters and
variables to be generated independently are as follows:

B - the thickness of the satwated zone

foc - the fractional organic carbon content of the s0ils

pH - the groundwater hydrogen ion activity

T ~ the graundwaeter temperature

H - the leachate penetration depth into the saturated zone

The thickness of the saturated zone, B, influences the cpportunity
for vertical dispersive mixing as the plume moves down gradient. .Literatm‘e
values taken fram measurements and surveys were used to derive a distribution
for this parameter.

The fractional organic carbon content, foc, is used to detemmine the
distribution coefficient, Kp. Recall fram the groundwater model description
that

Kp = foc Koc (2)
where Koc = distribution coefficient nommalized to organic carbon. It is
clear fram this relationship that the variation in foc leads directly to
variation in the Kp and hence retardation of the solute in grmndvatér.
Unfortunately, few if any canprehensive subsurface characterizations of
organic carbon content exist. In general the values are known to be very
low, typically less than .0l. In the absence of evidence to the contrary
the approach taken was to assume a low range of foc. A distribution
shape for thJ.s range was detemined by the distribution of measured
dissolved organic carbon recorded as entries to STORET. The assumption

is that dissolved organic carbon reflects the existence (amd hence distri-
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bution) of organic carbon in the subsurfaceé environment being considered.

The model assumes that the graundwater is sufficiently buffered to
~insure that the pH is not influenced by imput of contaminants or changes
in tewperature. This pemits a pH distribution to be derived independently.
STORET data were analyzed, a distribution developed and summary statistics
generated for pH.

Assumptions abaut the independence of gro.mdwater temperature are
essentially the same as for pH. Temperature influences hydrolysis reactions
but the reverse is ignored. Actually, temperature can also influence
sorption but such effects are ignored in this analysis.

The depth, H, to which the leachate flow penetrates the satxnz:ated
zone is probably related to the re]ativé differences in the leachate
velocity and the groundwater velocity. Because disposal of free liquids
is not permitted, density gradients or stratification of "floaters" or
“ginkers" are not likely to ocair. Lacking any meaningful dta, a simple,
independent, uniform distribution ranging from a fixed minimum to a fixed
maximum was used.

A summary of the procedures used to generate the independent irnput
data sets is given in Table 2. The fitted distribution (FD) method refers
to the develcpment of a mathematically-defined fregquency distribution
function by "fitting" variocus possible distributions (e.g., normal, log
nommal, exponential) or mixtures of distributions to the “"observed" data
and selecting the "best fit" distribution for use in the monte carlo
process. The distributions selected for each variable or parameter are
given in section 4.0 of this report. Inall cases we recognize the pcssi-
bility that the data in STORET mey represent a hiased sample. However,
lacking a better alternative the data were accepted as representative of

graundwater and subsurface conditions.



-18-

Table 2. Summery of Procedures Used to Generate Independent
' Input Data Sets _

Method of Source of
Input Data Generation ' Data and/or Reference
B FD* Various literature
Foc D STCRET, assumptions
pH FD - STORET
T FD STORET
H AD** -——

*fitted distribution to empirical data

**aggumed distribution

3.4.2 Deperdent Parameters and Variables

The ramining input parameters and variables are dependent and cannot
be generated without properly "matching" each value with other related
values. Recall that our objective is to rovide a consistent set of dbta
that when viewed as'descriptiors of site-specific scenarios will produce
situations that occur in nature. The mein purpose of building in
dependencies is to avoid unrealistic or impossible sets of data. for
example, a uniform soil having hich porosity because of high clay content
will rarely if ever have high graundwater velocities because of the low
* hydraulic conductivities. Failwe to exclude such passibilities however
by assuming that porosity and velocity are independent will lead to
unrealistic if not incorrect modeling results.

The "consistency" criterion intended here needs further elaboration.

In general, precise functional relationships among all the dependent
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variables or parameters do not exist. Similarly, observed data for all
values taken in sets do not exist or are inadequate in number to permmit a
statistical remresentation of the dependencies. Fortunately, however,
equations do exist in the engineering and scientific literature to permit
generation of sets of “possible" cambinations of irput data. Generation
of consistent sets of input data is much easier to accamplish than the
more rigorous but related task of mredicting a mrecise, site-specific set
of values given only one or two measuranents at that site. The parameters ‘
and variables to be generated as dependent values are as follows:

&, = dispersivities in the longitudinal, lateral, and
vertical directions assumed to be largely deperxi-ent on
distance, x

e = porosity of the s0il or porcus media is assumed to be
largely dependent on soil properties including particle
sizes textural classes, bulk densities, and parent material

P = bulk density of the soil or poraus media is assumed to
be largely deperdent on soil properties including
porosity

\Y = groundwater flow velocity is assumed to be largely
dependent on soil properties including hydraulic con-
ductivities, porasity, bulk density and on hydraulic
gradient (groundwater slope)

g = the standard deviation of the gaussian distribution
representation of the sowce concentration is related
via mass balance mrinciples to leachate volumes, ground-
water velocity, porasity, and depth of leachate penetra-

tion into the saturated zone
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Ka:Kn/Kp = hydrolysis rate constants are assumed to be largely
dependent on graundwater pH and temperature amd ori
specific chemical properties

Kp = effective distribution coefficient for each specific
chemical is assumed to be largely dependent on the organic
carbon content of the soil or porous media and in same
cases on the pH as well as on specific chemical properties

of the pollutant

3.4.2.1 Dispersivity

The “"smpreading"” of solutes transported by groundwater is uswlly
described as a combination of molecular diffusion and mechanical mixing.
The relative magnitudes of each are such that molecular &iffusion can be
igored. The property of the soil or porous medium that is cammonly used
to define the magnitude and direction of dispersion is included in the
dispersivity parameters. A generalized theory to describe dispersivity
has not yet been develcped hut recent work has noted a strong dependence
on scale (Sudicky et al., 1983; Anderson, 1979; Pickens and Grisak, 198l;
Pickens and Grisak, 1981; Molz et al., 1983; Gelhar et al., 1985). Same
investigatbrs (Pickens and Grisak, 1981) have reported simple, linear
dependencies for longitudinal dispersivity,™j, as

aL=01X (3)

where X = mean travel distance

More recently Guven et al. (1984) campleted a detailed theoretical analysis

and suggested an ekp:essim of similar form

o, = 0.093 X + 0.007 (X in meters) (4)
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Many experimental data suggest that eqx.atioh 3 is a reasonable approximation
for S¢, given aur lmuted objective of “comsistency” in the input data set.
Transverse dispersivity, &7, has been studied to a lesser degree hut
its magnitude is known to be less than longitudinal dispersivity vhile main—
taining scale dependency (Santy, 1980; Anderson, 1979; and Sudicky et al.,
1983). Typically, 7 is related to®y, by a simple ratio leading to the

‘following expression
S fp = LTR (5)
where LTR = longitudinal-transverse dispersitivity ratio

A range of LTR's has been reported and appears to center arourd a value
of 3.0. Again, to insure comgistency in input data while maintaining a
straightforward approach, an LTR of 3.0 was selected for the monte carlo
analysis.

For unidirectional flow in the lorgitudinal direction the vertical
dispersivity, ¥y, is quite low. Using the ratio, o /Oy, to describe
vertical dispersivity, Gelhar et al., 1985, reported a range of 30-1860
with an average of abaut 400. Because of the uncertainty swrainding
proper specification of values for vertical dispersivity, it is varied.

uniformly fram 40 to 400 m in the monte carlo rautine.
The data generation approach for dispersitivity can be summarized by

the following equations:

~p = 0.0333 x (7)

o = 0.0025(x) - 0.01(x) (8)



-2 2=

where x is the downgradient exposure point distance selected for
implementation of the decision rule.
3.4.2.2 Porosity

The porcsity, 8, of a wniform porais media is largely a function of
particle size. For small particle sizes like clay, porosity increases to
a maximm of around 50%. Porasities of coarser media like gravel decrease
to a minimum of around 308. These measured ranges of porosities suggest
a strong correlation with mean particle diameter, d. Deta reported by
Davis (1969) were used to develgp a regression equetion relating porosity
to d as follows .

® =0.261 - 0.0385 1Ind (9)

Because porosities are generally known for a wide range of soils and
porcus media another approach to generating input values is to detemmine
a distribution for © fram observed data. It will be shown later, however,
that © is linked to welocity, V, thraugh the mean particle size, d. Thus,
to preserve this relationship, the distribution for © is generated from
a "seed" distribution for d via equation 9. The mean plarticle diameter
as the single correlated property to porcsity ignores the influence of
particle sorting within porous media amd hence may not be the most accurate
approach in develgping the dependence. Unfortunately, at the present time
the distribution of sorting and mean particle size in materials in the
saturated zones is not well encugh known to be used in the methodology.

The distribution of particle sizes selected for this study should
reflect the distribution of subsurface characteristics in all areas
subject to potential use for land disposal. While specific cse studies
exist, apparently no general characterization is awailable. (ne approach

is to assume a distribution bounded by reported ranges. In the absence
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of data both a wniform and a log-uni fom di:stribution were investigated.
As will be shown later, the log-uniform distribution was selected because
it more heavily weights the influence 'of smaller particle sizes and
because the related, derived velocity distribution is more consistent

with observed data.

3.4.2.3 Bulk Density
The s0il's bulk density, p, is defined as the mass of dry =il

divided by its total (or bulk) volume. Bulk density directly influences the
retardation of solutes and is related to soil structure. In general, as
soils became more campact their bulk density increases. This relationship
produces a dependency between porcsity, ©,amd p. Freeze and Cherry (1979)
note that

e=1 - T}% (10)

where g, = particle density, g/cm’

By assuming B = 2.65, equation 10 can be rearranged to yield an expression

for estimating p given © as follows
=2.65 (1-9) (11)

The particle density of soil materials varies over a very narrow range
and can be fixed at a value of 2.65 gn/am3. Equation 1l can be used to
derive a frequency distribution for given the previausly generated

distribution for o.

3.4.2.4 Velocity

The velocity of graundwater is a major detemminant of the transport

of solutes in subsurface systems. In uniform poraus media it is the
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daminant factor and must be properly specified in the monte carlo process.
Dependencies among the irput data (6 and p) must be preserved while |
generating realistic values of velocity.

Groaundwater flow velocities vary widely. Mackay et al. (1985) report
that velocities typically range between 1-100 m/yr. These ranges apply to
typical "hatural gradient" conditions and higher velocities can exist under
both man~induced (e.g., well-field drawdown) and extreme natural sitwtions.
For example, velocities in excess of 9000 m/yr have been reported (Guven et
al., 1984) for a glacial outwash material. Such daté sources could be used
to develcop an empirical freguency distribution for velocity but the require-
ment to maintain dependencies with soil properties is not easily met using
this approach. The EPA survey of Part B permit applications for velocity
could be used to generate emwpirical distribution, but in addition to the
deperndency pxroblem just described, this limited sanpie is likely to be
biased.

Velocities are related to soil properties and other site-specific
factors through Dercy's law. Using Darcy's law and assumptions of steady
flow in uniform, saturated media yields the following expression for
average pore velocity, V

Kg S |
V= e—— » (12)
o
where Kg = saturated hydraulic conductivity, am/sec

S = hydraulic gradient

Because an expression for porcsity, ©, has already been develcped, equation

12 properly relates V and 8. The saturated hydraulic conductivity, Kg.

reflects the "ease" with which water is transported throudh porcus media
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and for any given fluid Kg is a function of porous medium properties such as
particle size, grain shape, connectivity, and tortuosity. To the extent
that Kg is related to such properties if functional relaﬁiomhips exist
for Ky then dependencies among V, K5 and © can also be represented.

Individual, site-specific measurements for Kg are uswmlly difficult
to make and the spatial variability of "point" measurements is the subject
of much current research. Also, site-specific variations in K5 values
introduce considerable uncertainty in modeling groundwater flow when point
estimates or averaged point values aré used as model imputs. Recall that
the objective here is to insure consistency in results while remresenting
the wide variations expected fram site to site. Given this objective (that
is mich less demanding than an attempt to predict an accurate Kg for any
given site), it is reasonable to use an approximete functional relationship.
The most notable among these is the Karmen-Cozeny equation (Bear, 1979),

K. =478 [ &) | (13)

(1-0)2

where © = porosity
d = mean particle diameter

Note that equation 13 relates Kg to 6 and d. Furthermore, © is derived
fran d that is generated from a "seed" distribution.

The remajning factor in equation 12 for wvelocity is the gradient, S.
In general the gradient is a function of the local topography, groundwater
recharge volumes and locations, and the influence of withdrawals (e.qg.,
well fieids). It is also likely to be indirectly related to porous media

properties. Rarely are large gradients associated with very high conducti-

vities. No functional relationships exist, however, to express this
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association. Thus, another independent "seed" distribution is reguired.
The potential problem with the independence assumption is in "extrame"
values. Data sets having large values for both Kg and S will also have
very large values for velocities resulting in unrealistic conditions.
Such condition can be prevented by bounding the velocities such that a
fixed maximum is not exceeded. The observéi value of 250 m/yr was
selected for this purpose.

The distribution for the gradient can be assumed or derived fram
observations. Gradient data were included in the EPA survey of Part B
permit applications and were analyzed to develcp a frequency distribution.

Results are given in later sections of this report.

3.4.2.5 Starmdard Deviation of the Gaussian Distrubtion for the Source
Concentration

The parameter defines the nature of the leachate after it has mixed
with the undérlying saﬁurated zone. Because sigma reflects the nature |
Snd extent of the leachate interaction with the graundwater beneath the
facility, it and hence also reflects the failure of the engineered controls
on the facility (e.g., liners, caés). Fran mess balance mrinciples is
related to the envirommental setting by .

=q )\,q/ /2 VeHC (14)
where q wmit areal flux of leachate through the land
disposal facility, m yr—1
area of disposal facility, e

graundwater velocity, m yr—l

= saturated zone porasity

z o0 < ‘?
n

= leachate penetration into the saturated zone, m

contaminant concentration in the leachate

0
o
i
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Co =  contaminant concentration in the mixing zone
beneath the facility
If we assume that the leachate concentration, Cp, is the same as the
maximum concentration Co (at y = 0) of the gaussian concentration distri-
bution, then equation 14 enables direct calaulation of 0° given the cother,
known variables. Setting Cp, = C, in equation 14 simply means that the
leachate displaces the graundwater and dilution ocaurs after advective
transport is initiated; a reasonable assumption given the low velocities
for leachate fluxes.

Values for q vary deperding on the location of facilities, their
vertical configuration (e.g., liners, caps), and their perfomanoe- over
time. The procedure used to produce a distribution for q is described
in the E. C. Jordan (1985) report. A distribution was generated fram the
EPA survey of Part B pemmit applications for the area tem, A,. Velocity,
V, and porosity, ©, and penetration depth, H, are generated as previcusly
discussed. For mathematical reasons (baindary effects) the constraint
that the ratio, H/B, where B is the saturated zone thickness, be less

than 0.5 must also be made. The minimum saturated thickness is 3 meters.

3.4.2.6 Hydrolysis Rates

Hydrolysis rate constants are wnigue to each chemical amd will be
determined fram the literature or fram laboratory experiments. All rates
(acid-catalyzed (ky), neutral (k;), base-catalyzed (k,) are influenced by
groundwater tetxperaﬁure. ka and kp are also influenced by pi. The pH
dependency is included directly in the graindwater model and the rates
will be adjusted accordingly via the independently derived distribution

for pH. The tamperature dependency requires further elaboration.
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Rate constants are often adjusted for “temperature effects by the
Arrhenius equation. Because the rate constant values are given for a
specific temperature, the need exists to adjust these values to account
for different temperatures in the gra.indwater. Using the generic activation
energy recanmended by Wolfe (1985) of approximately 20 k cal/mole, the

tamperature correction factor can be written as

T
k 1 1
202 = e (104(= - -)] (15)
ka,n,l:» Tr T
where kg,n,b = second-order hydrolysis rate constants for acid,

neutral, or tese conditions at temperature T
kX = second-order hydrolysis rate constants for acid,
neutral, or bease conditions at reference temperature, T,

T, Tg = temperature, ‘Kelvin

The temperature can also influence the base-catalysed hydrolysis rate |
through influence on autootolysis of water. FPoraus medium properties and
graundwaters are sufficiently buffered, however, to minimize this efféct.
Temperature corrections to pH are not made.

The measurement and extrapolation errors for hydrolysis mesurements
are not yet fully developed. Once the experimental program to deveiOp
such values is fully implemented the nature amd megnitude of these errors
will be included.

3.4.2.7 Distribution Coefficient

The relationships most suited for relating the chemical diétribut ion
coefficient, Kp, to s0il or porous medium properties are discussed in
detail by Karickhoff (1985). In cases where reliable relationships do

not exist, measurements are required. For many cases hydrophobic binding
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daninates the sorption process and it is pdssible to relate the distribution
coefficient directly to soil organic carbon. For these cases the dependency
is given by
Kp = Koc Foc (16)
where Ko = nomalized distribution coefficient for organic carbon

foc = fraction organic carbon

Recall that f,- values will be generated as an independent parameter as
previously described. Equation 16 will be used to preserve dependency
between porous media properties and chemical sorptive properties. For
other hinding mechanisms described by Karickhoff (1985) including those
for polar, ionizable campounds adjustments will be made on a case-by-case

basis as apprcpriate.

4.0 Data Generation Results

The canbination of data sources ard approaches described in Sections
3.3 and 3.4 were used to generate irput frequency distributions for each
of the parameters and forcing function variables. In some cases intemmediate
or precursor variables were also generated to enable representation of |
appropriate dependencies among the variables and parameters. Results for
these variables are also included in this section. Table 3 gives a
sumary of the distribution types amd parameters for each model parameter
or variable. For derived distributions, only the mean and range of the
synthesized data are given—--it's not necessary to approximate these
results by a mathemetical distribution function. In same cases only
single, fixed values were selected largely based upon their nature (e.g.,
a chemical-specific rate constant) or upon policy directions (e.g., the

downgradient distance, x).
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Table 3. Summary of Results for Input Data Generation
Parameter or Distribution Distribution
Variable - Type Parameters Range
mean std. dev. mi.n=-ma X
Temperature, <C Normal 14.4 5.29 (0.0 - 30.0)
pH Normmal 6.2 1.28 (0.3 - 14.0)
Dissoloved Lognormal 1.99 1.09 (0.01 - 6.89)
Organic~C, mg/1

foo | Lognomal -5.76 3.17 ( .001L - .01)
d, cm Log) guniform .0063 -  ( .0004 - 0.10)
e, am m-3 derived fram 4 ( .30 - .56)
P, gn au3 derived fram © (1.16 =1.8)
Kg, cm sec™t derived fram o, 4 ( .0001 - .48)
S - exponential .0309 - ( .00001- 0.10)
Vv, myrl derived fram S, Ky, © ( .01 ~ ®50)
B, m exponential 78.6 - (3.0 - 560)
Ay mixed;exponential - (23 - 930,000)

wmiform :
H m derived fram uniform 6.0 -— (2.0 -10.0)
q, m nodeling (0.0 - .3)
g, m derived fram q, Ay, V, ( .001 - 60,000)

H ©
XA m single values
>, m single values
™y, m single values
X, m single values
Ky L yr"l chemical specific value
k, yrt chemical specific value
Ky, vt yr"l chemical specific value

chemical specific wlue
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4.1 Fraction Qrganic Carbon Content, foo

Recall fram Section 3.4.1 that f.. was generated by assuming a fixed,
low range of .00l - .0l and using the observed distribution of dissolwved
organic carbon, DOC, to “shape" the f,. distribution. This was done by
assuming both variables had identical distributions and scaling the fo
by the coefficient of variation (CV) for the DOC. That is, the mean value
for £o- (based upon a lognomal distribution with a stated range) wes mui*.i—
plied by the DOC coefficient of variation to yield a standard deviation

for the f5.. This fully specified the distribution.

4.2 Mean Particle Size, d

The distribution of d should correspord to the distribution of soil
types in the saturated zones acrcss the country. As previausly discussed
such a charactization does not exist and the mean values alone do not describe
sorted grain sites. Following the rationale developed in Section 3, the
1logjp wmiform distribution was assumed. This distribution, shown in Fiqure
2, is bounded over the rarge fram .0004 am, corresponding to a clay
material, to 0.1 am, corresponding to a gravelly sarnd. The mean is .0063
au corresponding to a soil somewhat finer than a silty fine samd hut
coarser than a clayey sandy silt. This assumed distribution is a key
canponent of the input because it influences © and V. As will be shown
the logjg unifom distribution produces subseguent distributions for V that
are more consistent with observed data than alternative assumed distributions
investigated. Clearly, however, this is an area that should be more

fully investigated.
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4.3 Porosity (), Bulk Density ( @ ), Hydraulic Conductivity (Kg) and

Gradient (S)

Graphical representations of frequency distributions for each of
these parameters are given in Figures .3-6. Only one distribution, S,
required a mathematical description since each data point for all others
in this group was derived through functional relationships with mean

particle size, d.

4.4 Saturated Zone Depth (B), and Facility Area (A,)

The graphical representations for these fitted distributions are
shown in Figures 7 and 8. Because A, is used in developing for “engineered"
facilities, Figure 8 applies only to landfills. The rationale for this
approach is the requirement that impoundments must be "clased" as if the

system were a landfill.

4.5 Percolation Flux (q) and Initial Concentration Standard Deviation

@)

The distribution for q is described in the E. C. Jordan report (1985).
Because a relatively few data points make up this distribution a direct
interpretation framn the data expressed as a aimmulative frequency table
was made. That is, linear interpolation for intermediate data points on
the Figure 9 develgped in the E. C. Jordan report (1985) was employed.
Subsequent generation of the distributions for A, H, V, and (" produced
Figures 10-12.
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5.0 Modeling Results
The groundwater model was implemented with the input data generated
by the data, assumptions, or modeling reported in the previous sections.
Two general cases are of interest: modeling results for non-degrading

chemicals, and for degrading chemicals.

5.1 Results for Nondegrading Chemicals

The behavior of all non-degrading organic chemicals will be identical
because sorption does not (as implemented in the model) influence dissolved
concentrations. Thus, it is possible to produce a single cumulative
frequency distribution for all such compounds. The resulting distribution
is given in Figure 15. In addition to the graphical results, tabulated
values for the frequency distribution are given in Table 4. Also
given in the table are results from simulations using a neutral hydrolysis

rate corresponding to a one-year half-life with no sorption.

Table 4. Model Simulation Results for Non-Degrading Chemicals
and Chemicals with a One Year Halflife

Cumulative *CD Value

Percentile Non-Degrading Case One Year Halflife
0.25 <0.0 x 107 1.0 x 1076
0.50 1.8 x 1075 2.0 x 10°5
0.75 0.0044 " 0.0046
0.90 0.043 0.043
0.95 0.09 0.10

*CD = Canp/CL

where Capy = health-based threshold

C, = leachate concentration
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5.2 Results for Degrading Chemicals -

All degrading chemicals will respond to differences in both rate
constants (ka, kp, kp) and partition coefficients (Kp). For this reason
no general result can be developed, rather, a unique cumulative frequency
curve exists for each individual chemical. To illustrate general
differences between behavior of chemicals that do not degrade and those
that degrade a series of simulations shown in Figures 16 - 21 were
produced representing chemicals that do not sorb but have varying
effective half-lives. These results compared to those of Figure 13
illustrate the dramatic impact thag; degradation can have at "fast" ;ates
but also show a surprisingly small effect at "slow”™ rates. Table 5

summarizes the results for different rate constants.

Table 5. Model Simulation Results for Degrading Chemicals
That Do Not Sorb
CD Value for Each Noted Halflife

Cumulative

Percentile 30 days 60 days 90 days 8 months 16 months 2 years

0.25 8.0x10-6 9.0x10-6 9.2x10-6 9,7x10-6 - 1.0x10-5 1.0x10-5
0.50 1.7x10~5 1.8x10-5 1.8x10-5 1.8x10-5 1.8x10~5 1.84x10-5
0.75 3.6x10"3 4.0x1073 4.4x1073 4.5x103 4.5x1073  4.5x1073
0.90 3.5X102 3.8x10‘2l 3.9x10"2 4.2x10"2 4.3x1072  4.3x10"2
0.95 7.5X10~2  8.2x10"2 8.5x10"2 8.6x10"2 8.7x10~2 8.8x10~2
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6.0 Limitations in the Approach and Issues

The results obtained from the monte carlo simulations are intended
to represent the performance of land disposal systems as they can exist
over the entire country. Attempts have been made as presented in this
report to accurately represent the range of possible outcomes of this
process. Given the required assumptions, however (including in same
cases éssunptions of independence when weak dependence is known to exist),
it is recommended that extreme values of the derived distributions be
viewed as suspect. For this reason, values in excess of the}95th percentile
level and below the 5th percentile level should not be viewed as having
the "acauracy" of those values intermediate to these extremes.

Recall fraom the statement of objectives the intent to include an
explicit representation of the measurement errors associted with hydrolysis
and sorption experiments. This has not yet been done but is under
development. For chemicals that do not degrade this is not a requirement.
Limited sensitivity analysis to date for degrading Iconpmnds suggests
that for certain ranges of halflives the ocutcomes are relatively insensitive,
especially near distribution extremes.

Increased confidence in the modeling results can be achieved by
canpleting the following activities: |

(1) developing better distributions for subsurface properties,

particularly mean particle sizes and related phenomena based

on a more ocomprehensive review of subsurface data

(2) expanding the spatial and temporal extent of the HELP model
simulations (as described in the E. C. Jordan report, 1985)

fcr icadhicte wlures
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(3) dewveloping a correlated distripution generation approach for

the leachate penetration depths, H, g, and V

(4) relating dispersitivities to porous medium properties (probably

hydraulic conductivities) as well as scale

(5) developing analytic expressions for the sensitivity functions

of the model

(6) oonducting exhaustive sensitivity analyses to determine exact

sources of the major model sensitivity
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1.0 INTRODLCTICN

In accordance with recent federal legislation, land disposal of certain hazar-
dous wastes is to be banned. Short-term hazards posed by these wastes can be

controlled by specially engineered and constructed facilities. The banning of
wastes is intended to prevent hazards posed by certain wastes as the lodg-term
performance of the engineered facilities change. Analysis of these changes in
long-term performance provides information needed to determine which wastes to

ban.

1.1 Background

In accordance with the Resource Conservation and Recovery act of 1976 (RCRA)

" and the Solid Waste Amendments of 1984 (Amendments), the U.S. Eanvironmental
Protectioq Agency (EPA) must review all listed hazardous wastes and hazardous
conétituents and determine which wastes should be banned from hazardous waste
land disposal facilities. The Amendments require waste to be banned for as
long as the waste is hazardous if the wastes are highly mobile, highly tox;c,
persisteat or bioaccumulate and pose a significant threat to human health and
the environment. Further, the EPA is developing a complementary test, EP-III,
for the toxicity che:acteris;ic of hazardous wastes. This test, similar to the
existing test (EP-I) which screens wastes for the presence of selected mobile
heavy metals and organic compounds (40 CFR 261.24), will screen wastes for the

presence of other mobile organic_constichents. Both tests are intended to be

1-1
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used by generators of solid wastes to determine if a waste is hazardous. While
specific criteria were established (i.e., 100 times National Interim Primary
Drinking Water Regulations) for the concentration of chemicals in the extract
of EP-I, new criteria need to be identified for chemicals that exceed these
criteria to determine if they should be banned from land disposal facilities.
Criteria will also be needed for waste classification and banning for chemicals

detected in the extract of EP-III.

The EPA, as part of a comprehensive regulatory development program to protect
human health and the environment from mobile and toxic wastes has identified

the following needs:

o identify wastes that should be classified hazardous and managed in Sub-

title C (hazardous wasts) facilities; and

-] identify those wastes that should be banned from Subtitle C land disposal

facilities.

Wastes that are not classified as hazardous may be managed in Subtitle D
facilities such as sanitary landfills, municipal incinerators and resource

recovery facilities.
EPA's Office of Solid Waste (OSW) is currently developing a framework for a

regulatory program to address these needs. This proposed framework is intended

to provide a generic screening procedure for all wastes generated in the United

1-2



States. Under OSW's proposed framework, EPA will establish screening levels

for chemical constituents of wastes.

The screening levels will be transformed as maximum acceptable concentra-

tions for chemicals in air emissions, surface runoff andileachate emanating
from land disposal facilities. These transformed criteria will be established
through a back-calculation procedure. This procedure uses fate and transport
models that start from a point of potential chemical exposure at a concentra-
tion protective of public health and the environment and estimates the chemical
concentration in leachate that will not cause the criterion to be exceeded.
Wastes that yield a chemical concentration in the EP extract that exceeds the

transformed criterion will be classified as hazardous.

The transformed criteria will be further adjusted to account for the additional
control over hazardous wastes provided by engineered structures at Subtitle C
. land disposal facilities. If chemical concentrations in the EP extract exceed
these adjustéd criteria, then the waste would be banned from Subtitle C land

disposal facilities.

Adjustments may be based on one or more of the following:

o leaching environment and chemical flux to air, surface water or ground-
water;
o containment facilities (e.g., cover system, liner system); and
1-3
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o] management controls (e.g., groundwater monitoring, operating and post-

closure care period procedures).

Leaching environments and chemical flux are highly site specific and waste
specific. Further, the interaction of wastes and mobile constituents of wastes
may significantly alter the chemical flux from a facility that occurs as
precipitation (e.g., rainfall) percolates through the waste deposit. Increases
in the chemical flux may occur by enhancing the solubility of a constituent by
the presence of a mobile chemical from another waste in percolating precipita-
tion. For example, hydrophobic.chemicals may dissolve to a greater extent if
the percolating water contains sufficient organic solvents to enhance the
solubility of these chemicals. Decreases in chemical flux may occur due to
waste-waste interactions or other physicochemical or biological activity that
may occur during facility operation and containment of the waste after closure.

Examples. of processes that may reduce chemical flux to the environment include:

o  collection of mobile chemicals in leachate during operations and post-

closure care period (PCP):
o hydrolysis of organic wastes;
o waste/waste interactions;
o chemical, physical and/or biclogical transformation or degradation of

hazardous constituents; and
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o volatilization.

Management of land disposal facilities is typically more structured and control-
led at Subtitle C facilities than at Subtitle D facilities. During operations,
wastes are screened, analyzed, and, if appropriate, rejected to protect the
performance of engineered containment systems and public health and the environ-
ment. Undesirable waste-waste interactions can al;o be avoided. Groundwater
monitoring, inspection, maintenance and reporting enhance the intended pe;form-
ance of the facility. Contingency plans and a regulatory program for correc-
tive action exist through the post-closure care period to prevent and control

chemical flux from the facility.

A greater degree of containment is typically provided at Subtitle C facilities
than at Subtitle D facilities. Installation and operation of leachate.collec-
‘tion systems is specifically regulated. Cover and liner system components and
performance are also specifically regulated. Engineered controls are specified

in 40 CFR Parts 264 and 265 for Subtitle C and in 40 CFR 257 for Subtitle D

land disposal facilities.

1.2 Objective

The objective of this report is to identify how these engineered controls can
be incorporated imto the back-calculation procedure. Engineered coatrols will
be analyzed and evaluated to factor these controls into OSW's approach for

for restricting land disposal of hazardous waste.

5.85.102
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The analysis takes into account the time importance of low permeable barrier
iayers in cover and liner systems (e.g., polymeric geomembranes, clay), leach-
ate collection and removal systems, groundwater monitoring and corrective
action requirements of 40 CFR Parts 264 and 265. Particular emphasis is placed’

on long-term events and performance of these control systeams.

0SW's proposed regulatory framework is intended to provide a generic screening
procedure, independent of site specific factors and protective of human health
. and the environment. The analysis and evaluation was conducted on a national
scale to incorporate engineered controls into OSW's proposed.regulatory

framework.

1.3 General Approach

" A procedure to incorporate engineering controls into OSW's proposed regulatory

framework needs to consider the following factors:

o chemical flux depends on the presencé of a transport medium and the

leachability of specific chemicals in that midium; and

o performance of engineered controls depends on duration of exposure to

natural weathering processes and chemicals contained.

Chemical flux to groundwater from a land disposal facility occurs as a result
of chemicals dissolving into liquids migrating through the waste. Since bulk

and containerized liquid wastes are currently banned from land disposal facili-

1-6
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ties, chemical flux is the result of precipitation that percolates through the

waste.

Performance of engineered control structures in the short-term depends on
appropriate design, material selection and specification, construction, waste
screening, inspection, maintenance and monitoring. Over time, performance
characteristicsAof cover or liner system components can be expected to change.
Some components, such as polymeric geomembranes, may undergo dramatic change in
performance while other companents,vsuch as clay Iayers, may undergo more
limited change in performance. The effect these changes have on component and
system performance will control the leaching rate and thus the miss and concen-

tration of chemical leached.

Duration of containment is important for evaluating the threat posed by hazar-
dous wastes if the processas identified in Section 1.1 can be reasonably

expected to significantly reduce mobility, toxicity or tendency to biocaccumu-
late during the containment period. .Currently, there is insufficient informa-
tion available to accurately account for such significant reductions in waste
characteristics in a generic screening procedure. Where information is avail-
able, then the generator may seek a variance through a site-specific petition

proceduras.

The back-calculation procedure proposed by OSW incorporates several important

characteristics:

1-7
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o the procedure should not be dependent on a limited mass of waste (the

-

procedure does not limit hazards due to the size of a facility or the

quantity of waste deposited in a facility); and

o the procedure is independent of long-term (on the order of thousands of

years) events or changes in facility performance.

These characteristics indicate that short-term performance of engineered
control, such as during operations or the typical 30 year PCP, are not import-
ant in transforming the screening levels to classification and banning

criteria. The most important characteristic is the leachate rate caused by

precipitation percolating through the waste.
Land disposal facilities typically include:

o waste piles;

o surface impoundments;
o landfill;

o] land treatment; and

o subsurface injection well facilities.

Requirements of 40 CFR Parts 264 and 265 state that closure of waste piles and
subsurface impoundments must rémove all hazardous waste or close in compliance
with all landfill regulations. Due to the long-term characteristic of the
screening procedure, only closed landfills are considered in assessing engin-
eered controls. Land treatment and subsurface injection well facilitijes
represent special cases and are not considered in this aﬁalysis.

1-8
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Analysis and evaluation of engineered controls at land disposal facilities
were incorporated into the proposed regulatory framework by the following

approach:

o identify significant mechanisms and extent of changes in leaching rates

from Subtitle C and D facilities;

o determine long-term leaching rates representative of climatic and site

conditions within the contiguous 48 states for Subtitle C and D facili-

ties;
] develop an area weighted distribution of leaching rates; and
o conduct a sensitivity analysis of the parameters used to estimate the

leaching rates.

This approach was selected because the primary transport mechanism to the
groundwater is percolating precipitation, long-term performance will yield the

greatest chemical flux to the groundwater, and the procedure should be generic.
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2.0 ANALYTICAL APPROACH

The analytical approach used to incbrporate-engineered controls into land
disposal restrictions is based on the leaching process and anticipated long-
term conditions at the disposal facility. A standard set of conditions is used
to develop national leaching rate distributions for Subtitle C and D facili-
ties. Sensitivity analysis of the standard conditions describes the potential

variation for each distribution.

2.1 Leaching Process

Long-term chemical flux at land dispoéal sites is caused by precipitation
percolating through the waste. The leaching process depends on regional
climatic conditions ahd site specific facility conditions. Quantitative
estimates of long-term leaching rates can be made using historic climatic and

anticipated facility conditions.

2.1.1 Climatic Coﬁditions

Distribution of precipitation in the contiguous 48 states is shown in

Figure 2-1. Precipitation will vary from year to year, but typically will vary
less than 20 percent of the average precipitation. Precipitation in the form
of rainfall will initially enter or infiltrate the cover soil of a disposal
facility until the precipitation rate exceeds the infiltration ra;e and will

then drain from the facility as surface runoff. Water that infiltrates the sur-
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face soil is stored in the soil and transmicted to lower, less moist soils.
Infiltrating water is removed from the seil through evaporation and transpira-
tion. Average evaporative losses are shown in Figure 2-2. Evaporative losses
from pans or lakes are used because of the difficulty in directly measuring
evaporation and transpiration losses from soil. Areas with high evaporative
losses are also found to have high evaporative-transpiration (E-T) losses.
Actual E-T losses will depend on such factors as solar radiation, wind speed,
humidity, plant type, (including leaf area and.root zone) texture of surface

soil, and availability of water.

Precipitation in excess of losses due to surface-runoff and E-T will result in
net infiltration or deep percolation to soils below the root zone. This net
infiltration is considered comparable to the long-term leaching rate at land
disposal facilities. Site specific facility conditions such as low.permeable
layers or drainage layers may cause the leaching rate to be less than net
infiltration since these layers may divert percolating water from underlying

waste.

2.1.2 Analysis Method

Quantitative estimates of leaching rates are typically caiculated using the
Hydrologic Evaluation of Landfill Performance (HELP) model or the Water Budget
(WATBUG) model. The HELP monI relies on the Penman ﬁechnique to estimate net
infiltration and was developed by EPA in 1980 (Perrier and Gibson, 1980) and
most recently revised in 1984 (Schroeder, et al., 1984) specifically for

hazardous waste landfills. The WATBUG model relies on the Thornthwaite method
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(Thornthwaite and Mather, 1957) of estimating net infiltration and has been
used for landfill applications in automated form since 1980 (Mather, et al.,
1980) and manual form since 1975 (Fenn, et al., 1975). The HELP model éonducts

the water balance computations on a daily time step, but relies on average

monthly temperatures; and the WATBUG model relies on a monthly time step.

The HELP model was adapted from similar models developed by the US Department
of Agriculture and incorporates analytical modules that account for drainage
barrier layers that can be installed in cover or liner systems. The WATBUG, in

the form presented by Mather, does not account for such drainage layers.

The HELP model {s readily available through a National Technical Information
Service (NTIS) time-share computer and includes the most recent 5 years of
climatic data at more than 100 reporting stations. The WATBUG uses a 25-year

average of climatic conditions and requires that precipitation data be entered

into the computer for each station.

The HELP model was chosen to conduct this analysis of the leaching rate for the

following reasons:

] the model is currently being validated and documented by the EPA for land
disposal sites; whereas a comparable validation and documentation is not

available for the WATBUG model;

o ease of access to the large number of reporting stations compared to

manual entry for WATBUG;
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o 5 years of data was not considered to be an overly restrictive data base

compared to 25 years (see Appendix A); and

o barrier and drainage layer performance is already incorporated into the

HELP model.

2.2 Climatic Data Base

The precipitation data, Figure 2-1, and evaporation data, Figure 2-2, wefe used
to identify rangeé of conditions that may be encountered in the contiguous

48 states. These conditions are summarized in Figures 2-3 throuéh 2-8. Six
precipitation fanges were selected as representative of the U.S. and three E-T
conditions were selected. A total of 18 climatic conditions were identified
for developing the national leaching rate distributions. Greater definition of
the distribution is possible by selecting a larger .number of precipitation
and/or evaporation conditions. If greater definition is desired, egphasis
should be placed in‘areas of the country where precipitation is greater than

E-T because these areas yield the larger leaching rates.

A reporting station of climatic data was selected in each of the 18 areas shown
in Figures 2-3 through 2-8. Stations were selected from the more than 100
cities included in the HELP godel.data base. Cities selected are listed in
Table 2-1. Since some areas selected are larger than others, it may be desir-
able to relate the estimated leaching rate to the percent of the total area of

the contiguous 48 states.
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TABLE 2-1

CITIES SELECTED FOR CLIMATIC DATA?

PRECIPIT@TION EVAPORATION CLIMATOLOGICAL AVERAGE S-YEAg PERCENT OFc
RANGE POTENTIAL CENTER PRECIPITATION TOTAL AREA
<10 Low Pocatello, 1D 9.8 3
Medium Cedar Ciry, UT 9.8 2
High Las Vegas, NV 5.3 3
10-20 Low Great Falls, MT 17.9 3
Medium Rapid City, SD 15.4 18
Nigh Midland, TX 16.3 11
20-32 Low St. Cloud, MN 25.8 9
Medium Grand Island, NE 22.2 4
High Oklahoma City, OK 30.4 5
32-40 Low Montpelier, VT 34.5 3
Medium Cleveland, Ol 36.17 5
High Columbia, MS 37. 3
40-48 Low ‘Boston, MA 40.9 3
Hedium Indianapolis, IN 40.3 1
High Charleston, SC 48.3 5
>48 Low Astoria, OR 65.6 2
Medium Knoxville, TN 48.1 3
High Tallahassee, FL 68.4 11
p  Based on USEPA HELP model.
c luches per year (assumes unit area).
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2.3 Facility Conditions

The design conditions used in predicting the leaching rate are based on current
state and federal regulations, and guidance criteria from EPA documents. The
major design conditions considered in analyzing engineered controls include:
cover and liner configuration (e.g., slope, soil types, barrier layer mater-
ials), type of vegetative cover and depth of root (évaporative) zone. The

standard set conditions used in the analysis of Subtitle D and Subtitle C

facilities a:é discussed below.

2.3.1 Subtitle D Facility. Subtitle D facilities are typically municipal

solid waste landfills. These types of landfills are regulated by state
agencies. These regulations include specific desigh réquirements as well as
site location, operating and other requirem#nts. In addition, federal guide-
lines for Subtitle D facilities are found at 40 CFR 257. A review of state

regulations concerning cover and liner requirements found the following:

1. 90 percent of the 30 states require a minimum of 2-feet of cover

soil; and

2. 90 percent of the 50 states have no specific requirements for liner

systems beneath Subtitle D facilities.

The type of soil selected for use in the cover must be able to support vegeta-
tion and to minimize infiltration. Soil textures, as classified by the U.S.

Department of Agriculture (USDA), commonly used to meet this requirement
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include loamy sand, loam and clayey loam. A 24-inch thick loam soil

placed on a slope of 2 to 5 percent will comply with the regulations found in
over 90 percent of the 50 states and was selected for the standard conditions
of this analysis. The type and condition of vegetative cover at the Subtitle D
landfill influences the leaching rate by controlling infiltration rates,
evapotranspiration and surface runoff. Landfill covers are usually seeded with
a mixture of grass to control erosion. Because the cover soils required are
expected to be conducive to grass growth, complete coverage or a good grass
stand would be expected shortly (several years) after seeding the cover. The
root zone of grass species can extend to 36 inches and more. However, the root
" zonme is not expected to penetrate the waste layer, which is at a depth of 24
inches, due to unsuitable growing conditions in the waste layer. Waste mater-
ial in sanitary landfills will decompose (e.g., production of acids, methane
and carbon dioxide), creating an unsuitable growing condition whiéh would

inhibit the roots from penetrating below the cover soil layer.

Vegetative cover may progress to other species in the long-term, depending on
the climatic conditions, indigenous species in the vicinity of the landfill,
and growth conditions prevalent in the landfill cover. This long-term vegeta-
tive species progression was not considered since such a long-term vegetative
species progression is highly sensitive to site-specific conditions, it may
also be expected at Subtitle C facilities, and the greatest chemical flux at

sanitary landfills occurs in the first several years after waste placement.

Based on the above information, the conditions used in analyzing long-term

Subtitle D facility performance using the HELP model included:
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o 2-feet of cover soil consisting of a loam texture and a good grass

stand on a 2 to 5 percent slope;
] root zone of 24 inches; and
o no liner system beneath the site.

These conditions are depicted in Figure 2-9. A sensitivity analysis of soil

texture and root zone depth is discussed in Section 3.0.

2.3.2 Subtitle C Facility. Subtitle C facilities are regulated by federal

regulations for the disposal of hazardous wastes. Specifically, the regula-
tions cited in the 40 CFR Parts 264 and 265 and requirements of the Amendments
provide the framework for éngineered controls. In addition, the EPA has issued
guidance to owners and operators of land disposal facilitieé (Lutton, 1980;
EPA, 19382; EPA, 1983; EPA, 1984; EPA, 1985). These engineered controls for
disposal facilities include multi-layered cover/liner systems consisting of
drainage layers, geomembrane barriers and soil barriers. Several cover/liner
system configurations that will meet the regulations are depicted in Figure
2-10. The configurations include one cover system and three liner systems.

The cover system consists of a 2-foot cover soil layer above a l-foot drainage
layer, a geomembrane liner bedded with filter fabric, followed by a 3-foot hlay

layer.

The liner systems shown on Figure 2-10 all include leachate collection and

detection layers. The difference between the liner systems is the combination
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of barrier layers used. The combinations include the use of two geomembranes
separated by a drain layer, a geomembrane separated from a clay layer, and a

geomembrane separated from a geomembrane-clay composite layer.

Since the analysis of engineered controls is intended to evaluate long-term

performance (e.g., several centuries), the leaching rate of configurations

described above is expected to change.

The principal change affecting leaching rate is expected to be the degradation
of the geomembranes to & point where they are no longer effective in control-
ling water movement. In addicion, the leachate collection/degecéion systems
that remove leachate from the facility are not expected to be operating over
this period. The clay liners are expected to have greater hydraulic conduc-
tivity as a result of geologic change (e.g., weathering) and exposure to

chemicals.

Practical experience with the performance of polymeric geomembranes as barriers
to water flow is limited to a few decades. Use of geomembranes to contain
mobile wastes in landfill environments is limited to less than 20 years. An
assessment was made of the service life of geomembranes used to cohtain hazaz-
dous wastes at land disposal facilities (Lyman, et al., 1983) this assessment
indicated there is limited data available on which to project long-term service
life but containment may be exéected over several decades and could possibly
extend over 100 years. Since the long-term analysis of engineering controls
considers performance over several centuries and the service life of geomem-

branes is estimated to be a fraction of this period, the effectiveness of
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geomembranes barriers to control leaching rates is expected to be equal to or

less than clay barriers.

Clays are residual soils created through physical and chemical weathering of
rocks and minerals such as feldspars in granite and pegmatites. The silicon-
oxygen sheet structures of these minerals combine with aluminum, sodium,
calcium, potassium and magnesium cations, some iron oxides and hydroxl mole-
cules from water to form hydrous silicates -- mainly lcaolinite, illite and
montmorillinite clays. Clays are relatively stable, although they exchange

cations and dehydrate and hydrate to variable extents.

Clays are regionally distributed in the U.S. and are susceptible to specific
geologic weathering processes. In general, the most important long-term
weathering process of clay barriers at waste disposal facilities is the develop-
ment of soil structure (fabric). Soil fabric may result from wetting and.
drying in response to percolating precipitation. Clay particles tend to
flocculate and clump together in aggregates, or peds, qhen the clay dehydrates.
The formation of peds is a slow gradual process that transforms the clay
barrier into blocks of soil. These blocks of soil cause an increase in the
hydraulic conductivity of the clay barrier. The extent of this increase
depends on the extent of dehydration. Clay barriers in cover and liner systems
are not as susceptible to formation of peds as similar clays at the ground
surface since they are less suéceptible to large fluctuations in moisture

content caused by evapotranspiration of percolating water.
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Naturally occurring clay soils near the ground surface can be considered

representative of the extent of geologic weathering to which clay barriers in
Subtitle C facilities will be exposed. A Soil Conservation Service survey of

clay soils for states across the U.S. indicates hydraulic conductivity ranged

from 1.4 x 10 * to 4.3 x 10°% cm/sec for soils at depth of 30 to 80 inches.

It is.anticipated that natural clays with an in-situ hydraulic conducti?ity on
the order of 10 ¥ cm/sec can be compacted to achieve the 10’7 cm/sec required
b§ the Amendments. Therefore, the slower hydraulic gradient (4.3 x 10°*
cm/sec) is probably representative of the upper limit for hydraulic conductiv-
ity that may result from geologic weathering of clay barriers in engineered
controls at Subtitle C facilities. An even slower hydraulic conductivity may
be more typical of the long-term clay performance of clay barriers since some
weathering processes, such as transport of fines by percolating water from the
soils overlying the clay barrier tends to reduce hydraulic conductivity by

plugging pores of the clay soil.

The use of clay soils as barrier layers in cover or liner systems is subject to
both geologic weathering and alteration of the clay soil structure on exposure

to chemicals. These alterations can lead to increased hydraulic conductivity.

Alteration of the clay soil structure may be caused by dissolving constituents
of the clay mineral, including aluminum, iron and silica (Brown and Anderson,
1983). Changes in the colloidal characteristics of the clay mineral may cause
flocculation and increased hydraulic conductivity. The extent of alteration is
controlled by such factors as type of clay mineral, waste constituent, mixt;re
of chemicals and concentration of chemicals. As these alterations progress
increased flow of percolating liquids may cause piping. These alternations may
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cause the hydraulic conductivity of some clay soils to increase by a factor of
100 (Anderson, 1982). While much of the current knowledze of chemical inter-
actions with clay is based on laboratory studies with concentrated

chemicals, there i# a potential for increased hydraulic conductivity to occur
under field conditions. Additional information is needed to determine the
increase in hydraulic conductivity caused by aqueous solutions of chemicals
under field conditions. The increase, however, is not expected to be gréater
than the 100 fold increase observed for concentrated chemicals under laboratory
conditions. A hydraulic conductivity range of 5 x 10°% to 5 x 10”7 cm/sec
appears to be reasonable to estimate long-term perfdrmanée of clay barriers

exposed to chemicals.

Based on the above information, the conditions used in analyzing long-term

Subtitle C facility performance using the HELP model included:

o 2 feet of cover soil consisting of a loam texture and good grass
stand;

° 1-foot drainage layer at a two percent slope to free drain at toe of
slope;

o root zone of 36 inches; and

o 3-foot clay layer with a hydraulic conductivity of 1 x 10" * co/sec.
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A bottom liner system was not included in the design because the clay layer in
the bottom liner is subject to similar copditions as the clay layer in the
cover system and is also exposed to chemicals leaching from the waste. There-
fore, the hydraulic conductivity of the bottom clay liner is expected to be
equal to or greater than the clay layer in the cover and is not expected to

control the leaching rate.

A sensitivity analysis was conducted to determine the variation in estimated
leaching rates by varying the cover soil texture, clay hydraulic conductivity

and root zone depth. The results of this analysis is presented in Section 3.2.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 Leaching Rate Distributions

Leaching rates for Subtitle C (hazardous) and Subtitle D landfill'facilitiés
were estimated with the HELP model for conditions considered representétive of
long-term performance. Leaching rates were estimated for 18 climatic condi-
tions encountered in the contiguous 48 states. A summary of leaching rates is
prévided in Table 3-1. This information is expressed as percent of area in the
contiguous 48 states where leaching rates may be expected to équél or be less

than the rate shown.

Estimates of leaching rates suggest the rates are not randomly distributed in
the contiguous_hs states, but are.highly dependent on the annual precipitation.
Leachate was estimated for all chosen locations of Subtitle D facilities.

These leaching rates ranged approximately 2 orders-of-magnitude (100 fold) from
Pocatello, ID to Astoria, OR (35.9 inches per year), while precipitation ranged
over one order-of-magnitude. Long-term leaching was not estimated to occur at
Subtitle C facilities receiving less than 20 inches per year of pfecipitation
(with one exception). Where leaching was estimated to occur at Subtitle C
facilities, the rate was generally 2 to 3 times less than for Subtitle D

facilities.

The distributions of leaching rates shown in Figure 3-1 indicate Subtitle C

facilities are expected to leach at a rate less than for Subtitle D facilities.
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TABLE 3-1
LEACHING RATES SUMMARY®

PRECIPITﬁTION EVAPORATION LEACHING Rl\'l‘[-lb CLIMATOLOGICAL AVERAGE S-YEAB PERCENT OF
RANGE POTENTIAL "c" "p" CENTER PRECIPITATION TOTAL AREAS
<10 Low 0.0 0.1 Pocatello, ID 9.8 3
Medium 0.0 0.3 Cedar City, UT 9.8 2
High 0.0 0.2 Las Vegas, NV 5.3 3
10-20 Low 0.0 0.8 Great Falls, MT 17.9 3
Medium 0.0 0.6 Rapid City, SD 15.4 18
High 0.4 1.2 Midland, TX 16.3 11
20-32 Low 0.3 1.5 St. Cloud, MN 25.8 9
Medium 0.5 1.5 Grand Island, NE° 22.2 4
High 0.5 2.4 Oklahoma City, OK 30.4 5
32-40 Low 3.6 1.2 Montpelier, VT 34.5 3
Medium 3.7 6.8 Cleveland, OH 36.7 5
High 2.9 4.8 Columbia, MS 37.1 3
40-48 Low 7.0 12.1 Boston, MA 40.9 3
Medium 3.3 6.8 Indianapolis, IN 40.3 17
High 2.5 5.8 Charleston, SC 48.3 5
>48 Low 11.9 35.9 Astoria, OR 65.6 2
Medium 7.1 12.2 Knoxville, TN 48.1 3
High 6.9 12.1 Tallahassee, FL 68.4 11
a Based on USEPA HELP model estimates. Estimates for Subtitle C ‘facilities assume an evapotranspiration
b zone of 36 inches and 24 inches for Subtitle D facilities. : ‘
Inches per year (assumes unit area).
¢ Percent of total area of contiguous 48 states.
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The distributions may be better defined if more climatological centers are
evaluated (up to 100 reporting cities are included in the HELP data base), but

the basic trends and differences are not expected to change dramatically.

3.2 Sensitivity Analysis

Since the leaching rates shown in Table 3-1 and Figure 3-1 were estimatéd for a
standard set of conditions, an analysis was conducted to determine the effect
on leaching rate over a range of conditions that may be encountered. This
analysis was conducted using Indianapolis, IN. Other climatological centers
would be expected to respond in a similar manner. Conditions th;t were varied

included cover soil texture, hydraulic conductivity of the barrier layer and

evapotranspiration zone.

Cover soil texture effect on estimated leaching rates was analyzed for loaamy
sand and clayey loam. These soils are considered reasonable substitutes for
‘the loam soil that was used in the standard conditions. As may be expected,
use of more permeable loamy sand in the cover to support vegetation was found
to yield more leachate than loam. The leaching rate was almost doubled for the
Subtitle C facilities while it was tripled for Subtitle D facilities. The
leaching rate was less affected by use of clayey loam instead of loam

(<10 percent at Subtitle C fac;lities and $20 percent at Subtitle D facili-
ties). This suggests that the use of cover soils less permeable than loam will
have a minor effect on the estimated leaching rate whereas the use of more
permeable cover soils will increase leaching rates more at Subtitle D facili-

ties than at Subtitle C facilities.
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TABLE 3-2
SENSITIVITY ANALYSIS SUMMARY

LEACHING RATE?

CONDITION 9 qp
Standard Conditionsb 3.3 6.8
Soil Texture

Loamy Sand 6.11 19.71

Clayey Loam | 2.97 5.22
Hydraulic Conductivity, k

5 x 10:? cm/sec 4.3 -

5x 10 ° cm/sec 2.2 -
Evapotranspiration (E-T) Zone -

Depth = half of standard condition 7.34 11.6
a inches per year (assumes unit area) for Indianapolis, IN

location: Q = Subtitle C facility

qp = Subtitle D facility

b Standard Conditions included:

cover soil texture .6 loam

barrier layer hydraulic conductivity 10 cm/sec

evapotranspiration zome 36 inches for Subtitle C facility

24 inches for Subtitle D facility
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3 Hydraulic conductivity in barrier layers in cover or liner systems was varied
from 5x10°% to 5x10°7 cm/sec to determine the effect on leaching rate from the
standard condition of 10 ® cm/sec. Since Subtitle D facility cover systems
were not assumed to provide such a barrier layer, the analysis was limited to
Subtitle C facilities. The analysis indicated changes in leaching rates on the

order of approximately 50 percent.

Reducing the depth of the zone where evapotranspiration may occur increased the
Subtitle C leaching rate by a factor of almost 2.5, while the Subtitle D
leaching rate increased by a factor of 1.7. This difference in effect on
leaching rates caused by reducing the evapotranspiration zone suégests that the
greater depth used for the Subtitle C facility (36 inches) provides more

control over leaching rates than the shallower depth (24 inches) used for

Subtitle D facilities.

Comparison of the relative importance of the conditions analyzed indicated the
evapotranspiration depth is the most important condition for estimating Sub-
title C leaching rates followed by use of more permeable soils for barriers and
cover systems. The same two conditions, but in reverse order, were the most
important in affecting Subﬁitle D leaching rates. In all cases, éubtitle D

leaching rates were greater than for Subtitle C.

The sensitivity analysis was conducted over a reasonable range of long-term
conditions. The estimated leaching rates over these ranges therefore provide a
means of estimating the range of leaching rates that may be expected for these

facilities under climatic conditions represented by Indianapolis, IN. Sub-
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title C facilities in Indianapolis may leach at a rate ranging from 2.2 to
7.34 inches per year, whereas, a Subtitle D leaching rate may range from 5.22
to 19.71 inches per year. The range of leaching rates may be greater if more

than one standard condition is varied.

3.3 Application of Distributions

3.3.1 Use. Leaching rates and their frequency of occurrence in the contiguous
48 states were estimated for use in developing a generic procedure to claséify
wastes as hazardous and determine hazardous wastes to be banned from Subtitle C
land disposal facilities. fhe leaching rates provide a means of.estimating the
chemical flux (mass rate of chemical release) from both Subtitle C and D
facilities. The volumetric flux (volumetric rate of leachate production)
identifies the transport rate which is leaching mobile chemicals out of the
facility. When leaching rate is multiplied by concentration of chemicals in
the leachate, then the chemical flux is described oﬁ a unit area basis. It is
appropriate to express this flux on a unit area to maintain the generic appli-

cation of the procedure.

The generic procedure is to be used to se;ect chemical concentration criteria
for use with a simple extraction procedure (e.g., Extraction Procedure III -
organics). The EPA must ulﬁimgtely select a specific leaching rate to deter-
mine the chemical concentration criterion that is protective of human health
and the environment. Maximum protection is provided by selecting the greatest

leaching rate.
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Selection of an appropriate chemical concentration may be a complex task. An
upper concentration limit may be identified as the solubility of the chemical
in an aqueous solution. This assumes that wastes placed in the facility are
not, or do not, contain free liquids and must dissolve into precipitation that
percolates through the wastes. This approach to identifying a chemical concen-

tration has several limitations:

o not all chemicals have solubility limits in water (i.e., some chemicals

are miscible in water);

o solubility concentrations are rarely attained because of the inherent

kinetics of the leaching process -and chemical equilibria; and
o may far exceed actual leachate concentrations.

Alternatively, an appropriate concentration can be estimated by an iterative
process to determine the concentration that, when released to an underlying
groundwater system and transported downgradient to a receptor; does not cause
advers; human health or environmental effects. This iterative process can be
conducted after a specific leaching rate is selected or can be condgcted on ;
- mass flux basis (e.g., product of leaching rate and chemical concentration).
The appropriate leaching rate and concentration that meets the chemical flux

criterion can then be selected.
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3.3.2 Limitations

Limitations of the leaching rate distributions and their use may be described

as:

o analytical assumptions; and

N

o geographical distribution of leaching rates.

The analytical approach has several limitations that were described in

Section 2. These limitations relate to the data base used to préject long-term
performance. Use of the HELP model is based on 5 consecutive years of climatic
data. Aithough an assessment was made that suggested limited differences in
average precipitation for the S-year and 25-year periods, the significance of
several years of abnormally high precipitation or permanent shift in climatic

conditions has not been evaluated.

The conditions projected to prevail in the long-term are not based on an
extensive long-term data base. Reasonable assumptions were made to identify a
range of conditions that may prevail in the future. A particularly important
assumption was that performance is controlled by natural activities and not by -

human disturbance of the low permeable barrier.

Geographical distribution of the estimated leaching rates presents a limitation
to its use in the generic procedure. Low leaching rates prevail in certain

areas of the nation and high leaching rates in other areas. If a leaching rate
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is selected in establishing criteria for specific chemicals, then two undesir-

able effects may occur:
o over-regulation of wastes in areas with low leaching rates; and

o under-regulation of wastes if the leaching rate is larger than the rate

selacted for the criterion.

Under-regulation of wastes can be avoided by using the maximum estimated
leaching rate for selecting chemical concentration criteria. Both limitations

can be avoided by establishing land disposal banning criteria expressed as a
mass flux (e.g., the product of leaching rate and concentratién). The owner/
operator of a specific facility could.readily identify if a waste with appropri-
ate testing results (i.e., EP-III) is banned. This approach allows higher
concentrations in areas with low leaching rates and requires low concentrations
in areas with high rates. Using the mass flux rate approach, the rule or
classification procedure becomes national in scope, avoids over- or under-
regulation, protects human and the environment, and allows climatic conditions

and costs to control where wastes are deposited in a protective manner.

3.3.3 Summary

The analysis of engineered controls for land disposal of wastes yielded distri-
butions of leaching rates (Figure 3-1) for the contiguous 48 states. The
Subtitle C distribution yielded estimated leaching rates that were always less

(generally 1/2 to 1/3) than the Subtitle D leaching rates. The depth of the
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evaporative zone was found to be the most sensitive long-term site condition
used to estimate leaching rates at Subtitle C facilities. Soil texture was
found to be the most sensitive long-term site condition for Subtitle D facili-

ties.

The distributions are useful in developing a generic procedure for classifying
hazardous wastes and banning wastes from land disposal facilities. The EPA may

use the distributions to develop chemical criteria in one of the following
approaches:
o select a leaching rate and then determine an appropriate chemical concen-

tration criterion; or

° determine an appropriate chemical mass flux rate from a facility by
back-calculation from a health/environmental based criterion; and estab-
lish a mass flux criterion with regional maps of leaching rates for use by

owners/operators of disposal facilities; or

o establish a concentration criterion using the maximum leaching rate and

over-regulate wastes in low leaching rate areas; or

o] establish a concentration criterion using a leaching rate that will
under-regulate higher leaching rate areas and over-regulate lower leaching

rate areas.
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APPENDIX A

COMPARISON OF 5-YEAR AND 30-YEAR

PRECIPITATION DATA

Analysis of the long-term performance of engineered controls at waste dispesal
facilities relied on the S-year precipitation data base used in the HELP model.
The appropriateness of using a 5-year data base was assessed by comparing the
5 year average annual precipitation to an average from a longer period.

Average annual precipitation collected over a 23- to 30-year period for the
climatological centers used in the analysis of engineering controls compiled
from "Climates of the States" (NOAA, 1980). These data are presented in

Table A-1 along with the 5-year annual average precipitation computed for the
HELP model data base. Comparison of the two averages for each center showed
differences in averages from less than 1 percent to 27 percent. The larger
differences tend to occur in Fhe low precipitation ranges. Two-thirds of the
centers exhibited average annual précipitacion differences of less than

S percent. The 5-year HELP averages for those centers in the higher precipita-
tion ranges (>32 inches per year) were generally greater than for ﬁhe 30 year
average. This general trend was reversed for the lower precipitation ranges.
In addition, the larger differences (>5 percent) were generally because the

HELP data base provided a larger average annual precipitation than the 30-year

average.

Based on the above assessment of average annual precipitation, the following

observations are made:
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TABLE A-1

COMPARISON OF 5 AND 30 YEAR

AVERAGE PRECIPITATION

PRECIPITATION EVAPORATION CLIMATOLOGICAL AVERAGE ERECIPITATIONZ PERCENT
RANGE POTENTIAL CENTER 5-YEAR 30-YEAR DIFFERENCE
<10 Low Pocatello, ID 9.8 10.8d 9
Medium Cedar City, UT 9.8 9.97 1
High Las Vegas, NV 5.3 4.16 27
10-20 Low Great Falls, MT 17.9 14.99 19
Medium Rapid City, SD 15.4 17.55 12
High Midland, TX 16.3 13.31 22
20-32 Low St. Cloud, MN 25.8 26.84 3
Medium Grand Island, NE 22.2 23.41 5
High Oklahoma City, OK 30.4 31.73 4
32-40 Low Montpelier, VT 34.5 33.23¢ 3
Medium Cleveland, OH 36.7 34.93 5
High Columbia, MS 37.1 37.39 0.7
40-48 Low Boston, MA 40.9 41.50 1
Medium Indianapolis, IN 40.3 39.90 0.8
High Charleston, SC 48.3 48.73 0.8
>48 Low Astoria, OR 65.6 66.34 1
Medium Knoxville, TN 48 .1 46.18 4
High Tallahassee, FL 68.4 61.58 11

24-year average.
23-year average.

2 an o
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o distribution of leaching rates estimated using the HELP model tend to

over-estimate the long-term performance of land disposal facilities;

o the larger differences between the two precipitation averages are associ-
ated with the lower precipitation ranges (<20 inches per year) which were

estimated to yield small leaching rates.
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1.0 INTRODUCTION

As part of recent federal legislation, the U.S. Environmental Protection Agency
(EPA) must review all listed hazardous wastes and determine which wastes should
be banned from land disposal facilities. The general approach for identifying
such wastes was developed by EPA's Office of Solid Waste (OSW). OSW's analyti-
cal procedure includes credits for engineering controls that are designed into
Subtitle C facilities. These engineering controls are used to determine
leaching rates from Subtitle C facilities based on long-term performance (e.g.,
beyond anticipated design life). An analysis of leaching rates from Subtitle C
facilities and Subtitle D facilities was performed and reported in June and
August of 1985 (Jordan, 1985). Jordan's analysis evaluated 18 climatic centers
throughout the contiguous 48 states. Recommendations for future studies
included 1) an increase in ;he number of cities evaluated; and 2) comparing

" leaching rates based on the 5-year HELP! model data base to a long-term (i.e.,
20-years) preciéitation data base. This report presents the results of the

additional analyses conducted in accordance with those recommendations.

! Hydrologic Evaluation of Landfill Performance (Schroeder, et. sl., 1984)
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2.0 REVISED LEACHING RATE DISTRIBUTIONS

2.1 Analytical Approach

The analytical gpproach used for this evaluation is identical to that used in
the June 1985 study in which a standard set of design and long-term conditions
was used to estimate the leaching rates for Subtitle C and D facilities. In

both studies these standard sets, along with climatological data, were entered

into the HELP model resulting ir a calculated leaching rate.

2.2 Climatic Data Base

In the June 1985 study a total of 18 climatic centers were identified for
developing the national leaching rate distribution. As fifty percent of these
locations yielded leaching rates of less than one inch for Subtitle C facili-
ties, few data pointé were provided to establish the upper end of the leaching
rate. To obtain more data for the higher leaching rates, 12 additional clima-
tic centers with precipitation averages of greater than 20 inches were eva{u-
ated in the September 1985 study. The combined list of cities selected for
evaluation is presented in Table 2-1. Included in the group are cities with an
extended data base of up to 20 years that were also used for a sensitivity
analysis (Secti&n 3.0) of the leaching rate based on a comparison of the S5-year

and 20-year climatic data.
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TABLE 2-1

LEACHING RATES SUMMARY®?

PRECIPITQT]ON EVAPORATION LEACHING RATEb CLIMATOLOGICAL AVERAGE S-YEAg PERCENT OF
RANGE POTENTIAL e "p* CENTER PRECIPITATION TOTAL AREAS
{20-YEAR)
<10 Low 0.0 0.1 Pocatello, ID 9.8 3
Hedium 0.0 0.3 Cedar City, UT . 9.8 2
Righ 0.0 0.2 . Las Vegas, NV 5.3 3
10-20 Low 0.0 0.8 Great Falls, MT 17.9 3
Medium 0.0 0.6 Rapid City, SD 15.4 13.
Medium 0.02(0.04) 0.04 Denver, CO ' 13.0 (14.9) 5
High 0.4 1.2 Midland, TX 16.3 11
20-32 Low 0.3 1.5 St. Cloud, MN 25.8 d 7.8
Low 3.1 (3.8) 3.4 Milwaukee, WI 3.1 (33.1) 2.2
Hedium 3.4 3.4 San Francisco, CA (19.7) 2
Nedium 0.5 1.5 Grand 1sland, NE 22.2 2
High 0.5 2.4 Oklahoma City, OK 30.4 5
32-40 : Low 3.6 7.2 Montpelier, VT 34.5 3
Hedium 3.7 6.8 Cleveland, OH 36.7 2
Hediom 2.7 5.4 E.St.louis, IL 36.2 3
High 2.9 6.8 Columbia, MS 37.1 3
40-48 Low 7.0 12.1 Boston, MA . 40.9 0.4
Low 6.6 12.8 Providence, RI1 46.7 0.1
Low 4.6 (5.3) 10.0 Hartford, CT 41.1 (64.1) 0.2
Low 5.5 14.2 Worcester, MA 46.5 1.6
Low 5.7 13.0 Portland, ME 45.5 0.8
Hedium (5.2) Newark, NJ (40.4) 0.3
Medium 6.6 10.6 Philadelphia, PA 43.7 1.4
Hedium 3.3 6.8 Indianapolis, IN 40.3 5.2
High 25 5.8 Charleston, SC 48.3 6.6
High 6.4 11.4 Norfolk, VA 46 .4 0.4
>48 Low 11.9 35.9 Astoria, OR 65.6 2
’ Hedium 7.1 12.2 Knoxville, TN 48.1 3
High 6.9 12.1 Tallahassee, FL 68.4 5
High 9.8(5.9) 16. Nev Orleans, LA 70.1(56.7) 5

Based on USEPA HELP wodel estimates. Estimates for Subtitle C facilities assume an evapotraaspiration
zone of 36 inches and 24 inches for Subtitle D facilities.

Inches per year (assumes unit area); number in parenthesis indicates average hased on 20 year database.
Percent of total area of contiguous 48 states.

11 years of precipitation data.
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2.3 Leaching Rate Distribution

In both studies leaching rates for Subtitle C and Subtitle D landfill facili-
ties were estimated with the HELP model. Leaching rates were estimated in the
September 1985 study for 30 climatic centers in the contiguous 48 states. A
summary of the leaching rates is provided in Téble 2-1. This information is

expressed as percent of area in the contiguous 48 states where leaching rates

may be expécted to equal or be less than the rate shown.

The distributions of the leaching‘rates shown on Figure 2-1 do not indicate a
significant change from the June 1985 distribution. The maximum leaching rates
for Subtitle C and D facilities repeated the pattern of the initial study in
that the Subtitle C leaching rates were generally 50 percent less than those
for_Subtitle D facilities. The distribution represents the estimated leaching
rates based on the 5-year precipitation data base with the exception of New
Orleans (Louisiana), San Francisco (California) and.Newark (New Jersey) which
were based on & more extensive data base. The 5-year precipitation data for
New Orleans is substantially greater than the 20-year average (70.1 inches
versus 56.7 inches); therefore, the 20-year leaching rate w;s selected to
estimate long-term conditions. San Francisco and Newark were not available in
the 5-year data base, but estimated leaching rates for both cities are pre-

sented using the 20-year data base.

With the inclusion of the 12 additional climatic centers, the greatest change
in the leaching distributions was observed for Subtitle D facilities with

estimated leaching rates greater than 7 inches. The leaching distribution from
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that point is shifted to the right an average of 35 percent compared to the
previous distribution submitted in August 1985. While the Subtitle C distri-
bution did not change to any extent, the additional data more clearly defines

the 4 to 7 inches/year rate range in estimated leaching rates.
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3.0 COMPARISON OF S5-YEAR AND 20-YEAR PRECIPITATION DATA

A 5-year precipitation data base is typically used in the HELP model. Jordan's
initial comparison provided a sensitivity to the duration of precipitation used
in the HELP model based on a comparison of average annual precipitation for 5
years and 30-years of record. The assessment concluded that the HELP model
would tend to over-estimate the long-term performance of land disposal facili-

ties by an unknown percentage.

In the September 1985 study, to analyze sensitivity of leaching rates to
duration of precipitation, a 20-year data base consisting of eight cities was
loaded into the HELP model. The data base was obtained from the Waterways
Experiment Station, U.S. Army Corps of Engineers. Half of the cities loaded
were not in the original 5-year HELP data base, therefore the nearest climatic
center was used to allow a comparison of leaching rates. However, for three
cities the nearest climatic center was not appropriate and only five cities

were finally used in the analysis. The cities are listed in Table 3-1.

Comparison of the two annual precipitation averages (5-year and 20-year) for
each city showed differences ranging from 1 percent to 19 percent (Table 3-1).
In contrast to the June 1985 findings, the largest difference occurred in the
highest precipitation range, greater than 48 inches. In this case the 5-year
average was considerably greater than the 20-year average. The remaining

differences were not significant in relation to the range of precipitation.

3-1
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TABLE 3-1

COMPARISON OF 5 AND 20-YEAR
CLIMATOLOGICAL DATA BASE

AVERAGE .
PRECIPYTATION EVAPORATION CLIMATOLOGICAL PRECIPITATION! PERCENT LEACHING RATE “c"! PERCENT
RANGE POTENTIAL CENTER S YR.2 20 YR. DIFFERENCE 5 YR. 20 YR DIFFERENCE
10-20 Medium Denver, CO 13.0 14.9 15 0.02 0.04 100
20-32 Low Milwaukee, WI 34.17  33.14 3 3.1 3.4 9
40-48 Low Hartford, CT 41.1 441 7 4.6 5.3 15
>48 Low Seattle, WA 35.6 35.8 1 8.1 8.7 11
High New Orleans, LA 70.1  56.7 19 9.8 5.9 40

Notes: 1. Tnches per year (assumes unit area).

2. Based on HELP model, May 1985.

3. Nearest climatic center Chicago.

4. 11 years of precipitation data.

5.85.102
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A HELP model was run for the 5-year and 20-year data bases utilizing standard
conditions for Subtitle C facilities. fﬁe results of the S5-year and 20-year
leaching rates, shown on Table 3-1, showed differences ranging from 9 percent
to 100 percent. However,.ﬁhe difference of 100 percent occurred in the lowest
precipitation range and is not considered a significant increase. The next
largest difference, 40 percent for New Orleans, is considered significant as it
occurred in the highest precipitation range. In contrast to the initial
findings, the 5-year leaching estimate for New Orleans is greater than the
long-term average. Generally, the remaining data agree with our original
findings that the 5-year data base will tend to over-estimate the long-term

pecrformance of land disposal facilities.

The results of the additional study point to an apparent relationship between
the percent differences of the precipitation and leaching rates in that the
percent difference of the leaching rate appears to be approximately twice the
percent difference of the brecipitation data for moderate to high pfecipitation

areas.
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4.0 CONCLUSIONS

The evaluation of 12 additignal climatic centers yielded distributions of

leaching rates (Figure 2-1) very similar to the original distribution presented
in the June 1985 study. In both studies the Subtitle C distribution yielded ‘
leaching rates that were always less, generally 50 percent, than the Subtitle D

leaching rates. The inclusion in the September 1985 study of additional
climatic centers did provide better definition of the leaching curves for the

moderate precipitation ranges.

Comparison of 5-year and 20-year climatological data bases for the moderate to
high rainfall ranges indicated a general correlation between the precipitation
and leaching rate differences: the percent difference of the 5-year and
20-year leaching rate is approximately twice the percent difference.of the
S5-year and 20-year'precipi£ation averages. Using this assumption, a review of
the percent differencés of the Sdear and 30-year average precipitation data
presented in Table A-1 of the June 1985 report shows that the percent differ-

~ ences for the rainfall ranges éroater than 20 inches are very small. This
would indicate that the 18 climatic centers chosen for the initial study are
appropriate for use in determining the national leaching distribution rates for

‘Subtitle C facilities.
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A key assumption of the ground water fate and transport model is that the

-mass of each individual Chemical comstituent deposited in the facility is
sufficiently large to justify the mathamtical assumption of an infinite sowurce.

In addition to the mathamatical cowenience resulting fram such an assunption,

the desire to regulate on leachate concentration values rather than total waste
characteristics (e.g., mass loading to the facility) makes the assunption q:pealing
The purpose af the follow:.ng analysis is to evaluate the physical significance

of the "infinite gsource"” assumption ard its impact on the cutcames of the ground
vater model. The results demonstrate that the "infinite source assumption" of

the model is a physically realistic part of the spproach ard not overly comservative.

The groundwater fate and transport equations are solved for ths steady-state
case vhich requires an evaluation of the solution at infinite time. Obviously, the
source term under these conditions must also be infinite. The resulting solution
allows the plume to fully develc in the groundwater system and the desired

*maximzn concentration at the plume centerline along the x-axis (see Figuwe 1) is
achieved. A useful graphical depiction as Cipay; is the assumed, constant, and
infinite source term that xoduces the down-gradient exposire concentration, Cppr.
'R:eti:mparind.vthmtravnltmmthadomgradim exposure paint anmd
is the approximate time required for the plume stown in Figure 1 to fully develcp.
The result for the infinite source of lsachate is remresentel by Figure 2. The
difference between Cppr and Cipacy; results fram the canbined effects of dispnion.
‘dilution fram recharge, and degradation.

The mrrcnpordirg result for a finite source of the leachate is represented

("y Figure 3. This results in a pulse input moving throuch the groundwater system.
-spending on the dwxration of the pulse, the downgradient exposure concentration
value (set to the fix value of Cppy in the rule) may be different than that given
by the solution in Figure 2. In a:y case, the durration of the exposure value.ye. :
is largely dstermined by the dwration of the pulse inmput,¥ . The differences
between exposure and Cipacy; are also related to dispersion, dilution and degradation,

" but their relative effects may be different than that fram the infinite source
case. If the input duration is short (i.e.,Vyj is small), corresponding to a
relatively small amount of mass available for transport, then the down-gradient
concentration may not reach the lesvels obtained for the infinite source case. 1f
the input duration is sufficiently long, corresponding to a relatively large
amount of mass available for tramnsport, then the domn-gradient value will reach
the same level as in the infinite sowrce case albeit for a finite period of time,
Ye: and the assunption of an infinite source is most likely to be met. The exact
mathematical aolutim for the pulse-load case ard its sensitivity to the pulse
input time, ¥, is not now implamented for the decision rule. We can, however,
approximate the impact of the pulse Awation via the steady-state solution by
noting that this will yialdﬂnmxﬁunval\m for the down—-gradient cmcentration
in the pulse load case.

Ancther useful characteristic stown in Figure 3 is the exposure time, VY.
Because the reference dose masses for carcinogens are based upon a seventy-year life
span it follows that a minimum value for ¥, is 70 years. Simply stated, the idea
is that the leachate must be emitted at a m.n:lm.nn for a time sufficient.to produce
the 70-year exposure period. Full develcpment of the plume may or may not actually

(‘” achieved depending on the value for ¥,.. If W, >>'¥, then the plure is fully
#veloped, the requirements for the steady-state solution are met, and a pulse
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1oad of duration, We, Can be accurately evaluatel via the current model. If

¢ (or perhapsy, somewhat greater thany,) then the pulse or wave concentration
Pmerved at the da-ngradient point may be somewhat less than that medicted ry the
current solution. It remins useful, however, to use the steady-state equat ions
to yield the maximum values for the down-gradient concentrations.

The above discussion suggests that for purposes of estimating the sowce
mass required for an accurate implementation of the decision rule, two leaching
durations are of interest. The time to fully develcp the plume, ¥, is useful
because this determines the abeolute minimum time required for the solutions to
the equations to be exact. The exposure time, V,, is also important because if
ingufficient mass is available to produce the Cppy value for this time period
then the toxicological assumptions of the health-based thresholds are violated.
Thus, for any specific set of comditions in a monte aarlo run of the model, we can
" calculate a mass corresponding to both these time durations.

The mass leaving the facility during time psriod, , is calaulated as,

.Qt%tq‘tvtlo‘a ‘ (1)
= lsachate wlume flux, m/yr

= facility area, nf

= leachate concentration, mg/l

time Auration of leak or emission, yr

= awailable mass of constituent, kg

40L& ° R
}l

Recall fram the solution of the graundwater model that we can express Cp, as
CL = Cppp/® o (2)

where Capr = :;nmtration coarresponding to the health-based threshold,
1

(o0 = Jdimsnsionless "back-calculated” solution to the groundwater
equation

Substitution of (2) into (1) yields
e 1073 # g * A, * ¥ *Cppp /D 3)



Equation (3) can now be used to calailate the total mass of each specific chemical
constituent required to be present in the waste natenal for any tine, + of interest.

A more useful measure of the mass corrspoxﬂ:.rg to the time periods depicted
in Figure 2 and 3 is concentration in the waste. That is, the cancentration of
each constituent of the waste that if made totally available for leaching would
produce a sufficient mass of material at the leachate concentation, Crgpacy. to yield
the exposure values, Cppr. Oonsider the mass of the waste, MW, in the facility.

By canbining this total waste mass with the constituent mass expression fram
equation (3), we obtain

™ Q*M‘Y* Cap1
MW @.maﬁwaaw
or I = Q*Y+ Capz/ * oW *+ | (4)
vhere ImY = lsachate concentration of the ccb‘titmnt in the waste
material for leach time, ¥, mg/kg
D = depth of the waste material in the facility, m
f; = dansity of the waste mterial, gm/an’

Bjuation (4) requires two new parameters not heretofore nesled. Fortunately,
both will vary over relatively narrow ranges ard can be either fixed at msan
values or can be allowed to vary according to same distribution. Interestimgly,
the facility area (which varies widely) cancels in the equation and does not
influence the result except tlxraugh the values for CD taken fram the gramdwater
model .

Equation (4) enables us to calculate for any desired walue of CD (say that
corresponding to the 90th percentile level) the required concentration level
in the waste (assuming all can be leached) for any given dration,vy. Recall
that at the minimum Y must be 70 yesars. Thus, amin.:lmlnmsto concentration
for any constituent is givcn by ' _

mc,dn-m*c:'cm/m',m*ﬁ, (5)

'l‘he value obtained from cqmtion (5) can be viewed as the minimm constituent

' concentration in the waste (assuming it is all leachable) required to inswre that’
the conditions represented by the graund water model are physically possible. If
' the actual concentration is greater than LWChin, then the cutcame of the ground
water model is also physically possible. If the actual concentration is less than
mcmm then the graund wvater model gverestimates the downgradient cancentration
acausetheassumed source term is greater than the waste can provide. .




Another useful waste characteristic to consider is the concentration of
constituent required to fully develcp the plume corresponding to the travel time,
-\yt. This value can be detemined fram

ve= x +Kp RN (6)

where X = distance downgradient to the exposure point, m
KD =« partition eoeff’ic:ierit, an3/gm
A, = soil bulk demsity, gn/cm’
® = poroeity, aw/and
V = groumndwater ﬂwvvalocity. n/yr
By cambining equation (6) and (4) we obtain

LiOp = Capz * Q * X(1 + Kp R/e)v* o o R, | (7

where LWOp can be interpreted as the minimum corstituent concentration in the
waste required to insuwre that the decision rule autcome is derived fram a fully
developed plume. If the actual waste concentration is greater than LWCp, then
“the assumptions became moxre nearly those of an infinite source and the rule _
astcames are acocordingly correct. If the actual waste concentration is less than
LWCp, then the plume is not fully developed and the source is exhausted before
the dongradient concentration, Cypy, is reached. Note also that if

X +Kp B/e/N <10 Y ()

then the minimum exposwre time of 70 years will not be achieved by exposure to
the mass resulting from the fully developed plums. Thus, LWCp only has meaning
if the travel time is given by eqmtion (6) is greater than 70 years.

Consideration of ejuations (1)-(8) leads to a useful additional concept in
regulating land disposal via lsachate concentrations. We can now specify for any
given allowmable lsachate level the associated minimum applicable constituent
concentration given as ' ' o

Max [LitCyin, LWCpl

This value can be interpreted as the constituent waste concentration below
which land disposal is acceptable regardless of the results from the leach test.
These values can be viewed as bench-mark measuwres of the reasonsbleness of the
infinite source assumption embedded in the decision rule.




The problem ramaing to calculate the LWCqyin and LWCr values for any percentile
evel chosen fram the frequency distribution generated by the monte carlo rums.
e fran equations 5 and 7 that each monte carlo run (i.e., single values for
each variable and parameter in the model) will have a unique set of values for
all defined variables except the two nev waste parameters, DW and /y. Thus, if
these are known we can calculate LWCy,i, and LWCp values for each data point on
the curve and hence the ane ultimtely chosen for regulation. Example calculations
for a non-degrading, sorbing constituent (KOC = 1000.0) with an assuned facility
depth of 5 meters, a waste density of 1.0 and Capr of 1.0 are given in the attached
figures. Subtitle C facility results are rresented in Figure 4-7 am Subtitle D

facility results are rresented in Figures 8-11.

- The figures demonstrate several important cutcamss. First, the magnitudes
of both concentration levels (LWOMIN, LWCTOT) and the required masses (SMMIN,
SMICT) are quite reasonable and thus the “infinite source" assumpt:ion of the
model remains a physically realistic part of the apgroach. For example, at the

* 90th percentile level for the Subtitle C facility, LWMIN ranges fram 7-90 mg/kg
and SYMIN ranges fram 500-50,000 kg if the reference dose is 1.0 mg/l.

Second, pursuing further the ideal of 'cpd.fying an additional “"critimml
value,” the figures suggsst that if the 90th psroentile is chosen for regulation
one can further state that if the constitusnt concentration in the waste is less

than 7 mg/kg then land disposal is safe reqardless of the leachate test walues.
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APPENDIX G

FORTRAN LISTING

GROUND WATER SCREENING PROCEDURE
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This version was sodified to run on an IBM systes by DPRA, Ine. 00000020

00000030

00000040

90000080

. 00000068

MCARLO.FTN Dogsl208,802) MCARLO.FTH 00000070
This varsion uas created 10/15/88 from tha QSTAR® versien

created 10/12/885 axcapt nom print CD, LICIN 60000100

00000110

IMPLICIT REALwS (A-H,0-2) 00000120

REAL®S LMCMIN, LNCTOT 00000130

INTEGER®Z2 NPROB 00000140

INTEGERuE MMAXCK( 90, TUNITL, IUNITR, IUNITS, IPSPEC, sooseise

x : NSIGHMA , NLAMDA ,NX o NV, IPCAL  IRCHGE , MMAX,CHOICE, 000001460

x IN.1Y,ILEACH 90000170

CHARACTER MENU,ANS, TITLE®G0, TERN, VTANSI(4),LEACHILR)

DOUBLE PRECISION SEED],SRED2,8EE03,SEEDN

COMMON/SEEDS/ SEED1,SEED2,SEEDS,SEEDS

COMMON/CLEARS/ TERN

COMMON/INTEGS/ IPSPEC,NSIGMA,NLAMDA ,NX,NVId, SPCAL , IRCHGE , NMAX

COMMON/REALS/ SIGMAL L), RHOB, THETA ; TCONV,DKA ,DKB , DI, PH ,DROC , FOC »
)t ADI XXC1 ), ALPAL,ALFAT V(1 ),RCHEE(1),DKS,
HSOURC ,BAQFR, AN, ALPAZ

WIOI JUNITE, TUNITR,IUNITS
COMMON/BLOCKA/CD(1,12,1),XD(1),8LAMD(]1),90(] ),
) ZZL)),0LANI]) )
COMMON/BLOCKP/CPF(1,1,1),DLPAC():),0)
COMMON/NENOUT /SMMIN, SHTOT , LHCMIN, LMCTOT ,OF . RHON, Q
Declare all dets statamants.

DATA VTANSI / 2m* *,27,°<* /

DATA NPROB,TITLE / 1000,° * /7

DATA NHAXCK /7 4, B, 6, 10, 15, 20, 60, 104, 286 /7
DATA THOPI / 6.283108307179600 /

DATA JLEACH,LBACH / 1,°C’*,'D’

oliTo B S S48 G 870 00 4

00000200
os00e210
eooo0R2e
08000230
00000240
00000280
68000260
00000270
esoooree
0000029
00000300
00000310
60000320
00000330
43000340
00000350
00000360
00000370



w e
own

100

OO NOOONON

315
355
368

400
403

440
MS

‘8

WRITE 16,50)

FORMAT (* Enter (1) for VTIO00 or (2) for V52 tersinel > °)

READ (5,100) TERNM
IF ( TERM .NE. °1° .AND. VERM .NE.

FORMATY (4QA})
Display the Menu.
CALL cL3CR

MRITE 146,303) ADI,DKAD,DKBO,DKND,DKOC ,NMAX, NPROB ,
x TCONV, TR, XX 3 ), LEACHI ILEACH ) ,OF , RHOM

FORMATY (3(/),
- BX»'A
13 P |
SX.°'C
55X, '0D
B8X,'E
SX,°F
3%, '8
X, 'W

5X, L

-

$X,*'S
$X,°X - Exit Progrea’,//,
5%, ‘Select a letter -> *)
READ (5,315,END=2300, ERN=200) IMENV
FORMAT (A1)

FORMAT (Fl2.0)

FORMAT (16)

X X X X X X X XXX XX X X XXX X

CHOICE = INDEX(°ABCDEFGHIJKLMSXabodefghi §klmex® ,MENU)

IF (CHOICE .EQ. 0) GO TO 200

IF (CHOICE .GV. 15) CMOICE = CHOICE - 18

CALL CLSCR

S0 TO (400,440,480,520,560 »600,640,680,720, 769,

800,810,820,840,2300),
cHoice
60 70 200

x x

WRITE(6,4053)

PORMAT(® Enter ADI > °*)

READ (5,355,ERR=400,END32300) ADI
IF (ADI .LE. 0.000) GO TO 380

60 TO 200

HRITE(6,445)

FORMAT(® Entar OKAO > *)

READ (5,355,ERQ=440,END=2300) DKAO
IF (DKAO .LT7. 0.0D00) GO 7O 380

G0 70 200

Wﬂ:;ﬁfﬂn‘-"u.ﬁzuon Ly

‘2' ) G0 YO 48
IF (TERM .EQ. °1°') MWRITE (6,100) VTANSI

ADX (Valus =°',611.8,°)',/,
DKA® (Valus =*,811.8,°)',/,
nKBe (Valua =°,631.8,°)°y/,
DKNO (Velua =*,011.8,°)°,/,
pXOC (Velus =°,811.8,°)°,/,
NMAX (Valus =',111,°) € of Sauss points’,/,
NPROB (Valua 5°,111,°) @ eof plot pointa®y/,
TCONY {Valua =*,011.8,°)°,
- * Units sre per yeer for rate constents*®,/,
SX,'I - T(ref) (Valua =°,811.8,°)°,/,
X, ' - XX (Valus =°,811.8,°')°'y/,
X, 'K - ( Subtitle *,A1,* Used )°,
* Leaching Rate Distribution',/,

- DF (Value =',611.8,°)°'/,
SX,°'N - RHOM (Valus =°,011.8,°)%/,

- Start the Caloulations®,/,

00000410
00000420
00000430
00000440
00000450
00000440
00000470
00000488
00000490
00000500

00000526
00000530
600800340
00000380
00000840
00000370
000008808
00000590
00000600
00000610
00000620
00000630
00000640
00008650
00000660
00000670
00000600
00000699
00000700
90000710
00000720
00000738
00000740
00800730
00000760
00000770
00000700
00000790
00000800
00000818

00000830
60000840
00000030
000000860
00000870
00000880
00008390
00000900
00000910
00000920
00000930
00000949
00000950
0000090
00000970
00000980

VTt



520
525

560
569

600
608

610
15

640
643

680
68s

IF (DKBO .LT. 0.0D0) GO TO 380
60 70 200 - '

WRITE(6,525)

FORMAT(® Enter DKNO > °)

"READ (5,358,ERR=520,END=2300) DKNO
IF (DKNO .LT. 0.000) G0 TO 380

60 10 200

WRITE(6,565)

FORMAT(* Enter DKOC > °)

READ (5,385,ERR=560,END=2300) DKOC
IF (DKOC .LT. 6.000) 80 YO 380

60 T0 200

HWRITE(6,605)

FORMAT(////," Enter NMAX (mmber of Gauss points) > *)
READ (5,365,ERR=600,END=2300) NMAX

Do éi0o X = 1,9

IF ( NMAX .EQ. NMAXCK(EX) ) 60 TO 200

WRITE (6,615) NMAX

FORMAT(//,* You entared ',19,°. Please reenter’,/,

x ) ' 4, 85, 6, 10, 15, 20, 60, 104, 286°,///,
x * Hit Cerriage Return to Continue*)

READ (5,315,ERR=380,END=2300) MENU

G0 1O 380 ‘

HRITE(6,645)

FORMAT(////7,° Enter NPROB (mmber of Plot points) > *)
READ (5,365,ERR=2640,END=2300) NPROD

IF (NPROB .LT. 500) 60 TO 380

60 TO 200

WRITE(6,685)

FORMAT( ' Enter TCONV > *)

READ (5,395,ERR=680,END=2300) TCONV
IF (TCONV .LE. 6.000) 60 TO 380

- 60 TO 200

720
725

760

768

810
81l

WRITE(6,725)

FORMAT(® Enter T<ref> *)

READ (5,355,ERR=720,END=2300) TR

IF (TR .LE. 0.0D0 .OR. TR .OT. 50.0D00) GO TO 388
60 TO 200

WRITE(6,7653)
FORMAT(® Enter XX > *) »
READ (5,355,ERR=760,END=2300) 0((})

- IF (XX(1) .LE. 6.0D0) GO TO 330

60 TO 200

ILEACH = 3 - ILEACH
60. TO 200

WRITE(6,811)

FORMAT(® Enter OF > *)

READ (5,355,ERR=810,END=2300) OF
IF (DOF .LE. 0.000) 6O TO 380

60 TO 200

H!If'%}.lill

00001020
00001030
00001040
00001050
00001060
00001070
00001080
00001090
00001100

00001120
00001130
00001140
90001150
00001160
00001170
00001180
00001199
00001200
00001210
00001220
00001230
00001240
00001280
00001260
00001270
98001260
00001290
00001300
40001310
00001320
00001330
00001340
00001350
000013460
00001370
00001380
0000139
60001400
00001410
00001420
00001430
00001440 -
00001450
00001460
00001470
00001489
00001490
00001500
00001810
80001520
00001530
00001549
00001550
00001560
00001570
$0001589

i



821

840

OO0 _ Moo

2160

ccecee
eigo

ano

FORMAT(L® Enter RHOM > *)

READ (5,355,ERR=820,END=2300) RHOW

IF (RHOW .LE. 0.0D0) 6O TO 380

60 70 200

. P.rf&- poleuhiiem

CALL CL3CR

OPEN(UNIT=IUNIT],FILE="MCARLO.DAT®,STATUS= ‘NEN',
CARRIAGECONTROL= LIST' )

OP!N( UNIT=IUNITE,FILES ' MCARLO. INF® ,STATUSS ‘NEN' )

NHrite informetion

WRITE (2,2180) Anx.mo.mo.omo.uoc.m.m.
i
2150 FORMAT (/,2X,'A -~ ADI (Valus =°,812.6,°)°,/,

X X XX X X X X X X X XXX

TCONV, TR, XX( § )5 LEACH( TLEACH ) ,DF » RHON

2X, B - DKAO (Value =°,812.6,°)° 4/,
2Xy'C - DKBO-  (Value =',0812.6,°)°y/)
2X,'D - DKNO (Valus =°,812.8:')"/)
X, °€ - DKOC (Valus =',818.6,°)¢y/,
X, 'r

' - TCONV  (Value =°,812.6,°),

* Units are per yeor for rate constants’,/,

2%,'% - Tiref) (Valua =',812.6,')%,/,

2Ky °d - WK (Value =°,812.8,°)°,/»

X, 'K ~ ( Subtitle *,AL1,° Used )¢,
: * Leaching Rate Distribution’,/,

exX,'L -~ DF (Value 5',811.5,°)'y/»

X, °'N - RHOM (Value =°,811.5,°)*y/)
CALL cLSCR
MRITE(6,2160)

FORMAT (10(/),13X,'Calculations are being Perforsed:,//)

SEED1 = 123457.0D0
SEED2 = 123457.000
SEEDS = 123457.0D0
SEEDA = 123487.000

- IX = 1238

1Y = 8768
00 2200 & = 1, NPROS

Nex code

DDLMIN = DLOGIO(4.0D-4)
DDLMAX = DLOG10(1.0D-1)
CALL RANDUM(DDLMIN,DOLRAX,00)
DD = 10.000%DD
THETA = 0.261 - 0.0385 # ( DLOG(DO) )
RHOB = 2.65 # ( 1.000 - THETA )
DKS = 478.9 % (THETAW®3.000 % DD¥»2.008
7 (1.00 - THETA)ung.000)
CALL RANDUM(1.00-5,0.100,88)
CALL EXRAND(0.0309,1,38)
IF ( 8S .LT. 1.00-5 .OR. $8 .6T. 1.00-1 ) 60 TO 2188
VW(1) = (3.153605 % OKS w $3) / THEVA
IF ( VK(1) .GT. 9256.000 ) 6O TO 2178

Code added 06/705/88

TRK = TR + 273.000

- NMAX (Valuas 3°,112,°) @ of Gouss polnh'./.
2,'8 - NPROR  (Value =',112,') ® of plot points*,/,

' 00001630

00001640
00001650
00001660
00001670
20001688
00001690
00001700
00001710
00001720
00001730
00001740
00001750
00001760
00001770
00001780
00001790
00001600
00001810
$0001620
00001838
00001040
80001850
00001860
00001870
00001880
2088189
00001908
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
00002000
000020160
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120
$0002130
00002140
00002150
00002169
00002170
00002160
00002190
00002200



2190 CALL RANNOR ( 14.400, 27.9500, T )
IF (T .LY. 0.0D0 .OR. T .GT. 30.000 ) GO 7O 2190
T=a2T e 273.000

c
DKA = DKAO # ( DEXP( 3.0D4 # { 1.0D0 / TRK - 3.0D0 /7 T )))
DKN = DKNO # ( DEXP( 1.0D& ® ( 1.0D0 /7 TRK - 1.000 /7 T )))
DKB = DKBO & ( DEXPl 3.004 ® ( 1.0D0 7/ TRK - 2.0D0 / T )))
c
2198 CALL RANNOR | 6.8200, 1.63D9, PH )
IF ¢ PH .LT. 0.300 .OR. PH .GT. 14.000 ) GO TO 2198
c
C CODE ADDED 8/26/83 BY JEROME COLEMAN
C QC IS THE @ VALUE FOR SUBTITLE C
C QD I3 THE @ VALUR FOR SABTITLE D
[ o4
[ 4
IF(ILEACH.EQ.1)THEN
c
c Call Rudy'’s subroutines
[

CALL TBLC(QC,Q0,IX,IV)
IF ¢ C .LE. 0.0108 ) GC = 0.0980100
QC = QC » 0.025400
IF ( QD .LE. 0.0100 ) QD = 9.0000100
QD = QD ® 0.025400

Q=0C
ELSE
c 1
c Call Rudy'’s subroutines
c
CALL TBLD(QC,Q0,IX,1Y)
IF ( QC .LE. 0.01D0 ) QC = §.08000100
QC = QC » §.025400
IF ( QD .LE. 0.01D0 ) QD = 0.00001D0
QD » Q) » 0.0254D0
Q=Q0
ENDIF
c

CALL EXRAND(78.606,1,8AQ°R)
BAGFR = BAQFR ¢ 3.000
c WRITE(2,111)° BAGFR= *,BARPR
C1ll FORMATIIN,AL0,F15.7)

c .
c 82 added coded on 6/10/68.
c
CALL RANDUM (2.00,10.00,HINIT)
IF ( HINIT /7 BAQFR .GV. 0.500 ) THEN
HSOURC = §.500 & BAQFR
ELSE
HSOURC = HINIT
END IP
c
cc
. CC ADDITION 08/19/85 BY JEROME COLEMAN
cc
RCHEE( } )=QD/HSOURC
c

c
T Ao T R

00002240
00002250
00002260
o000227¢
00002280
00002290
80002300
0002310
90002320
00002338
00002340
080021350
00002340
00002370
0002380
0000219
00002400
00002410
0002420
00002430
08002440
00002430
00002460
00002470
00802400
0000249
00002500
seeeesLe
00002520
08002530
00002340
0002380
0002560
008023870
00002580
00002590
00002600
90002610
00002620
00002430
00002640
00002630
00002640
00002670
00002680
00002690
00002700
00002710
08002720
002730
00002740
e000L780
60002760
00002770
sooee78e
0000279
00002000

i



t2

MmO nN

cc

U 2 WS/ 0.9107100
AW = -25752.0D0 % DLOG ( 1.000 - WU )
IF ¢ AN .LY. 0.0D0 .OR. AM .OT. 1.508 ) 60 TO 2199
ELSE
CALL RANDUM (0.0D0,1.0D0,U))
AWM = 1.5D3 ¢ 7.7908 » W
END IXF

SIGMA(L) = ( Q » AN ) /
x € THETA ® V(1) ® DSGRTITHOPI) # HSOURC )
IF  Q .LE. 0.0254D0 ) SIGMA(L) = 9.08100

CC COOE ADDED 98/28/88 BY JEROME COLEMAN

2200

SAH = DSQRT(AN) e
IF ( SIGMA(1) .6T. SAN ) THEN
SIGMA(]) 3 SAN
VHO1) = (QUAN)/( THETANSIGHAC 1 JNDSQRTI THOPT JWHSOURC )
33 = {VH{1)STHETA)/( 3. }SDSHOKS)
IF(SS .LE. 1.0D-1)GOTO 23885
IF(SS .GT. 1.00-1)G0TO 2179
ENDIF

|

Code added 06/20/8%

ALFAL = 0.100 » XX(1})
ALFAT = ALFAL /7 3.00D0
RCHGE(1) = 0.00
CALL LNDGEN (-5.200,2.860,F0C)
ALZLO = 0.02500 » ALFAL
ALZHE = 0.100 = ALFAL
CALL RANDARS ( ALZLO, ALINI, ALFAZ )

CALL CAD
IF (I .2Q. 1 .OR. I .EQ. NPROB)

MRITE (2,2208) I,ALFAL,ALFAT ALFAZ,AM,BAQFR,CD(1,1,1),
DKAO,DKBO ,DKNG, FOC , HIN1IT ,HSOURC,

xxxx

DF ,RHOM
CONTINUE
FORMAY (/,73,'Pass = *,18,/,

x T8 »° ALFAL = *,G12.6,T730,° ALFAT = *,012.6,

x T88,° ALFAZ = *,G12.6./, )

” T, AM = *,G12.4,T730,' BAQFR = *,812.6,

x 758,* CO = *,812.6,7)

x TS5 ,* DOKAO = *,812.6,730,° DKBO = °,812.6,

x 755,° OKNS = °*,812.4,/,

x 8, FOC = *,812.6,730,° WINITY = °*,812.6,

x T5%, 'HSOURC = *,812.4,7,

: T,S.: 3!.7": :.3!!.‘-;3’.' MO8 = *,812.6,
e e e

: 1 sl s o : :,?‘l THETA 4-.‘! &,

PH,RHOB, SIOMACL ) o T THETA, VM1 ),XX(1),

00002050
00002860
00002870
00002080
00002890
00002900
00002910
00002920
00002930
00002940
00002950
00002960
00002970
00002930
00002990
00003800
00003010
08003020
00003030
$0003040
00003050
90083060
00003070
08003080
00003090

00003118
os003128
00003139
00003148
00003180
00003160
00003179
00003180
08003190
90003208
00003210
00003220
90003230
08003240
900032850
98003260
00093270
00003200
80003299
00003300
00003310
60003320
00003339
00003349
90003180
00803340
00003370
00093388

- 99003390

00083400
00003410
00003420



11

x 18 »* XX a2 *,612.6,/,

x T8 »* OFf = *,612.6,T730,°' RHOM = *,612.6,/)
C CLOSE(UNIT=JUNIT]1)
Cc CLOSE{UNIT=IUNITE)
C
2220 CALL CLSCR

WRITEL6,2225)

2228 FORMATL/ /7772247

x ' Do you want to make anothar run (Y/N) > ')

READ(S,318,END=2300,ERR=2220 INENU
IF ( INDEX ( ‘YRyn' ,MEM ) .£Q. © ) THEN
CALL CLBCR
MRITE €6,2235) MENU
2238 FORMAT (* You entered <',A},'>. Please reanter')
Q0 TO 2220
ENDIF
IF & MEND .EQ. 'Y* .OR. MENV .EQ. ‘y*' ) @O0 TO 200
2300 CONTINUE
sToP
END

BLOCK DATA
IMPLICIT REAL®S (A-H,0-2)
REAL®S LHCMIN, LNCTOT

INTEGERnE JUNIT], IUNITR, IUNITS, IPSPEC,
x NSIGMA,; NLAMDA » 00(, NV, IPCAL , IRCHOE , NMAX , CHOICE
CHARACTER TERN

COMMON/CLEARS/ TERM

COMMON/INTEGS/ IPSPEC,NSIGMA,NLAMDA ,NX,NVN, SPCAL , IRCHOE , NBAX

00003460
00003470
00003480
00003490
00003500
90003510
00003520
00003530
00003540
00003550
$0003540
00003578
00003580
90803899
€0003600
00003610
00003420
60003430
00003640
00003650
00003648
00003470
00003600
00003490
00003700
00003710
80003720
00803730
00003740

_COMMON/REALS/ SIGMAL]),RHOB, THETA , TCONV, DKA , DXB , DKN, PH,DXOC, FOC , 00003750

L ADTXX( 1), ALFAL,ALPAT , VIL 1 ), RCHEE( 1 ),0KS,

] HSOURC ,BAGFR AN, ALFAZ
COMMON/I0/ IUNITI,TUNITR,IUNITS

COMMON/BLOCKA/CO(1,1,13,XD(13,8LAMBI1),80(1),Z2(1),00LAM1)

COMMON/BLOCKP/CPF(1,1,1),0LFAC(1,3,1)

COMMON/NENDUT/SM1IN, SMTOT , LHCMIN, LHCTOT ,0F , RHON, Q@
[ Declara all data statements.

DATA IUNITI,IUNITZ,IUNITS,TERN / 1, 2, 8, '1°' /

DATA IPSPEC,NSIGMA,NLAMDA NI, NV, IPCAL , IRCHEE /

x | 19 1s 3s 16 %o | 1 17
OATA NMAX,SIGMA,RNOB, THETA, TCONY /
x 185, 18.0, 1.6, 0.35, 1.0/

DATA PH, 0DXOC, FOC, ADI, XX, ALFAL,ALFAT, VM, RCNGE /
x 7.0, 100.0, 0.681, 1.0, 150.8; 10.0, 1.0, 0.0, 0.0/

DATA DF,RHOM /7 3.0y 1.0 /
END

SUBROUTINE CLSCR
CHARACTER CLR1(10),CLR2(10),TERN
INTEGERNE IUNITI,IUNIT2,IUNITS
COMHON/10/ TUNITE, IUNITR,IUNITS
COMMON/CLEARS/ TERM
DATA CLRL 7 * *,27,°1 5" 1%,%8°%,°1°,° 84,27, %, ¢
DATA CLRR /68° °*,R7,°'W*,27,%J" /
IF ( TERM .EQ. °1° ) MRITE(6,10)CLAY
IF ( TERM .EQ. '2°' ) WRITVE(6,10)CLR2
10 PORMAY (10AL)
00 10 rl.u

I

oannnnnOn

-
=

00803760
00003770
00003700
900037%
00003000
0000308100
80003020
00003830
00803540
90803830
00003840
00003070
00003800
008038%
00003900
00003910
00003920
00003930
00003940
00003930
00003%0
00003970 .
00003980
0000399
08004000
00004010
$0004020
00004030



RETURN ’ 00004070

(2 2O« N o N 1 ]

=000

END 00004080
Ceezsc=x3cS3BERATSLITE 90004090
c TDLC FTN - §5/31/8% ] ) 000041600
c 00004110
C ROUTINE YO ﬂm! A RANDOM NAMBED OM THE BASIS O A 00004320
C TABLE-SPECIFIED EMPIRICAL DISTRIBUTION . 00004130
c "~ 60004140
[ 3 SESEBIBIEN 200041850
c ) . 00004140

SUBROUTINE TBLC (RESC,RESD,IX,XY) . . 00004170
c , 00004180

INPLICIT REALME  (A-N,0-2) : 0000419

INTEGER®E IX,XV - ' : 00004200

. DIMENSION TABLEC( lln!) 00004210

DIMENSION TABLED(1S5.02) ‘90004220

c ’ 00004238
. DATA TABLEC/.01,.3,.4,.5,2.5:2.9,3.5,3.6,3.7:6.9,7.0,8.0,11.9, 00004240

0 29, .38,.49).50,.63,.06,.73,.70,.08,.92:.98:.98,1.0/ 00004280

C ) 00004240
c 00004270
DATA TABLED/.1,.25.35.61.8,1.2,1.5,2.4,4.8,5.0,6.8,7.2,12.1,12.2, 90004260

LJ ,, ’l -.,. o“l o“. .!6. o"l o“. o.’. o'.l o“ ? '“. -7.. o.‘ » .”. O”I 000“2”

" i, 0/ 08004300

- 90004310

CALL RANDUL IX, lVoY'I. ) i 00004320

‘ 00004330

CHECK VS TABLEC 90004340
IP(YFL.GY.TABLEC(1,2))00 TO 100 . 00004350
00004360

RESCsTABLECt) 1) 00004370

S0 TO lo02 ) 00004300
00004390

DO TABLE LOOKUP, INTERPOLATION . 00004400
00004410

cé DO 101 XI=2,13 ' . 00004420

IFCYFL.OT.TABLEC(Z,2))80 TO 101 00004430

SLOPE = (TABLEC(Z,2)-TABLEC(I-1,2))/(TABLEC(I,1)-TABLEC(E-1,1)) 00004440

RESC = TABLEC(I-3,1) ¢ (YPL-TABLEC(I-1,2))/8L0PE 00004480

80 TO 102 000044400
101 CONTINR - © 0884ATS
c : 00004400

RESC = TABLEC(13,1) . - 00004499
102 CONTINUE : : 0004500
€ . . 00004810
C now for D i 00804520
C ) . 00004838
C CHECX VS TABLE ' i 00004540
o : 000043580

IFLYPL.ST.TABLED(1,2))80 TO 209 ' . 08084560
c 80004570

RESD=TABLED(1,1) : . - 00004580

60 70 299 9000435%
c . _ . 00004600
C DO TABLE LOOKUP, INTERPOLATION 80004610
c 00004620

200 DO €0t I=2,18 00004430

. IFCYFL.GY . TABLED(L ! 2))80 T 08004440

8- ';)‘lﬂbf!‘l rmm.mf*mmm'“'N-"'



201 CONTINUE
c
RESD = TABLED(1S,1)

[o
299 RETURN

£ND .
CSIzztlllttlsllilg’! SEESERESSESEENEEEERSESSESESEES
C TBLD.PTN - 3/31/88
c :
C ROUTINE TO PHODUCE A RANDOM MUMBER ON THE BASIS OF A
C TABLE-SPECIFIED ENPIRICAL DISTRIBUTION
c
c:8Btl.lﬂll'l.lI.l.llll.-.II'II-l'--.l.l..’..-.'l.l...l..m.l'.ll.-

c

) SUBROUTINE TBLD (RESC,RESD,IX,IY)
c

INPLICIT REAL®S (A-NW,0-2)
INTEGER®R IX,IY

DIMENSION TABLEC(13,2)

DIMENSION TABLED(1S,2)
[ o

DATA TABLEC/.01:.3,.4:.5:2.5:2.903.5:3.6:3.7:6.9:7.0:0.0,11.9,

" . 29,.38,.49,.58,.63,.66,.73,.705.01,.92,.98,.90,1.0/
Cc
c .

DATA TABLED/.1,.2,.3:.6,.0,1.2:1.5,2.4,6.8,8.0,0.0,7.2,12.1,12.08,

® 35.9, .03,.06,.08,.26,.29,.40,.853,.58,.61,.66,.78,.81,.95,.9,

" 1.0/
[ .
C GENERATE A UNIFORNM (0,))
c

CALL RANDULIX,1Y,YFL)
c
C now for 0
[
€ CHECK VS TABLE
c

IF(YFL.GT.TABLED(1,2))80 TO 200
C

RESD=TABLED(1,1)

680 TO &899
C
C DO TABLE LOOKUP, INTERPOLATION
c

200 0O 201 I=2,18
IFCYFL.GT.TABLED(I,2})60 YO 201
SLOPE = (VTABLED(I,2)-TABLED(I-1,2))/¢TABLEDI I, )-TABLED(I-3,13))
RESD = TABLED(I-1,1) ¢ (VFL-TABLED(I-1.2))/8L0P8

G0 TO 299
201 CONTINUE
C
RESD = TABLED(1S,1)
[
299 CONTINUE
Cc
C now for C
C

C CHECK VS TABLEC
IFCYFL.GV.TABLEC(1,2))00 TO 100

RESCSTABLEC(),1)

00004680
00004690
00004700
00004718
00004720
00004730
00004740
00004730
000047690
00084770
008047080
00004790
00804300
00804010
00004820
60004030
00004040
00004850
00004840
00004870
00804080
00004890
00004900
00004910
90804920
00004930
00004940
00004950
000498
00804970
00004900
9000499
(1)
00008010
80805020
00005030
00005048
00005080
00005040
S080s5870
00005000
00005090
08005100
0080s110
00005128
00005130
00005149
00605150
00005168
00005170
00005189
0000519
00005200
08005210
ee0es220
000035230
00005240
S0005280



-0
-
8

60 70 102
c
C DO VABLE LOOKUP, INTERPOLATION
c

100 DO 101 Is2,13
IFCYFL.GT.TABLEC(I,2))60 TO 101
SLOPE = (TABLEC(X,2)-TABLEC(I-1,2))/(TABLEC(I,1)-TABLECIZ-1,1))
RESC = TABLEC(I-1,1) ¢ [YFL-TABLECUI-1,2))/3LOPE

60 70 102
101 CONTINUE
c
RESC = TABLEC(13,1)
102 RETURN
END
Caszzzzasss - SEESESENEEIISEEEEREESSENS
C TBLINTRP.FTN ~ 5/31/88
c

C ROUTINE TO PRODUCE A RANDOM NUMBER ON THE BASIS OF A
C TABLE-SPECIFIED EMNPIRICAL DISTRIDUTION

Cszznzssans SSSSSSSSEASSEESSESSSEISEENSEENERES -

SUBROUTINE TBLINT (RESULT,IX,2IYV)

IMPLICIT REAL®S (A-W,0-2)
INTEGER¥E IX,1V
DINENSION TABLE(13,2)

DAVA TABLE/.01,.3,.4,.5,2.5,2.9,3.3,3.6,3.7,6.9,7.8:8.8,11.9,
-0 L29:.38:0.49).805.03,.66:.73,.76,.81,.92,.98,.90,1.0/

0

00 200 1¢1,13
GENERATE A UNIFORM (0,1)
CALL RANDU(IX,1Y,YFL)

CHECK V3 TABLE
" IFCYFL.QT.TABLE(],2))60 TO 100

0o 00 o0n0nn

" RESULT=TABLE(1,])
60 TO 9

TABLE LOOKUP, INTERPOLATION

00 1 I=2,13

IF(YFL.GT.TABLE(I,2))60 TO 1

SLOPE = (VABLE(1,2)-TABLE(X-1,2))/7( TABLE(X,1)-TABLE(X~-1,1))
RESULT = TABLE(I-1,1) ¢ (VPL-TABLE(I-1,2))/3L0DP8 -

G0 TO 99 ’ :

3 CONTINUE

RESULT = TABLE(13,])

99 RETURN
END
clIIl.I.I.l.lIl..I..lI-..-I'..-...-..........---..........-..-..-._.-
g TBLINTRPD.FTN - 07/10/88

c SUBROUTINE TBLINE (RESULT,IX,IV)

00005290
00005300
00005310
00005320
000053308
00005340
80005350
00005360
80005370
88003389
00005390
00008400
00003410
08005420
000035430
00005440
00005450
00003440
00805470
00005480
0000549

00003320
00005520
00005538
00005540
000053856
00005540
00605570
00005580
6000559
000054600
0003410
00003620
00005630
00005640
00003480
00005440
00005470
00005608
00005690
00005700
80005710
ooses7ee
00808730
00805740
0808057850
080803740
e8803770
00008788

le



IMPLICIT REAL®S  (A-H,0-Z)
INTEGER®2 IX,IY
DIMENSION TABLE(1S,2)

DATA TABLE/.1,.2,.3,.6,.0,1.2,1.5,2.4,4.0,8.6,6.8,7.2,12.1,12.2,
# 35.9, .03,.06,.00,.26,.29,.40,.53,.58,.61,.66,.70,.81,.95,.98,
" 1.0/

GENERATE A UNIFORM (0,1)
CALL RANDULIX,IY,YPL)

CHECK V3 TABLE
IFLYPL.ST.TABLE(],2))00 TO 108

O 00 oon

RESULT=TABLE(1,1)
80 70 %

00 TABLE LOOKUP, INTERPOLATION

=000

00 DO 1 I=2,18
IF(VFL.GT.TABLE(I,2))60 TO 1
SLOPE = (TABLE(I,2)-TABLE(I-1,2))/(TABLE(L,]1)-TABLE(I-1,1))
RESULT = TABLE(I-1,1) ¢ (YFL-TABLE(I-1,2))/8L0PR
60 T0 9
1 CONTINUE ‘

RESULT = TABLE(15,1)

99 RETURN
END
CzzasasxzceRExzses SESNSSIEESEREASEIRASEEREETEAS

SUBROUTINE RANDU( IX,XY,VFL)

INPLICIT REAL®S  {A-N,0-2)
INTEGER*R IX,IY
BATA IA,1B,IC/7289,30767,1/

IVsIXnIA
IF(IV18,6,6
8§ IVs(IV+IB)¢IC
¢ YPL=IY
YPLsYFL®. 30851850924
IX=IY
RETURN
&0

c LNDOEN.FTH

SUBROUTINE LNDGEN (MEAN,VARI,VALUE)
IMPLICIT REAL®S (A-N,0-2)
OOUBLE PRECISION  VALUE,SEED],SEED2,SRED),SEEDA
COMMON/SERNS/ SEEUL,SEEDR,SEEDY,SEEDS
REAL NEAN, VARI, VALUES(R)
10 CALL OGNLS (SEEDL, 1, MEAN, VARI, VALUES)
VALUE = VALURSL))
If (VAR .LV. ‘o.“', OR. Vm .87, ‘o.“"‘ %0 Y0 ‘.
Hp

c RANNOR. PTN

00005900
00005910
00005920
00005930
00085940
00005950
00005960
00005970
00005980
$000599%¢
00006000
00006010
09806020
$0006030
00006040
09006050
00006060
00006070
00006000
00004090
00006100
00006110
00006120
00006130
00006140
00006150
00006160
ee0esL 70
00006180
00004199
00004200
00006219
00006220
00006230
00006240
00004289
00006260
00006270
00006200
90906290
00006300
00006310
00006320
00006330
00006340
00006350
00006360
00004370
00604380
00006390
00006400
00006410
00006426
00006430
00006440
00004480
00006460
00006470



c . 00006510
SUBROUTINE RANNOR(MEAN,VARI,VALUEO) 00006520
IMPLICIT REAL®S  (A-H,0-2) 00006530
OOUBLE PRECISION VALUEO,SEED1,SEED2,B8EED3,SEEDS 00006540
COMMON/SEEDS/ SEED1,SEED2,SEEDI,SEEDS 00006550
REAL HEAN, VARI, VALUE(1) 00006560
CALL GGNML ( SEED2, 1, VALUE(]) ) 00006870
VALUEO = MEAN ¢ SQAT(VARI) ® VALUE(]) 00006580
RETURN 00806890
END 00006600

00006610

c RANDUM. FTN 00004620

c 0000646308
SUBROUTINE RANDUNM( LONER , UPPER, VALUEO) 00006440
IMPLICIT REAL®E  (A-M,0-2) 00006480
DOUBLE PRECISION VALUEO,SEED],SEEDE,SEED3,SEEDS 00006460
COMMON/SEEDS/ SEED1,SEED2,SEED3,SEEDG 00006470
REAL LOWER, UPPER, VALLR 00006600
VALUE = GGUBFS(SEED3) 00006690
VALUEO = LOWER ¢+ VALUE # ( UPPER - LOMER) 00006700
RETURN 00004710
END 00006720

00006730

c EXRAND .FTH 00006740

c : 000067850
SUBROUTINE EXRAND()01,NR,VALUEO) 00006760
IMPLICIT REAL®S  (A-M,0-2) 00006770
OOCUBLE PRECISION VALUEO,SEED]1,SEEDZ2,SEEDS,SEEDS 00006780
COMMON/SEEDS/ SEED1,SEEDR,SEEDY,SEEDA 0000679
REAL XM, VALUE 08006800
CALL GGEXN ( SEED4, XM, MR, VALLR ) 00006810
VALUEQO = VALUE 00006020
RETURN 000060830
END 00006040

00006050
SUBROUTINE CAD 00006860

C..... EPASMOD-1: COMPUTES SUDICKY'S STEADY-STATE ANALVTICAL SOLUTIONGOCOSST70

c OISTRIBUTION OF CONCENTRATION AT X = §. - 00006800

c OETERMINES ONLY CONCENTRATION VALUES ALONS THE X-AXISO00006890

C INSERT SYSCOM>ERRO.F 008046900

C INSERT SYSCOMXKEYS.P 00004910
IMPLICIT REAL®BIA-H,0-2) 00006920
INTEGERuZ IUNIT1,IUNITEZ,IUNITS, 08806930

x IPSPEC, NSIGHA ,NLAMDA , NX s NI s SPCAL , IRCHGE , NMAX 00006948
CHARACTER MENU,ANS, TITLE®60,TERN 00006950
REAL®S KRD,KROSTO,KRON, LHCHIN, LNCTOY 00006960
DIMENSION RETARD(1) 60006970
COMMON/INTEGS/ IPSPEC,NSIGMA, NLAMDA,NX, NV, SPCAL  IRCHOR . MIAX 00804900
COMMON/J0/ IUNITI,IUNITZ,IUNITS 08006990
COMMON/REALS/ SIGMA(1),NHOB, THETA, TCONV,DKA ,DKB,DKN, PH,OKOC,FOC, 00007000

x ADY  XX(1),ALFAL,ALPAT,VN( 1) ,RCHEGE( 1) ,DKS, 03007010

x HSOURC , BAQFR , AM, ALFAZ 00007020
COrSI0N/BLOCKA/CD(1,1,1),XD(1),8LAMD(1),80(1), 90087030

1 2Z(1),6LAN(1) 80087040
COIION/BLOCKP/CPPI1,1,1),0LFAC(1,1,1) 08007080
COMMON/NENOUT /78MMIN, SHTOT , LICIIN, LNCTOT ,DF , RNON, @ 00007060

c 08007074

C CALL SRCHOS(KOREAD, ' IPEPAMS" ,7,1,17T,1 00007080

ALL SRENSSIKINBAT: -BFRPARS: :1:8:8H: !&l




Certrennnnireneccnanas cecesecenseessstesscstecsresescsnns CARD TYPE

00007120

IF(NHAX EQ.0) NHMAX=104 00007130
C..... READ PARAMETER VALUES . 00007140
C..eeenn.. tsecececsvassscasssssccsscsvsescssssscscancssscsscecss CARD T00007150
Cc 00007160
Vs = Wi(1) L4 00007170

c 00007160
ISPEC=1PSPEC 00007190
IFUIPSPEC.EQ.1) 60 T0 10 00067200
C..... FOR IPSPEC=0, READ IN DIMENSIONLESS VALUES OF 00007210
C STANDARD DEVIATION, DECAY CONSTANT AND DISTANCE 00007220
c- - 60007230
c .......... AN ENNNENNNENNNFENEENNNNENN A NS EEE NN N RN N R NN RN N NN A NXNN NN m.o.."‘.
ALFALZ0.5 ce8072%0
ALFAT=0.8 00007240

vsz]. 00007270

DO 12 J=]1,NSIGHA 00807260

12 SIGMA(J)=SOLJ) 00007299

00 14 J=1,NX 88007300

14 XX(J)=X0(J) 08007310

60 70 20 00007320

10 CONTINUE 90007330
C..... FOR IPSPEC=1, READ IN REAL VAU.!S or 90007340
c STANDARD DEVIATION, DECAY CONSTANT AND DISTANCE 00007150
C---o.--.o..-...-c....oo-o.--oo-.-o.o'--oo.oo-oo-oo.o.-oogoao-co m“....’u.
C - 000087370
IF(IPCAL.2Q.0) G0 TO 129 00007300

2 000000 00T 0000000000000 0CCP00E0 0000000000000 80000000 000 ”" .'..’,”
IF(DAPS(TCONV).LE.1.D-28) TCONV®1.00 00007400

D0 149 J=1,NLAMDA 00007410

OKD = DKOC @ FOC ) 00007420
o CARD TV00007430
POH=14.-PH 80607440
PH=-PH 00007450
POH=-POH 00007440

GLAMY *DKAN( 10 . %uPH ) sDXNIDXB®( 19 . #4P0H ) 00807470
GLAM2=10.%0KA®( 10, #uPH ) +DKN 88007400
GLAM1=GLAMI NTCONV 00007490
GLAN2=GLANZNTCONY 00807509

GLANM( J ) =(GLAML*THETA +GLANM2¥DKOXRHOB )/ ( THETA+DKDRHOS ) 000078510
RETARD( J)u] . +RHOBNDKD/THETA 00007520

149 CONTINUE 00807530
129 CONTINUE 00007840
22 FORMAT(//710X, ‘BULK DENSITY =°,E12.4,8X, '"Am CONTENT =°',E12.4, 000078350

1 6X,°'VIME CONVERSION FACTOR =°,E12.4//10X, 00007560

2 °LIST OF CHEMICAL PROPERTIES OF SOLUTE SPECIES‘'// 00007570

3 SX,'SPECIESE’ ,7X, 'CONSTANT KA °,8X, "CONSTANT KB °',8X, 00007580

& °CONSTANT KN',5X,* PH-VALUE °,3X,°CONST. GLAM]®, 00007590

$ 3X,°CONST. GLANM2'/) 00007600

27 FORMAT(IX,15,8X,6(214.4,3X)) 00087418

$4 FORMAT(//710X, 'LIST OF RETARDATION VALUES®/) 00807620

c - 00007630
IFINZ.€Q.0) NIz} 09007640

C..... FOR IPSPEC = 1, READ IN VALUES OF LONGITUDINAL AND TRANSVERSE 00007650
Cc OISPERSIVITIES, MATER VELOCITY, AND RECHARGE PARAMETER INDEX 80007660
c-....o-....--.-.-oo...oo-...-o.c--oooo-o..oo-o-c-oo-ooo-ocon'o CARD TY00007670
Coomaiolllllll 00007680
XF( ALFAZ.LE.1.0-10) ALFAZ=ALFAY 80007690

TEIRAECLE 1 oA SRR,

g



00 ‘) J=1,NSIGHA
101 SD(J)=SIGMALD)
DO 102 J=1,NLAMDA
102 GLAMD(J)=GLAN(J)
D0 104 J=1,NX
106 XD(J)=XX(J) .
IF(IRCHBE.EQ.0) 6O TO 49
48 CONTINUE
c...t--.c....-.'...0..0.'...0...'0".'.0.‘....'Ol.....l....'l....
DO 69 J=1,NLAMDA
RFAC21./( THETAYRETARD(J) )
69 GLAM(J)=GLANIJ)+RCHGEL J INRFAC
49 CONTINVE _
1032 FORMAT(/10X, 'SOLUTE VELOCITY = =*,E12.3)
1034 FORMAT(/10X, 'GROUNDNATER SEEPAGE VELOCITY =',El12.3)
103 FORMAT(//10X,* LONBITUDINAL DISPERSIVITY =*,E12.3//

1 10X, * TRANSVERSE DISPERSIVITY =°,El12.3//
1 10X,* VERTICAL DISPERSIVITY u,E1R.3//
| 10X, * AQUIFER THICKNESS s',El2.3//
1 30X, * SOURCE THICKNESS u',E12,.3//
1 10X, * PENETRATION RATIO s',Ei1R. W)
20 CONTINUE
Covrennnnnen
[
IPRCHK=])
c ‘ :
DO 40 ISI6=1,NSIGMA
S=SIGMA(I918)
c A
DO 38 ILAM=1,NLAMDA
c
J=ILAM
IF(ISPEC.EQ.0) REVARD(J)=},
IF(ISPEC.EQ.1) KRO=GLAM(ILAN)
VX=VS/RETARD( J)
DX=ALFAL®VX
- DYSALEATOVX
DZ=ALFAZ®VX
DO 36 IX=3,NX
XP=XX(IX)
IFCISPEC.NE.1) KRDSSLAMD(ILAN)/XP
KRDSTO=KRD
C..eo. FULL PENERATION EVALUATION
DELCCP=Q,

CALL GHPRDO(XP,S,0X,0Y,VX,KRD,CCF)
IF(DABSICCF).LT.1.D-20) CCP=).D-20
C..... PARTIAL PENETRATION EFFECT '
DO 254 IZ=1,NX
TPsI2(1X)
IF(XP.LE.0.01) GO TO 409
LIF(HONB.LY.0.9900) CALL GHPIOP(XP,2ZP,8,0X,0Y,0Z,VX,KROSTO,
1 BAQFR,HONB,DELCCP,NKEEP)

COCUIX, ILAM, ISIG)=CCFuHONB +DELCCP
DLFAC(IX, ILAM, ISIG)=HONB+DELCCP/CCP
CPFLIX,ILAM, 131G )=CCF '
60 T0 45

409 CONTINUE
NKEEP20

i

Ouu07730
00007740
00007750
00007760
00007770
00007780
000077¢0
00007800
00007810
00007620
00007830
00007040
90007650
00007860
00007870
03007800
00007898
00007900
00007910
0007920
00007930
09007940
90007950
0800790
00007979
00007980
00007999
90008006
08008010
60008020
80008030
99008040
00008050
90008060
00008078
00000080
0000209
00008100
00008110
00008120
00088130
00008140
0008150
00008168
00008170
00008180
00008198
00008200
00008210
8000220
eee0ee3e
0008240
00008250
00008269
00008270
00008280
00008290
00008300

[



CPFUIX,ILAM,1816)=1.
IF(ZP.LT.HSOURC) GO TO 45
DLFAC(IX,ILANM,ISIG)ZO.
CPFCIX,ILAM,1I316)=0.
45 CONTINUE
c
C code added 10/07/88 by R. Moon
[ o
SMMIN = (Q # AN # 70,000 ® ADX ® 10.0D0-04) /7 CD(IX,ILAM,1818)
TAU = ()0((1) # { 1.000 ¢ { DKOC ®» FOC ® RHOB ) /7 THETA ))
x /7 Wil)
SHTOT = (Q # AN & TAU # ADT = 10.00-04) / COUIX,ILAN,1918)
LMCHIN = (Q % 70.0D00 » ADX) /7 (CDUIX,ILAN,1816) ® DF % RMON)
LWNCTOT = (Q # TAU ® ADI) /7 (CD(IX,ILAN,ISI6) ® OF @ RHON)
[

IFCIPRCHK.NE. O3 MRITE(],4993)CO(IX, ILAN,I816),
x LHCHIN
4993 FORMAT (F10.7,1X,611.8)
983 PORMAT( /710X, *PRINT CHECK:XP-ZP-DX-0Y-DZ-KRD-CO-CPP-OLPFAC®,
1 °- NKEEP*/)
1093 FORMAT(IX,3164(°-*))
993 FORMAT(9E12.4,17)
254 CONTINUE
36 CONTINUE
38 CONTINUE
40 CONTINUE
CALL ouUTAUT
100 CONTINUE
Covoom FORMATS
1 FORMAT(1613)
11 FORMATIZ0AG)
29 FORMAT(3E10.3,15,3E10.3)
3 FORMAT(/710X, "NUVBER OF PRODLEMS TO BE SOLVED =°',18//)
13 FORMAT(///710X, 'PROBLEN NUMBER =',18//
1 10X, "NUMBER OF GAUSS POINTS FOR NUMERICAL INTEGQRATION =°,18/)
23 FORMAT(/10X, 'PARAMETER SPECIFICATION INDEX =°,18//710%,
1 'NARBER OF STANDARD DEVIATION VALUES =°,318//18X,
2 'NUIBER OF DECAY COEFFICIENT VALLES =',18//18X,
3 'NUIBER OF X-COORDINAVE VALUES ', 1877104,
4 ‘'NUMBER OF 2-COORDINATE vVALUES LARY { 3]
21 FORMAT(8EL0.3)
33 PORMAT(//10X, *LIST OF STANDARD DEVIATION PARAMETER VALUES'/)
43 FORMAT(8EIR.S)
B3 FORMAT(//10X,*LIST OF DECAY PARAMETER VALUES®/)
63 FORMAT{//710X,°LIST OF DISTANCE PARAMETER VALUES'/)

RETURN
END

SUBROUTINE OUTPUT

IMPLICIT REALR®8(A-H,0-2)

INTEGER=2 IUNITL,IUNITZ,IUNITS,
x IPSPEC,NSIGMA , NLAMDA , NX ,NVM, IPCAL ; IRCHEE , NIIAX
CHARACTER MENU,ANS,TITLE®S0,TERN

REAL®*8 KRD,KRDSTO,KRDN, LWCHMIN, LNCTOT

OIMENSION RETVARD(1) -

CW!NT!OS/ xnnc.mtm.umu.m.m.xmum.m

OMMON/10/ TUNIT], IUNITE, IUN

00008340
000008150
00008340
00008370
900008380
00008390
00008400
e0000410
80008420
00008430
00000440
00000450
90000460
000008479
00000480
0000049
00008500
0000083510
00808520
000083830
00008340
00008330
00008540
000878
00008580
0000839
80000600
08008610
00080620
00008630
00008640
00000450
08088460
00008670
00000400
0000069
90008700
60008710
00008720
98000739
000002748
00008730

00008740

00808770
98008700
000879
00008800
e80sa8Le
e0008820
00000030
60808840
08008830
08008868
06008876
000008800
0000889
...”’00

0008910

Wnnw M‘m‘%[gm 1T ReRER(§7Vaky; Ox0C  Foc “s“m



COMMON/BLOCKA/CDI1,1,1),X0(1),6LAMD(1),80(1), 00008980

1 2I01),8LAM 1) 90008964
COMMON/BLOCKP/CPF(1,1,1),0LFAC(],1,1) 00000897¢
COMMON/NENOUT/SIMIN, SHTOT , LHCMIN, LNCTOT,DF , RHOM,Q 00008980
NCOL=S 80008990
ITABL=0 90009000
DO 10 1S16=1,NSIGMA 00009010
S16D=3D( I816) ass0%028
ILST=1 00009039
ILEND=ILSTeNCOL-] 08009048
IF(ILEND.OT. NI.NIMD ILENDSNLAMDA 00009050
14 CONTINUE 08009060
ITABL=ITABL+} . 00089870
IF(IPSPEC.EQ.0) 60 TO 1Y 08009080
133 FORMAT{/12X,BL ‘RCHOE=*,010.3,1X)) 2000909
60 TO0 69 08009100
19 CONTINUE 00009110
69 CONTINUE 0800912¢
00 16 IX=1,NX 00009130
IF(COMIX,ILST,I8I6).LT.1.E~-7) GO TO 16 00009140
16 CONTIMIE 00009150
123 FORMATIZX,93(*~')///7) 08009160
39 FORMAT(///78X, ‘TABLE® 13,1 ,2X,'X VERSUS CD FOR SIGMA =¢, 80009179
1 E11.3//78X,93(°~*)) - 00009180
49 FORMAT(/12X,5( 'LAMDA="',E£10.3,1X)) : 08009190
89 FORMAT{ IX, *X-VALUE® ;6X, 'CO-VALUE® s : 0009280
1 418X, 'CDO-VALUE' )//8X%,93(*~*)/) 0009210
ILST=ILEND+] 00009220
ILEND=ILST+NCOL-1 00009230
IF(ILST.GY.NLAMDA) 0 TO 18 00009248
IF(ILEND.GT.NLADA) ILEND=NLAYDA 080092859
60 TO 1o ) 00009260
18 CONTINUE 00009270
10 CONTINUE 90009288
----- FORMATS 00009290
3 FORMAT(//7/78X, *TABLE" ,13,°1%,2X, ‘XD VERSUS CD FOR S1IGD =°, 850093800

1 E11.3//72X,93(*~-")) 00009330

13 FORMAT(/12X,8( ‘LAMD=’,E10.3,2X)) 00009320

113 FORMAT( SX.')Q-VALU!'.CX.'CD-VMA!‘A(U(.’N-VM.II' 372X, 93( =" )/) 900093138

23 FORMAT(IX,210.3,8(4X,E11.3)) 00009340

RETURN 00009350
END 20009340

90009370

SUBROUTINE SWP2DO(X,3,DX,DY,VX,XRD,CCP) 90009380
INPLICIT REAL®S(A-H,0-2) : 00009390
INTEGER®E JUNITI,IUNITZ,IUNITS, 00009400

. IPSPEC ,NSIGMA , NLAMDA » M, NV, TPCAL » TRCHBE , NITAX 90009%18
REAL®8 KRD,KRDSTO,XRDN 00009420
COMMON/1I0/ IUNIT),IUNITZ,JUNITS 00009430
COMMON/INTEGCS/ IHP!C.MIGM.M.M.M.!FCAL-M.W 00009440
DIMENSION Z(2856),H(2B6) 80009480
TLRNCE=] .0-06 00009460

20 PORMAT(////80X, 'ERROR IN SUBROUTINE QNPEDO'//20X, 00009470

1 *THE PARAMETERS DX.DY,S MUST ALL BE GREATER THAN ZERO BUT YOU', 00009480

e ' SET'///40X,° OX =°,212.4,20X%,°0Y =*,E12.4/ 80009499

3 2IX,'S = *,El2.4//) 000098500
IF(DX.LE.0..0R.OY.LE.0..0R.8.LE.0.) STOP 00009810

P!=3 1415926835097900 .00095;.

TR DR T



=0.00
B=1.0+20
CALL DGAUSS(A,8,2,H)
SN1=0.00
EXO=VXnX/(2.00%0X)
DO 100 I=1,NMAX

- ZRTULINTUX)

100

ACCELERATE THE INTEGRATION BY LETTING VsZNZnOSQRT(2)/S
24=22028

EXSEXO-Z4-X"DIMT{ £.DONDYRZG/(DXNSNS ) +ALPFHA/DX )
TERN=0.00

IF(EX.BT.-72.) TERN = zum«xuowux)

SUM=SUMITERN

CCP=4 .DOnN/DIMT(PL)

RETURN

END

SUBROUTINE GHP3IDPI(XP,ZP,8,0X,DY .M.Vx-m.m.
1 HONB,DELCCP,NKEEP)

INPLICIT REALNSIA-H,0-2)

INTEGER®Z JUNITI,IUNITZ, IUNITS,
* IPSPEC ,NSIGMA  NLAMDA , 00X o NV, IPCAL , IRCHGE o NIAX

REAL®S KROD,KRDSTO,KRDN

COMMON/I0/ TUNITI,IUNITE,JUNITS

COMMON/ INTEGS/ IPSPEC,NSIBIMA,NLAMDA - 0D(, NV, IPCAL , SHCNGE , NIAX

P1=3.1415926533897900

NTERI2200

ERROR=1.0-4

CONST=2./PL

DZCONS=DZnPInPI/({ BAQFRNBAQFR)

DELCCP=0.

DO 100 N=) ,NTERNM

EN=N

ARG=ENRPISHONS

IPARGEENNPINZP/BAQFR

ATERM=DSIN( ARG )%DCOS( ZPARS )/EN

KRDN=KRDSTO+ENNEN®DZCONS

CALL GNPZDOIXP,8,0X,DY,VX,KRON,DCTERNM)

DELCCPaDELCCP+DCTERMHATERN

CTOL=ERROR®DABSIDELLCP)

IF(DABS(DCTERM).LY.CTOL) @O m 108

CONTINUE

CONTINUE

NXEEP=N

DELCCP=DELCCP*CONST

RETURN

END

SUBROUTINE DGAUSS(A,B,Z,M)

arch S TVILUE SEBIArRE" nARRER AR YEARY rAcToR® YO ™

‘00009560

00009570
00009580
00009890
§0809600
0000910
00009620
0000930

.00009640

00809350
000096408

. 000%7¢

00009680
00009690
08009700
0009710
0009720
60809734
0009740
00009788
00009740
80009770
90009780
0800979

00009010
00009020
00009830
08009040
$0009030
00009860
0609870
00089080
000098%
00009908
00889910
90009920
00009936
00009940
00809980
0000990
00009970
00009980
9000999
8818600
etolenne
scole0eo
00010030
00010040
00010080
00010060
e801007¢
00010080
0001009
eo0t0l100
0010110
00010120
00e1013¢



aoOoOOO00

onon

(s A N N N R e R N N R e R R R e R M e e e N G e K K K e Ra N K )

fOR'THE SOLUTION OF INTEGRALS OF THE FORM ooo0i0170

-

00010180

INTEGRAL OF F(Z)WDZ = SUM OF W(IeF(Z(I)) 00010190

I » ‘looo m 00010200

INTEGRATED FROM A TO B 00010210

00010220

00010230

INPLICIT REAL®S(A-H,0-2) 00010248
INTEGER®E JUNIVI,IUNITE,JUNITS, ooo10250
+ IPSPEC,NSIGHA, NLAMDA, M, NV, IPCAL » TRCHOE , NAX 00016260
DIMENSION W(256),Z(256) sgo10270
COMMON/10/ IUNITI,IUNITZ,IUNITS : sselece0
COMMON/ INTEGS/ IPSPEC,NSIGMA NLAMDA 8, NV, IPCAL , IRCHBE - NAX :CO:::::

00

A LOMER LINIT OF INTEGRATION 00010310
80010320

8 UPPER LINIT OF INTEGRATION 00010330
00010340

t 4 ROOTS OF THE LEGENDRE POLYNOMIALS PiN+1)(2) :.ﬂ:”:
001036

N WEIGHT FACTORS FOR THE GAUSS-LEGENDRE QUADRATURE ::0"!7.
010308

NMAX NUMBER OF INTEGRATION POINTS 9001039

_ NMAX CAN ONLY HAVE THE VALUE OF EXTHER 4,85,6,10,15,20,68,104,286 00010400
» 00010410

0010420

08218438

00018440

THE ROOTS AND KEIGHT flﬂ’ﬂ. FOR THE NORMALIZED INTEGRAL ARE TAKENSO010450
FROM : 00010460
APPLIED NUMERICAL METHODS 00010470
BY ¢ B. CARNAHAN, H.A. LUTHER AND J.0. MILKES . 000104080
JOHN WILEY AND m. INC. , )% 08010490

AND IN ADDITION 3 : 00010800
GAUSSIAN QUADRATURE FORMULAS : 00010510

BY : A.H. STROUD AND DON SECREST 00010520
PRINTICE-HALL; INC. 1%6 00010830

i 00010540

00010580

v : 00010560

PROGRAI®IE MAS MRITTEN BY 1 NICHAEL J. UNSS JULY, 197¢ ) Sse1657¢
00010300

000105%

CHECK IF A >B . : §0010409

00010410

IF(B.LT.A} MRITE(2,1} A,8,0WX 090010620

FORMAY(/////////,80X, ‘unnnn  ERROR IN SUBROUTINE DGAUSS wnnun’,///00018630
2 ,40X,'THE FOLLOMING VALUES WHERE SPECIPIED®,//,38X,°LONER LIMIT 008010440
3F INTEGRATION A = °,D20.12,/,30X, ‘UPPER LIMIT OF INTEGRATION BO00010650
4 = *,020.12,/,17X,"NUMBER OF GAUSSIAN INTEGRATION POINTS IMAX = ‘00010660

" 8y 15,/7,35%,°YOU VIOLATED THE CONBITION THAT LIMIT B MUST BE GREATO001067¢

O6ER OR EQUAL THEN LINIT A°’,//,30X, PROGRAN SHALL STOP AFTER FORMATE0010680

7 1 IN SUBRODUTINE DOAUSS') . 00010690
IF(B.LT.A) STOP se010700
00010716

NORMALIZED ROOTS AND MEIGHTS - 00010720
00010730

JFINMAX.NE.4) 60 TO 5O 000107490

i Y



150

W(3)=.347854845137453800
60 TO 10000
IFINMAX.NE.5) GO TO 60
Z(1)=0.
Z(212.538469310105683000
Z(4)2.906179845938663900
MH(1)=.568808088888808888D00
HI(2)2.4786286704993664D0
H(4)=.2369260850561089000
60 TO 10000
IFINMAX.NE.6) 60 TO 100
Z(1)=.2386191840083196500
Z(3)=.6612093864066264500
Zi15)=z.932469514203152000
H(1)2.4679139345724691000
H(3)=.360761573048130600
H(5)=.171324492379170300
60 7O 10000
IF(NMAX.NE.10) G0 TO 150
Z(1)=_14887433890163100
203)2,43339539412924700
Z(5)=.679409568299024D0
217)2.865063366608898500
Z(9)=.97390652851717200
W11z . 293852422471475300
H(3)=.269266719309996D0
H(5)=.21908636251590200
H(79=,.14945134915058100
H(9)=.06667134438068000
60 TO 10000

IF(NIMAX.NE.15) @O TO 200

Zt1)=0.
Z(2)=.20119409399743500
Z(4)=.39415134707756300
Z(6)=.570972172608839D0
Z(B)=.72441773134017000
Z110)3.8408206583410427D0
Z(12)=,93727339240070600
Z(14)=.96799251802048300
H(1)2.20257824192556100
Hi2)=.19843148532711100
Hi(4)=.108616100011556200
Ni6)=2.1662692058169940D0
H(8)=.139870677926154D0
H(10)=.10715922046717200
H(12)=.070366047408810800
N(14)= .03078324199611700
60 TO 10000
IF(NMAX.NE.20) GO TO 600

Z01)=,.76526521133497330-01

Z(3)=.2277638511416450D00
Z(5)=.373706088718419300
2(7)=.510867001980827000
Z(9)=.6360536807265150D0
Z(11)=.746331906460150700
(131=.839116971822218800
Z(ISI' 912234428251325900

17)= .963971927277913700

e

00010780
00010790
00010808
00010810
00010820
00010830
00010040
00010850
00010860
00010870
00010880
000108%
60010900
00010918
00010920
00010930
00010940
00010980
0001090
00010970
80010980
0061099
80011089
sesil010
esollete
00011030
00011040
00011050
00011040
00011070
00011000
0001109
008111680
00011110
oe01l120
00011130
00011140
00011180
00011160
0se1t170e
00011160
00011190
00011200
ee011210
eaoiieee
00011230
00011240
ooelizse
00011260
0001270
000112060
00011290
00011300
80011310
o0011320
e0el1330
00011340
00011350

I



600

H(S, - f)4209blo9310”2000
H(7)=.1316886384491766D0
H(9)=.1181945319615184D0
H(11)2.1019301198172404D0
H(13)2.8327674157670474D-01
WE15)2,.6267204633410906D-01
H(17)2.4060142980038694D-01
H(19)2.17614007139152110-01
60 T0 10000

IF(NMAX.NE.60) GO YO 1040
Z(1)=.2595977230124779D-0}
203)12.7780933394953656D-01
Z(5)=. 129449135396 945000
217)=.180739964873425400
Z(9)>,231543551376029300
ZU11)=.201722937423261600
Z(13)3,.331142848268448100
Z(15)2.379670056576797900
2U17)2.427173741583078300
Z(19)c.473525841761707100
Z(21)=.518601400038569700
Z(23)2.562078900753944500
Z(25)2.604440597040510300
2027)=.6449728284894770D0

- Z129),6837663273613554D0

Z(31)z.720716813355730300
Z(33)=, 755723775306585600
Z(35)2,788693739932264000
Z(37)=.8195375261621457D0
Z139)2,.0848171984785929600
2(411%.8745199226440983D0
2(43)z.898510310810045%08
Z(45)2,.920078476177627500
Z(47)2,939166276116423200
Z(49)2.955722255839996100
Z151)2,.969701788765052700
Z(53)=.981067201752598100
Z(55)%,989787895222221 708
Z(57)=,9958405251 18838100
Z(E9)=,999210123227436000 .
M(1)=.5190767763122063D-01
H(3)2.5176794317491018D-01
HiS)=.5148845150098093D-03
N(7)3.5107015606985562D-01
H(9)=.5051618453250937D-0)
H(11)=.49822035490550100-01
K(13)2.48995875455756030-0)
N(15)=.48037031819971160-0)
HI17)=.4694890884891220D-0)
W(19)5.48734379716114480-0)
H(21)=.44396478795787110-0}
H(23)=.42938892083593564D-0)
W(25)=,.41365551235584750-0)
H(27)=,39680695452380790-01
H(29)=.37688867849243440~01
N{31)=.3599489805108450D-0)
N33z, 34003892724946420-0)
Wi35)2.31921219019296320-0

B AR

00011390
00011400
00011410
00011420
00011430
00011440
00011450
80011460
00011470
00011480
00011499
00011500
00011510
00011520
00011530
00011549
00011580
00011560
00011570
00011580
00011590
00011600
00011610
00011620
00811630
00811440
00011650
00011660
e0011670
00011680 .
00011490
00011700
00011710
00011720

00011738

00011740
00011780
00011760
00011770
00011780
001179
00011800
00011810
eont1820
0011830
00011040
eoo11ase
00011840
00011870
00011880
0001189
00011900
00011930
00011920
0co11930
00011940
00011980
00011968



10640

H(t‘i, 2. 22789516943997810-01
W45 )=.20337120729457280-01
W(47)2.17829901014207720-01
H(49)=.15274618596704790-01
H(51)3.126708166476815%D-81
IS}, 10047557182207580-01
H(55)=,73899311633454550-02
HiS7)3,47127299269535480-02
W(59)=,2026811948873758D-02
60 T0 10000

TFUONMAX.NE. 104) GO TO 2540
Z01)=.185030805704205300-01
2(3)=,4507883345837786D-01
2(%)=.75086122510670310-01
Z17)=.105025354464786064D0
Z19)=.13487007296040884D0
Z011)=_164592706349675100
Z(13)=,1961665930108308100

.Z(18)=.223565008027212500

ZU17)=.252761303408720900
Z(19)=.2681729332172508000
Z(21)=.310442676179220900
Z(23)=,3388754665692304D0
Z(e3)=,3670020080281650D0
2127)=.394799002008311%0
Z(2912.428234969684903600
2131)2.4492914746665266009
2033)2,4759419454 74139800
Z135)3,.502162297453450200
Z137)=.527928834737677200
2039)=_5532182718562034400
1141)=.578007753327877400
2163)%.6022746772854004D0
Z(45)=.625997712632515200
1147)2.64915648206311108500
Z(49)=.671725273603336200
Z(51)%.6936006743939371D0
Z(53)=.7150251739739257D6
2(55)=.738715490178358500
Z157)=,.758740924732175300
Z(59)=,.775003300220303300
Z(61)=.793728376462768508
Z(63)=.811650066332045800
Z165)=.820841250058302900
Z(67)=.845283394029362600
Z169)=.86096163567385050D0
Z(71)=.87358610102342710D0
Z(73)=.809970448925411600
Z175)=,90327408028512220D0
Z(77)=.915762847705915708
Z(79)=,.9274230987070864D0
Z(81)=.9382456177991042D0
Zi83)s.9482200246034838D0
2185)3.957337505370073300
L(87)5.965589820346157000
Z189)=.9729695120673583D0
Z191)3.979469911790591900
Z(93)s, 9050;5!4!01“6!000

S1381:: MMt TN

00032000
ooo12010
00012020
00012030
00012040
99952050
00012060
00012070
00012080
00012099
e0012100
asoi211e
00012120
00012130
00012140
e001R150
00012160
00012170
00012100
001R1
eser2eee
e0012210
00012220
00012230
80012248
ese1zese
000122690
se012270
00012200
00012299
eeel2300
00012310
00012320
00012330
00012340
00012150
00012360
00012370
00012300
09012390
00012400
00012410
00012420
00012430
08012040
000124850
00012440
00012470
00012480
00012490
00012500
eso12510
00012520
00012530
00012540
00012550
00012860
00012578



2560

Z(101)=.998605162651977300
2(103)=.999735221876088200

1)

3)

3)

7

”
11)
13)
18)
17
19)
t1)
t3)
t5)
L34/
29)
31
33)
3%)
7
39)
41)
43)
45)
47)
49)
$1)
83)
55)
$7)
59)
1)
63)
63)
67)
69)
mn
73)
78)
7)
79)
a1}
o3)
85)
a7
a9)
)
93)
”»)
97)
99

H(lo1)
H(103)

€0 TO 10000

.30059347260914620-01
.3003218199259360D-01
.299776876005760570-01
.29896478377947390-01
.29788062669856450-01
.2965272685908227D-01
-29490593251467270-01
.29301800370591420-01
.29086542825355950-01
.28844991155800690-01
.28577371687294270-61
.20283926103256310-01
2796491 992458968001
-2762064118802044D-08
.27251401075562150-01
.26857333303339870-01
.26439393010020100-01
259973604771 75190-01
.25531832779704970-01
.25043231424904260-01
+24531997972222640-01
-23998594434220200-01
.23443502859080040-01
-22867224894894930-01
.2227028133640237D-01
-21653211654297920-0)
.2101657350772073D-01
20360942240296200-01
.19686910360204320-01
.$69985087084732770-01
- 18206097389%022090-01
-1756038224508301D-01
-16819197234814020-01
.16062612365552510-08
-152918511380692670-01
«1450659114276709%-01
.13708561003945900-01
.12698142143527330-01
.12076067026716450-01
-11243078524165430-01
.10399929462594400-01
.954738103083269110-02
-06062061579237110-02
.76171807564283430-02
.69410911251809780-0¢2
.60587292747508510-02
.51700932073277520~-02
~427083846732472274D-02
.33820208186870300-02
.24026218021767840D-02
-15610952911948420-02
67947610248455290-03

IFINMAX.NE.256) GO TO 3000
2(1)2.6123912375189529D-08
Z(3)2.1837081847081366D-0 i

e TN

00012610
00012620
00012630
00012640
00012650
00012660
e0012670
000126008
00012690
8012708
oe0127%0
eso12720
00012730
00012740
00012758
00012760
00012770
00012789
0801279%
80012800
oooi12810

see12030
00012040
00012050
00012060
ss012070
00012880
00012890
00012900
se012910
00012920
ese12930
00012940
00012950
0001290
00012970
s0012900
00012990
00013800
00013010
e0013020
06013030
00013040
00013030
00013060
00013070
00013080
00013090
00013100
00013110
es013120
00013130
00013140

00013140
00013170
00013180



. r

zi'.._,.,)e.anxzszuosnuoo-on u.}uazo

Z(13)2.7952728910023296D-01 00013230
Z(15)=.91730127163%519550-01 00013240
Z(17)=.103919204810509400 90013250
Z(19)2.116092693560332800 00013260
2121)=.1282487672706070D0 - 00013270
Z(23)=.14038546024113758D0 00013280
Z(25)=.152501378338656300 0co013290
Z(27)=,164894277567553800 00013300
Z129)9.1766624860449019500 00013310
2031)=,1887064193421388800 00013320
Z(33)=.2007175933231244D0 60013330
Z(35)=.212700083622628900 00013340
Z137)=.2246522667091319%00 00013330
Z(39)5,.236569949758284000 00013360
T(41)=,2404521480010546D0 00013370
T(43)=,26029706999]1 942500 60013380
Z(45)=.272102947876336400 6001339
L(47)s,.263868007657081700 00013400
Z(49)=.295590484460) 35400 00013410
Z2(351)=.307266619799319000 00013420
2193)2,318900661840106200 00013430
Z(55)=,330484865662416900 00013440
2(57)=.342019493522371600 00013450
Z(59)=,353502015112969900 00013460
Z(61)%,.364933107623454000 00013470
2046322 _B74308454908714208 22013420
Z(65)=.307627786194518500 §0013490
Z(67)=.3980888707435459100 00013500
"Z069)=.410089821448716500 00013510
Z171)%.421229418017623800 00013520
Z173)=,432305826033741300 00013530
Z(75)=.443317303947527300 00013540
Z(77)2.45426243991 7589900 00013899
Z(T79)=,468139352076479300 00013560
T(81)=.475946400706983300 00013870
Z183)=,4866022288466090300 00013540
21083)2.497344961052181400 00013590
Z187)=.8507933000220616000 00013600
Z189)=.518445019673674400 13610
Z(91)=.5208791792940222D0 00013628
Z(93)=,539234001066059100 00013630
Z(93)= .549507934062718500 $8013440
Z(97)%.5596994346944811D0 00013450
Z(99)=.5698069749343607D0 00013660
26101 )=.579829038559002900 00013670
Z(103)=.589764122184454300 00013620
Z(103)=.599610735362948300 00013699
Z(107)=.6093674010963339D0 00013700
- 20109)%,.619032685759261200 00013718
ZU111)=.628605049469014900 0613720
T(113)=.638083146272911300 00013730
Z(115)=.6474655243637248D0 00013740
ZU117)=.46546750776292973200 00013730
Z(119)2.665937509182048300 00013760
Z(121)=.6750243449311627D0 00013770
zoied)s .6“009’206!6073900 00013780
Z0125)2.692689288774287690 00013790

i i



2(133)2.727372259649652100
Z(135)3,.73572251288591 7800
. ZU370=.743962400549111500
Z1139)=.752090686575492000
20141)1=.760106151842655400
2(143)3.768007593352445600
Z0145)2,775793824411325700
Z1147)=.763463682608183000
Z(149)3.791036011989545900
Z(151)s.7984496810321707D0
Z1153)=.8057635740129984D0
Z(155)=.08129856596176431500
20187)=,820027666098917000
2(159)=.826978723650812500
Z(161)=.033799727155504800
Z(163)%,840498652345762700
Z(165)2.847071494517296200
Z(167)=2.853517267679502900
21169)=.859835004903376300
Z(171)3.866023758466554508
Z(173)2.872082599995488200
Z1175)=.87801062060470635D0
Z(177)=.8838056931033138200
Z(179)=.809470661777610800
Z(181)=.0895000963223084500
2(183)=.900397005770303300
Z(185)%.9056579799601446D0
Z(187)2.910783096595065008
Z(169)=.915771586857490308
Z(19]1)%.9206227024251464D0
21193)%.9253357155083316200
Z(195)5,.92990991 9334005400
Z(197)=.934344627502003008
Z(199)=.938639174837814800
Z(201)%,9427929171174624D0
2(2031=.9468052312391274D0
Z(208)=.9506785153166202D00
Z(207)=.9544031887697146200
Z(209)=.9579876924111781D0
Z(211)=.961428488530732100
Z(213)=.964725080975706400
Z(215)2.9678769152284894D0
Z(217)=.970883570480743000
Z(219)=,.9737445997043704D0
Z(221)=,976459549719234100
Z1223)=.979028021257622000
Z(228)=.9814494290254644D0
Z(227)=.983724009760315400
Zi229)=,905080022286125900
Z(231)=,987029747864860600
Z(233)5.9896604807450652D0
Z(235)%.991342771207583000
Z(237)=,9920876342600822100
Z(239)2,.9962609729224096D0
Z(24]1)2.995496454481096300
Z(243)=.996582602023381500
Z(245)2,.9975192527567208D0
l(!47)8.H?BP06266¢73006600

e

00013830
00013840
00013850
00013860
00013870
00013880
0001309
00013900
00013910
00013920
00013930
00013940
00013980
0001390
00013970
00013%80
00013990
00014000
00014020
$0014020
00014030
00014040
90014080
00014060
00014070
00014000

00014090

00014100
00014210
00014120
00014130
00014140
00014150
00014160
90014170
00014180
0001419
00014200
00014210
e0014220
00014230
00024240
00014250
000142640
00014278
00014200
80014290
00014300
00014310
00014320
00014330
00014340
00014330
00014340
00014370
00014380
00014390
00014400

i



Z1255)2.999956050018992200
H1)=.1224767164028975D0-01
H(312,.12245034369747920-01
H(5)=.12242160104272800-01
H(7)=.32236649395040150-01
H(9)=.1202930306871027D-01
H(11)=.1222012222730396D-01
NU13)=.1220910824803724D-01
Hi18)e _1219626278311471D-01
H(17)=,12181587759481770-01
N(19)=,.12165005378535500-01
Hi21)=_ 12146758115794450-01
N(23)=, §2126608720527320-01
H(25)=, 12104640215340440-01
W(27)=.12000855095724540-01
Ni29)=.1205525932956014D-01
H31)=2,.12027854356582570-08
H(33)=,.11990443087808810-01
H(33)=.1196763590490589%0-01
H(37)3.1193483145956386D-01
H(39)3.11900236672766480-01
H(41)=.11863856734071070-01
Hi43)=.1102369710002397D-01
Wi43)3.11785763497343420-08
H(47)2,.1174406191406035D-02
N(49)=,.11700598606420740-01
N(S51)2.1165538009494524D-01
N(53)=.11600413162253100-01
N(55)=.11559704854043630-01
H(57)2.31509262477039490~01
Ni59)=.1145709339809063D-81
Hi61)s,11403206043039100-01
W(63)5,.11347607895545490-01
H(65)5.11290307495875500-01
H(67)5.112313134396496D-01
H(69)=.1117063457655344D-01
H(71)=.1110828000900984D-01
N 73)=.11044259090813%0D-01
M 75)3,.1097858142872957D-01
H(77)=.1091125406604903D-01
HE79)=.10842295511114790-01
H(81)=.10771707705804620-01
H(83)=.1069950403897978D-01
H(85)=,1062569534189686D-01
H(87)=.10850092606581480-01
W1 09)=.10473307384170400-01
H(91)=,.10394785098321172D-01
H(93)2.10314635267934010-01
H(95)2.1023297225647821D-01
H(97)2.1014977419909486D-08
H(99)=.10065053576306380-01
N(101)=.9976823097034910D-02
NL103)=.989109549609502080-020
Hi105)=,.98010045352573270-02
H(1071=.97112029982662790-08
N(109)=.96190646798407270D-02
Hi111)z,.9525683410629284D-02
H(113):.943047322573 .220-02

IHE R

00014440
00014450
00014440
00014470
00014480
8001449
00014500
00014510
sdoiasee
00014330
00014840
00014530
00014540
00014570
95014580
000143%
00014600
0814410
000144120
00014430
00014640
00014450
00014640
00014670
90014480
000146 %
00014700
00014710
00014728
80014730
00014740
0801ATSS
00014740
([ 1LY 2, |
00014700
800147%
00014800
00014810
900140820
00014030
00014840
80014850
00014840
00014870
00014880
0001409
00014980
00014910
00014920
00014930
06014940
00014930
00014940
00014976
00014989
80014990
00015004
000135010

43



w2, 90366315486620730-02
W(123)%,.8934494783758207D-02
H(125)=.88332177572487500-02
N(127)=.8726615961698807D-02
W(129)=.8620705088401014D-02
H(131)z,85135010250224900-02
H(133)=.084050198532215350-02
H(135)z, 8295277646235225D-08
H(137)2.81842914664352690-02
H(139)s.80720773628734990-02

H(161)3,.79586523687543400-02 -

H(143)=,70440334989397110-02
W(145)=, 772082379473815530-02
§H(167)%.76112830845456590-02
H(149)=,74931864548058830-02
N(151)=.73739457730123440-02
H(153)=, 72536389258339130-02
HO18S )=, 7132023961075390D-02
H(157)=.70097390929690220-02
N(159)5.68862026954463200-02
W(161)=,.6761633300173798D-02
H(163)=.66360495937810650-02
H(165)=.6509470415053660D-02
H(167)=.638191475210706800-02
H(169)=.6253401739542401D-02
N(171)=.61239306355679320-02
N(173)=.59935809191153380-02
H(175)=.58623120869220530-08
W(177)=.5730163850601437D-02

HUL79)=.855971560336829100-08

H(181)=.54633008086443100-02
H(183)=.53286415939159300-02
H(1631=.5193175250849284D-02
N(187)=.50569298807846842D-02
H(189)=.4919925921813865D-02
H(191)=.470821039250926910-02
H(193)=.4643724555680060D-02
H(195)v.450456050814470897D-02
H(197)5.4366734077968054D~-02
W 199)=.4224250421381536D-02
W(201)=2.408313020860526400-02
H(203)2.39413976414008330-02
H(208)2,3799073748766257D-02
H(207)s.36561799581425020-02
H(209)=.3512737705056307D-02
H(211)=.33607605073158810-00
W(213)5,.32242939617941980D-02
Hi215)=_3079335741199337D-02
H(217)s.2933915590829716D-02
N(219).27880353253277060-02
HOLZ1)=.264177682354274900-02
H(223)%.2495102034703706D-02
N1 225)5.2348052930327312D-02
N(227)=.22006516496399100-02
H(229)=.2052920227966143D-02
H(231)=.19040808534997180-02
W(233)s.1756555736330729D-02
Wi235)=.1607967130749327D-02

e

00015050
00015060
00015070
00015080
00015090
00015100
00018110
00015120
00015130
00015140
000185180
00015160
00018170
eoe15180
00015190
00015200
00015210
80015220
00015230
00015240
00018250
00015260
0001527¢
00015280
00015290
015300
00018310
08015320
00015330
000185340
00015130
00015368
8818370
08615380
0001539
000135400
00015410
909185428
00018430
00015440
00015450
00015460
00015470
00015480
00015490
000185500
00015810
00015520
000135530
00015540
0801353350
00015560
00015370
00018380
000158%
00018600
00015610
000136820



3000

4000 FORMAT(///7/77,80X, ‘nnunn  ERROR FLAS FROM SUBROUTINE DGAUSS nunin®,00015760
2//,20X, ‘SUBROUTINE DGAUSS DOES NOT CONTAIN THE MNUXs= °*, I3,
0' ROOTS AND MEIGHY FACTORS',

Q!ATIGC SCHENE, THEY MUST BE ADDED

W1243)=.10114243932084400-02
WNi245)=.86185370142008900-03
H(247)=.71215416347332060-03
H(269)2.56234895403140980-03
H(251)3.41246325442617630-03
HE253)2, 26253494429644590-03
N(255)=.1127890178222721D-03

60 TO 10000
CONTINUE

HRITE(2,4000 )NMAX

00015660
0001%670
00015680
00015690
00015700
00015710
00015720
00015738
60015740
00018750

00015770
68015760

/s 20X,°'FOR THE GAUSS-LEGENDRE QUADRADURE INTEGS0015790

SR FORMATY 4000 IN SUBROUTINE DGAUSS')

10000
c
€
c

C
c
C

AN AONNN

(=
c
c

C
c

aTopP
CONTINUE

CONSTRUCT THE REMAINING COEPFICIENTS FROMN THE GIVEN ONES

NO=0
NF=NMAX/2

IF(Z(1).EQ.0.) No=1

NJ=iO

00 10100 J=1,NF

NJ=NJe2

*ZINI)=-Z(NJ-}3)
10100 NINJ)=HINI-1)

CHECK IF LOMNER AND UPPER INTEGRATION LINITS ARE FINITER

OR INFINITE

IF(A.LE.-1.D+10) GO TO 30000
IF(8.GE.1.0+10) 60 TO 350000

ADJUST THE COEFFICIENTS TO m FOR THE NON-NORMALIZED

LINITS OF INVEGRATION

HUx)

SEE PAGE 104 AND EQ 2.98 IN THE ™ APPLIED MMERICAL METHODS®

NI In(B-A)/2
(DUTInB-A)eBeA)/2

00 20000 1=1,NMAX
H(X )N )n(B-A)/2.D0
20000 Z(I)=(Z(I)H(B-A)eBeA)/2.D0

RETURN
CONTINUE

SPECIAL CASE MHEN A --> - INFINITY

DO 40000 I=},NMAX
WIISRITI)N/(Z(1)+1.00)
40000 Z(I)=B+DL06G((Z2(1)+1.D0)/2.00)

CHECK 1IF TNIS M!GRAL HAS INFINITE UPPER AND LOWER LINITS

xim. . 0 ) G0 TO 80000

*s/0 30X, 'PROGRAN SHALL END AFTE00015800

00015010
e0018020
000135030
00015000
000135080
00018060
000185470
00015880
00018090

00018910
00015920
00015930
000185%0
00815950
0 s015%0
00018970
000135980
0001599
00016900
00056010
0016020
00016030
00014040
00014050
80016040
08014870
00016080
0001609
eselélce
00016110
e8014120
00014130
s0elélae
00014150
00014160
00016170
00014180
8801419
00016200
eso14210
e00l6220
ooe16230

Bl

At



50004 SONTINUE - _ 00016270

c 00016280
c SPECIAL CASE WMEN B--> INFINITY 00016290
c : A . 00016300
DO 60000 X=1,NMAX 00016310
HCT)=N(T)Z(ZIT)+1.00) 0006320
60000 Z(I)=A¢DLOG(2.00/(Z(1)+1.00)) 00016330
€ CHECK IF ONE IS TRYING TO SOLVE THE INFINITE INTEGRAL 00016340
IF(A.LE.-1.D+10) GO TO 80000 00016350
RETURN . 00016360
80000 CONTINUE 00016370
11=0 , 00016380
c 00016399
C  IF NE MANT TO SOLVE A PROBLEM MITH A--> - INFINITY AND 00016400
C B --> + INFINITY, THEN BREAK THE INTEGRATION INTO THO : 00016410
C  SEMI-INFINITE INTEGRALS 00016420
C  THUS 5 FEXINDX (~INF,+INF) = FIXINDX (-INF,0) ¢ F(X)NDX (0,+INF) 00016430
c 00016440
WRITE(2, 90000) A,B,NMAX 00016450

90000 FORMAY(///7////777,30K, ' nnnnn  ERROR IN SUBROUTINE DGAUSS uuuun08016460

2°4/7, 30X, 'DGAUSS HAS CALLED NITH A = °, D20.12,/, 54X,°B = *, Q0016470
3020.12,/, 51X,' NAMX= *, 13,/7/,10X:°THIS SUBROUTINE CAN NOT HANDLOOOR640Q
4C AN INTEGRAL WMERE BOTH THE UPPER AND LONER LIMITS OF INTEGRATIONOCO16499
8 ARE INFINITE', ///, 20X, WHAT TO DO ...DEPINE A NEN PROBLEN SUCH 000168580
OTHAT® ,/7/7,20%, °FIX)uDX (-INF,¢INF) = FIXINDX (-INF,0) o PFIX)}%00016510
TOX €0,4INF) WHERE INF = 1.De20 °,//,20X, ' PROGRAN SHALL END AFTEC0016520

&R FORMAT 90000 IN SUBROUTINE DGAUSS®) 00016530
IF(11.EQ.0) STOP 00016540
' RETURN 00016550

END 00014540



D032
Do32
D032
D032
0032
D032
0032
Do3e
D032
D032
DO32
D032
D032
DO32
Do32
DO3e
0032
003¢
DO32
0032
0032
Dole
Do3e
003
DO3e
DO32
Do32
Do3e
Do3z
Do32
DoO32
Do32
Do3e
Do3e
D032
Do3e
nosz2
Do32
Do3e
Do32
003
Do32
oe3e
oo3e
Do3se
Do3e
D032
Do32
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Do3e
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Do3e
0032
D032
Doz
Dot
Dose
Do

BolE 4

PR RS PR F R R R ESERREBEE BB R R B B B B B B B B BB S B B B2 B 2 B 2 R B B R BB R R B BB BB N NN N

TN
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
END
11 ]
END
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SRR
CHP R I U

9 DEC o8
9 DEC &5
9 DEC &3
9 DEC &3

EC &8

[-2-R-R-2-2-2-) [-X-Z-X-X-R-R-X-X-R-F-X-X-R-R-N-X R-N-R-R-0%-]
RRARARRER AR AR AR RN AR RRRSRRARRSRRA2RARR

sgssgogseopoe
mﬂﬂﬂﬂﬂgﬂﬂﬂﬂﬂﬂﬂ

L20.8R1
120.8R1
L20.801
Lee. 501
L26.5R1
120.9R81
Lee.smt
Lee.8M1
Lge.5R1
L20.9R1
Lz0.9M1
L20.9R1
Lee.mm1l
Lze.m1
Lee.9m1
L20.3N2
L20.9M12
i20.9m1
Lee.om1
Lee.sm
Lee.mi
Lee.m8
Leo.mme
Lee.omt
Lee.om1
Lee.50m1
Leo.m1
Lee.m1
Lee.901

LRO.SRL .

Lee.om

L2e. 901

Lee.on1
L20.908
L20.9R1
L20.901
L20.8R)
Lee.n1
Lee.om}
L20.901
Lre.on1
Lee.om1
tee.m
L20.908
Lze.m1

120.8R2 .

Le0.8R1

PRINTERE N3C1
PRINTERE H3C1
PRINTERZ N3C)
PRINTERE NSCIL
PRINTERE MSC1
PRINTERZ NSC1
PRINTERZ NSC1
PRINTERE NSC)
PRINTERR MSC)
PRINTERE WSC1
PRINTERE NSC2
PRINTERE NSCI
PRINTERR NSC1
PRINTERE WOC)
PRINTERE NSC)
PRINTERE N3C1
PRINTERE MOC1
PRINTERZ NSC1
PRINTERR NOC1
PRINTERZ WOC)
PRINTERE NSCL
PRINTERE MOCL
PRINTERZ N3C2
PRINTERE WSC1
PRINTERE N3C1
PRINTERE MSC1
PRINTERE MSC1
PRINTERE NIC1
PRINTERE MSC1
PRINTERE NSC1
PRINTERE MIC)
PRINTERE NSC1
PRINTERE MOC1

PRINTERE HSCL

PRINTERE NICL
PRINTERE NOCL
PRINTERZ MOC1
PRINTERE K3CL
FRINTERE MOC)
PRINTERE M3CL
PRINTERE MECL
PRINTERE NSCL
PRINTERE W3CL
PRINTERE NSC)
PRINTERE NSCi
PRINTERE MSC)
PRINTERE MSC)
PRINTERE K3C1
PRINTERE MSCI
PRINTERE N3C)
PRINTERE M3CL
PRINTERR NaC1
PRINTERR MSC1
PRINTERE WIC)
PRINTERE MSC1
PRINTERS NIC)
PRINTERE MSCQ
PRINTERZ NSC1

FRBIFERE ikl

RN DO32
/1 DO32
RN DO32
RN DO32
Rt DO32
RM DO32
®M Do3e
a1t Do32
/1t DO32
®M DO32
M Do32
" DO3L
®t Do3e
Rt DO3E
Rn DO32
/1t Do3e
R DO32
R DO32
"N DO3L -
fn oo3e
" Do3e
Rt 0032
fM DO32
ft DO3e
M DO3e
®¢ D032
RN DO32
Rt DO32
®M DO3E
R DO3R
® D032
1 DoO3e
RN DO3E
RM De32
1t DO32
a De3e
M Do3e
" DO3e
ool
e o3
R4 DO32
RN 0032
N o3z
RN DO32
RN DO32
R D032
/M Do32
RN DO32
RN DO32
RN D032
Rt Do3L
Rt DO32
R DO32
Rt DO32
R 0032
1 DO3R
RN DO32
RN DO32



