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ABSTRACT

Head contours in the saturated zone underlying Yucca Mountain,
* Nevada, and its'environs are derived on the basis of alternative

interpretations of the influence of geologic structure on the flow
of fluids. Numerical experiments examine the sensitivity of flow
and transport to uncertainties in existing data and the response to
assumed catastrophic changes in hydraulic conductivity. The
calculations are intended to delineate the data that a performance

* assessment analyst might wish to ask for. From these experiments.
it appears that faults.controlling the flow are not a dominating
feature.
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1. INTRODUCTION

Simple models of-.the hydrologic and geologic systems at and

around Yucca Mountain, based on-data and interpretations currently

available, are needed to help guide-further investigation. This

document reports the-development of several simple models of the

saturated flow system-that underlies the region around Yucca

Mountain; it uses these models to examine the effects of hypo-

thetical changes in the system. Because these models use a limited

suite of data, namely the measurement of 26 heads and the inference

of'-1hydraulic-conductivity, thesemodels are called simple. As

more-data are available, more complexity will be justified, and the

models will become less naive. The discussion here is meant to be a

preliminary interpretation of the saturated flow system in this

vicinity.

Simple models and numerical experiments with them are important

in the iterative process by which the performance of a geologic

repository is assessed. In studying the future behavior of a

repository, a performance assessment (PA) analyst must build an

understanding of the site from interpretations of collected data.

The data needed to improve that understanding are only weakly

definable until hydrogeologic interpretations are available, but

data that are not routinely supplied by the.standard practices of

hydrologists and geologists are likely to be required. Simple

models, based on early-data, allow the PA analyst to focus early on

perceived problems that require new data and new interpretations.

By studying those problems with simple models, the analyst can learn

what data-and interpretations are needed and can communicate those

needs to the hydrologists-and geologists, who are collecting data.

New data can then be used to produce new understanding and new

models, and the iterative process-to reduce uncertainty can

continue. -Deferring performance assessment until-all the data have

been collected might not necessarily--provide any nonstandard data

and interpretations useful to the assessment.

*~~ ~~ ~ * y-~

~~~~~~- *; *- -; - .. 'S-I



This paper, then, is directed at the early focus on difficulties

of interpretation. The simple models constructed here are con-

strained to be consistent with the regional interpretation of the

saturated flow system already available from the USGS [Czarnecki,

1984, 1985; Robison, 1984]. The models must also satisfy the local

data on which the USGS model is in part dependent. The relationship --

of the local area being modeled here to the larger regions already

reported on by the USGS is shown in Figure 1 [modified from

Czarnecki, 1985].

There are several points to be addressed in a first iteration of

models of the saturated zone under Yucca Mountain. These points are

the initial answers to a series of simple questions about the local

hydraulics of the saturated zone. The questions are the following:

1. What does the potentiometric surface as described by the

water-level contours look like? What is the spatial

distribution of values of hydraulic conductivity for these

potentiometric contours?

2. Could.different hydrogeologic interpretations of the

existing data be made?

3. Do these alternative interpretations describe systems that

behave differently? For example, if the head distribution

is controlled by certain geologic structures, will the fluid

movement be much different if the controlling structures are

changed?

4. Do these alternatives make a difference in the prediction of

contaminant transport or of residence time?

5. Are there enough data to tell (a) whether the alternative

interpretations are different and (b) whether the

differences really matter?

2
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6. Do catastrophic changes to hydraulic conductivity

significantly alter transport or residence times?

The analyses here are directed at constructing simple models to

attempt to answer'these questions--to suggest what a PA analyst

needs to think about and to aid by suggesting whether more data are

needed. In the following sections. the results of the calculations

for a series of models are presented. These models involve both no

geologic-structural control and fault-control of the hydraulic

system. Interpretations of all these calculations are presented

together in a final section so that the reader may make comparisons

in the sense of the questions mentioned in 1 through 6 above.

2. APPROACH

The simple models in this report are solutions to the classic

inverse problem (Wang. 1982] for flow in a saturated, porous

' medium. They provide heads and concentrations over a two-

dimensional, areal representation of the region. To derive these

- ' models, parameters of saturated flow, in particular hydraulic

conductivity and the exact localization of boundary conditions, ace

-adjusted to fit known data. Performing these adjustments equires

the definition of a region of investigation; Figure 2 shows the

region and the grid of elements chosen for carrying out the

calculations. This region was selected to cover a large enough area

in the inferred downstream direction, about 5 miles from the

repository block, to include the zone of regulatory control, 5 km.

and have a boundary far enough away so boundary conditions do not

overwhelm the calculations. The general boundaries include the

wells for which data were available in early 1986 and geologic

features that might reasonably be expected to affect flow. The grid

was chosen to have some consistency with known or inferred geologic

features; such a choice facilitates examination of the presumption

that these features effect some control over the hydraulics of the

4
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water-table aquifer. While every grid block is a quadrilateral

element, the size and apparent distortion are chosen to be related

to the geologic features. In particular, the long, thin columns of

similar elements oriented roughly north-south run along known or

suspected faults at roughly the locations they are presumed to

intersect the water table. The number of elements was chosen for

adequacy of the representation of the geologic features and for

convenience in computation.- Any equivalent grid would be acceptable.

It is necessary to assign boundary conditions to the region to

carry out calculations of head and concentration. These boundary

conditions need to specify flux, head, or some combination along the

entire boundary. Because the data available for the interior of the

region are head data, we have chosen to specify heads along the

boundary rather than flux--a quantity for which..we have no direct,

local measurements. Specifying head rather than flux means that the

total amount of fluid entering or leaving the area could be

relatively poorly controlled. These head boundary conditions (the

location of the water table in feet relative to mean sea level) were

chosen on two bases. The first basis was consistency with the USGS

regional model as interpolated for this smaller region (Czarnecki.

1984]. That is, this small region was drawn within the larger

model, and boundary head values were assigned by examining the

intersection of the figure with USGS contours.. The second basis was

a determination of the boundary values by kriging the 26 head data

[Barr. 1986] available for this local region. The results provided

rough corroboration of the distribution of boundary values obtained

by interpolation and are not discussed further here. Head boundary

conditions--specific head values at specific boundary nodes--are

treated as locally adjustable to help match the 26 head data more

closely by reducing the residuals. A residual is defined as the

difference between the computed value of head and the actual datum

at a well. This adjustment is done only within the uncertainty of

interpolation of the boundary and to eliminate structures unsup-

ported by well data. Unsupported structures are "lumpy" deviations

of head contour lines for which no underlying geologic structure is

6



suspected to exist. Reduction of the residuals--sometimes referred

to as calibration of the model--is the method by which a self-

consistent solution to the inverse problem is constructed. Since we

are exploring the response of this region to changes in values of

hydraulic conductivity (in particular),.the residuals will be shown

explicitly without mention of criteria that might be applied to

decide when the residuals have been minimized.

The calcul-ations on which these models-depend are done using the

code' ISOQUAD a two-dimensional, finite-element'code Pinder, 1976]

with provision for vertical leakage and sources-and sinks. The code

calculates heads and the transport-of a single-nonreacting species

of contaminant moving with the fluid. Calculation of movement of a

single nonreacting species allows assessment of the relative

importance of alteration of parameters to transport;. No further

discussion of this code is offered here. Models described.here can

be derived from a variety of similar codes. \

3. MODELS

Two general classes of models are considered in these analyses,

"smooth" models and "fault-controlled" models. In the -,smooth'

model, local structural controls--faults, washes.- etc.---are -ignored,

and the model is simply consistent with the regional head struc-

ture. Smoothly varying geological structure is. of course, not -

ignored. In the "fault-controlled" model,.local structural.controls

that extend through the water table.are-presumed to affect the

hydraulics of the aquifer.' As will be apparent in the analysis of

the "smooth"'model, a possible.explanation for apparently steep head

gradients is restriction of flow through faulted zones. The fault-

controlled modelsain this paper are constrained to consistency with

the USGS interpretation of heads for the larger-region away from the

local region.

7
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3.1 Smooth Model

3.1.1 Reference Model

To produce the smooth model, a reference head distribution is

derived for the water table aquifer. Since derivation of the model

is an inverse problem of the classic sense Wang. 1982]. the

principal parameter adjusted is the hydraulic conductivity. K. with
the intent being to match the well data (heads) at the 26 known
values. To determine when a "reasonable" match has been made, the
residuals are calculated, and further adjustments of the values of K
are made. The criterion for matching the data is arbitrary and

subjective whether the matching is done directly in a code by a

suitable algorithm (method of least squares, for example) or, as is

done here, by interactively examining the results of each change in
K for both direction and magnitude of the match. This does not

necessarily minimize deviation from the data overall. Because the
data are limited, being far fewer than the number of elements (grid

blocks), changes to K are made over fairly large areas. This

practice tends to help avoid instabilities in the calculation;

however, it is also restricts changes to K to extend over several
elements and limits our ability to reduce residuals. On the basis
of a USGS radioactive-tracer flow survey (Thordarson, 1984), it is
presumed that the aquifer is uniformly about 300 ft (100 m) thick.

This presumption is unimportant for the calculation of heads as long

as the thickness is uniform, and therefore the values of trans-

missivity (K * thickness) and the specifics of the flow system
would become more important for a study of contaminant transport in
more detail than the study reported here.

After repeated calculations, the head contours in Figure 3 were
derived. Increase or decrease of K in large blocks from the values

indicated produced larger residuals for most of the wells. Resid-

uals corresponding to Figure 3 are listed in Table. 1. Residuals are

calculated for all models without explicit demonstration of any

8
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Table 1. Smooth Reference Case

Head
X Y Head* Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2382.2 -15.77
7568.0 -5768.0 2395.67 135 USW WT-11 2413.5 17.83
17300.0 -694.0 2544.95 177 USW WT-10 2492.2 -52.75
14500.0 -20769.0 2393.37 183 UE25WT#3 2376.0 -17.37
16927.0 13618.0 2394.80 188 UE25WT#7 2396.1 1.30
21291.0 -5882.0 2395.67 214 USW G-3 2447.2 51.53
24084.0 -1299.0 2544.95 219 USW WT-7 2515.6 -29.35
22446.0 -11133.0 2396.33 231 USW WT-1 2410.7 14.37
25052.0 -5856.0 2402.89 236 USW H-3 2458.9 56.01
17740.0 -27037.0 2388.78 269 J-13 2357.1 -31.68
29189.0 -9314.0 2395.99 280 USW WT-2 2471.8 75.81
31760.0 -1466.0 2542.98 287 USW H1-6 2540.1 -2.88
24675.0 -18869.0 2395.34 319 UE25P#1 2411.1 15.76
30109.0 -11274.0 2394.36 323 USW H-4 2468.8 74.44
35146.0 -6311.0 2541.67 330 USW If-5 2496.0 -45.67
34306.0 -10468.0 2395.01 348 USW G-4 2487.7 92.69
25347.0 -26221.0 2392.39 362 UE25WT#13 2373.0 -19.39
39009.0 -8373.0 2474.40 375 USW G-1 2509.2 34.80
30177.0 -22594.0 2395.67 410 UE25WT#14 2423.8 28.13
33759.0 -13799.0 2397.96 414 Uz25B#1 2480.1 82.17
38756.0 -9788.0 2397.96 419 USW H-I 2501.3 103.34
37015.0 -15432.0 2396.30 437 UE25WT#4 2489.2 92.90
34626.0 -27197.0 2391.70 453 UE25WT#15 2390.0 1.70
47310.0 -7892.0 3375.98 467 USW G-2 3065.9 -310.08
42942.0 -17770.0 2421.90 517 UE'25WT#16 2477.5 55.60
49073.0 -11904.0 3383.20 525 UE25WT#6 3270.6 -112.60

* The values of head for the test wells are taken from Ortiz and from
the site characterization plan (SCP)
yet been added to the Technical Data
Coordinates refer to the figures and
Y horizontal.

(see References). They have not
Base by the originators.
are oriented with X vertical and

10
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minimization. Minimization, while possible, is unlikely, given the

constraints of the models, and uniqueness is not possible in our

circumstance for these inverse problems. In Figure 3. the proposed

r'epository'block is sketched in for reference; the repository would

lie 100 to 200 m above the local water table Sinnock, 1984]. The

values for K corresponding to the heads in Figure 3 are listed in

the appendix. Areas of specific values are also sketched in a

following figure, Figure 6.

This particular configuration is the reference smooth

configuration referred to in the rest of this paper. Since the

inverse problem is nonunique, there exist many other configurations

somewhat different from this one that will give reasonable residuals

and fit well into the regional picture as well. The choice among

these configurations is subjective,-but small differences will not

affect the conclusions that can be drawn from further studies based

on this reference configuration.

To get an idea of what transport might-be like in this water

table aquifer, a source of unit concentration in the element was

outlined (0.25 unit at each of the four corners) at-the water

table. No consideration was given here to how a source of

contamination might reach the water table; the source was simply

assumed to exist there at the start of the calculation. In

calculating transport, because of numerical dispersion, round-off,

and the peculiarities of parabolic equations, one often cannot -

simply ask when a given node (or grid block) first sees a nonzero

value for the calculated concentration of contaminant; the answer.

while not physically possible, is usually that the contaminant

appears immediately. What one needs to know is when a certain

fraction of the source arrives .at a given node or what is the speed

of advance of a "front"' of contaminant at some level of contamina-

tion. In Figure 4 is displayed a contour of a contaminant level

10 of the source concentration' and discrete points at which the
-1 -2

concentration is calculated at 10 or l0 are-drawn in for a

time of 420 years. Calculations'like these are typically plagued

11
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by the appearance of nonphysical upstream dispersion of the contami-

nant. which occurs because the usual description of dispersion

depends on the.magnitude of-the flow velocity irrespective of the

* direction upstream or downstream of the source; In the calculations

* reported here, this nonphysical.motion was mechanically removed. -To

do this, the direction of flow was calculated, and on-that basis.

.; the dispersion and concentration were set.to.small numbers in

* elements that were clearly upstream from.the source or could.be

reached only by diffusion. The.slow movement of contaminants shown

in Figure 4 .is what would be expected intuitively from the low head

gradients shown -in Figure 3-.

Having established a reference head distribution and a reference

- hydraulic conductivity distribution. one can move to a second step

and explore the .consequences that might be expected from.changing

the input. Two questions in particular-come to-mind: (l) What is

the sensitivity of the.potentiometric (head) contours to changes of

K in the region and'directly-below the repository? (2)-How would

vertical leakage along-structural features affect the.potentiometric

contours? These two questions are discussed:in this section on

K.> smooth models. (An obvious third.question about the effects of

catastrophic changes is discussed in a section devoted solely to

models involving that topic).

3.1.2 Altered Model

The sensitivity of the location of the potentiometric surface

(water table contours) to the values of hydraulic conductivity, a

measure of the robustness of.a model,.is-relatively easy to

investigate under ..two types of changes-of particular interest. The

first is the addition of-a new datum.- If a new well-test produces a

newly derived value for Kand--a new head, the region effectively

examined in the test is the-order of a grid block in radius. The

new datum would therefore alter values in one to four elements..

Generally, unless the new values are drastically-different from
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those presumed (order of magnitude for K and more than 100 feet for

head). there is little perceptible movement of the contours in this

problem. However, for the second type of change, which is change of

K over much larger regions, the effects are more noticeable. The

head contours in Figure 5 have been altered from the reference

(Figure 3) by adjusting values of K in large blocks so as to move

the 2450-ft contour, which formerly passed south and east of the

repository block, to a position north and west of the block. This

particular example appeared in exploration of the effects of

changing K while trying to reduce residuals, particularly for the

region in the southeast that has almost constant head. The

residuals for the heads from Figure 5 are given in Table 2.

Figures 6 and 7 show the values of K assigned to various regions

for the reference case and the altered case, respectively. Notice

that the changes are primarily south and east of the west boundary

of the repository block and are typically changes of less than one

order of magnitude. It should be noted that in the course of

calculations, changes of K restricted to the repository block alone,

by as much as a factor of 3, produced very little movement of

contours from the reference case. For comparison, concentration

values at 385 years after release to the water table are shown in

Figure 8. The direction of the plume and its extent are of course

somewhat different from the reference case because the local head

contours, and therefore the local gradients, are somewhat different.

3.1.3 Vertical Leakage

Certain structural features, i.e., faults, are suspected of

being conduits for fluid, either directly from the surface to the

water table, from lower aquifers to the water table, or indirectly

by intercepting dipping strata and conducting accumulated fluids to

the water table. A priori it is not known whether the local water

table is affected enough for such leakage to be detectable. These

calculations are directed at trying to understand the possible

14
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Table 2. Heads after Block Changes of K from Smooth Reference Model

Head
X Y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2370.6 -27.37
7568.0 -5768.0 , 2395.67 135 USW WT-11 2399.3 3.63

17300.0 -694.0 2544.95 177 USW WT-10 2489.2 -55.75
14500.0 -20769.0 2393.37 183 UE25WT#3 2364.5 -28.87
16927.0 13618.0 2394.80 188 UE25WT#7 2380.2 14.60
21291.0 -5882.0 2395.67 214 USW G-3 2400.2 4.53
24084.0 -1299.0 2544.95 219 USW WT-7 2502.5 -42.45
22446.0 -11133.0 2396.33 231 USW WT-1 2392.3 -4.03
25052.0 -5856.0 2402.89 236 USW H-3 2403.5 0.61
17740.0 -27037.0 2388.78 269 J-13 2350.8 -37.98
29189.0 -9314.0 2395.99 280 USW WT-2 2407.1 11.11
31760.0 -1466.0 2542.98 287 USW H-6 2448.4 -94.58
24675.0 -18869.0 2395.34 319 UE25P#I1 2380.2 -15.14
30109.0 -11274.0 2394.36 323 USW H-4 2407.1 12.74
35146.0 -6311.0 2541.67 330 USW H-5 2421.1 -120.57
34306.0 -10468.0 2395.01 348 USW G-4 2418.6 23.59
25347.0 -26221.0 2392.39 362 UE25WT#13 2357.3 -35.09
39009.0 -8373.0 2474.40 375 . USW G-1 2434.7 -39.70
30177.0 -22594.0 2395.67 410 UE25WT#14 2379.8 -15.87
33759.0 -13799.0 2397.96 414 UE25B#1 2415.3 17.34
38756.0 -9788.0 2397.96 419 USW H-1 2431.6 33.64
37015.0 -15432.0 2396.30 437 UIE25WT#4 2423.8 27.50
34626.0 -27197.0 2391.70 453 UE25WT#15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2. 3027.2 -348.78
42942.0 -17770.0 2421.90 517 UE25WT*16 2476.3 54.40.
49073.0 -11904.0 3383.20 525 UE25WT#6 3260.9 -122.30

'.
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amount of the leakage, if it exists, and the size of the effects it

might have on the water table. Two different faults were selected

for examination, Drill-Hole Wash fault and Solitario Canyon fault;

these are sketched on Figure 9. It is assumed that the model is

still smooth and that these faults enhance vertical leakage rather

than act as barriers to it.

For Drill-Hole Wash, it is assumed that vertical leakage occurs

in eight elements (grid blocks 370 through 377, see appendix for

assignment of numbers) located along the northeast edge of the

repository block. For leakage to occur it is necessary to have a

driving head and a hydraulic conductivity for these faulted grid *

blocks. The local head for leakage is assumed to be 2600 feet

(-100 to 50 feet above the base line) and the ratio K is taken

to be 3sec- 1- where K - vertical hydraulic conductivity and

9 - thickness of the aquifer providing the fluids (Pinder, 1977).

This assumption means that K is large and conduction of fluids

through the fault is rapid (a 100-foot head difference implies

K = 0.1 ft/sec conductivity). The resulting head distribution shown

in Figure LO differs from the reference distribution for the region

at and below the repository block. The contour for 2600 feet now

passes just above the middle of the block. Residuals are listed in

Table 3. The distribution of hydraulic conductivity values is that

of the reference case; no changes were made to.assignment of K to

further minimize the head residuals. For comparison, the results of

the calculation of concentration movement are displayed in Figure 1

for values of 10 and 10 of the source concentration.

Changes in the plume from the reference case are ascribable to the

changed head gradients.

To model a leaky fault in Solitario Canyon. the column of

elements north to south along the west edge of the repository block

and extending south was presumed to leak continually in elements

145, 164. 183, 203, 204, 225, 247, 269, 270, 292, 314, 336 and 358.

As for the previous example, the local head for leakage is assumed

to be 2600 feet (100 to 150 feet above the reference area), and the
3 -1

ratio K/2 is taken to be 0 sec . The head contours are

20
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Table 3. Vertical Leakage in Drill-Hole Wash for the K Distribution of
the Smooth Reference Model

Head
X Y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2397.6 -. 37
7568.0 -5768.0 2395.67 135 USW WT-11 2424.8 29.13

17300.0 -694.0 2544.95 177 USW WT-10 2498.4 -46.55
14500.0 -20769.0 2393.37 183 UE25WT#3 2400.3 6.93
16927.0 13618.0 2394.80 188 UE25WT#7 2437.4 42.60
21291.0 -5882.0 2395.67 214 USW G-3 2489.1 93.43
24084.0 -1299.0 2544.95 219 USW WT-7 2534.0 -10.95
22446.0 -11133.0 2396.33 231 USW WT-1 2470.7 74.37
25052.0 -5856.0 2402.89 .236 USW H-3 2524.4 121.51
17740.0 -27037.0 2388.78 269 J-13 2370.5 -18.28
29189.0 -9314.0 2395.99 280 USW WT-2 2584.1 188.11
31760.0 -1466.0 2542.98 287 USW H-6 2605.3 62.32
24675.0 -18869.0 2395.34 319 UE25P#1 2484.4 89.06
30109.0 -11274.0 2394.36 323 USW H-4 2585.8 191.44
35146.0 -6311.0 2541.67 330 USW H-5 2598.8 57.13
34306.0 -10468.0 2395.01 348 USW G-4 2597.5 202;49
25347.0 -26221.0 2392.39 362 UE25WT#13 2405.3 12.91
39009.0 -8373.0 2474.40 375 USW G-1 2603.4 129.00
30177.0 -22594.0 2395.67 410 UE25WT#14 2505.6 109.93
33759.0 -13799.0 2397.96 414 UE25B#1 2600.0 202.04
38756.0 -9788.0 2397.96 419 USW H-1 2600.0 202.04
37015.0 -15432.0 2396.30 437 UE25WT#4 2595.9 199.60
34626.0 -27197.0 2391.70 453 UE25WT#15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2 3111.9 -264.08
42942.0 -17770.0 2421.90 517 UE25WT#16 2479.4 57.50
49073.0 -11904.0 3383.20 525 UE25WT#6 3283.2 -100.00

.
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shown in Figure 12 and the residuals are given in Table 4. The

resulting plume, shown in Figure 13, is calculated to 258 years.

The concentration calculation was terminated at this time because

the plume has reached the boundary and further calculations reflect

the boundary conditions. -

One other type of vertical lakage was examined in these

studies. In calculations leading to the smooth reference case it

has been difficult to match'the head at well USWG-2 (node 467).

* While the size of the elements around node 467 may be the cause, a

possibility is that there is local vertical leakage in the vicinity

of this well, raising the water table. Therefore, a number of

calculations were made presuming a slow leakage for the elements

surrounding this well (421, 422, 441, 442). When the hydraulic

conductivity was altered (from elements 275 through 494, values of

K = 3.1E-5 ft/s and 2.lE-6 ft/s were increased by an order of

magnitude) in order to reduce residuals, head contours similar to

the reference case were produced (Figure 14). For this result,
-5 -lK/. was about 10 sec and the heads at leaky nodes were set

from 3.40E43 to 3.36E+3 ft (see Pinder, 1977 for a discussion of

leaky aquifers) to provide the driving force for the leakage. The

resi- duals derived are shown in Table 5 and are somewhat smaller

than the "smooth" reference case. This model with such localized

vertical leakage was not taken as the reference case, because there

is no independent evidence to confirm such leakage; until there are

data to support such leakage, the model must be presumed an artifice.

3.2 Fault-Controlled Flow System -

The area modeled in this report has faults typical of the Basin

and Range province and of subsidence calderas (Sinnock, 1982).

Faults are noted along the repository block (Solitario Canyon

fault), through the block (Ghost Dance fault), and probably along

the north edge (Drill-Hole Wash).- The results of the discussion of

the smooth model'show steep hydraulic gradients to the north and to

25
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Table 4. Vertical Leakage in Solitario Canyon for the K Distribution of
the Smooth Reference Model

Head
X Y Head .Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2432.1 34.13
7568.0 -5768.0 2395.67 135 USW WT-11 2497.5 101.83
17300.0 -694.0 2544.95 177 USW WT-10 2546.2 1.25
14500.0 -20769.0 2393.37 183 UE25WT#3 2404.5 11.13
16927.0 13618.0 2394.80 188 UE25WT#7 2445.8 51.00
21291.0 -5882.0 2395.67 214 USW G-3 2581.8 186.13
24084.0 -1299.0 2544.95 219 USW WT-7 2585.2 40.25
22446.0 -11133.0 2396.33 231 USW WT-1 2461.9 65.57
25052.0 -5856.0 2402.89 236 USW H-3 2587.4 184.51
17740.0 -27037.0 2388.78 269 J-13 2367.6 -21.18
29189.0 -9314.0 2395.99 280 USW WT-2 2542.1 146.11
31760.0 -1466.0 . 2542.98- 287 USW H-6 2616.8 73.82
24675.0 -18869.0 2395.34 319 UE25P#1 2447.6 52.26
30109.0 -11274.0 2394.36 323 USW H-4 2531.2 136.84
35146.0 -6311.0 2541.67 330 USW H-5 2590.5 48.83
34306.0 -10468.0 2395.01 348 USW G-4 2553.8 158;-79
25347.0 -26221.0 2392.39 362 UE25WT#13 2388.9 , -3.49
39009.0 -8373.0 2474.40 375 USW G-1 2573.2 98.80
30177.0 -22594.0 2395.67 410 UE25WT#14 2452.1 56.43
33759.0 -13799.0 2397.96 414 UE25B#1 2532.4 134.44
38756.0 -9788.0 2397.96 419 USW H-1 2556.9 158.94
37015.0 -15432.0 2396.30 437 UE25WT#4 2540.5 144.20
34626.0 -27197.0 2391.70 453 UE25WT#15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2 3000.5 -375.48
42942.0 -17770.0 2421.90 517 UE25WT#16 2478.5 -56.60
49073.0 -11904.0 3383.20 525 UE25WT#6 3269.5 -113.70
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Table 5. Localized Vertical Leakage around Well USW G-2

Head
X Y Head Node Well Caic. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2382.0 -15.97
7568.0 -5768.0 2395.67 135 USW WT-11 2413.4 17.73
17300.0 -694.0 2544.95 177 USW WT-10 2486.5 -58.45
14500.0 -20769.0 2393.37 183 UE25WT#3 2373.8 -19.57
16927.0 13618.0 2394.80 188 UE25WT#7 2396.9 2.10
21291.0 -5882.0 2395.67 214 USW G-3 2424.3 28.63
24084.0 -1299.0 2544.95 219 USW WT-7 2513.6 -31.35
22446.0 -11133.0 2396.33 231 USW WT-1 2406.9 10.57
25052.0 -5856.0 2402.89 236 USW H-3 2439.8 36.91
17740.0 -27037.0 2388.78 269 J-13 2355.0 -33.78
29189.0 -9314.0 2395.99 280 USW WT-2 2462.4 66.41
31760.0 -1466.0 2542.98 287 USW H-6 2540.0 -2.98
24675.0 -18869.0 2395.34 319 UE25P#l 2398.5 3.15
30109.0 -11274.0 2394.36 323 USW H-4 2462.2 67.84
35146.0 -6311.0 2541.67 330 USW El-5 2504.3 -37.37
34306.0 -10468.0 2395.01 348 USW G-4 2493.0 97.99
25347.0 -26221.0 2392.39 362 UE25WT#13 2364.0 -28.39
39009.0 -8373.0 2474.40 375 USW G-1 2525.6 51.20
30177.0 -22594.0 2395.67 410 UE25WT414 2392.1 -3.57
33759.0 -13799.0 2397.96 414 UE25B#1 2477.6 79.64
38756.0 -9788.0 2397.96 419 USW H-1 2521.8 123.84
37015.0 -15432.0 2396.30 437 UE25WT#4 2506.7 110.40
34626.0 -27197.0 2391.70 453 UE'25WT415 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2 . 3379.8 3.82
42942.0 -17770.0 2421.90 517 UE25WT#16 2478.1 56.20
49073.0 -11904.0 3383.20 525 UE25WT#6 3333.2 -50.00

'
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the west of the repository block.. A possible reason for these steep

gradients is that fluid movement is controlled by these faults: that

is, hydraulic conductivity is small in the region of the fault.

Such occurrences do not guarantee steep gradients, and there may be

other geologic explanations, but faults are a possible explanation.

The region to the southeast. even though thought to be faulted, does

not appear to show such fault-controlled heads, according to the

head data currently available.

Since the control of flow by fault systems is a reasonable

hypothesis and steep gradients occur north and west of the reposi-

tory block, calculations for a number of faults (three) in those

locations were performed. Injparticular, the Solitario Canyon fault

is presumed to bound on the west and Drill-Hole Wash on the north

with an extension of the Ghost Dance fault (which passes in the

north-south direction through the repository block) to the north of

the repository block. Using roughly the same boundary conditions as

in the reference smooth problem but inserting lower hydraulic

conductivity, (K approximately 10 10 ft/s) for the faults, the

analyses of the inverse problem were repeated to determine values

for K that give "reasonable" residuals. One might expect residuals

on the same order as for the smooth models if the models are

indistinguishable or much smaller residuals if the faulted system is

a better representation of the head structure of the flow regime.

The specific values of hydraulic parameters assigned to each element

for this reference fault-controlled case are given in the appendix.

The results of this calculation for heads are shown in Figure 15.

The corresponding plume of contaminants appears in Figure 16. for

which it has been calculated to a time of' 115 years. The residuals

(Table 6) are in general quite large compared with those of the

smooth models.

Heads were. calculated for a number of alternative assignments of

hydraulic conductivity to elements and, in particular, to elements

representing faults in order to explore the affects of those
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Table 6. Fault-Controlled Reference Model

Head
X Y Head Node Well CaIc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2403.0 5.03
7568.0 -5768.0 2395.67 135 USW WT-11 2540.1 149.43

17300.0 -694.0 2544.95 177 USW WT-10 2569.9 24.95
14500.0 -20769.0 2393.37 183 UE25WT#3 2393.4 0.03
16927.0 13618.0 2394.80 188 UE25WT#7 2450.2 55.40
21291.0 -5882.0 2395.67 214 USW G-.3 2551.6 155.93
24084.0 -1299.0 2544.95 219 USW WT-7 2623.0 78.05
22446.0 -11133.0 2396.33 231 USW WT-1 2514.3 L7.97
25052.0 -5856.0 2402.89 236 USW H-3 2586.8 183.91
17740.0 -27037.0 2388.78 269 J-13 2361.4 -27.38
29189.0 -9314.0 2395.99 280 USW WT-2 2613.4 217.41
31760.0 -1466.0 2542.98 287 USW H-6 2760.0 217.02
24675.0 -18869.0 2395.34 319 UE25P#1 2432.5 37.16
30109.0 -11274.0 2394.36 323 USW H-4 2604.8 210.44
35146.0 -6311.0 2541.67 330 USW H-5 2707.0 165.33
34306.0 -10468.0 2395.01 348 USW G-4 2664.2 269.19
25347.0 -26221.0 2392.39 362 UE25WT#13 2375.2 -17.19
39009.0 -8373.0 2474.40 375 USW G-1 2805.2 330.80
30177.0 -22594.0 2395.67 410 UE25WT#14 2413.4 17.73
33759.0 -13799.0 2397.96 414 UE25B*1 2598.9 200.94
38756.0 -9788.0 2397.96 419 USW H1-1 2769.4 371.44
37015.0 -15432.0 2396.30 437 UE25WT#4 2596.3 200.00
34626.0 -27197.0 2391.70 453 UE25WT*15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2 . 3271.1 -104.88
42942.0 -17770.0 2421.90 517 UE25WT#16 2492.7 70.80
49073.0 -11904.0 3383.20 .525 UE25WT#6 3307.0 -76.20
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assignments and the importance of these faults. Two examples are

shown here. For Figure 17, heads were calculated with assignment of

K as shown and produced the contours sketched. Notice that while

the olitario Canyon fault is assigned a low value of K. the

Drill-Hole Wash fault and the extension of the Ghost Dance fault are

merely boundaries between areas of differing K. The residuals are

given in Table 7 and are noteworthy because they show some reduction

from Table 6 and lead to the suggestion that data do not clearly

support interpretations of Drill-Hole Wash and the extension of

Ghost Dance fault as controlling faults.

The second example, shown in Figure 1 considers a case where

all three faults as assigned low values of K(10 to 10 10 ft/s).

Contours near the intersection of the faults are complex. However,

the residuals, shown in Table 8, are not substantially different

from those of the fault-controlled reference case.

In Section 2of this document, comments were made about the

correlation between the patterns of elements in Figure 2 and the

location or inferred location of faults. The pattern of faults.

which trend north-south and northwest-southeast, is fairly well

distributed over the region of study, involving a large number of

elements. We wish to see whether any control of the flow system can

be distinguished from the reference cases on assignment of high

values of K to these faults. Two specific numerical experiments are

examined here.

For the first case, a nominal value of K of 3.8E-5 ft/s ( m/da)

is assigned to the entire region except for the faults. -The

hydraulic conductivity. Kf. of the faults is made to be 3.8E-4 ft/s

(10 m/da). one order of magnitude greater than for the nonfaulted

region. The distribution of faults and the corresponding head

contours are shown in Figure 19. The residuals, shown in Table 9.

are somewhat more extreme than those shown in Tables 7 and 8. For

the second case, the value of K assigned to the set of faults is

increased by a factor of 10 (K = 3.8E-3 ft/s) for the north-south.

trending faults and left at 3.8E-4 ft/s for the north-west-southeast
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Table 7. Fault-Controlled First-Example, with Low K for Solitario Canyon

I.

.

Head
X Y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2372.0 -6.0
7568.0 -5768.0 2395.67 135 USW WT-11 2540.0 144.0
17300.0 -694.0 2544.95 177 USW WT-10 2570.0 25.0
14500.0 -20769.0 2393.37 183 UE25WT#3 2366.0 -27.0
16927.0 13618.0 2394.80 188 UE25WT#7 2390.0 -5.0
21291.0 -5882.0 2395.67 214 USW G-3 2412.0 16.0
24084.0 -1299.0 2544.95 219 USW WT-7 2623.0 78.0
22446.0 -11133.0 2396.33 231 USW WT-1 2415.0 19.0
25052.0 -5856.0 2402.89 236 USW H-3 2432.0 29.0
17740.0 -27037.0 2388.78 269 J-13 2352.0 -37.0
29189.0 -9314.0 2395.99 280' USW WT-2 2446.0 50.0
31760.0 -1466.0 2542.98 287 USW H-6 2760.0 217.0
24675.0 -18869.0 2395.34 319 UE25P#1 2394.0 -1.0
30109.0 -11274.0 2394.36 323 USW H-4 2455.0 61.0
35146.0 -6311.0 2541.67 330 USW H-5 2742.0 200.0
34306.0 -10468.0 2395.01 348 USW G-4 2631.0 236-.0
25347.0 -26221.0 2392.39 362 UE25WT#13 2361.0 -31.0
39009.0 -8373.0 2474.40 375 USW G-1 2965.0 491.0
30177.0 -22594.0 2395.67 410 UE25WT#14 2385.0 -11.0
33759.0 -13799.0 2397.96 414 UE25B#1 2530.0 132.0
38756.0 -9788.0 2397.96 419 USW H-1 2862.0 464.0
37015.0 -15432.0 2396.30 437 UE25WT#4 2586.0 190.0
34626.0 -27197.0 2391.70 453 UE25WTI15 2390.0 -2.0
47310.0 -7892.0 .3375.98 467 USW G-2 3308.0 -68.0
42942.0 -17770.0 2421.90 517 UE25WT#16 2496.0 74.0
49073.0 -11904.0 3383.20 525 UE25WT#6 3311.0 -72.0
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Table 8. Fault-Controlled Second Example, All Three Assumed Faults
Assigned Low Values of K

Head
X Y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2402.9 4.92
7568.0 -5768.0 2395.67 135 USW WT-11 2540.1 144.43

17300.0 -694.0 2544.95 177 USW WT-10 2569.9 *24.95
14500.0 -20769.0 2393.37 183 U1'25WT#3 2393.2 -0.17
16927.0 13618.0 2394.80 188 'Ul'25WT#7 2449.7 54.90
21291.0 -5882.0 2395.67 214 USW G-3 2612.4 216.73
24084.0 -1299.0 2544.95 219 USW WT-7 2623.2 *78.25
22446.0 -11133.0. 2396.33 231 USW WT-1 2522.2 125.87
25052.0 -5856.0 2402.89 236 USW H-3 2620.2 217.31
17740.0 -27037.0 2388.78 269 J-13 2361.9 -26.88
29189.0 -9314.0 2395.99 280 USW WT-2 2624.8 228.81
31760.0 -1466.0 2542.98 287 USW H-6 2760.3 217.32
24675.0 -18869.0 2395.34 -319 UE25P#1 --2454.1 58.76
30109.0 -11274.0 2394.36 323 USW H-4 2624.3 229.94
35146.0 -6311.0 ,2541.67 330 USW H-5 2627.8 86.13
34306.0 -10468.0 2395.01 348 USW G-4 2629.4 234.39
25347.0 -26221.0 -2392.39 362 UE25WT#13 2383.5 -8.89
39009.0 -8373.0 2474.40 375 USW G-1 2629.0 154.60
30177.0 -22594.0 2395.67 410 UE25WT#14 2434.1 38.43
33759.0 -13799.0 2397.96 414 UkE25B#1 2597.1 199.14
38756.0 -9788.0 2397.96 419 USW H-1 2622.3 224.34
37015.0 -15432.0 2396.:30 437 UE25WT*4 2555.2 158.90
34626.0 -27197.0 2391.70 453 UI'25WT#15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2 3440.7 64.72
42942.0 -17770.0 2421.90' 517 UE25WT#16 2468.9 47.00
49073.0 -11904.0 3383.20 -525 UE25WT#6. 3365.6 -17.60
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Table 9. Distributed Faults. Kf (Hydraulic Conductivity of Faults) =
- 10 m/da 3.8E-4 ft/s) -

Head
X Y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) .(feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2413.2 15.23
7568.0 -5768.0 2395.67 .135 USW WT-11 2450.6 54.93
17300.0 -694.0 2544.95 177 USW WT-10 2514.4 -30.55
14500.0 -20769.0 2393.37 183 UE 25WT#3 2400.9 7.53
16927.0 13618.0 2394.80 188 UE25WT#7 2453.0 58.2-0
21291.0 -5882.0 .2395.67 214 USW G-3 2570.0 174.33
24084.0 -1299.0 2544.95 219 USW WT-7 2566.9 21.95
22446.0 -11133.0 2396.33 231 USW WT-1 2492.0 95.67
25052.0 -5856.0 2402.89 236 USW H-3 2543.1 140.21
17740.0 -27037.0 2388.78 269 J-13 2362.9 -25.88
29189.0 -9314.0 2395.99 280 USW WT-2 2586.2 190.21
31760.0 -1466.0 2542.98 287 USW H6 2719.5 176.52
24675.0 -18869.0 2395'.34 319 UE25P#1 2428.6 33.26
30109.0 -11274.0 2394.36 323 USW H1-4 2582.0 187.64
35146.0 -6311.0 2541.67 330 USW H-5 2769.2 22753
34306.0 .,-10468.0 2395.01 348 USW G-4 2700.0 304.99
25347.0 -26221.0 2392.39 362 UE25WT#13 2378.5 -13.89
39009.0 -8373.0 2474.40 375 USW G-1 2872.5 398.10
30177.0 -22594.0 2395.67 410 UE25WT#14 2436.8 41.13
33759.0 -13799.0 2397.96 414 UE25B#1 2621.2 223.24
38756.0 -9788.0 2397.96 419 USW H-1 2829.6 431.64
37015.0 -15432.0 2396.30 437 . UE'25WT#4 2659.8 263.50
34626.0 -27197.0 2391.70 453 UE25WT#15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2' 3408.9 .32.92
42942.0 -17770.0 2421.90 517 UE25WT#16 2518.1 96.20
49073.0 .- 11904.0 3383.20 525 UE25WT#6 , 3369.5 -13.70
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trending set. The distribution of faults and the head contours

derived from the assignments of K are shown in Figure 20. The

principal difference is that the 2600-foot head contour has been

moved to. a more southerly position in passing under the repository

block. The corresponding residuals, listed in Table 10, are very

similar to those in Table 9 and neither set provides a particularly

close match to data. The plume for contaminant movement is shown in

Figure 21 for the second case. At 4.1 years, the plume has moved a

substantial distance south along the highly transmissive channel

formed by the fault.

3.3 Catastrophic Changes

Yucca Mountain is in the "Basin and Range" province and consists

of pyroclastic flows from volcanic systems (Sinnock. 1985). The

area modeled in this report sees low seismic activity. It is not

clear whether this moderate activity is likely to alter the

saturated flow system significantly. Nevertheless, this study,

because it is intended to suggest topics for further study, simply

posits catastrophic changes that alter the flow system. It is not

possible to predict specific changes and their location. However.

in the saturated aquifer, the flow system can possibly experience

two classes of changes, the gross effects of which can be examined

in numerical experiments. These two classes are (1) alteration of

hydraulic conductivity along and around faults and (2) connection of

the saturated aquifer to new sources and sinks. Until more work has

been completed on the unsaturated flow in the mountain, it is

unclear what new sources, if any, there would be. This study.

however, simply assumes leakage is suddenly initiated in some zone

without specifying the origin of the fluids: and that sudden initia-

tion and the sudden changes in K are referred to as "catastrophic."

Whether the consequences are catastrophic in a more general sense is

to be determined from a calculations.

42



70
I I I I

HEADS

I I I

65

60

55

50

45

- 40
0

0s
9- 35

ai LEGEND
o 4000
A 3500
+ 3200
x 3000
0 2600
v 2450
o 2390
* WELL

I

0C

0cm

en
ILpj

30 -

251-

20 

1s r-

*10 F

5

0

-5

-10 III I I I

5 0 -5 -10 -15 -20 -25 -30 -35

Figure 20.

(103 feet)

Distribution of Faults and the Head Contours Derived for
the Second Fault-Controlled Model (K 1 m/da,
Kf = 100 m/da, 10 m/da as indicated).

43

-%, I.~ . : . , : -: ' .: . . . . . .
+ . + - - . .. . + , ~, ..- " , -.- - I . , . . . 1 . **:. 



Table 10. Distributed Faults, Kf = 100 m/da (3.8E-3 ft/s) for
North-South Set of Faults and Kf = 10 m/da for Northwest-
Southeast Trending Set

Head
X Y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE25WT#12 2424.1 26.13
7568.0 -5768.0 2395.67 135 USW WT-11 2477.1 +81.43

17300.0 -694.0 2544.95 177 USW WT-10 2539.8 -5.15
14500.0 -20769.0 2393.37 183 UE25WT#3 2402.8 9.43
16927.0 13618.0 2394.80 188 UE25WT#7 2455.7 60.90
21291.0 -5882.0 2395.67 214 USW G-3 2491.4 95.73
24084.0 -1299.0 2544.95 219 USW WT-7 2587.2 42.25
22446.0 -11133.0 2396.33 231 USW WT-1 2477.6 81.27
25052.0 -5856.0 2402.89 236 USW H-3 2537.8 134.91
17740.0 -27037.0 2388.78 269 J-13 2361.7 -27.08
29189.0 -9314.0 2395.99 280 USW WT-2 2535.5 139.51
31760.0 -1466.0 2542.98 287 USW H-6 2724.4 181.42
24675.0 -18869.0- 2395.34 319 UE25P#1 2407.8 12.46
30109.0 -11274.0 2394.36 323 USW H-4 2515.6 121.24
35146.0 -6311.0 2541.67 330 USW H-5 2739.6 197.93
34306.0 -10468.0 2395.01 348 USW G-4 2589.0 193.99
25347.0 -26221.0 2392.39 362 UE25WT#13 2373.6 -18.79
39009.0 -8373.0 2474.40 375 USW G-1 2771.0 296.60
30177.0 -22594.0 2395.67 410 UE25WT414 2420.7 Z5.03
33759.0 -13799.0 2397.96 414 UE25B#1 2538.3 140.34
38756.0 -9788.0 2397.96 419 USW H-1 2704.3 306.34
37015.0 -15432.0 2396.30 437 UE25WT#4 2551.2 154.90
34626.0 -27197.0 2391.70 453 UE'25WT#15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2 3410.5 34.52
42942.0 -17770.0 2421.90 517 UE25WT#16 2516.7 94.80
49073.0 -11904.0 3383.20 525 UE25WT#6 3368.4 -14.80
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Numerical experiments based on these assumptions were

constructed from the reference smooth and fault-controlled models.

Using the reference smooth model as the initial state, two sets of

calculations were performed. First, fluid leakage was suddenly

initiated along Drill-Hole Wash, and changes to the water table and

the effects on contaminant movement were calculated. The implicit

assumption is that the initiating event for the leakage of fluid is

also the initiating event for the movement of contaminant to the

water table. Second, from the reference initial state, leakage was

suddenly initiated along Solitario Canyon fault, and changes to the

water table and transport of contaminants were calculated.

Similarly, starting from the reference fault-controlled problem, the

hydraulic conductivity along Solitario Canyon fault was suddenly

increased, and changes in the water table and effects on contaminant

movement were calculated. No calculation for changes in Drill-Hole

Wash was performed, because the fault-controlled reference case does

not recognize a fault that controls flow in that position. These

calculations are discussed in the following paragraphs.

3.3.1 Smooth Model, Sudden Leakage Along Drill-Hole Wash

From the reference model, leakage to the water table is suddenly

introduced in Drill-Hole Wash in elements (grid blocks) 370, 371,

372, 373, 374, 375, 376, and 377. a trapezoidal strip about

13,300 x 1300 x 800 feet. It was assumed that the local saturated

head is about 100 feet above the water table and that the ratio

K/. is about 10 ( = height of fluid above water table,

K = vertical hydraulic conductivity). The results for the new

potentiometric surface are shown in Figure 22. The 2600-foot

contour has been moved somewhat south of the reference position.

The residuals, shown in Table 11, are discernibly poorer matches to

the data than those of the reference smooth case and a number of its

variations. Leakage is presumed to persist at the elements repre-

senting Drill-Hole Wash for the duration of the problem. Such

sudden changes in water table produce transient gradients that
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Table 11. Sudden Leakage Initiated in Drill-Hole Wash

Head
x y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0 -14411.0 2397.97 129 UE2SWT#12 2391.7 -6.27
7568.0 -5768.0 2395.67 135 USW WT-11 2418.2 22.53
17300.0 -694.0 2544.95 177 USW WT-10 2492.8 -52.15
14500.0 -20769.0 2393.37 183 UE25WT#3 2395.6 2.23
16927.0 13618.0 2394.80 188 UE25WT#7 2429.4 34.60
21291.0 -5882.0 2395.67 214 USW G-3 2459.8 64.13
24084.0 -1299.0 2544.95 219 USW WT-7 2516.2 -28.75
22446.0 -11133.0 2396.33 231 USW WT-1 2461.2 64.87
25052.0 -5856.0 2402.89 236 USW H-3 2489.9 87.01
17740.0 -27037.0 2388.78 269 J-13 2368.8 -19.98
29189.0 -9314.0 2395.99 280 USW WT-2 2579.9 183.91
31760.0 -1466.0 2542.98 287 USW H-6 2559.1 16.12
24675.0 -18869.0 2395.34 319 UE25P#1 2480.9 85.56
30109.0 -11274.0, 2394.36 323 USW H-4 2583.1 188.74
35146.0 -6311.0 2541.67 330 USW H-5 2595.7 54.03
34306.0 -10468.0 2395.01 348 USW G-4 2596.0 200.99
25347.0 -26221.0 2392.39 362 UE25WT#13 2403.7 11.31
39009.0 -8373.0 2474.40 375 USW G-1 2602.6 128.20
30177.0 -22594.0 2395.67 410 UE25WT#14 2509.3 113.63
33759.0 -13799.0 2397.96 414 UE25B#1 2600.0 202.04
38756.0 -9788.0 2397.96 419 USW H-1 2600.0 202.04
37015.0 -15432.0 2396.30 437 UE25WT#4 2595.8 199.50
34626.0 -27197.0 2391.70 453 UE25WT#15 2390.0 -1.70
47310.0 -7892.0 3375.98 467 USW G-2 3104.3 -271.68
42942.0 -17770.0 2421.90 517 UE25WT#16 2479.4 57.50
49073.0 -11904.0 3383.20 525 UE25WT#6 3-281.1 -102.10-
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dramatically influence the flow and transport. The plume of

contaminants is displayed in Figure 23 for a time of 125 years afiN_

initiation of release. The plume initially moves more rapidly than

it does in the reference case. The water table, as traced along an

east-west line through the repository block, rose a maximum 110 ft.

with most of the rise occurring in the first 40 years. The rise was

continuing very slowly at some points of the trace at 125 years.

However one should note that by 125 years, the head gradients are

smaller for this case. So if release of contaminants is delayed

until heads have stabilized, the rate of transport may in the long

term be reduced.

3.3.2 Smooth Mode, Sudden Leakage across Solitario Canyon Fault

From the reference model, leakage across the fault was suddenly

introduced along Solitario Canyon fault in elements 74, 91, 08.

126. 145. 164. 183. 203, 204, 225, 247, 269, 270, 291, and 314. As

shown in Figure 24, the head contours are essentially the same as

those of the reference case. The residuals are given in Table 12.

and are quite similar to the reference residuals. The concentration

plume has moved slightly farther in about the same time (Figure 25).

t 429 years, as in the 420 years for the reference case. Because

leakage is assumed to persist for the 429 years along Solitario

Canyon, the head contours of Figure 24 represent a long-term head

distribution. The water table, as traced along an east-west line

through the repository block rose 10 feet or less, with all but the

last 1 foot of the rise completed within 60 years. If there were

evidence for such leakage, this model would be as good (in the sense

of residuals) as the reference case.

3.3.3 Fault-Controlled Model, Sudden Leakage across Solitario
Canyon Fault

The reference model is the fault-controlled configuration

discussed earlier. In this case, it is presumed that the elements

49
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Table 12. Sudden Leakage Initiated along Solitario Canyon in the Case
of the Smooth Reference Model

Head
X Y Head Node Well Calc. Value Residual

(feet) (feet) (feet) (feet) (feet)

8226.0
7568.0

17300.0
14500.0
16927.0
21291.0
24084.0
22446.0
25052.0
17740.0
29189.0
31760.0
24675.0
30109.0
35146.0
34306.0
25347.0
39009.0
30177.0
33759.0
38756.0
37015.0
34626.0
47310.0
42942.0
49073.0

-14411.0
-5768.0
-694.0

-20769.0
13618.0
-5882.0
-1299.0

-11133.0
-5856.0

-27037.0
-9314.0
-1466.0

-18869.0
-11274.0
-6311.0

-10468.0
-26221.0
-8373.0

-22594.0
-13799.0
-9788 .0

-15432.0
-27197.0
-7892.0

-17770.0
-11904.0

2397. 97
2395. 67
2544.95
2393.37
2394.80
2395.67
2544.95
2396.33
2402. 89
2388.78
2395.99
2542.98
2395.34
2394.36
2541.67
2395.01
2392.39
2474.40
2395.67
2397.96
2397.96
2396.30
2391.70
3375. 98
2421.90
3383.20

129
135
177
183
188
214
219
231
236
269
280
287
319
323
330
348
362
375
410
414
419
437
453
467
517
525

UE25WT*12
USW WT-11
USW WT-10
UE25WT#3
UE25WT#7
USW G-3
USW WT-7
USW WT-1
USW H-3
J-13
USW WT-2
USW H-6
UE25P*1
USW H-4
USW H-5
USW G-4
UE25WT#13
USW G-1
UE2SWT#14
UE25B#1
USW H-1
UE2SWT#4
UE25WT#15
USW G-2
UE25WT#16
UE25WT#6

2388.5
2414.1
2489.7
2379.0
2400. 5
2451.70
2512.00
2414 .9
2465.5
2358.2
2478.3
2535.8
2414.8
2474.9
2505. 5
2494.7
2374.7
2519.3
2427.4
2485.9
2508 . 3
2495.1
2390.0
3044. 1
2477.6
3269.3

-9.47
18.43

-55.25
-14. 37

5.70
56.03

-32.95
18 . 57
62.61

-30.58
82.31
-7. 18
19.46
80.54

-36.17
99.69

-17.69
44. 90
31.73
87.94
110.34
98.00
-1.70

-331.88
55.70

-169.60
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along Solitario Canyon fault (74. 91, 108, 126, 145. 164, 183, 203,

204, 225, 247, 269, 270, 291, and 314) suddenly have their hydraulic
-5-conductivity altered to 10 ft/s from 10 ft/s. The head

contours change to the form shown in Figure 26. while the concen-

tration plume turns more easterly than earlier. It is shown in

Figure 27 for 103 years after release. At this time (103 years),

the plume is too close to the boundary of the problem to be

unaffected by boundary values, and so the calculation is ended.

Along an east-west line through the repository block, the water

table was calculated to rise a maximum of 65 feet in 115 years.

- About 90 percent of the rise occurred in the first 50 years with

only 1.5 foot increase in the last 23 years, at the end of the

calculation.

4. INTERPRETATIONS

A number of numerical experiments were done on models derived as

solutions to inverse problems (Wang. 1982) using limited data.

Three kinds of models were examined, (1) smooth models with fluid

flow not controlled by faults. (2) fault-controlled models with

fluid flow controlled by faults, and (3) catastrophic changes to the

first two.

The reference smooth model examined numerically here as an

inverse problem yields a water table model that approximates the

head data reasonably well, in the sense of small residuals, except

perhaps at one datum. That datum (USWG-2) consistently provides the

largest contribution to the residuals. The possible reasons include

the scale of the elements, which may be too large for the necessary

adjustment of K. vertical leakage in the vicinity, or some other

hydrologic phenomenon. The effect of vertical leakage at USWG-2 was

examined in a numerical experiment. The alteration to the hydraulic

conductivity necessary to produce this improvement is an increase of

one order of magnitude in a region roughly downstream from node 467

where USWG-2 is located. This suggests that more well-tests that

allow inference of K in the downstream region could be helpful in
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justifying the presumption of vertical leakage near USWG-2. Becar

of the absence of any evidence of leakage, the somewhat better fi

to the data is ignored, and the reference case is that without

leakage. Leakage from along Solitario Canyon fault or Drill-Hole

Wash generates head contours not dramatically different from the

reference smooth case even though they are generated for an assign-

ment of K values unaltered from the reference smooth case. With

further manipulation of assignment of values of K the residuals

would be reduced; these options--smooth models with vertical-leakage

along faults--could not be differentiated on the basis of current

data. Plume movement is quite slow, about the same order as for the

reference case--perhaps, then, the distinctions are moot for

performance assessment.

Alteration of K in large blocks gives a rough idea of the

robustness of the models to such changes. Calculations were

performed with such changes. The interpretations of well-tests in

one well, USWH-1, (Rush, 1984; Barr, 1985) provide values for K

dependent on the type of test performed and different by at least a

factor of two. We point out that if in performing the calculatior>>

for the inverse problems, the residuals derived do not allow a clear

choice of model for a variation in K of more than a factor of 2,

then we are indifferent to the arguments about which is the best

representation. In the calculations with block alteration of K, the

residuals are not much different, and the contaminant plumes are

roughly the same.

In the fault-controlled models, manipulation of K at best

produces poor approximations to the known heads. For the fault-

controlled reference case, it is possible to regard Drill-Hole Wash

fault and the extension of Ghost Dance fault as simply boundaries

between areas of assignment of K. That is, these faults seem to be

neither barriers of low K nor conduits of high K. The most extreme

example shown (Figure 18), where K is quite small for all three

faults, produces residuals like those of the reference case in spite

of a rather startling appearance of contours for heads. Even the

cases of distributions of faults with higher K did not produce heads
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)

consistent with the well data. The current data appear inadequate

' \__to support a conclusion that flow in the saturated zone is

controlled by faults.

Catastrophic alteration of hydraulic conductivity along

pre-;existing faults to higher--values would produce less-significant

effects on-heads than expected. New-water table levels are

-established quickly--by calculation in tens of years. Head

gradients, the driving force for flow. are low. The direction of

flow may be altered and travel time reduced; however, transport is

not extremely rapid since it is still controlled to a considerable

extent by downstream hydraulics, which were not altered. -

What the performance-assessment analyst gets -from these analyses

is a model'for heads on which to base calculations, a model-that

ignores the'presence of controlling faults. The analyst finds that

a number of seemingly different interpretations of the flow system

do not have results- significantly different in the sense-of-matching

head data and of transport. Transport takes'100 to 500 years in

most models almost regardless of -detail except for faults for which

' X K is so large relative to the surrounding rocks that the faults act

as diversion channels. These times appear short compared to

groundwater travel times in the unsaturated zone (Lin, 1985) and

should be construed as a crude reminder of the possible relative

lack of importance of this barrier. The true contribution to the

time can only be assessed from substantially more data then are

currently available.

What was anticipated was that the hydraulics of this local

region would exhibit some characteristics not-typical of smooth

models,' which could be interpreted simply by assignment of either

large or small values of K (relative to the unfaulted elements) to

elements belonging to fault zones.' -Then-the head contours might

look like those shown in Figure'18. Further, movement'of a

contaminant plume would then be rapid and in the form of that shown

in Figure 21. Instead, the analyst is left with a smo'oth model-that

is not terribly sensitive to changes in K.- Only one'anomaly. -local

leakage, is a question in that model, and that question has only an

experimental answer.
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APPENDIX

This appendix contains a Figure (Figure 28) showing the assignment of
node and element numbers for the region of study. Also included are
lists of hydraulic parameters used-in the two reference models.

Data appearing in the tables in the text,,in particular in columns
3 (heads) and 5 (well-locations), are taken primarily from USGS data in
the SCP and these data shouldbe added to-the RIB. No head data were
available in the RIB.

This report contains no candidateinformation for the Site and
Engineering Properties Data Base.

.K)
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL

Ft IMFNT PARArTrR

-------- ,~~~~~~~~~ .- .** .
__ ._________ ____ . .- _ _ 

. _ ., ,-- E Ot~~~0SPERSIVITY '
lrLrmT X-Hydraulia Y-Hydrulc .Tn. .I OTSPS_ TT

Conduotivityi Conduotivity,

I 1 1*020E-05 1.020E-05 2COOE-01 0.20 7.000E.o0 7.000EO00 3.OOOE+02
e I~n7^r-n! t~norr-ngi o nHQE-C n 7A - 11~Et on' 2-mC fin ___bc I.vnr-a 

3 1.020E-05 1.02aE-05 2.OOE-ol 0.20 7.00E.0O 7.000E+00 3.000E*02
* t tnonfnF fl-nr-roF onnnr-nt n.sn 7 nnr.nr 7 nnnr-nn N nnnron9

5 1-020E-05 1.020E-05 2.000E-01 0.20 7.00E+00 7.000E+OO0 3.OOOE+02
* fl~nr~y~flnc s-nonr- I nnnrfl rl ! -nnnrm n n ?- O a On 7, 0 o I-i 0 C *0 2-

- 7 1.020E-05 1.020E-05 2.000E-Cl 0.20 -7.tOOE00 7.000E+00 3.000E#02
I n fl r-nls I n3Nr-f o nrnr-ni n o3n 7 haOAL*on 0A7 - .E*oo t.OcE-42

S 1.020E-05 1.020E-05 2*00E-111 0.20 . 7.O00E+O0 *7.OOE+O0 3.OOOE*02
sn f nnrnn t f-A &-ae-a

11 1.020-05 '1.020E-05 2.0O0E-C1 -'0.20 ^ o - E 7.O E+00 -7000E+00 3.OOOE.02

13 1*020E-05 1.02CE-05 2.CCOE-C1 0.20 7.000E-00 7.OOOE00 3.000E+02
14 1 n9nr-fl 1 niP--r' nnnr-ri 7 -. '- .l Anr_,:A£*nn 3.nnC2E*
IS 1.O2qE-05 1.02UE-CS-2.OOOE-01 0.20 7.000E+00 7.000E+00 3.O0oE-02
1 6 I *C2CE-OS ,1.0 2EJ- 5- 20 0 0Et- 1*20_ 7 a LO EtOO _..- a .OOOEt9 a 3&fQQE£+02
17 L.020E-05 1.020L-05 2.000E-01 0.20 7.000E-00 7oCOOE*00 3.OOOE#02
I A nonrmn I nnnr- n nt n 20 j ftE 7 0L00 U.0C0E*02:
19 1.020E-05 l.O2nE-CS 2.000E-ol 0.20 7.000-00 7.000E-00 3.000E#02

¶ n!nr-ns 9 Q-nrO0Qr-int 7 -o j. n 2- noi0r*03.O Gr*O2-

21 1.020E-05 1.02CE-05 2.000E-01 0.20 7.000E+00 .7.COOE+00 3.000E+02
1113 i -l fnir-n I-n.3fnr-nF 3nnnnrr.l ,n ftr-nn , por-nn a nnnra-Q
23 1.020E-P5 l.020E-05 2.000E-Cl 0.20 7.OOOE+00 7.OOOE-00 3.OCE+02
' A I -nqmr -o ' n I fln r-e ' l - s27-n 0 t£-* n. .3 lCZE*S2-

25 1.020E-0S 1.02CE-OS 2.000E-Q1 0.20 7.000E-00 7.000E-00 3.000E-02

27 1.020E-05 1.02CE-05 2.0COE-il 0.20 7.000CE00 .7.000E#00 3.000E-02
,)A 3-n'nr~es I rorr' o nnntfri n ,n 7-nnnr-n 7 fnnnr q sS nnnrVa
29. 1.020E-05 1.02CE-05 2.OOOE-C1 0.20 7.000E-00 7.000E-00 3.000E-02
in - i ninr-n% i ngrr-n- 2-nr.ar-ri n.7n 7 -MZ *Cn 71-n n 3.ODC0*02 
31 1.020E-05 - 1.020E-05 2.000E-l 0.20 7.00E+00 7.000E00 3.000EO02
1 9 t nn3nr-n- I ner~n o nnnr-ri n . > - 0_0 r 2-00 X- 3.B-0L2-
33 1.020E-0S 1.02CE-05 2.DCOE-01 0.20 . 1.OOE*0l 1.OOOE-01 3.000E+02
¶4 I~fl' n nrns; 1 fl-nr-n. IlfmnlV-nI n r nnnroni i er-nt n n

35 1.020CE-05 1.020CE-05 2.000E-rl 0.20 7.000E+00 :7.00GEO00 3.00E#02

37 1*020E-05 1.020E-G5 2.*OOE-Ol 0.20- 7.000E-00 7.OOOE.00 3.000E+02
Is t nonr-fo I nor-nft 2 rrnr-ns 0-22-- '_QAD nn Onnr&:00 3 00aE*42-

39 1.020E-05 1.020E-05 2.000E-01 0.20 7.000E+00 7.000E00 3.000E02
4 t j-nqm nnr-nw i ngor-s 2 a'nnr-r n n r nf3.-n _ * nnnr.nn s nnnr-n?
41 1.020E-05 V.020E-05 2.000C-01 0.20 7.000E+00 7.000E+00 3.o000E02
a 9 i nonr-n5 I nonr-n-, 7cnr-rl nq-3n ' nOOagvnn '_caonac %.Otelrj

43 l.020E-05 1.020E-05 2*000E-ill 0.20 7.000E-00 7.000E+00 3.000E+02
a 4 I nomrng i--nir-n% q-nnnr-Cl 0.20) 2-usz-tnn 2,0aor-nn Z OCnE,02-

43 1.02QE-05 1.02SE-OS 2.0COE-01 0.20 7.000E-00 7.000E-00 3.OOCE+02
44 i ¶-nl frr-nq . nnnr-nl M . 7-non- nnnEf.n ' o0nrnn s CnZ.r02
47 1.02CE-OS 1.020E-OS 2.COE-01 a 0.20 7.OOOE.00 7.000E00 3.000E+02
AA I -nlr-f i nrr-.nn nnnr-ni n;Q - 2n �naa 27 r~nc 'I

49 1.020E-OS 1.02CE-05 2.00CE-01 0.20 1.000C.+01 .7.OOOE-0 3.OOOE#02
Rn I nvnr-nq i -enr-n o nnnr-ri n -on -lnnnrnl i -PnnDFDnl 3.flflA021

51 1.02IE-05 1.020L-CS 2.OOE-C1 0.20 7.000E-00 7.000E-00 3.0GOE02
F ¶ .anonr-M ¶ norr-nF X err n.on , nnnFr.rrw 7nnnr.nn snnnrvns

53 - 1.02CE-OS 1.02CE-OS 2.*80E-0t 0.20 7.000E-00 7.o000E-00 3.O00E02
S t I nenr-ns I nonr-nS 9antnrvpl n-yn 7-HOaEton 7 nr ilnAnrjDn-2.

55 1-020CE-05 1.020E-05 2.00E-01 0.20 7?.oo.0O 7.000E-00 3.OCOE-02
_ ; FS I tlnr-ns i nqnr-n-, 19nnnF-=(% n 2n 7 tUIE-nn 7 cn~tsn 1nn0ME*Z2-

- ~~~~~~~~~~6-63
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL (cont.)

57
OA
59

61

63

65

67

69

1.020C-05
1 .Gomr-nll
1.020CE-05

I .n)nrI'sI .02CClF-OSq1.02CE-05
-nor-aq__

I. nv0m0-n
1*020E-05

1#02CE-05
* W1n:0r-nls
t*420E-05

-

-

I.020E-C5 2. eGG0E-11

.02fr-ns loranF-l
1.02CE-05 2.00E-CI

1.020E-05. 2.*CCE-01
I fl9-r ' -c _=l l L ~ L .1
I 02t.C-15 2oGOOE-61

1.020E-05 2OOCE-rl

1.02UCE-05 2.*0oC-lI
.2onr-05 2.nnr-frA

1.02CE-OS 2.00CE-Il

-

-

-

7n i. insr_ 1 .ra~ar-noi 2,nnnf-ni
71 1.02nC-05 I.020E-05 2.OGOE-CI
72 1 A.lf'0-6n L.n2F-ts l f nl EaL-

73 1.020S-05 1.02tiE-05 2.C.OE-Cl
ZA .lInnr-nR I our(!B_2,cn E'LI-
75 1.02CE-OS 1*02UE-U5 2.OOOE-CI
7A i a2lir-pns i n rra-o. lrnnr-cl
77 1.O20E-05 1.02tE-C52.OOCE-0l
7R 1 n2or-0S5 1 .12P-05 2.0iflrflL
79 1.020E-OS 1.02GE-05 2OOE-01
g 0 I-al~gr-a t .2ar-O% 
81 1.02!E-05 1.02CE-OS 2.*OOE-rt
R2 1.020E-05, 10 2O°°OL.
R3 1.02CE-05 1.02GE-OS 2.COOE-CI
PA -Afl0-ng _-nnrk-a- 2-aftor-0t
R5 1.02CE-05 1.02GE-C5 2.00E-Ol
A 0 I flnqnr-Aq i nin--f nnnr-nt

87 1.020E-05 1.02GE-OS 2.COOE-C1

1.020E-OS 1.02UE-O5 2.CCOE-VI
m tolnlr-ns 1 lflrF-o P n-nA-nI

0.20 7.000E.oo 7.000E-00 3.000E-02
n - life 7- nnn nn 7 nnn-rfnn f nnnrFn?
0.20 7.000E.0O 7.000E-00 3.00E+02

-a 1 l - ilQ2Et .f nngFnL__ n,]F-*ni tn aa£-Qv
0.20 7.003E*00 7.000E.00 3.000E+02
n2 7- t n - .Or *n Q 7_a~r nonl0lE*
0.20 7.000E+0a 7.000EOO 3OOOE02
fl. V 1 7 .f ffl fl fln 7 .flflf P~ flf I flflA l Vr fl

0.20 7.000E-OO 1.OOOE+O1 3.OOEOC02.
_o. 2 ..14Etn * n Avo ota_3" oE*AQ

0.20 7.000E-00 7.000ECO0 3.00C-02

0.2C 7.000-c#OC 7.000E+0S 3.OO0E+02
n ln 7. Mflflr-nn 7-nmnnfpnn -An n F- n s
0.20 7.00E*00 7.000E00 3.0CE-02
.20 7 -.a0COE 7OOOCtn n a.OOGCt.a

0.20 7.000E+0O 7.000E.00 3.000E02
_"2n I a UEt noA 7.nn a Q nt .CEtQ2_
0.20 7.OOOE00 7.000C*o0 3.000E+02
0.20 7.nnnr C n 7. nnnC.nn O nOa n2
0.20 7.000E-00 7.000E00 3.000E02
n .20 7. Q 0lEtA n_ jj~n 7innnfn (1gLs2-

0.20 7.0GocCo0 7.000G+00 3.000C£02
n.20 Jos£Q an Y. ntnnfvn -nn nE*02

0.20 l.OOOE-00 7.000E+00 3.000E+02
Ot2a...... 7 i.M tQQ _ U 7QQQ co 3..00£C -0 2
0.20 7.000E-OO 7.000E-00 3.OOaEC02

ft -9 n -7 al nir ~ n I flflfs .flf 3 flfl4 E fl'
0.20 7.000E+00 7.000E#00 3.OOE-02

Q- 7.nnntO al 7a 0Q Q~a...3. AC. a82. 2
0.20 7.OOOOE+0 7.000E+00 3.000E+02
n 'o' 7-annF r-4n 1-nnnr-nn o n o- 

0.20 7.000E00 7.000C00 3.000E02
n - n 7 flfl tagl _fl 7 _ fft3 0 -aa E .a3
0.20 7.000-Co 7.000E-00 3.000E+02
R.In -Z QmlEtan 7.o04.. . I fl CA 0..

0.20 7.0OCE+o0 7.000E-00 3.000E-02
n n3 7_fn0nF*tln 7211rm InQn ~ *
0.20 7.OOOE-00 7.000E+00 3.000E+02
fn 9I A r olo 7 fllnr4cE*GZ

0*20 7.00EC00 7.000+00 3.000E-02
nm r 'nnn0F *n 7.4ar n a 3Q40E*0Z_

0.20 7.000E-00 7.000E+00 3.OOOE02
f l _ _ 7_-__ n n -nn '-n aI- g0
0.20 7.00E0O 7.000E+00 3.000E+02
nl z in r-0 IZfnn nn 7 aat 1 an 3lUnfnEl

0.20 7.OOO0E+0 7.000E-00 3.OOE+02
n~~~~~~~I 1-0rf IS -,n F-Qn 7aQQa--.cE*4Q

0.20 7.000E-00 7.000E+00 3.OOOE+02
n on r-nn-n n IV' nnnf.nn '1_Mno*n

0.20 7.00E0O 7.000E+00 3.000E-02
n.G2n Z.G.03E*00 70Jaa-ko 'laa4E*a2_

0.20 7.00E+0O 7.000CE00 3.000E-02
_D '2 7nrtO---O0u*oo 3GoEoA 0 2

0.20 7.000E+0O 7.00EO0 3.000E+02

0.20 7.OOOCE00 7.000E00 3.000E02
-Osl 22---__01roo 74E.0 I O- a l.O4E-02_
0.20 7.0030vOO 7.000E+00 3.000E+02
n.2n r n3OOE.0n 7.no * n 3-OOE.2-
0.20 7.000E-00 7.000E+00 3.000E+02
n - 3n * anngEnn T-Annaron 3- 0 E.2-

9.20 7.000E#00 7.000E#0O 3.000E+02

I

91
qa

93

9 4
q'5

97
_ 2R

99

* in 
InlI
I n ?
tO3

I n 
105

1 n9
-In-

t 
111

113

11

119

1.00CE-OA

1.020E-05

1.02CE-OS

I n nmr-ng

1 .02CE-OS
I nnr.nq

1.020E-05

I .oE-0

1.20E-05
i -ninrcn
1 .a2PE-05
I nnn r-lr
1.02E-05

1 .02nE-O5'1 -r' n

1.020E-05
I nqrLn
I.020E-OS

1.020E-05I nenr-nq
1 .020C-05f

-

-

-

-

-

1.Oooc-18 2.oooc-Al
i onr_n ..nnny-pi
1.02E-05 2.000E-01
I .flnFl,.v,fi ,.flflflF-ft'
1*02CE-05 2.CCOE-(tl
* .nfir-ps 05nnnrLrt
1.02CC-05 2*000E-t1
1 .02rC-05 2.COO-C_
1 .02VE-05 2 .OOOE-VI
i -n3rr-nc 3rnro
1.020CE-05 2.000E-Vt
I -nir-nq 2 nr-fl
1 .02CE-05 2.COE-O1
I -nflf'Fr.lI 9flfl ~-n1l
I .o2E-OS 2.OOE-01
1 ?.i2 v-( rennr_r?
1.02CE-OS 2.CCE-tI
i nnor..ng ? ma__
I .02CE-05 2.OOOE-01

1.02vE-05 2.OOOE-ill
-n~tr-nG ,rnnv..rt

1.02GE-C5 2.OOC-rt

1.02CC-OS 2.OOOE-01l
i ngnr..nq 9-~.Lapr clJ
1.02CE-05 2.OOOE-CI
1 flaF'v-fns 2 -lmlFl r'I
1.02:CE-05 2.OOOE-01

-

-

-

-

-

-
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL (cont.)

I 1i 0r' r ~i -nir -A ..~nl. to.1........0a~ t O.n0.....3.oC aC or,* 02
121- .1*020E-15 1*02C-05 2CE-01 0.20 7.COOC.00 7.OOOE.0C 3.OOOE#2

-17 7&LCOn l 7t C .CCC Za03.CO E* 02-
.1 23 1.0202E-05C-O 2.COO-C1 0.20 7.OCOE.000 7.OOOa.00 OD"30000E*02

1 j fl~f'rf01 i nnr-ns , .tnpFv-rt (19 7fnlfl~*flf 7flfflnnfl rnnnn
125 1.02CE-05 l1.0E-CS5 2.OO0E-'1 0.20 7.00]E+00 .7.OOOE+00 '3.OOOE.O2
I VA 1 alnnr-mR 1 -fnr.V-flR y_,nrr q afa*0a-70D*0 3OO&2
127 1 021E-O5 I .02RC-05 2 OCCkE-U1 0 .20 76000E+O0 - 7.000E.00 '--3.0OCE.O2
IPA I 1)f~-0 flr, ifgr-ne l-n,.nflr-ni nl-2f 7-OflE*O0.._..ZADZ±nn 3.aaCO2_
1 129. -1.02CC-05 21.02SC-CS 2.00CE-Cl 0 .20 7.GODE*0C 7.0COE.0C '-3.OOCE*02

131 41 .02DE-OS 1 *02LE-65 2.00CECl O.2C- 7.000E.0O 7.OOCE*O0 3.OOOE*02
j312 . nno1 npnrfl;- 2"Or I n f- 9n 'TIDfl~tflL..fCoDtC...3CCE0
1 33 1.0OaC-0S 1.*02CC-C5 2.OCOE-ri 0.20 .7*OOOE*00- '7.OOE.00 30OCE*02

.ftq r i ;flqr-cs 2.A.0~ar-(.I 0 .20 7".fl.ftoa.IA&J.rE±0 p3AaflE.fl2 
1_I35! -.oir-05 1 *02CE-05 2.CCOE-i1 0.20 T.00C00 7000E*00 -"-3*DOOE02
I ljomr-s 12flv-05 2.6oor-rt 0..2n YnFl .nnfnr~nn 'lnnopn7
137 1.02CC-OS 1.O2L-05 2o00CC-VI 0.20. l.OOC+CO 7.OOOE400 -3.00OE.02
1.1 .P~-s I.2 -sZ 0 r DE=El 6 nI .. 0L2a2 0 LJa t .. 7 00 Et]) 0... lD000 t 02..
1 39 J.02CC-OS 1.02(E-05 2.00CC-C1 0.20 T.OcOC.CC T.000E.00 3.000E+02

IAI *1.02')E-05 1.02EC-CS 2.CCOCEL-i 0.20 ;7.0COD E00 7.CO*E+ - 3.OOOE*02
14A2 1 .Cnnr-cs i *fl2rE-0r 2.nrinr-ri n-2 7.flnflQn nnn i ~nnnr~n2
1 43 :1.026C-05 I .!!E-Q5 2oJCCC-C1 0.20 7.00COE.00 7.OOOE+00 3.OOOE+2
1 44 1 0.2Ar-09 1 n!)r -fl 2.0CC-r-1 a~f t.OODSan"*.JC 7,0O±FlQfl.....I.CC±2
:1 45 19000E-08 1 .0OfC-Ce8 2o0CECl 0.20 7.OOOEe0C 7.OOOE*00 3.OOOE+O2
1 46 1 .0OnF-05 I 000F-05~ n&1 .0EOl 7 fQ--fn 3DO*2
1 47 1.00DE-OS I .0CC-CS 27,0CO7-01 0.20 7.003E.00 7.COOE+O0 3 OOCE02
1 4 1.00CE-OS 1 .00CE-CS 2.00CE-nl 0.29 *Q.00EC.0 7.OOOE+00 3.0CEC02
1 49 1.*02CE-OS I 062t0-05 2.oCCE-Cl .0920 7eOOOE.0 7.OOOE*O0 3.OOOE+02

15 t . 09r-09 I 02UF-0 2ACCE-10' 0.20 7f.1±C9nD.±L..a.or.2.
1 51 1.02CC-OS 1.020C-05 2.OOOE-l1 0.20 7.OOE+0 -1.*OOOl0 -3.OOCE.2
5 2 1 02nFi!-0S I * a 2 1' V- -Z& ac E_ L.I L nA2i............ 012 Eta DID E-tal C 3nI.... .I.C 2L±.-

-153 1.02CC-ft5 I .0 2VE-C5 2.000E-CL 0 .2f) 7.OOOE*0O 7.OCCE.C0 3.OOC02
154 1*02flr-05 1,02tE-C5 2.occc-rt 0.211 7,0nnfF~.nP 7..nlfnlV~nn lflflfr~nq

1 55 1 a C 21 -05 1 .02DE-C 5 20CCE-01 0.20 7.OCOE.0O _7 . O O0 3.000E.02
I6 1.021r-05 I .c2cr-rc 2-0nJLaLrl 0,yn 7-an E±Dn koocC±.n qnO,0OE*2.

157 1.023E-05 1 .2rC-G5 2.00CC-Cl 0.20 .7.OCOE.00 <7.COECD 3.OOOE+02

159 1.C20E-05 I1.02CEC5 2.00OC-LI 0.20 7*DOOE00 . 7CO.O 3.OOOE.02

I1fi 1.02OC-05 1.02ZE-05 2.CCOC-f 0.020 *- .000E.00 .70000.E00 3.OOOE+02

1 63 1.02CC-OS 1.02CC-'5 2.000E-CIl 0.20 79O000C 7.0000E.00 -'3.OE*C02

165 .1.0C'rE-05 1.00CC-05 2.0CCE-ri 0.20 7.00DE0.00 7.0000*00 '3o000E.02
I A A 11fl-fl!, ¶ I0 '-6 ,.nnvM 6,.1 7.flf'f.2.Cltlf.nnr.,3nn fl.o.C.n.2n

* 167: i~loCOE-05 1.OCC-05 2.0CCE-P 0.20..7.0000.00 :1.0000E00 3.0000.02
I6 (I 0911Vr-05 I Af211r-p!i 2.fluy-st Afl-&.a.*0 700O&O %GflC2
1 69q 1.620 -05 1 .02CCE-O5 2 000 -e1 0.20 7.000-E.0 7 7.00 OE+00 3.000E.02
17fl -I f9nr-fl_, i nnr-ps 2_nt-j n9 _AAn -~Ea -U~G
1 71 1.G2VE-05 1-.O2vE-3 2.0000-01 0 .0 "I 7.CCOE.00 7.000E.00 3.0000.02
1 7 IA1%2 1 flnflr-fl r, a .nnrr-n'i .nfflp-fl fl2f 7_nl rn 7 nnrnn -i.nn nr¶nfl
1 73 I .02CE-05 I.OZLE-05 2.00CCE-Ul 0 .20 7.000.00O 7.0000.00 3.COOC*02

.. i7A.La .2E~i~f2L~2.~f0I -n ..... 7.£0C EC±0 .J.COCEtOO .2...3 OE.C2.
1 75 1.02nE-O5 I 02LE-05 2*GOOE-"I 0.20 . 7.000E.0 7.CC0OC.00 3.OOCC.02

l I 1.2 1E-, 5 1 0"VE-,0 2.CC-V. 0.20. . . O7.00t.0 -7.OCCE.0 3.000E.02
I R I io~n a ~r-n nn opr-r, n --i 7.flnnr~nn 7-nnnllrfln IrArn
1 79 1.02'VE-05S .0 2C 0 b 2.00CC-Cl1 0.20 7.0000,00 .7.000E.00 3OGCC*02
I -fl)a I2A.C flLI ft2Lctrfl-2 :lflflr~flL. . 7 -" aLtCOr 20a.00 CaflLJt '%OtOta02-
18 a : 1.02CC-O5 1.02LE'CS 2sCVOE-Cl 0.20 7.00OE+00 7.OOOE+00 3.COC*C+2
1 RP I , -n; nF gsp-i pI 0-2 ~ ADE. n 7no~f 10 *a
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL (cont.)

1 3

1 QS

IRTI a 9

I an

191
L22
13

195

1 F19
lqft

195

201
203
20 3
12 A 

1 .OOIE-08
I . nntr-tsi
1 .JOOE-05
I .inlir-nn
l.0O^E-O5
I fl~nr..fl;
1.020E-05

1.020'-051. 020 C-OSt .02CC-Os
1.02CE-OS

.0

I .02C-5s
1 .fl2C'-fl'
1.02"E-CS

4.993E-45
499 frns
I .0alE-OR
1 -finmr-fif

I .OOnE-08 2.00CE-LI

1.ooaE-05 2.00G-c1
I jfnFn-11 2.nrr

1.000£-05 2*00CE-Cl
I .nnrn-c ,.nnor-ni
1.023E-05 2.000E-01
I .nrr.-nr .nnor-rI
1.020E-05 2.000E-0

1.02CE-OS 2.000c-o
l.n.7nE-cr 7 nnnr-tit
1.020E-05 .0Cl

1.02CE-a 2.000E-OIi.n01,F-P9 2.000r-Ct

1.02CE-05 2.000E-OI
1.02tE-05 2 Glor-ot
4.990E-CS 2.OOOE-01

.99?r-ns ,.3opr-01

1. 00CE-08 2.000E-C1
t -ncor-na nnmr-ni

0.20
.ft. I 
0.20

4.20
..0*20.
0.20

0.20
n . on
0*20
0.20

0.20

0.2n

0.20

n 2-f

0*29. _

20. .. .OCC0 . .00CO 2.OO...O 0._
205 100D-05 1.00CCE-Os 2.000E-01 0.20
2a6 1 An I r- I QQQE-Q5 2&U(IL-Al Q-29)
20t I.0Of-0S loO.OE-05 2.o000-C1 0.20

a I naF-c t .nnr-ni >.nmar-r n.
213 1.020'-05 I.O2uE-CS 2.00CE-Cl 0.20
ns anrn t 0 IAm-lS I. oVC -n4 _2.1l}:rS1___9ln
211 o E2 1.02f-Q .02CE-05 2.000E-Ct 0.20

1 2 1 n21r-09 I rnnrnE-g 7A^gr-nLt an 
213 le.20E-05 1.020E-OS 2.000E-01 0.20
214 1.02c'E-QS. ltQZCE-OS 2.000E-C1 0.20
215 1.020E-05 1.02CE-05 2.OOE-Qt 0.20
21 A I il n 9n ml t0nr-m q? fnnnl a ,2n

2t7 t.O21E-OS 1.02E-O5 2.000E-Q1 0.20
IIR A n-n!-l I n~rr_p% 2=nnnFars n on~f

2t9 lea20-'-05 1.02GE-C5 2.000E-tl 0.20
iln I -l-_nl - nfl 1 - nur-Al - a=
221 1.02C-05 1.02uE-05 2.OOOE-Q1 0.20
2>1 A qqftr-nq _qrn -:U:!__.
223 4.s90E-05 4.9GE-05 2.COOE-c1 0.20
91104 I4.qqnr-nl 4 _r-nC 11 jeaF-ri n _7m.

-.225 1 .oOOE-08 1 .OOCE-08 2.CCOE-01 0.20

227 I.OOE-0S 1.00CE-OS 2.00E-Q1 0.20
119 I .njrr-f-n I nnnF-ndi 2o1nnr-ri n-in

7.OOCE*00 7.OOCE*00 3.000E02
7?malflnn .l 7.flflrfl+mm q -n nnr.fn
7.000c+00 7.0OOC+OO 3.OOO0E+2
I .2aon n 7 ll nr+ Dn ^oEi12-

?.003E#00 7.OOOE*00 3.OOOE.02
7 n Fvnn 7-ajnnmn -,-a aar-*Az
7.OOOEO0 7.000E00 3.000E+02
7. wifrnn 7-nnnrvnn -.i-mgnr-n 
7.000E+00 7.OOOE00 3.000E+02
Z -QEl .n 7aornn . q.E.0aE*02
1.OOOE+OC 7.000E+00 3*000E+02
..onnorEnn an r nn s o 0 E
?.OOOC0Oo 7.000E-O 3.OOOC.02

7.000E00 7.000EOO 3.OOO.E02
I. a +n n 70 .n annn -......n n ~ntQ
7.oooE+0O 7.00Eo00 3.00OE+02

.. 1A01 l2t-D L. ..I ...AiQatot a(inL3a. 2.
7.O00cEoo 7.000E+OO 3.OOOE+02
7rLojQoE_±(j 7 .0119E±0 3.000E!02-

7.OOOEE00 7.000EO00 3.OOOE+02

7 000+o00 7.0OnOn. i.nnnEr02
7.0 0E+00 7.000E*00 3*0CQE*027. Q0Ll.t0 7Z.OOOC.00 3.OOC02-

7.OOOE.oo 7.000+00 3.000E*02
7 a.. 00a ftr+a 7o. or±nn0Q -. rn.t.2
7.OO oo 7.000EOO0 3.OOOE+02
7*.gnE*n - nnn+ s _ 7.0.QrC*02
7.000_t00 7.OOOE+00 3.000E+02
r~lA9oE_*af 7.aa2EAn :q t.11+2_

r.003 E+0 7.000E+00 3.040E*02
'YaX soon 7aaatE~nm q-nnnr-n2

7.000E00 7.OOOE.00 3.OOOE02
Z.fle _E*a 7t. 0 *00 -4.0Q0.E*o
7.000E+00 7.000E+O00 3.000E-02

7.000E.00 7.000cOOo 3.000E02
....- I.Dfv0Z* 0O- 7..00 *0 ..... 3".. 4 2....

7.01*o00 7.000E*o00 3.000402
7.000EO00 7.000E+00 3.00GE02

7.aOOOE00 7.OOOE*00 3.40OEO02
z. nnnaan * n nnF..nn0Zo -0OE-
7.000o00 7.OOOE00 3.OOOE+027*nnrnn 7-nnazsan q -nor0E-2_

7.000E+00 7.000E+00 3.OOOE+02

7.OOOE-00 7.OOOE-00 3.OOOE+02

_Z.0.C*zko .00 CaE40.........a4nC.a27.OOOE.oo 7.OOOOE+0 3.OOOEa2
InAnlcr.fln 7 flofl*o 3 000C
7.00DEq00 7.000E+00 3.-OOE02

7.OOOE+0 7.000EO00 3.aOOE02

7.00E+00 7.00Eo00 3.ooE02
7.003E+00 7.000E-00. 3.000E*02
l.anzE+-t _ -000r*Oo A 0f OEn*42
7.00Eoo 7.000E-00 3.000E-02

1fl-nt.fn 7 nnnrgnn i nnnr-ni
7.000 E00 7.OOE+O00 3.000E+02

229

231

233

235

2 37235
214

2A2239
25n

2 45

1.00 CE-05
I nnlfl MIS
1.01CE-OS
1 n-r-mig

I 020C-05
I _69,'i-ARI .02n-05

1 .020C-05
1-n nir-nK
2.02CE-OS9 a.ne-ng
2. 020 C-05

I nAolr_onl

Z.020E-05

o .n-nr.ng

2.02CE-OS- &-.nnonq

40990E-05

1.00CE-OS 2*000E-0l

1.02CE-OS 2.000E-CI
I _nl9Voi -, 9f) AMA i

.02OCE-OS 2.0O0E-~1
t 02CC-OS 2_. naC-C
2.020LE-05 2.00CE-Cl

.-171E-ns ,2azz -m

2.02CC-OS 2.OOO-0
o' .t1-' wr -iIs 2 .flftfv -nl2.02CE-oS 2.000E-01
2.02cE-os 2oCOOE-t

. ggrr-i' 9.fnnfir-I'
4.99CE-05 2.00E-CL

0.20

0.20
n Itn

0.20

04.20-

0.20
a ,a
0.20
0.20

0.20
n 0 .
0 o20

3 .20
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL (cont.)

K>

A - g g ~. r - fl g g gr r7- flt n f r - t n 9 ML2 . f * - ~ L .g.GE A Qoc .A z
-247 1 .C001-08 1 .00CE-CS 2.000E:-Ot 0.20 _ 7.000E+00 7&0OOC.0O- -3.o OCE 02

,A A 1 _.nnnr -n gq I _nni~r-n s 9 ..nn ir-n i - n..n 7 0 0 * C . .2 4 f f L t fo .. 3 04O .0 ..4 .
249 I .oDOEi-05 1*00GEl-05. 2.000:-V1 .0.20 7.000F.00 7.0 OC.0E00 3.OOOE.02

-2 51 - l0CO0_-05 I1.00CE-OS 2.001:-(l 0.20 . 7.OOOC.0 7.0'0G0E 0 .3.000E.02

253 1.020E-O5 .o 2CE-05 2.0001E-Cl 0.20 _ 7000E:.00 ' . 7.000tE+0 *- 3.OOOC.02
9w;n 1 r-nw, 1 nqrr'-nr 2-~ r r M-n7a E* 7:nflnE*iin 3.0 r*

255 1.020E:-05 1.020E-05 2.000E-01 0.20 7.OOOE*00:. . 70.O OE*00 ---3.000E+02

257 1.020E:-05 1.020E:-O5 2.0001E-01 0.20 : 7.0000 +00 70.OOOE+00 --3.0OOE+02
i~~~ A I ~ ~ ~ ~ I ~ ~ ~ ~ ~~ .n fl' I F l L rL I .- f l .2 Lm .Z ..O 0 0 .E , 0 . 7l 0 0 Ehf f l .. .3 . 0 0 &E 2 .2 .

;259 1.0201E-CS 1.0201E-OS 2.OOOCE-PIl ..0.20 7*0001K *00 .7.000E:.00 --3.000E*02

261 2.02CE-115 2e02(E-05 2.000E:-Cl .0 .20 _:7.D00E#0G 7.000GE+00 -3.oOOE*02

A 1 .n !r- fl ; _n rn T( - 9 nn v. ' -n n n nn nnrll m n 3 - r, 

263 2.02CE1-OS 2.02CC-OS 2.0001-Cl .. 020 ToGG0'C40.... 7.O000E 00 3.0001E.O2
rgr..l p rr t 4--.q9 E-G .n 0 *, nn F - f ll 7 Ill~ff 7 a 0f r GE ln 1 000E.82

2 65 4.990E:-0S 4.99CE-05 2oCOOE-CI :0.o20. 7.000E*0O _....7.OOOC00 -.3.00E:02

267 4o99BE-05 4.99CE-OS 2oCOOE-01 0.20. 7.0006E+00 7.0001E400 3.000E+02
70;A &_ q r"% & _qq 'r-n 9 -fnnr- o9l I.7n-7-fnflflr flfl 7flAlr n i n r..n 1

269 I1.000E:-08 1.0001E-0 2*0001E-05 0.920 7 ~ 0aaE*oo --7oCOQE+Qo- 3.000C*02
~71 I .nnflnr r R I QQF-1L flA I -n AO0Dr -nFt ne~ -n fr nM lsnd *

2 71 1.0001:-OS 1.*OOOE-05 2.000E:-V2 . 020 .7.OOOE000 . 701:00 -- 3.000E:.02

2713 1.00OIC-05 1.000 D -OS Io 001E-02 Co20. 1.00CE 00 7.O001E.b0 34O000E*02
27 nnfnr-oq i nnr,+r-o%, v-fififr-p' n..- n -7-nh r~nn 7-nnnlfr~nft 1,-nfnr~p9

275 1.020:-OS .0 20 -C 5 2O0C-02 0.20 I7. 0 0 E 0 7.000E+00 3.000E:*02
I7 fl2flF - 04; i -.fl n l -l , 2.fl n nlflF- n fl.' Mf '- tf flaftm- l nCS-.to cE o2

2 77 -1.0201E-OS I 020C-05 2.*0001:-Cl 0.20 .7.000E:.00 -7.000E:.00 ;-3o00OE#02

279 1.020E-05 1. 0 2C -OS 2 C C:E- 02. 0.20 7.OOOE*00 -.7. 000E+00 3.000E+02
2510 1.02CC-OS 1.020CE C50 .2 .013E-OZ --- *0 7sL..jl..130EC00 *.7.OOOE.00 3 .00DE+02
281 1.020E-65 1.02CC-O5 2OCOE-02 0.20 .7.000E:.0O 7.000E:400 -3.000E+02

283 2.020E:-OS 2.02CC-OS. 2oD00E-02 0.20 .. 7*0001E.00 7.000E:.00 3e000E:.02
9A 4 o!,i r~n 2 n r rn ,. n n n .n2 ninnnnar.nn 7nrnr~nn, q'ar.n

2 85 4o990E-05 4995CE-C5 2.000E-01 .0.20 7.0001:E 00o 7.000E+00 - 3.0001E*02
I AA g',l-f~l - -99'Fr-flc' .rn n.nl n n 9e 7 Annir nn 7-flflAFfln' 'gnnnr~fn9

287. 409PE-C05 4.990E-OS. 2*0001:-Cl.. 0.20 . .7*0OOOCE 00 7.000E:.00- -3.000E:.02

2 9 . 4.9901E-OS 4o990E-('5.2 C00QE-01 - .020 -.7.000E+00 . 00-.0 3.0001:402

291 -: 4.9930E-05 i*49901:-C5 2.000EC01 ~._0420 T.003E+00 7.0001E*00 -3.Q00E*02
al I nr r~j I ntt'r-irA 9_ nF-t' n n 7-nnar~nn 7 nnnr~nn A flfllF.Eo

293 lo1OCCE-CS I *00OE-05. 2*0OOC-02. 0.920. 7.000C 0oo --7*OOOE*00 '3.000E:.02
9 Innnr-nmi i nnnr-na; ipnngr-to n-gi ZDfnrno 7n

2q5 1.00E-O5 l.oOOCE-O5.2o00E-02 ..020 . 7.00E+:00 7.000E*00 3.000E:.02
~~ g A 1~ f .flE. ;.ft L ..f . 2 . . l f L . . .. . . . . . L .. . . . . . . .. . tin'lf l 72 D E "A Z n4 .. 4 .f l C E * . f l2

297 1.01O1E-04, 1.011b-C4.2*000E:-G2 0.20 7.000E:'00- .7.000E:.00 3.000E.02
g Ifl 1 V i *- 0fl . n in v..n n f - n .7. w nr.n3 n r n n *

2 99 1*O01E-04 1.O1OC-04 .2s000E-t2 - 0.20 . 7.000E:*oo 7.000E+00 3o.O0E+02
tfl1-n i - fp I fnlht - 00 E 0 3 -L. .f . i.DCE*.0 o : a L .Q2 _

301 1*0I1E-01 1*010E-04.2.o0O1E-02 0.20 .-.-- 7o000C0oD -7.0001:*00 ;-3*0 0E*02
%n t l alF- , I _Al nlflf-f3 . Fl -r n fln 2flflZI0 O 7_ LflC, E*0L Z 3 -O O AC t* Zl

3C5 2 .020 -O5 2.02CC-C5 .2.CCOE-02 0.20 -7.0001:400 .7*000E:*00 3.0001:402

3 07 4.9901E-OS 4.99CE-05 .2&OOE-Cl 0.20. . *7o00E+:0o . 7.0001E.0-- 3.000E.02
NORf a -ggqn -n,; p ggqfr -nr%~ .. nfln l 0- nr..nt n r~n % nnnr~ .
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL (cont.)

309 4.990E-05 4.99CE-052.OGOOE-Ot 0.20 7.000EO00 -000.0 3.00002
I n A gqnf¢-_ p A grQ.nr I nnnrr fl n A fl .1 7 l a MF .flln ,7rcanrc-m 3 0
311 4.990_-O5 490UE-05 2.COCE-l 0.20 7.OOO.EO0 7.000E00 3.000E+02
131 .29 . sar5Fl a a-2 r00 EnL a-.0 oazO... .0 3 303C*0. T..00E0 0 3.dCEOo.
313 4.09nE-05 4.990E-05 2.000E-Gt 0.20 7.oOOCE00 7.00O0E00 3.000E-02
114 L.=MErrA3 I 0nLr..2-aaAE. 7.=0Q 00 t OEL 00..3..0E0*02
315 l.OOOE-05 IOCCE-G5 2.000E-02 0.20 7.00E.00 7.000OC00 3.000E+02
IA 1 lrnnrfl4 I -Mftnrnnnl'r I4-nnflF-I'I 7 rJ sn.0.0n.L.n N
51r 4..OCO-O5 eOGOE-05 2.GCOE-C2 0.20 7.00E00 7.000E00 3.000E+02

319 I.01OE-04 1 O1OE-04 2.000E-C2 0.20 7.00E*00 7.000E00 3.OGCE+02
._mn n I sli rrm4 i nanrn4-2,.nnnre2 n2n Im 3 Ltl0D.*.00
321 I.OlOE-04 1.ClOE-04 2*000E-C2 0.20 7.000E*00 7.000E+00 3.OOOE*02
I I 9 s i ninrn4 I 2 -phiP-4 a I9nnr t1- nI n 7flf f n lfl 7-nnflFnlq A nnnr-n ,
323 1.013E-04 I.Ot1E-C4 2.tOOE-C2 0.20 7.000E.00 7.000E#00 3.OOOE+02

-- 2AI4 iL ninr-f4 I fllQF4 2_t.0r-r 2 a........ fli.t 0 0_.... .1,o0Otot 1"O M* 02 ..
325 1.ClOE-04 1.OICE-'I4 2.OOE-02 0.20 7.000E400 7.000E00 3.00OE+02

_32r Z.11zzr -," . c rLgi 2.Qrr _A.2Q 7 L.l~~2 _lla &M O a nEk 2-
327 4.990E-03 4.99E-O5 2.0COE-C2 0.20 7.00c.oo 7.OOO*00 3.000E+02
qSi *. an r -ft5 .91' qsF-n 5;2-1 .n (Ir - n n 7m nai nn 7 nnnrnn i-nn nr~nw
329 4.990E-05 4.99OE-05 2.0COE-O1 0.20 7.003E+00 7.000E+00 3.000E-02
310 4.gq3.F-nq *.g I-n S '2.A 9 rr-I 0__ - nnin i noEo
331 4.99nE-05 4.99CE-C5 2.GOOE-Ot 0.20 7.OOOE00 T.OOOEO0 3.OOOE+02
332 4.q9-0S 4 990F-ai 2 -fn n r- fit n .2n el 7.14..0FltnAl.._l.fttiann i n nnz.2
333 _ 4.99CE-05 4.99CE-05 2.COOE-C1 0.20 7.000E-00 7.000E+00 3.OOOE+02
3,14~ 4. 9fr-nS 4 .3rF-0 V -n n F-nM n.2n %.nnnr4-nA 7.nnnr-no 3-nnnr+07
335 - .OlOE-04 l.OlOE-04 2.OOOE-Q2 0.20 7.000E.00 7.000E+00 3.000E02
L__j .n, I . *.nAnn-nq v-1"r-os nOlO
317 l.oonc-05 loOCE-05. 2.OOOE-(2 0.20 7.O000E00 7.OOOE#00 3.00E+02

A3&...L.0UL£ 01aa rcE- .. Q2E-1!2 2 .02E0.:_.. 7.oQQEtfO_34 00GEt2
339 1.OGOF-05 1.OOOE-05 2.600C-02 0.20 7.OOOE00' 7.000EO00 3.000E02
3411 t .0mr I nal-r ! SPOF(I !!.20 7 00Gr.00 7,flnnr+00 s.nnnr~on.
341 I.Oc-04 1.01C-14 2.OOOE-02 0.20 7.OOOEC0o 7.00E00 3000Oc+02
43.12 t.all-04 1 01oF-n 2&.algy-e2 0.20 sa...Q1n -7.00DEtQQ- O± 3 .tLEt
343 l.OIE-O I *OOE-04, 2*GOOE-2 0.20 7.000E-00 7.000E*00 3.000E+02
344 1 01 -4 I .Otn-Cg 2,0Q9£ a 20 &QalE Qn 7.QUE# D dAtt n
345 1.1oar-04 I. O1CE-C4 2.CGOF-02 0.20 7.003E.00 7.000E+00 3.00E02
346 1.OlOE-04 1.O1OE-04.2.GOQE-02 0t20 .7-U E- 7 7tQQqEE Qp I.000ctQ2
347 I.O11E-94 I.OICE-04 2.OOE-C2 0.20 7.000E-00 7.000E00 3.OOOE02

..R -l'rr-fnl 2_nInF- InnF . n - l an _7Lkooao0 a0 1.0flOOOE.
349- 2.024--Os 2.02CE-OS 2.COOE-L2 0.20 7.000EO00 7.OOOCE00 3.000E-02
15' 2-a2Mr-ne; 2 norr-fl% 2 a a IE-- ft n*20 7.a000EtQ_ _ 00GE*(l A O:O a 02_
351 2.020E-05 2.02QjE-05.2.000E-02 0.20 7.003E*00 7.QOOE+00 3.00E+02

qi 2 1mr-pli 2.flrF-05 ,..nnnr- n -in 7 n n 7nLni nn
353 2.020E-O5 2.02CE-O5 2.000E-02 0.20 7.000E.00 7.000EO00 3.OOO.E02

___l4 .02.3 o n fl ~ - fl23 ' c-nl' '- Fl -a 2 n021 L.,L 0 C _._..7.OOE..0 n LinZEo. f2.
355 2.02OC-05 2#02DE-o0 2.00CE-G2 0.20 7.003E#00 7.000E-00 3.000E02
A ,4 2 2 r l norn 2 IE a5-, aE-n2 _ :2n 7 -0 0 3E +O _ L 7. 0 0 0E*a 0 0 OOO4 E * 42
357 1.OllE-04 1.ODUE- 4 2.GCGE-C2 0.23 7.OOOE*00 7.000E+00 3.300E02

A I lncr^-lA I .nnllrf-np .r-nnr-rs _ n ?.njF+nn 1 oeFn oro2
33q .CO -QS lO0OE-0 2.OQOE-U2 0.20 7.OOO 00 7.000E+00 3.000E-02
I r 000L.I..l 0 -lQE-0 0DOQ E _ _020 _ _ 7.000E* _ .. 0 00E* La 02 
361 1.00CV-05 I OOC-052 .COOE-12 0.20 7.300E+00 7OOOE600 3.OOE+02

363 l.01^E-04 1.010E-04 2.OOOE-02 0.20 7.000E-00 7.OOOE+00 3.000E+02
1 4 I - fn Ir- 4 i njnr_a4 2rnnFrry n qon-nntFvrnm 7_nnne-ni I-nqnF*no
365 1.013E-04 lOlOE-04 2.GU0GE-,2 0.20 7.003O0 7.OQOEO00 3.000E.02
I A ,t- i ir-n§ I . , 2F, " aar-oin' n Y- a 2ooi-o j.aG*on q . Gs ~2_
367 1.01:C-04 1.010E-04 2.000E-C2 0.2J 7.OOO0E+0 7.OOO00E+ 3.000E02
Irla t _1I ., -l I -n 1 l-Dk. .-fllf - f' 1lloEf'l..40OEOQ.3.000tac.2.
369 1. 01.2-04 1.oICE-04 2.aOOE-C2 0.2 7.EOOO.00 7.OOOE+00 3.OOOE+02
'S 7-1 1 iin- rnnr-_ ,_innrFr n__n 7 nflfl ln, 7 -nnna R I f1
371 1 .fInE-04 1 .01CE-04 2*00OE-P2 0.20 7.30EC00 7.OOOE+00 3.000E02
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL (cont.)

I79 i ninr-nA 1 2n-4 inf- 0a2 OaaEto_ -7.00CE*00 3 oro6i1-
373 1.O1CE-C4 l.OlGE-C4.2.OOE-C2 0.20 7.000E+00 7.000E-00 3.00E+02
I 74 1 nnInr-1 1 nlnF-n4 9 -nnnr-n, n-gn 7 n n RE.* n 7-fC l000Eton 3fitFl
375 L.OiOE-0q 1.OlOE-04 2.0COE-02 0.20 -'7.003E.00 7.000E-O0 3.000E+02

ttnnnr-gs 1 nnnr-n% o nnnrnl n on* - nnlrFnn 7-nnnr*nn .nnnE*.-
377' I.OcOr-05 l.OOE-05 2.000E-C2 0.20 7.00E+00 7.000E*00 3.OGOE+02
N 7A I nnnr-nrl * nrnF-n-, 2 rn-rg n,9n - -a a A-f-ka -1JOrE*O -3-GaCE401
379 l.0900-05 1.OOOE-O5 2.000E-02- 0.20 7.00DE400 7.000Eo00' 3.000E-02

n intrc-ns I nnnF-r 9-vrnr-! n9n ?-Anartnfi-- _ l.000C*0L -3.OflE0..
3q1 1.OOOE-05 1.OOUE-05 2.C0OE-r2- 0.20 7.OOOE+00 7.000E00 3.000E+02

,t * rnir-ne i nerr~ne v nenr-rM n n nnr~nn - 7 nnnrrnn -1 nnnron!
3A3 1.OOOE-05 1-000E-05 2.000E-D2 0.20 7.003E.00 7.000E-00 3.OOOE+02

4 * -fl-r -nra5r-r r nr-lq n 9n 7.AO0E*OQ---7.OOE-*O -3,O11r*06
3R5 1.02C-05 1.020E-05 2.CGOE-02 0.20 7.000E-00 7.0COE-00 3.OOOE+02
I R A *nonm-rl; I ~-nro 9-aafr-,7 n^n .?,aQQ1.Esa L aica£*na 3 Qonr*o!)

'387 1.020E-Q5 I.02E-CS 2.000E-C2 - 020 -w7o00aE*Vr 7.000E-OO 3.000E+02
Ft i - n-n% I n rrn o - n nr-n! n *n -7-nnnr*nr -r nnne-em -- nnnr-fi

389 1.020E-05 1.02GE-C5 2.0COE-C2 0.20 7.000E-00 7.00E-0O 3.OOOE+02
,qqn - *.npnr-ng i nforf l v- n n fnrF -r n,on- Zfl r -O7DE t n lfl -xnflflrOf
391 1.02DE-05 1.02CE-OS 2.000E-02 0.20 7.000E00 7.000E-00 3.000E*02
I 3 . 0 .... iA2f l r - n2 r -l I -nf lv r - n ; I n 2fl .. L 0 013 rrkfln...Et.A C 7 -0 n 0 E 0r Jn n -f E 2
393 1.020E-05 1.02CE-05 2.oCOE-02 0.20 7.003 E00 7.000E-00 3.OOOE-02

Ie - s07fr-09; I ronr-n<; V-~nF-r:) P r.:n - 7 (~nnnFnn 7 -nn rnFn M n n rvn 
395 o1.020E-05 1.02rE-05 2.000E-C2 0.20 7.000E*00 7.OOOE.00' 3.000E+02

* i n r3 I on r-nc 9,Mr-ey n. n 7innnr n - n- nnr n 'fnnnr~nf
397 1.020E-05 1.02CE-05 2.0COE-C2 ' 0.20' 7.000E+00 ', 7.000E-00 3.000E-02

399 4.500E-05 4.5CtE-05 2.o00E-02 0.20 7.003E*00 7.000E+0D 3.0QOE-02
ano 4 .sn r-n q 4^Gro 9nnnvr-f - n~y on ' 7.nnnrve n nvn lq-nnnr~ng

4li 4.5COE-05 4.50CE-05 2.COOE-02 0.20 7.000E-00 7.000E-00 3.OOOE+02
2 4.sionF-nS 4*.'rr-on -nnnr-rV fn-sn 7-' .nnllar±n 7 ClEfln ' 3 -tflUEA12-
03 4.500E-O05 A.SCcE-05 2.000E-02 0.20 7.00DE+00 7.00OE.00' 3-000E-02

Af ' 4.%Inr ns . S OnV-tS lfl0ZaLf-0 o. g '0 7.0OO£-Qa _7.000E9lD -A af E 2-
*5 4.S00E-05 4.SCDE-05 2.00E-C2 O.O20 7.000E.00 7.000E-00 3.000E+02
OP6 4.503V-0 MlF!'-025 2,60GE-02 p.20 7. n r0 0O 7.na nr±flf 1 . nnn f2.
A'7 - I.02tE-05 1.02GE-05 2.oCOE-02 0.20 7.OOE*00 7-000E-00 3-000E+02
4S ' I.02GE-'nS I r2E-Q5 2.0rr-r¶0iEOE-02 fl.f ' 7.n0o5E-0 D OOQL.... 9E±32.
409 1.020E-05 1.020E-05 2.000E-C2 0.20 7.000E-00 7.000E-00 ,3.000E+02

1.020E-05- I .02CE-05 2.GOCE-02' 0.20 7&0O0E*7t.& _Q99EU 9 3.&ODlQE*"2
-411' 1.0202-05 1.02CE-05 2.OO0E-02 -0.20, 7.000-00 , 7.000CE00' 3.0OOE+02
412 l.G20E-05 1.020E-05-2.000E-02 -0.20 ,-.7.000E-00 -7.00EOO -O 3.OOOE*02

.A13 1.020E-05 1.O2CE-05 2000E-C2 0.20 - 7.000E-00 7.000E-00 3.OCOE*02
4 I A 1.020!-as ¶ I lD20E-fls 2.9 OE-r n-2 "1D2E± ' "E.*l OAnOE-92
415. I.C20E-05 1.02GE-OS 2.OCOE-02 0.20 7.000E-00 7.000E+00. 3.000E+02

41G'' ^ l^Q~~~n£ Q5>--[SQE--A 2iE-2 2_ .2 a I.QDO EtO9 0 -.00E+00a- 3 . a990E*'.2.
I?17 Is W.E2n-05 1.02cE-05 2.ONrC-02 :0.20 T.OOE.00 7.000CE*O 3.OOOC.02
*I A I p9ns-fl8- l nvrl9r-; 2.flnflOf'- n20 7.'snnrvnn' 7 rfnn nflnfr-n
4 19 1.OCOE-05 l.OOUE-05 2.000E-02 0.20 ''i 7.00E+00 7.000E+00' 3.000E-02
A9 A.1 .500E-05 * A.50CE-5 2-GE E-C2 n.2 - 70 7 .G aEt- DO G9£a2
A21 ,*.SOE-05 4.50CE-05 2oO.0E-P2. 0.20 -- 7*000E*00 7.000E.00 3.000E-02
22 -4.0OE-0 .' 4 GE-5 2.9L 2 0z2. ... 2l 00 Eta o.AG O_ 7 tO 3.l 0 OE.* 02...

423 4.500E-05 A.500E-05 2.000E-02 0.20 7.000E-00 7.000E-00' 3.000E-02
A24 A.50fnr-0s - .'%err-O '-2Onn 0-r2 'n* sn- ' '7.nonl n --'- 7..nnnrl.flf -!..fflfl.fl

*25 4.500C-05 A 4.50CE-05 2.000E-G2 0.20 7.003E.00 7.00E*00, 3.000E-02
A4 6 A -sto Cr ao~ri-aa5 4a 1 a 2.G 2 QL2 I 7 - '7, zf --..o 0a0n -0 -lLOEta2.
A27 4.500E-05 *.SOOE-05 2OOE-V2 0.20 -7.000E-00 7.O0OE.00' 3*000E+02

*7 *n^r-ns '' fler-O.s.fl0E~fl2.....f.,7n -^~v nten_-7QEo -:~0
429' 1.020CE-05 1.02QE-05 2.OCOE-02 '020 ' 7.00DE00 7.000E-00 3.0OOE02
4A.fn i -np-n. t nrFn', 9. nnnr-ns' n-sn' 7-nnnFvnn 7 nnnr.nn ' nnnrn2
.431' 1.020E-05 1.02CE-05 2.0OOE-02 0.20 7.000E+00 7.OOE+0.0' 3.000E+02
41 7 . nolnr-ne .osnlsnn-n n 7ne.n -7QO;n -- :£n
4 33 1.020E-05* 1.02DE-OS 2.000E-02 0.20 7.000E+00 7.000E.00 3.000E.02
*Xx N I -nvnr-as I .n.uFr-nls 2-GAGr-r9' &22lAL." -7,QQO-1Q _ .7.CllE±OO -.-it*
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INPUT FOR THE FAULT-CONTROLLED REFERENCE MODEL (cont.)

5
45

* ~43?J
* ~~4 39

44R

449

451

457

59

461

* ~4 65

467
4 1f

4 9

471

4 72

'73

'75

77
478

*79

4 at

483

85Q

487

89

L2-

'93
A

1*021E-05
1 . n 2 r -n 4
1.020E-05

1. O OE-05

4 .50 05

4.50oC-O
4.500E-OS4.5onr-aq

4.500E-OS

4.500E-05
I .09nVFas

1.020E-05
,9"2ar-nli

1 .OZtE-0S
I .n2nr-s
1.02CE-05
I n.qFr-n5
1.020E-OS

.7DW-05
1.020_-05
1,0ni-as

4.5COE-O5
4.5pOnCqn

4.S0CE-Os
*^5GOE-ns

4*500E£05

I .nr-o%I.oC2E-05
lo02OE-05
t .O 2nr-ns
1.020E-OS
I .020E-05
1.02IF-OS

1lnOVE-051 .02n'-O5

.2rE-ooi
1.020_-05

4.500-05
4*020E-05
4.500E-05

1.020E-05

I . 2 q - 0 

1.020_-05

I .azomr-oi;
1.020E-OS

1.02D_-05
I nn -
t.OOOE-05

4.500E-05
A -CA ir-mm

I .020E-05
.0flfl

1 .02CC-05

1 .OOO E-05

4 *50CE-05
4 .5nC-0S
4*.50CE-05

* .sorc-nos
4 eSOrE-05
4 snnr-ij5_
4 .50CE-O5
I &fl 2fl F- t51

I .on2CES

I .020E-O5

1 .020E-05
I JA2ar-lf
1 .O2CE-05

4 .SOCUE-OS

4 .SoOE-OS

4 .50CC-OS

4 .500E-115
L.12£:o5
t .02CE-05
I .02fCE-OS
1.02CE-05
I .020E-05

I *02CE-05
1 .02CC-OS
I *02UJE-05
I .02UC-ao
I .02(;E-05
t nnnr-n%

2.OOE-02 0.20

2.OODE-02 0.20
2.OOCQ-02 0.2L
2.OCOE-C2 0.20

2.a~n.' n022.COOE-02 0.20
* c - P .a.7

2.000E-02 0.20

.2AII.fllf C.±ft, A .2L2.000CE-02 0.20
2.zOqO-n2 0.2
2.OOQE-02 0.20
9pn n n r-^ n.7np

2.oOOE-C2 0.20
_2,Q1.r-(2 n.29
2.OOE-02 0.20
2A.OA10-nI2 flon
2.OOOE-Q2 0.20
*2,AAfrr fl2 .2fl
2.OOCE-Q2 0.20

2.00CE-02 0.20

_2.OO-02 0.2C

2.OO02 0.20

2,nnoF-M2 .7
2.O00E-02 0.20

2eDQE-02 0.23

2.000E-02 0.20
2.000E-02 0.20
2.00CE-02 0.20

2.aOOE-02 0.20

2.OOc-.2 0.20

2.000E-Q2 0.20

2.OOCE-02 0.20

2.000-E02 0.20

2.0QOE-02 0.20
2*COOE-02 0.20
2.oOE-02 0.20

2.OOOE-02 0.20_2*QOE 2 92Q_

2.000E-02 0.20

2.OOOE-02 0.202.000E-02 0.20

_2*00E-02 0*20

2.000E-02 0.20
nr_nv2 n, 1%

-

7.003CO00 7000E03 3.000E-02
-nlnn *rafy innn nn 1nnnr.n2
7.000Eo00 7.OOE+00 3.000E02
JoI=tn 7. aaDEt~l_ t-aanoE*n02-
7.OOO-+00 7.OOOE00 3.OOOE02

.. fl ftntD _ - aBEn*,f l3.90OE*C..
7.OOE*00 7.OOE00 3.000E*.2
7- nft t (n 7 nnnF-nn A n n rn -
T.OOOCE0O 7.OC.E00 3.OOE+02

_.1.f ftO.E n 7.000aE*00 3-00E2OC
7.000E00 7.000EC00 3.OOOE02
laa atlCCL. l..flftEta A ftL 3.luC- 0...
7.000C+00 7.OOOE00 3.OOE-02
..flfmrvnf 7..flnnvnn A nntlrgnl

7.000EOO 7.OOE*O00 3.OOC.E02

AnAiF nn 7-callttoi ,nnjr~a2_7.OOE+00 7.000E00 3.OOO.E02
LZ.Aa I 2 +an &oa.tlflE±L..3aflfiE*02.
7.000E00 ?.OOOE00 3.OOC.E02
lhlrO mofrnl Dn r1n_.nnflED2
7.000EO0 7.000EO00 3.000E-02

_l.(0~f Q7l OQ O AQEtn -QQOr *02_7.000E00 7.000E-00 3.OOOE02

7.00E+00 7.OCE-00 3.OOO.E02
liftflfl Ml MZ flmnrftftDE±r+2
7.00E00 7.OEOOC00 3-OOOE+02

JLO Q Q t 0Q _ .0 QQ£E a Aa*QQ92_7.00E+00 7.000E*00 3.000E02
..Ligi 2.E±O LQCL.0E+C.t L.J3.flOQE±02.
7.000E00 7.000E00 3.000E-02
7.O00]F+00 1.0nnfl.0o( .3.fl0r~nio
7.003E°O 7.OOO .900 3.OOE+02

7.OOOC+00 7.OOOCEO0 3.00QE-02
_l.i IIEt°l L1.LD QiC±OL..3AULQ9E ..?.OOCC.a 7.OOOc±00 3.OOOC.02g7.ooo0+o0 70ooEoC0o 3.OCE-02

T.Oan~nr .n .nflt~o...3.fnnnr~oz..7.000E00 7.000E00 3.OC.E02

7.OOOE*00 7.0OEO0E 3.QOOE02

7.00E00 7.00E00 3.000E-02
7.OOC0E 0 7OOE0 3 o000rt2
7.000E00 7.OOOE00 3.000E02
,74anitfin 7oOoEtOn 302Q-O
7.003E*00 7 C000E*00 3.000E02
7.OOEO0__ 7.O0C00E* 3.OOO0E *
7.003E000 7.000E00 3.OOOE02

7 - fl nIr + n -00of'OS 3-00'fi2-

7.O0OE#00 7.OOO0E0 3.OOOE02
1*444-C*40 _ 7oCOOE*C0O .44£^0 Z
7*000E+00 7.000E-OO 3.000E*02

_Z.aolEoo ..-1oICo .-- 40 0*2_
7.O0DE*00- 7.000E#00 3.000E*32
* mnnmE~n 1,000E-Om 3 OO0Q2_
7OOOC0O 7.000E+O 3.OOOE-02
,ZNaO3Eir n Y.1.nnr*00 "4CE*&2n
7.0O3E+00 7.000E-00O 3.000E+02
T M Ln.nAn -7 nnnr.nnf V AAAV~_

4950CE-05-2oCCOE-02 

Co2O 7.003E+00 7.CCOE#00 3.CCOE+O2

A 

II 

ollet-05 _�. a a a E-02 ..- 790QOEtQ3 3,000rtQ2 ..

4.50CE-05 

2.OOCE-02 0.20 7.000E#00 ?.COOE*Qg 3.OCOE*02

4 

.190fIF-05 1�uarn7 n-2m Z-AnlEt.00 7oCQ.OE-*On 3 - 0 0 OF-*02--

1*02CE-05 

2*00CE-02 0�20 7.003E*00 7.0OCE+03 3.OOCE+02

1 

-nlnz=A5-2�aaoE--cz-a,2a----7.aC3E*.Oa---7.OOOE*DO 34040DEAW-

loO2CE-05 

2aCOOE-(12 0*20 7.003E*00 7.OOOE*00 3.DQCE*02

4.SOGCE-05-

4.500E-OS
. nr F_(j 

1*020CE-0S
I fliflZrftL
1.02CE-05
.lrEzf

1.02CC-OS

1 .02CE-05.

1 .020C-05
1 n on V'-nc1
1.OOE-OS
JA-%f)#F re r r,
4*50CE-05
A C ,e -f 

. _'. - .. ---- . OVVW�--#V .........

. _.. _.. - _.. - - _.. I _.. - 11 - -l. .

a "ud r-muu--.4.. UuUgvu u--4.um uc.0 4&4-

-
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INPUT FOR THE SMOOTH REFERENCE MODEL

ELEMrNT PARAI'ETrRs

.,-- ISPERSIVIly
ELEMENT X-HydraulicjY~Xydraulic STORArr POROSITY '.ONGITUOINAL TRANSVEPft THICKNESS'
~~~~Conduotivlty.Conductivity

1 3.00 CE-05 .3*0-0CE-05 2*CCCE-Pl1 0.20 7.OOGE+01. 7.CCOE-01 -3.000E*02
2 3.00ar-25 5.00CE-05 2.OCOE-;l 0 .20 7.0OOE.01 7.C00CE01 3.0OOE*02

* 3.00VE-05 ZoCCEE-C 2*600E-Ul 0.20 7.000GE*0l 7.COCE-01 5.OOOE'02
A4 3-00OE-P5 3.GCC-05 2.CCE-ll 0.20 7.D00E.Ol 7.C~oE-0l 3.000E.02

3*00'5E-0 3.O00'E-0 2DO0OF-PI, -.0.20 79OOOE*O1 -7. COOE-O01- -2*000E*02
3.0flr~E-0' .3.a0rr-os5 2*LrOE-f1l n.20 7.0OCE+01 7.COCwnl 3.OOOE*02

7 3.C00'E-fl5 3.0Cf(&-Cb 2*0CCE-tl .0.20 7.000r.0l. .7*001iE-01 --5.o000E+02
A 3.00t"f-05 2.CUtE-05 2.CC-o1 0.920 ?.0Q0E~fiI 7.COOE-01 3.00OE402

.9 3000OE-0 ,3*oOr-C5 2.OOOE-Cl -0. 20 7.OQOCE01- 7 . OE-01- 5.000E402
I " 3. CO IE-V'S 3 C OE-ni' 2.000Ea-ri 0. 20 7.0 DPE+6lI 7.0OOE-01 3.C00E*02
II 3,(LWrS '5 5.to[L-( ' 2oVC 0 E- 1 0.*21. . .hOOE*01 7.00oE-01 -. 0CE402
.12 3. OC E-aS 3 COCE-05 2,ooor-41 C.'0o 7.OE01 .OE0 .0E0
1 3 *OL CE-!i 3 *C EL -Vt) 2VU GE-VI _0*2fl -7. C OE+G 7 .00 E-01 S.OCO0'0-
1 A 3.OOOC-qS i .ovcE-fnl 2 . 0 0 0 E-l 0O.20 7.000.I' 7.0OOE-01 3.OOOE*02
IS 5.oe:3E-!5 .1.uLJ'C-t.2C C E-f'1 0.217*OE01 200E0

J-C - !, 2.C~or-ri .2 *7.OE1 -x.rw00
11. 3*.oFr - 3.0PI'C e-72 .CUE -TI .211 rlE. 01 7* OOOE-01 -3.0ht;402_

3 i .O Jr-0b *3.nl00F-f.! 2.COOE-rl 0.20 7.so0E+01 7.-COOE-01 3.UOQE*02-.
19 5f.-OCE-059 3.O0Cf-C52*000E-C1 0 .20 7i-AM-01 - 7.COCE-01 -- 3.OQOE*02

3*0001-C5 3.0CCE-05:2.0c0rF-C 0.20 -7.000t*O1 7.COOE-01 3.00OE+02
21 3.OOOE-05 .*0GOrE-0%.2*O00E-f1 (I.a20 7.000E*01 7eCOOE-01 3.000E'02
22 3.O0aCE-05 3.00 E-q05 2.000t-C1 .20 7.0 00E.0 I 7.000E-nl1 3.0C0E402
213 3.GCrr-05 3*01(E-C-5 2.0F-f1 0.20 7.000f.01 * ~70 00 E --- 53. OOE *0 2
2 4 3.CCnE-0'5 3*0CCE-C9~ 2.CPCO!-C1 0.20. 7.000I.0l 7 * OOaE-0OI 3.O0OE*02
2 S 3.0E-35 .0occ-i-. 2CoF-c1 0.20 7.01-.00-1 .000E*02
26 3.OCnr-05 3.00&E-0S-20C0F-l 0 '20 - .'O en !0 I 7.COOE-01 3.000E402
2 7 3,WEf-115 ! . 0 0L-( 2.C E - Go2 7.c30101._7. cbc-01 -77 . OC E;.
2A 3,0or-nS 3.0Grr-C52.t-0r-?l 0 .2d? 7.0001.01 7.COVE-01 3.000E.02
29 3. uso - C-5 J.L-~ 2.LCOE-r.1 0.(120 .7.0 001.01 I 7.40OE-01 2.OOCE*02

* - 330 C C P -0 5 3*0f0"E-f'5 2.01-0F-ri 0.20 7 . 000t+0 I 7aCOOE-01 3.OOOE'02
31. 3.0OIE-nlS 3.OG4OL-Cb2:00V-tl 0.20 7 * OCF..Ol -7 . OOE-0 1 7 3'.00E
32 3 .00 aE.;r5 3.0tEE-si2 ner-"c1 0 .20 7.0C0E.0l 7.'COC-01 Z.OOOE-02
55 3- .0L-VE-.05 *3.OCCE-Cb .2*000E-C-. 0 .20 2 .OOOE*.02 . .COE*00- 3.000E402
34 300c'!E-095 !AC-! ,2nO- 0.20 :1.OCE02 I.CaGE+00 3.000E+02
35 1.g~nF-05. 3*00or-n!; 2.CO-1 - a 2 -7*OOOE+01 7- 7.OOE-01 3.000E+02
36 5.000"E-05 3 .GC.-.E-;CS2 .11C 0 -01 0.a20 -- .00E.lI 7.tCE-01 3.000E402
57 .3 *C o (i -0 3.0CLE-.5 2 .c C 0 -C 0 .20 *,7.OE~fl 7.00CE-01 S .000E402
3p 3.OfjC P -6 5 3.'0.'E-05 2.CC0E-r1 0 .20, 7. ooor F*I 7.0O0E-01 3.00OE*02

* 39 3 .O uE - b .3 .. C EtE - b -2 o6.C -Q" 0. 20 . 0 O.+C1 I- 7.&00E-01-- 3iCC0E402
4 n 3.ODf.F-OS 3 . 0C LV-01S '2.CIP.0 (-f 0 .20 7. Of) E#01 7. 0OO0E-01 3.000E402
# 1 5.OCVE-r5 . 3.0L0t'E-CLt, 2.1COE-l -- .201 7.0C0 l .7.COOE-01 2.00GE402
42 3.00Mr-05 '.oorE-05 2 . 3Co.-( .o20 1 7.OOOE*01 7.0OOE-01 3.000E-02-
4 390COE-05 . J.60E[-05 2.0CCE-r - 0.20 7.0 00E+CI 7.00OE-01 2.000E*02
AA4 3*0&PE-15 3 '0 rE-Q 5 ~2 COGE-r- 0.020 7.oon r.01 7.0GOE-01 3.OOOE'o02
#5 a~ouor - A..CV E-05 2.opor-01 0.o20-. 0 i 0 Fr aj 7 . 0 00E- 01 3*0.OOE-02
46 3,ouar-ob, 3 Cori-Ce "2oa E-.1 0.2, '-7.OOCE+01 7.COCE-01. 3.00CE402
47 .39000E-05 .20(f -Cb 2COL-111 -0.20 7.000fooi 7*CODE-01 3.00CE402
4A .3.0u.IE-rri 3.00UE-C 2Gr, r 0 .20 y7.oCCF01 7.COOE-01 !.OOCE402
49 5.00CEf-05 s . r-c.s 2.OGE-v'1 .- 0*2t 1*0OOE+02 -1.00E00 3.00CE402
50 .35.OtCE-05 !.OCCE-Ob 2.,COF-r1 0.23 '1.00rF.0q2 1.OOO0E.00 5.0OOE*02
5I -3.00fCr-C5 3 5.OLIE-0b -2 E Ur.-(cI 0 .20 -- 7.0 00 EI 7 COE-0l . .000E*02
52 2.06CE-05 3.CCE-C5 260aE~rl1 C.2" -7.000E.0I 7.COOE401 3.00OE402

3 >3.00CE-415 .CC-2OCEL -0.20 .7.000E*C1 7.CooE-01 1.OOCE*02
54 3000E-05 3.00CE-C5 2.CF 1 0 .20 7.000E+01 7.COOE-01 !.OOOE*02
55 3000CE-05 3m00,CE-C 2GCGE-(' - o20 . 7000E+C1 
.56 3. 00 01:- 3.DOE-05 2.CVOE-l21 0.20 '. 7.00OE*01 

7.COOE-OL
7. cooE-01

S .00CE. 0 2
3 .0 0 E 0 2
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INPUT FOR THE SMOOTH REFERENCE MODEL (cont.)

ao 3cuOE-Cs 3.ODCE-l5 2. lOCCE-;1 0.20 7.OOC+0 a Do 01Oi0040
3. O11TEfl 5 3 .0 C E-C 5 2 CC E-C1 0.a2f 7.000E.01 7.CO0E-01 3.OC.402

59 *UCE-35 3.OOLE-05 2.ecoOr- 1 0.20 7.ODOE*0l 7.CGDE-01 3.0OOE*02
3. 0C F -5 3.0c~c -Oa5:!t arOO-t1 0.20) 5.OOOEfll Il. 00 0E.0 0 ~.OOCE402

61 ,.CrF-a5 3.0CCE-C5 2.CI60'-f1 0. 20 7.000E.01 .7.CQOE-01 !.000E402
62 3 0 P E-cl5 3 .0Cr-C- 2.AC E -C I 0.2C 7.000E401 7*aOE-31 3.OOOE*02
6 3 3.GVF-O5 3 . C CE- 05 2.GOGEO-(1 0 .20 7.0001~o 7eCOCE-01 3S.d OOE 02
6, .43. VE-05 3 .00E- 5 2 (00Fr 0.21 7.000E.01 7.COOE-01 3.OOOE402
615 3*CGLE-05 .0iE-.!5 2SGG 1 0 .20 7.OCGE+01 1.G00E*00 3.00CE402
66; 3.00c nEmi 3.cvE-G5 2.0flr-rt 0?.20 1.0OOE*0. 1.OOOE.00 3.000E+02
67 3 a o r -ns 3 Gotr.-G5 2 .0O-01 0.020 7.600E*0l 7 leOOOE-0 2!.Of C; .02-
6n 3.G0tE-05 3 dGCE-(15 2 GOF-('I 0.20 7 .000 E*01. 7.000E-01 !.00QC02
69 3.ihofE -0 5 i.00Ci "L-05 2 GaIOG E-hl 0.20 7 .d6'E.01 ii
To .3.00-O05 3.00(E-115 2,0f1OE-ri1 0.20 7.O00IIE-31 * 7.OOE-01 3.OO0r.02
71 31.0VET-05 J.CLL-05 Oo.0-(L 02q 7.0W+410 7*OOOE-01 3.0E402
72 1.00fic-05 3.0OCE-C5 2.*30E-1l 0.020 7.000E+Ol 7eaooE-01 3.OOOE402

73 .00 E-09 3.0u(E-05 2.660(Wct fi 20 7.6oi1o rcocoz doCd
7 oi.fitc- 7 1 .(0Crf-fl7 2.0Gr-G1. 0.211 ?.000E,01 7. COGC-01 3.00GE.02

15 3.00'-05 3 .03L.-0,-2.t0OGE-fil 0.920 7.00L-+a T 7 ldbo ;O-1-Idad ~OOi 02
lb 3 0 C-115 i.0C~.E-Mgi 2.tfE-Cl 0.20 7.001E+01 7 COOE-0l 3.OOOE.02
77 3.00(3F-05 31.00-~E-05 2.Gcok-rl G .201 7*O0QE.0l 7.OOQOE-OL 3.0OCOE02
TR 3,ocrE-CS - 3 ofE-nS 2 o 0 E-1; 0.20 7~o. i 7.0ooE-o1 !.000E402
79 3.Oa c -05 3.UUCE-05 2*000E-'l 0.020 - 7.000E+01 7.COOC-01 .00Ea.02i
f 0L 3. 0 0 E-0 3.00'C-05 2 . 0,E -V .0.20 7.000E*01 7.OOOE-01 3.OOOE.0;

81. G00E-AS .0I052~0E( 0.20 1. OGOE+01 7.COOE-0.1 3.GOE*02
82 3.0onfl-as 3.C0Cr-G5.2,090E-V1 :0.20 ... i 700o.~q~
83 3*60',E-Ci 3.bC,,c-c- 2.obbE-ri: 0.22 70606E-01 7*C00i-o1 1.060E0t2

04 i.ccnr+-nc; I.OCI-69 2.OCDE-~t a.20 7.00CE*01 7.CQE-0L..jtQp0E~g2
85 3.0UIE-I,1! '.UEu 2.ro(E-r1 0.20 7.OOOV.01 7oCOOE-01 3.OOOE+02
86 l~urfl 3 oo0I1-(j 2.CLor-ri 0 .20 .0F01 7

R7 30.o 00.U(E-05 2.0 0G.-cl 0.20 7.OOOE*01 7.00GE-O1 3.OOOE+02
1.0utr-05 3.Gr.:E-Cr 2.rOOF-A1 a0.20 l.000!F*01 7.COOE-01 Z.00CE402

89 3.Uu~C-i .0CE-C5 2.OCOE-rCl 020 7.OOOE+01 7.oOOE-01 3.000E*02
3.JO "t-e'5 3 C VE-A 5 2.CCOF-rl C.20 7. VIE+*0I 7g.0-I -0 Q-Q.,g 2-
1 .C COE -7I #.E-C7 2*00GE-01 0.020 7.00OF.01 7 COOE-01 3.000E*02

'12 1 .fl~f-05 1 .0C F-Ob 2.uoor-rl 0.20 7OO~l 70E0 0E_2
93 3ariCEE-O5 3*CG(E-Gt ZCCOC-rl 0.20 7.000 F0 7*00GE-01 3.CCCE402

3.0oOFr-05 3.00C1-ng 2.rcor-rcl 0.2'! 7.Oo0r.01 7.000E-01 3,000E*02
95 3.G:E-05 'J0t'E-V5 2oC0&E-rl 0.23 7.00nE*01 7oOOOE-01 3.OOCE+02
96 3 .0001-'15 3.0U C.-iJ) 2 C COr-ll a 20 7.or+F01 7.--L-t !gQ±;
97 3.0'G.J-05 3*GCrE-O0: 2 OC 0 -11 0.21 7.OGOE~t01 7.000E-OL 3oOOCE*02
98 3. OGGF-05 3aC rF-C'~ 2 uC r-(' 0.20 0pAoI ?#Oaf,- I Q* Z.
99s 3.LOIE-05 3.00LE-05 2.000E-0l C.20l 7.OOOE.01 7*0OOE-01 3.000E402

lo(VP 3.0U'r -fli 3 .J olE-0~ 2.eCOE-f 0I.A0 7.000r.fll 7.COng-01 a.00CC*02
Iml 30nfl0E-05 34OLEC-Ob 2eeCFC-f1 0.29 7.00c+t01 7.COOC-01 3.OOOE#02
102 3.CUIE-05 S.W0E-rS 2.&OE-l 0.20 7,000E+01 7,000E-01 _3c4QQEQL
I 3 3OCnE-a5 3.OOOE-65 2.UOOF-C1 0.20 7.000F.0l 7aGO0E-01 3.00OE402

IM 3.0nnr-095 3.OOO1E-05 2.DOO00'f1 0).20 7.OOOE+01 7.000E-01 Z3.-0 C9 E...
1 i5 3*0flE-I5 3.00JE-05 2*OOOE-CI 0.o20 7.OOOE+01 7eCOOE-Ol !.GQCE402

16 3.OnlfE-05 3.00fir-09 2.0Cor-(1 0.20 7.0001E.01 7.000E-01 3.0OOE402
lt'7 3.0'E-'i 5.U~E-05 2.CCF-ri .20 7.0001r.01 7.COOE-01 3.000E*02

I .8 I O-o7 I QC"t-C1 2.000E-C1 0 .2i 7. O E+1 I .COOE-01 Z .0 0 E.02
119 1 OCr.-006 I GCr.F-CG 2aCOOF-~I 0 .20 7.000E+01 7.COCE-01 3.OOOE.02

tin 1*GC0E-06 I .00rE-0f 2 .00OE-c1 0.20 7.00E+01 7.C009-01 3!pO0 cO2..
Il I . I.00rE-os 3.OCL.E-Gb 2.000E-V 0.20l 7.OOOE+01 I.OE0 3.OOOE#02
I112 3.00VP-cs ~.OOLE-rS 2.ooor-ri 0 .20 7.00t'E.01 79000E-01 39000E*02-
1 13 3.OOCE-05 3.OaCE-05 200C-tll 0.20 7.000c.01 7.GOEO-01 3.000E402
1 14 3. 00 E-105 3.OOOE-05-2.OoOE-ri 0.20 7.000E*01 7-OC0 -a02±2
115 3*00!E-fl5 5.00CE-CS 2OGOE-fl 0.20 7*.OnEOl T*aOOE-O1 3.OiOE*02
U.6 3.OGOE-05 3.CCEO5'2.3oQE-r-1 0 .20 7.00OfE+0I 7*0OOE-01 3.OOOE'02
1 17 3. 0a*1 E-a5 3.0G0E-05 2UCiOE-E1 0.920 7.DQOE.01 70coaE-a1 3. OOOE*02
1 1 3.oaor-as 1.00fiF-E' 2.000E-CI 0.20 T.OOflE*01 1. 0O r-01 3 .ODE.0 2-
119 3.OOCE-05 l.0GCE-n5 2.000-IJl C.20 7.OO0CC01 7.COOE-01 !.-COE402
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INPUT FOR THE SMOOTH REFERENCE MODEL cont.)

, tign2 -n nr 0-as 3.arE-ps 2.p0tO-ti l.2 .7.0GF+.1 7.- ff-n 3.(F *02

K>

121 . 3.tCoC-05 3.Cc E-C5 2LccF-rl t!.20 7.00OE*01 7.eOOE-01 3.GO0E+02
122 3.00CE-05 3.00CE-V5 2.00OF-01 0.20 . 7.000E.01 7.COOE-ol 3.OOCE.02
.123 3.ooor-65 . 3COE-05 2.COCE-rl 0.20 7.OO(E+Ol 7COOtE-ol 3.O00E*02
124 -3.6oOr:-c5 .3.OL(!E-05 2.PCOE-V1 0.20 7.000r0o 7.000E-01 3.000E'02
125 3.0COE-o5 3.or6E-os 2.CCOE-C.l 0.20 .7.CCCE*01 7.000E-01 3.CCOE+02
-126 1.0(EllE-05 l.OtCE-C5 2.CtOE-tl 0.20 7.OOOE.01 7.00OE-01 3.C0E*.02
127 1 .COQE-C5 .0 0rE-C5 2.C 0E- .1 .0.20 7.0OOE01 7.o00DE-01 3.OOOE.02
I?.P' I' Cnr-5 I.aOrE-05- 2.CCOE-r1 0.2n 71 0V7.0OCE-OE 3oO.E.00+E02
129 1 ODLCE-O ,1 .0OCE-O 2.Oeor-Li 0.20 7.000E01 7.00E-01 3.000E402
i3n 3.POnE-0s 3.QCosE-05 2.00OE-fl1 0.20 7.000E+01 7.COOE-01 Z.OOOEiO2
131 - - 3.003C-5 .Z.0CrCE-OS 2.OCCE-!1 0.2n 7.000E+01 7.COOE-01 3.CCOE*02
'132 .3.D00E-05 3.00:E-05 2.O00F-I'1 Q.20 7.OOOE+O1 7.000E-01 3.OOOE02
'133 *3.C0~cE-5 3.urE-05 2.0OC-P1 C.20 7.012nE*l 7.COOCE-01 Z.OOeE402
134 3.00!r-05 3.O C:E-05 2.C.G0E-;-1 0.2f) 7.0OOE+01 7.oCOE-Cl 3.000E402
135 3.00^E-05 3.0L(E-0b 2.COCE-r1 0.20 7.000E+01 7.COOE-L1 3.0CE02
136 3.0rCC-5 3.00cE-t5 2.(PCOF-L1 QP.20 7.OOE+.01 7.COOE-01 -- 3.eOE402
137 - 3.CtCE-OS 3*OCC-05 2.000-(:l 0*20 7.000E*ol 7.COOE-01 3.000E402
1 3R 3600cE-05 3.00Q'-E-t 2.CCOE-rl. '0.20 -7.000 E01- 7.C00E-Ol --. 0OEC*02
13a 3.00CE-OS 3.001E-0!i 2.OOOE-Cl 0.20 7.0OOE-01 7.COOE-01 3.OOOE.02
14 0 1OOOE-C5 1.OtCE-t5 2,0cOot1 0.20* 7.OQCCE*l .7.COOE-01 -3.OCOC*02
141 .1 .OOrr-05 1.OO(E-Q5 2.oCOE-L1 Q0.2C .7.00CE01 7.C00E-01 . o000E402
I 2 1 .rics-C ' I .nrf E-iv -2.0CrE-rl --- 0.20 -7.00OEO-01 7.CCOE-01- 3.OOOE-02
143 1.F.E-f5 1.0CCE-r 20(0-C1 C*20 7.COGE*01 7.COOE-O1 3.00OE402-
144-- 1.OCnE-Cs I.COLE-Vs 2.0CO-Cl 0.20 7.OOOE.ol 7.VOOE-01 !.OOOE402

145 5 G(,t.E-07 5.OCCE-07 2.COOE-Cl C-20 - 7.OOOE+Ol 7OOOE-01 3.00CE0Z
146- s.000CE-06 5.OOlE-06 2.OOOE-rl 0.2 ' 7.O0E-01 7.00CE-01 3.000E.02
147 5.OOE-06 5.0CLE-06 2.000E-rl ;0*20 7.000CE+01 7.COnE-0l 3.COOE-02
146 5.OOOE-06 5oCOjE-06 2.O0OE-'- 0*20 7.OCOE+01 7.000E-01 3.0CCE02
149 3.Or0E-0C C.OOCE-Cs 2.ODOE-01 -0.20 7.OCOr+0o 7.000E-01 3.OGOE:02
150 3.0OOE-05 3.0OCE-C'S 2.00CCE-rl- 0.20 7.000E01 7.COCE-01 3.000CE02
151 3.000E-05 3.00GE-05 2.OOOE-nl 0.20 7.OOOE*C1 l.OOEOO 3.000E*02
152 3.C-C'.E-ns 3.nOCE-OS 2.CCOE-rl 0.20 7.OOCE+O1 I.OOOEC.O 3.COOE402
153 3..conr-05 3.0CE-n5 2.0ccr-r1 0.20 ?.CCOE.01 T.OOSE-O1 3.0OOE.02
154 3.0CtE-05 -3.occE-n5 2.G0CE-Cl r.20 7.0EC.E01l 7.COOE-41 !.OOOE#0?
155 3.l00rJE-05 3.OOOE-C5 2.uCOE-rl 0.20 7.OO0E-21 7.000E-01 3.0COE402
1S6 3.0orE-05 3.0cE-Cs 2.nCoV-01 0*20 7.000CE+01 - 7.000CE-01 --3.000E*02

157 3.00CC-Cr5 3.OCC-0 2.uOOF-Vl 0.2n 7.OOOE+01 7.CCOE-01 3.000E402
15 :-3.00CE-05 .-3.OOOE-05.2.OOC-(l -0.20. .-7.OOCE+01 ?.7.COOCE-O1 -3.ODOE:02
1 59 - oocrE-05 1 .00C-C5 2*CC.OE- 1 0.20 7.OOOE+01 7. COOE-01 3.OOOE-02
160 - *'2.lflE-06 2.lOrE-Of. 2.OCOE-f1 -0.2 7.O0E+Ol - 7.COOE-Cl 3.OOOE.02
161 2.100E-C6 2.10C.E-0 2.COCE-41 0.20 7.COOEV01 7.&OCE-01 3.00OE402
162 2.IOCE-06 2.16CCE-fi 2.OCCE-fl C020 '7.OCOE+C01 7.COnEC-l !.0 E0402
103 2.lcrE-r6 2.lLrE-Gh 2.tOCE-1l C.20 '7.OCOE*01 7.CCOOE-01 3.OOOE-02
1t64 -2.OOCE-P6 2.10E-06 2.0GE-fl 0.207. *7000E+01 7.COOE-nl O.O CE+02
165 3.*OE-06 3.1C C-r6 2.oCoE-rs - .20- - 7.OOf'EOr 7.COOCE-01 3.000E02
16h 3.10 nE-n6 3.1 CE-CG 2.C(GE-4 0C.20 '7.000E+O1 ' 7.0QOE-01 !.OOOE402
lt7 3.10IE-O' 3.lorc-of 2.00CE-Cl C0.20 7.OOOE0Ol 7.0COE-01 3.OOOE-02
166 "3.OOOE-05 3 tierr-Ob 2.0OrF-Al '0.20 7.OOOE*01 '7.'0QQE-01 3i.QQOgEv
16'? 3.o00r-o5 3.0CCE-05 2.CGOE-'1 -0.20 - 7.OCOE01 7.COOE-01 3.00OE402
l1n 3.O01E-05 3.o0rE-lh 2.0VOE-nl V.20 7.0004F0l '7.OOCE-01 3.OOOE*02
171 3.00fE-05 3.CCUE-C , 2.CGOE-tl 0.20 . 7.0 OE.C1 7.CGOE-01 3.OCCE+02
172 3.001E-OS 3.OCCE-G5 2.OOOE-rl 0.2t 7.OCOEO01 7;COOE-01 3.COOEa02
173 -3.OOE-05 3.CLC E-Iu 2.VLUE-4t1 0.20 7.OCOE+01 :I.CO0 -nl '.OCOCE02
174 -3.OVnE-05 '3 .0CrE-r5 2. 0C-Fl r.20 7.0COCF01 - 7.0CE-0l 3.OOOE+02
175 -3.CGrE-O5 3.COLE-G5 2.CCEC-tl 0.20 7.OOOC.01 7.COE-01 - 3.00OE402
176 3.GC(CE-n 5 -3.orC-r 5 2. CCE-Cl -C.20 7.0OOOECl 7.COOE-01 3.000E402
* 177 1.CL~!7C-P4 If1.CtE-04 2.*COE-Cl 0.20 7.OCOE-01 7.C-01I 3.OCOE*02
176 '. 2.lCOE-r 2.1OrE-o6 2.C C-'l 0.20 -7.CCCE+Cl -7.COOE-0l 3.OOOE*02
179 .2.100E-O6 2.10tL-Ob 2.000C-Ul 0.20., 7.000E-01 7.COOCE-OL 3.OCOE*02
IRM 2.lGVE-n6 2.10CE-06 2.GCOE-r1 0.20 7.OCOE.01 7.COOE-0l 3.OOOE-02
161 2olOVE-n6 2.10CE-06 2.GCOE-C1 0.20 7.0OPE.01 -7.COOE-01 7 3.oOOE.02
182 -l.00nE-06 l.CC:.E-CG 2.02CE-EL 0.20 i 7.000EC01 7.COOE-OI 3.OCE402
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INPUT FOR THE SMOOTH REFERENCE MODEL (cont.)

183 l.00AE-06 l.1OOE-06 2.000E-Cl
IA4 1.Oor-09 1 00.E-(O 2OE-nl

0 *20
0.20

7.000E+0l 7.000E-01 3.OOOE*02
7. 00.*01 a 7.OOE-01 3.OOOE.2

185 l.OOOE-06 1.003E-C6 2.OOc-I!i 0.20 7.OCOE+0l 7.oGOE-01 3.00CE402
tI6 1. CGOE-0t 1.OOQE-Ob 2.OOE-rOt 0.20 7.00OE40l 7.OOE-O1 3.OOOE#02
17 1 .OO'E-06 1 OC'E-06 2.0CCE-Cl 0.20 7.000E*01 7.QOE-01 3.OOOE+02
1.1^ 3.10C-OS 3.10CE-05 2.OOOE-C1 0.20 7.OOCPE01 7.COOE-01 3.00CE*02
189 3.1tG E-05 3.10CE-C5 2.GtcE-Pl 0.20 7.OOOE.ol 7.COQE-01 2.OOCE#02
1qf 3.10OE-Q5 3.ICCE-C5 2.CCOE-"1 0.20 __ 7.00GE+01 7.C0OE-01 3.000E402
191 301sAGE-05 '.1OVE-65 2-COOE-tl 0.20 7*OOOE+0l 7.oCOE-Ol 3.00OE-02
192 3*.lOaE-05 3.10SE-C5 2.CCOE-rl 0.20 ?.OOOE+OI 7.oCOE-01 3.OOOEC02
153 310C'E-05 3.10CE-C5 2.OCOE-Cl 0.20 7.000E#01 7.*OOE-01 3.00E*02
194 3.10CE-O5 3.10CE-05 2.rOOE-I1 0.20 7.000E01 7 000E-01 3oCOE02
115 3.0CE-os 3.lOCE-OS 2*0OO-01 0.20 O7*00E01 7.OOOE-01 3.OOOE*02
196 3.10CE-0s 3.10 E-( 2.CCOE-el 0.21 7.OOOOE+1 7.OOE-O1 !.000E*02
1'7 2.100E-G& 2.10E-tn& 2.0C0E-11 0.20 7.OOOE*01 7.COOE-Ol 3.0O00E02
118 2. E-C6 2.10'E-16 2.000C-tl C.20 7.OOO.E01 7.COOE-01 3.OOOE#02
199 2.100E-16 2.1IC;F-Ob 2.0GOE-cl 0.20 Y.OOCE+01 7.COE-0l 3.OOGEO02
200 2.1C'E-16 2.10LE-ci 2.aGoE-tl 0.20 7.00qE#01 7.COOE-01 3.0_ E*02
?r1 2.10r. E-6 2.1CLE-Cb 2.VCCC-t'1 0.23 7.00OE.01 T.COOE-01 3.o0Q0+G2
202 2.10PE-06 2.1CE-tfi. 2.ooor-rl 0.20 7.3COE.01 7.000E-01 3.OOOCE02
203 1.COQF-06 .Ca.L-06 2.GGOF-Al 0.2a 7.OOOE*01 7.COOE-01 3.OCOE02
204 1.COnE-06 I.CC E-bi 2.00E-L1 0.20 7n000E#O1 J.COOE-O1 3.00OE402
205 5.00CE-C7 5.CCUE-07 2.00CE-el 0.20 7.000E01 7.COOE-01 3.06E02
21'6 S.OOCE-Q7 5.0C^E-07 2.CCOE-01 0.20 7.OOOE-01 7.000E-01 3.OOOE402
2C7 5.OGOE-07 5.000E-G7 2*&OOE-G1 0.20 7.OOO.E01 7.COOE-C1 3.OOOC.02
2nR l.OC^E-06 l.CCCE-CS 2.roCG-e1 0.20 T.OCOE01 7.OOCE-01 3.00E402
2n9 .100-05 3.10CE-05 2.00E-ql 0.20 7.OOE01 7.000E-01 3.00CE*02
210 3.1CE-05 .3.1aE-95 2.0OE-1- 0.20 J.OOE-01 7-000E-01 3.000E#02
211 3.12FE-05 3. IC CE-f 2.CG0-t 0.2Q 7.CC6t.C1 t.COOE-Ol 3.O E02
212 3.l0,r-c5 3.10CE-Vt 2.uCOE-&l 0.2C 7.0COE-01 7.COOE-01 3.00GE02
213 3.10.E-c5 3.10C-5 2.LOOF-Cl 0 2C t + 7.C-O1 r .- CE 02
214 3.Q -C5 3.ICcE- 0 2.*00E-Cl 0.20 7.000E01 7.000E-01 3OOCE402
215 3.lGrE-CS 3.10CE-C5 2.icoE-01 0.20 7a000E;01 7.000E-01 3.000E402
v16 3.lonE-05 3.1G-C-CS 2.CCOE-01 0.2n 7.000E01 t.OCE-Ol 3.00OE,02
217 3.10rE-05 3.ICCE-05 2.CCCE-Cl 0.20 7.00CE-01 7COOE-01 3.000E*02
21a 2.100E-06 2.1tCE-06 2.00 -C1 0.20 7.000-01 7.COOE-01 3.000E+02
219 2.100C-c6 2.101t-6 2GOOE-C1 C.20 7.0OEO1 7.0OE-01 3.000E02
220 Z.1OCE-n' 2.10tE-Cr6 2.OCCr-;'I r.20 7.000E.01 7.000E-01 3.OOCE02
2?1 2.1G0E-06 2.1GGE-Q6 2.000E-r1 0.20 7.000E01 7.000E-01 3.000E02
222 2.10CE-n 6 2.1CtE-Lh 2.COQE-t 1 0.20 7.000O01 7.000E-01 3.00E402
223 2. 1 0-6 2.lCCE-c6 2.C0CE-I 1 0.20 7.OCOE.01 7.000E-01 2.000d--02
224 2.10f"-C6 2.10tt-C6 2.CGOF-t1 0.20 7.000E.01 7.G aE-01 3.0oE002
225 1.oQE-s 1 .OCCE-Of 2.GCOE- 1 0*20 7.000E+01 7.000E-01 3.OCOE*02
226 9.3OE-n7 5.00LE-07 2.ooor-ai 0.20 7.0000.1 7.OOE-01 3.0000E02
227 1.oG0E-07 I.oCE-nr 2.000E-01 0.20 7.000E+01 7-000E-01 3.000E02
2PR 1.Coo0-07 1.OCflE-(17 2.000E-Cl 0.2c 7.0000o1l 7.00QE- 3400E.402

229 1 .OCIE-0 ? I. aOE-07 2.COOE-01 0.20 7.00E.o01 7.COOE-01 3.OOE002
230 1.00E-07 1.O'iCE-r7 2.Go0-rl 0.2e T.OCE+OI T.CQOE-01 J. Q[!
211 3.100E-05 3.olULE-S 2.oC0C-Cl 0.20 7.000E01 7.000E-0 3.oOOE*02
232 s.1OC-a5 1.lL:FCr5 2.C0rr-.1 a 20 7.000.01 7.7OOOE-OL 3.OQ£02-
233 3.1cmc-os 3.1orE-os 2.OGOF-cl n.20 7.0000.01 7.000E-01 3.000E.02
234 3.10or-'s 3.l E-r 2.0 Fo-*01 a.2 7.0 O 7GOCCE-OI 3*OQQt_
215 3.10Zt-CS 3.10CE-C5 2.00F-r1 0.20 7.000F+01 7.COOE-01 3.000E*02
236 3.1CI0-fi5 3.10C-E-C', 2.0CCE- 1 0.20 7.000.W1 7.*coo-01 .oca.*..
217 30.1n-05 3.1CC0-i;5 2.CCOl-1 a 0.20 7.000E01 7.000E-01 3.O0E-02
238 2.100E-06 2.0tF-06 2.v0OE-M 0.20 7.00000+ol 7.OOE-01 3.000E02
239 2.l0CE-06 2.lCCE-C6 2.000E-:'t 0.20 7.00G-01 7.000E-O1 3.000E02
24" 2.100-06 2.10'E-C6 2.0C0E-U1 0.20 7.000r*01 7.000E-01 3-QQQEI92-
241 2.100E-06 2.10SE-C6 2.000 -E-1 0.20 7.000E.01 7*C0E-01 3*000E.02
242 2.10o0-o6 2.10!'E-C6 2.0000-'l 0.20 T.0OOE+n 7000E-01 3400AC4Q2
243 2.lCOE-06 2.100E-06 2. COE-1.1l 0.20 7.00GEO1 7.C00E-01 36000E02
244 2. IrO-nA 2.10or-r 5 2.CcoO-;' 0.2n 7.00C.01 7.000E-nt 3.00CE-02

I

245 2.100E-36 2.lCcE-f'6 .Cr.0E-(l 020 7.0C0E0O1 7.*COE-01 3.000E02
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INPUT FOR THE SMOOTH REFERENCE MODEL (cont.)

246 2 100E-06 2.100E-06 2. 00CE-. 0 .20 '7.000E+O1 7.000E-01 3.o000E02
247 '1.0OOE-C7 I.UU'IE-07 2ooor-01 0.20 7.C000E01 7.000E-01 3.000E*02
248 1.OOCE-07 1.00CE-n7 2.000E-fl 0.'20 7.000E*6l ' 7.COOE-01 3.00E402
249 1.OOOE-07 .OCCE-07 2.000E-01 0.20 7.O000cOl 7.000E-01 3. 0CE.02
25n 1.C00tE-n7 l.OOOE-117 2.COE-C1 0.20 7.000E-01 7.00CE-01 3900GE402
2S1 i.OOnE-n7 I.CGOC-C7 2.000E-01 0.20 7.000E-01 7.0OOE-01 3.000GE02
252 l.0O0E-07 l.OO0CE-07 2.00DE-Cl 0.20 7.000E-0l 7.000E-01 3.o00E-02
253 3.1OOE-05 3.10E-05 2.OOOE-01 0.20 7.OOOE+01 7.COOCE-01 3.000E-02
254 3.10r-05 3.1OCE-nO 2.OOE-C1 0.20 7.000C+o1 7.00CE-01 3.OOOE02
255 3.100E-05 3.10CE-C5 2.CDGE-Cl 0.20 T.OOO.0E1 7.COOE-01 3.00E*02
256 '3.C-OS_ 3.10E-Pb 2.00E-olt 0.20 7.00E+01 7.000r-0I -3.00CE402
257 3.10PE-C5 3.10LE-CS 200COE-tl 0.20 - 7.o000E*01 7.COOE-01 3.00OCt02
?SR 3.10r-05 -3.10CC-P5 2.oor-ril .0.20 7.00CE-01 .COCE-01 3.000E02
259 3.10CE-05 3.10CE-0S 2*00CE-nl 0.20 - 7.000E-01 7.COOE-0l 3.000E*02
260 -3.10nE-S 3.100E-O 52.GOOE-r - 0.20 ' -7.OCE01 7.CCOE-01 3.000CE402
261 3.10nE-5 3.10CE-OS 2.0QOE-Cl 0.20 7-000E-01 7.000£-01 3.000E02
262 -3.100E-05 3.10CE-!S 2.000E-Cl -. 20 --7.000E-01 7.CO0-01' --3.000CE02
263 3.10nE-OS 3.10CE-OS 2.000E-Vl 0.20 7.000E01 7COE-01 300E*02
264 3.100E-05 3.100E-05 2.00CE-fIl -0.20 7.000GE01 7.000E-01 3.000E-02
265 2.100E-05 -2*100E-C5 2.000E-01 0.20 7.000E-01 -7.000E-01 3.000E*02
266 2.100E-05 2.10CE-05 2.00E-nl -0.20 -7.0000E01 ' 7.000E-;1 - 3.oooE002
267 -2.1COE-OS 2.100E-05 2.0COE-Cl 0.20 7.000E+01 7.000E-01 3.000E02
26R 2.10nE-05 2.1CE-GS 2.0C0E-ri..- 0.20 ' 7.000E-01 7.00E-01 3.000E02
26S 1.OOCE-06 l.COnE-C6 2.000E-C1 0.20 7.000EC01 7.000E-01 3.000E+02
270 1.0COE-06 l.OCCE-Ch 2.COOE-Cl - .0.20 7.000E*01 7.000E-01 3.000E402-
271 1.00QE-06 1.OCE-C6 200CE-El 0-20 10000 E01 7 C000E-01 3.000E-02
272 l.OCt-06 1.0f1E-06 2.eG0E-Pi 0.20 .7.000E01 7.000E-01 3.000GE02
273 1.000E-01 l.OCCE-07 2.000E-01 0.20 7.000E-01 7.000E-01 3.000E-02
274 -1.00fE-017 I.00(E-07 2.COOE-01 - 0.20 7.COOE+01 7.000E-01 - 3.000E402
275 3.10^E-05 3.10CE-05 2.000E-V1 0.20 7.000E01 7.000E-01 3.0000*02
276 3.100E-05 3.100C-C52.0OCE-Q1 -0.20 _7000+01 - 7.000£-01-- 3.00E402
277 3.10CE-05 3.100E-05 2.00CE-Cl 0.20 7.000E+01 7.00E-01 Z.OOCE402
278 -3.10CC-OS 3.100E-05 2.CCOCE-Q1 .0.20 7.000E-01 7.0Eo-01- 3.000E02
279 -3.100e-05 3.*11GE-C5 200CE-01 0.20 7.0000.01 .7.000E-01 3.000E-02
280 3.10CE-05 3.10CE-05 2.C00E-Pl 0.20 - 7.00E01 7.000E-01 3.000E02
2m1 3.100t-05 3.10CE-05 2.000E-tl 0.20 -7.0000 7.000C-01 3.000E*02
262 3.10CE-05 3.100E-OS 2.000E-01 0.20 7.000E-01 7.000E-01 3.000E.02
283- 3.l00-05 3.100E-C5 2.C00E0-0 0.20 7.000E-01 7.COOE-01 3.000E*02
284 3.1000-05 3.lOCE-05-2.000E-Cl 0.20 -7.000E01 7.COOE-01 --3.000E-002
285 3.100E-05 3o10CE-OS 2.OOE-01 0.20 7-.000E01 7.CCOCE-01 3.000E+02
296 3.10"E-CS 3.lCOE-OS 2.CCE-C1- 0.20 - 7.000E01--- 7.000E-01 --3.000E-02
287 3.10C-L5 3*1000-05 2.0OOE-01 0.20 -7 -.000C-O 7.000E-O1 - OCE02
2R8 3.10nE-0OS- 3.100E-G5 2,0rOE-L1 0 .20 -I-.OOO00E-05 l.0OOE-06 -3o000E402
289 3.10CE-05 3.LQLE-05 2.&OE-fl 0.20 1.000E-05 1OOOE-06 3-000E-02
290 - 3.1011E-05 3.100CE-0S 2.COOE-C1 0.20 l.OOE-05 - 1.COOE-06 3.0DE02
291 -3.1o!r;.-05 3.10E-0S 2.000E-Cl 0.20 1.000E-OS 1000E-06 Z.000E*02
292 '1.COnE-06 1.O0I'E-0(.-2.OOCE-"l-- 0.20 ---' -1.OOOE-05 -1.00E-06 - E.OOO.E02
293 1.000E-07 1.00VE-07 2.OCOE-01 0.20 1000E-05 .1.000E-06 '.000E02
294 l.e000E-0---l.OOuC- 7 2.000E-01- -0.20 1.00OE-05 I -'1.00E-06 2.OOOE*02
295 l.OCOE-07 1.000E-07 2.000E-Cl 0.20 l..OE-OS l.0OOE-06 3.000E*02
296 1.COOE-07 l.OOE-07 .2.000E-01 -- C.20 - l.OOOE-OS - 1.EOOC-06 3.0000.02
297 3.100E-05 3.100E-05 2.000E-fl 0.20 7.000OE+01 7.00CE-Cl 3.000E02
29A 3.100E-05 3.10CE-OS 2.000E-Cl-- 0.20 7.000E-01-- 7.000E-O1 3.00GE02
299 -3.1CE-CS 3.10CE-OS 2.0QOE-Cl 0.20 7.000E+01 7.00CE-C1 3.000E+02
3CO '3.005E-OS-- 3.1CCE-05 2.0COE-Cl -0.20 -7.004E-01 7.COE-01.3.000E02
301 -3.100E-OS '.0GE-C5 200E-CVl C.20 7.000E+01 7.00CE-C1 2.OOE+02
3n2 - 3;l0nE-05 --3alOCE-05 2.OCCE-nl --0.20 ' ' -7.000E-01 7.000E-01- -3.000E402
3C3 -3e10nE-O5 3e10CE-CS 2.000E-C1 0.20 . 7.*OCE*01 7.00E-01 3.000E02
34 3.lCE-OS 3.100E-05 2.0OE-fl --0.20 7.0000E01 - 7.O0OE-01 - 3.000E402
305 3.100E-05 3.lOCE-05 2.00E-C1 0.20. 7.000E+01 7.COE-01 3.000E02
306 3.10o-OS 3elCF-OS-2.0E-rI - 0.20 -7.000E+01 7.000CE-01 3.000E-02
307 3.lOE-05 3.10E-OS 2.000E-Cl 0.20 7.000E+01 7.000E-01 3&CO0E+02
308 3.100E-05 3.10CE-05 2.00E-Cl 0.2fl 7.000E01 7.000E-1 2.000E*02
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INPUT FOR THE SMOOTH REFERENCE MODEL (cont.)

309 3.DC0-O2 3.lO' 0- 0 02.0OE-CO 0.020 7.OOOE+01 7.00GE-01 3.00E402.
310 3.OOE-0S 3.100£-OS 2.00OF-01 0.20 1.OOOE-05 l.COOE-06 3.ooE.002
311 3.10oe-05 3.100E-05 2.eOOE-(l 0.20 l.OOOE-05 1.OOCE-06 3.000E-02
312 3.100E-05 3.IOOE-05 2.0GOE-VI 0.20 l.OOOE-05 1.OOOE-06 3.000E402
313 3.10tE-05 3*10E-05 2.sOOE-V1 0.20 l.OOOE-C5 1.COOE-06 5.OCOOE02
1 I.00fnE-06, 1 .OlE-06 2.OO0E-01 0.20 1.00OE-05 l.01OE-06 !.OOOE*02

315 l.OCOE-06 1.OCOC-06 2.OOOC-C1 0.20 l.OOOC-05 1.COOE-06 '. 000E02
316 1. 00VE-06 I.OOLE-06 2.oOCE-01 0.2f3 l.OOOE-0S I.0O OE-0 3.0O0E*02
317. i.COE-05 I.O*rE-O6 2.000E-01 0.20 1.OOOE-05 1.COOE-06 .00E02
318 1.OOOC-06 _.OCZE-C6 2.000E-01 0*20 1.OOOE-05 l.OOOE-06 3.OOOE*02
319 3.10Ce-OS 3.10CE-05 2.OOOE-0l 0.20 7.OOOE.01 7.000C-01 3.00OE02
320 3.1O£-05 3.10fE-05 2.000F-C1 0.20 7.000E401 7.OOE-01 3.600E+02
521 3.1O0E-05 3.10E-C5 2.eOOE-l 0.20 tOOOE+0 7COOQE-01 3.OOOQE02
322 3.100E-ft5 3.10CE-C5 2.OCOE-f1 0.20 7.000E01 7.COOE-01 3.009E*02
323 J.31OE-05 3.10tE-05 2.OOCE-01 0.20. 7.000E+01 7.OOOE-01 3.000E*02
124 3.10CE-OS 3.10CE-C5 2.000E-C1 0.20 7.OOOE+01 7.000CE-O1 3.OE*02
325 3.10VE-O5 1,1OE-05 2.000E-01 0.20 7.OOQE+01 7.COOE-01 .lOOOE+2
326 3.I0"E-O5 3.IGE-05 2.O0OE-01 0.20 7.OO0E+01 7eOOE-01 3.OOE*O02
327 3.1UOE-05 3.1CCE-05-2.&COE-C1 0.20 7.00E+01 7.000E-01 3.OOOE*02
328 3.10CE-05 3.10CE-05 2.000r-Cl 0.20 7.O0E-01 7.oCCE-O1 3.OOE*02
329 3.laCE-05 3.o0CE-C5 2.00E-01 0.20 7.OOOE+O1 7.COOE-01 3.OOOE*02
330 3*103E-05 3.100-5 2.000E-01 0.20 T.OOOE01 7.COOE-0L 3.000Es02
331 3.100E-Q5 3.100E-05E 2.00CCE-l 0.20 7.OOFC01 7.-000E- 0 3.OEC0 2
332 3.O4E-05 3.10CE-OS 2.00E-1 0.20 _ .OOOE-05 l.OOE-06 3.OO.E+02
333 3.10CE-05 3.10VE-05 2.COE-01 0-20 1.OOOC-S 1.OOOCE-06 5.000Es02
334. 3.10CE-05 3.10CE-05 2.00E-Cl 0.20 1.00CE-OS I.COOE-06 !.OOGE02
335 3.10 7E-C5 3.I iE-CS 2oCOOF-il 0.20 1 iO.E-0O5 .COOE-06 3.OOO'E02
336 B.UCCE-07 B.CCCE-07 2.00E-01 0.20 1.00E-05 I.COGE-06 !.OOOE402
337 1.OOOE-06 l.OOOE-C6 2.00CE-l 0.20 l.OOOE-05 I.OCOOE-06 3.oo0;02
338 .OE-06 I .COGE-06 2*Q0CE-01 0.20 1.OOE-OS l.COCE-06 3.00OE402
339 I OOoE-06 1 oocc-6 2.00OE-f1 0.20 1.OOOE-05 l.OOE-06 3. f T-O
340 1.OOE-06 1.UOGE-06 2.00CC-el_ 0.20 _ .OQOE-05 1.COOE-06 3.00OE02
341 3.100E-05. 3.*OE-05 2oOVOE-01 0.20 7.600E#01 7.000E-01 3.OOOC*02
342 3. OCE-05 3*10E-05 2.COOE-C 0.20 7.000E*01 7.OOOCE-0 3.COE+02
343 3.lOOE-05 3*LUOE-05 2.OOOE-01 0.22 7.OQOE0l 7.COOE-O1 3.OOOE#02
344 3.lOE-05 "3.*IOE-O5 2.000E-01 0.20 7.OOE-01 7.00-O.1 3.000E402
345 310E-05 *510 E-05 2.*OOE-01 0.20._ 7.OOOE+o1 7.OOOE-01 3 o 000E2
346 3 I.1OOC-0 5 3 1I00 2.0-01 0.20 7000 o 7*00CE-01 3.OGOE4O2
'3 347 .I 3.0 EC-CS 3.'Oft-05 .Z.ObOEC:-ii0.20 -- 000CrboEO1 I ad t~7.00C0
34A 3.10CE-CS '3.1OE0-5 2.rOOE-01 0.20 7.QOOE401 7.00E-Ol 3.OOOE02
349 J.lOE-05 3.lOCE-OS 2.OOOE-01 a.20 7000 *01 7.OOE-01 3.OOOE.02
350 3.10 05-OS 3.1 CE- CS2.00 0-(l 0.2n 7.COOE+O 7.OOE-0I 3*OOQE*02
351 3.10CE-Cs 3.10CE-Os 2.OOOE-C1 0.20 7.O0OEO01 T.OOE-01 3.00E02
352 3IOnE-OS 3.10OE-0S 2.000E-fI 0.20 7.CoOE+nt 7.0oC-01 3.a0CE-02
353 3.100E-15 3.10CE-OS 2.OOOE-01 0.20 . CO0OE-O5 1.oOOE-06 3.000CE402
354 3.10CE-Cs 3.10CE-0S 2.O*OE-O1 0.20 l.OOOEnS 1.OCC-06 3.qOOE*02
355 3.100E-C5 3.lOCE-OS 2.000E-C1 0.20 l.OOOc-O5 1.COOE-06 3.COOE.02
356 3.IGnr-0S 3oGIE-05 2.0CE-Al 0.20 1.00CE-OS tOaOE-06 .ooo>Ea
357 1.OOE-06 1 .OOCE-C6 2.*OOE-Ol 0.20 1.OOE-05 l.OOOC-U6 3.OOOE02
358 l.WE a-Ol I .00GE-16 2.OOOE-l 0.2) l.oOGE-05 l.C00e-06 3.000E402
3i9 1.0CCE-06 I.00^E-C6 2.GOOE-il 0.20 1.000-05 1.oOOCE-06 3.000E+02
3Sf l.an l-nA I.C'E-0G 2.00OC-ul 0.20 l.OOE-Q5 I.OOCE-06 !.GGOE402
361 1.OoCer-06 1.04i.E-06 2.OOE-Q1 1.20 l.OOOE-05 l.OOE-06 a.OOOE.02
362 1 .CClE-n6 I .CClE-ilh 2.000E-Q1 0.20 t.000E-05 .GE-06 !.O0E402
363 3.10CE-s 3.10E-OS 2.0O0E-O1 0.20 7.OOOE01 7.000E-01 3.000E+02
364 3.100E-05 3.10CE-OS 2.0GOE-ft 0.20 ?.000E+01 7.e00E-01 3.OOOE*02
365 3.101E-OS 3.IDCE-Cs 2.COE-01 0.20 7.OO0E+O01 7.00OOE-01 ..00C402
366 3.10VE-05 3.10CE-C. 2.00r-cl 0.20 7.OOO0E+1 7.COE-01 3.0OC*02
367 3.10CE-0s 3.lOOE-OS 2.0COE-01 0.20 7.000E01 7.00OE-01 3.000E+02
368 3.10fC-0s 3.1oCE-C5 2. 000E-Q' 0.20 7Q000E+01 7.COCE-Cl 3.000E*02
369 3.100E-OS 3 1OE-05 2.OOOE-C1 0.20 7.COE+01 7.oQOE-OL 3o00E#O2
370 3.10rr-os 3 .10Cs-ne 2.0ot-E1 0.2n 7.000E*01 7.GDOE-0l 3.0000E+02
371 3.10 le-05 s .iOtE-C5 2.r OF-Cl 0.20 T.OOOGEO1 7.GOOE-O1 3.000E*02

i
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INPUT FOR THE SMOOTH REFERENCE MODEL (cont.)

3.l1CE-Q5" 2.CtOC-01 0.20 7.000c rp l 7.0IlCCI-Cl 3.000r02

373 3.1CQE-05 3.1CtE-G5 2.CCOE-01 0.20 7.COO.EO1 7.CDOE-O1 3.OOE02
374 3.ICOE-05 3.10CE-C5 2.CCOE-01 0.2n 7.O0EC01 7.00CE-Ot 3.COOE*02
375 3.1COE-o5 3.3lOCE-CS 2.00E-Cl 0.20 .OCCE-OS 1.000E-06 3.00OE402
376 3.lOnF-05 3.lCnE-Oc 2.00CC-Cl 0.20 - 1.OOE-05 :1.C00E-06 2.000E02
377 3.lOCE-0S 3.lonE-Cs 2.COOE-Cl 0.20 1OCCE-OS -l.OOCE-O6- 3.COCE+02
378 1.00E-06 1.OCUE-06 2.CCOE-Cl -0.20 .OOOE-O5 1.OOE-06 3.000E02
379 1.000E-06 1 .0OCE-C6 2.oOCE-l Q.20 1.OCCE-O5 1.COE-06 3.OCOE*02
3O. 5s.oonE-06 w(-.OE-OS 2.rCCf-nl 0.20 .*00CE-05 1.OCOE-C6 3.OOOE*02
381 S.oCCE-C6- 5.OOCE-06 2.00GE-Cl C.20 l.OCOCE-O5 1.COE-06 3.COCE02
3A2 5.on-n6 s.oanr-06 2.0nor-Cl 0.20 1.00E-05 I.co E-06 3.CCCE#02
383 5.COOE-O6 '.UOOE-06 2.eCOE-ful 0.20 , 1.OOCE-05 1OE-06 Z.OO0E+02
-384 S.ConE-0S 5.CorE-t, 2.nCOE-rl 0.20 dOCCE-nS I.00CE-o6 1.COE+02
385 l.OOCE-06 . .CE-CE 2.cOF-r. 0.20 .7.0CCE+Cl 7.COOE-1 3.OOOE02
386 1. OS 1 .00CC-CS 2.0CC-LI 0.20 7.COCE+01 7.00CCE-01 3.OOE402
3R7 I.ConE-06 l.OCE-C6 2.0Go-rl 0.20 7.000EC10 7.00CE-1 3.CCOC42
sa3 2.COOE-05 2.0not-nS 2.ocor-pi 0.20 7.COOEOl 7.COOE-C1 3.OCC.E02
389 2OOCCE-Cs 2.00nE-os 2.2COE-r.l 0.20 , 7.OCOE+1 e7.00 CE-1 3.OCOE+C2
39n I.OOC-0 I .OCE-C4 2.0oCt-Cl 0.20 7.00C0E+l '7.'0CE-01 - 3.000C402
3 q1 .-1&.o0E-04 le.CE-O 2*00CE-01 0.20 7.OOOE+Ol 7.000E-01 3.*CCE*02
392 .1.00CE-4 1.OOCE-C4 2.0no-Cl 0.20 7.COCE+01 7.0CE-01 3.000CE02

-393 1 .COE-04 . OC E-04 2 .GOOE-1 ,0.20 , 7.0 00E01 7.00E-01 3.000CE02
3q4 2.OOCC-04 2.00CE-04 2.*CCr-Cl 0.20 7.O0oCOFl 7.0oCE-Ol 3.OOCE02
'95 .OCE-n4 2.COOE-04 2.0CC1-Cl 0.20, 7.000E0 1 7.OOCE-01 3.GC0E*2O
396 2.001T-04 2.OCbE-P4 2.0OOE-tl C.20 1.COE-05 I.e0CE-O6 3.OCE.*02
397 2.0CCE-C4 2 .COCE-04 2.00CCE-Cl 0.20 1#COOE-n5 I,, l.COE-06 3.OOCE02
398 3.OnnE-S 3 .C00E-O 2.COE-oll 0.20 l.ODOE-05 I .COCE-06 3.COOE02

3.b00E-OS -3.OCE-CS 2.OnOE-rl 0.20 _1.00CE-OS 1.OOCE-O6 3.OEC02
4 n eaC nF-06 s .000r-C6 2.oor-et 0.20 1.OOOE-O5 1.COOOE-O 3.OOCE02
401 6.0COE-06 6.00CCE-06 2.000E-GI_ 0.20 .0CooE-nS, 1.COOE-06 3.COCE02
402 ' ;.opor-r6 6.00CE-CS 2.CGOE-Cl 0.20 - .i*. '00C- -1.00 CE-n6 !.OCE*02
4 3 6.00E-06 6.00CE-06 2.0OCE-01. .0.20 1.OCOE-05- 1.00COE-06 _, OOOE02
404 5.000E-26 SCf. E-06 2.200E-tl 0.20 ..OCOE-S lC.OCE-O6 3.OCOE+O2
405 , 5.00G-Cs 5 0.OCLE-u 2.00COE-l 0.20 C '1.CooE-OS 1.OOE-06 Z.OOE-02
4n6 -S.0CCE-O6 s5a UE-n6 2.300E-1 n.20' 1.00CE-OS 1.00CE-C6 !.OOOE-02

4n - 1.00CE-6 l.OUr:E-06 2.00CE-0l , 0.20 7.00CE+1C , 7.00CE-O1 3.OOCE02
408 -l.OOnEC-06 1.0001>00 2.CCE-O1 n.20 - 7.OOE+O1 -7.COOE-1 3.OC.E02
409 2*OOGE-CS 2.OCCC-C5 2. 00E-Cl 0.20 r7. COCE0+ .7CC- 3.000 s >OOE02
410 2.00nE-Cs 2'0GQE-OS 2.COOC-91 C.20 - 7000 E0 I 7.COE-O1 3.00OE02
11 2.00c-OS 2.00CE-05 2.00 -(l' 0.20 . 7.0sE#1 7.00CE-1 - 3.OOE*02

412 I.o09tI-05 1.OOGE-C5 2.OOOE-1 Os2C 7.OCOE+O1 7.COOE-01 3.OOOE02
413 2.00CC-CA. 2.OCGE-C,42.CE-01 C0.20 7. CE+01 , 7.'COOE01 __3.000E;02
414- 2.0nPE-C4 2.0crC-co 2.00CE-C1 0.20 7.OE0>nl 7.COCE-01 3.OOOE02
415 2.eOCE-04 -2.OOCL-04 2000E-0il.-n2O . 7eOC0E+O1 7.00CE-01 3.0e00E02
416 2.OOnE-04 2.00QE-(4 2.OOE-Cl 0.20 7.OOOE.0l .7.00CE-C1 3.000E-02

417 2.OOE-O 2.00.E-C4 2.CGOE-il. ,0.20 7.000E0.1 -_7.0CCCIE-Ol 3.00OE402
418 3.CfinF-O5 3.00E-OS 2.00C-t1 0.20 - 7.0000E+1 7.000E-01 3.COE*2
419 , 3.0UE-55 5.OCE-C5 2.COE-;1 0.20 7.0000E+1 7.00CE-Cl 3.CCCE02
42n 8.00nE-06 8.00E-06 2.COE-0l 0.20 -- 7.000E001 7.tOCE-Ol 3.OOCE-02
421 8.000E-07 8.00CE-07 2.GOOE-0l 0.20 . 7.0OE+01 7.000CE-01 3.000E+02
4'22 -2.00nC-0 2.CCE-06 2.00E-Cl 0.20 - 7.0000E+1 7.00CCE-l 3.000E02
423 2.00nE-C 2.OCLE-C6 2.EOC-rl 0.20 - 7.0C0C 01.E . 7.GOO-CE-01 3.0CCE02
424 1.00CC-CS 1.Otcr-CSi 2.0COE-rl r.20 7.0 OO 7.000E-O1 '3.000E02
425 .1*OC°E-06 l.OO;E-C6 2.GCOE-fl.-0.20 .7.000+0 7.COOE-01 3.000E+02
426 l.oCCE-06 1.OtCE-06 2.00CF-Cl 0.2C -7.CCOE*01 7.00OE-Q1 3.000+02
427 *1.0CnE-06 1.QCC;E-06 2.0COE-01.._ 0.20 - 7.000E01. - 7.00CE-1 ..'.OCOE+02
428 :1.0C0rE-06 I .OCtE-fS 2.CtE-fl C.20 ' 7.0000En1 7.CO E-01 3.000E*02
429 2.0G-OS - 2.01CE-CS .2.00CE-01 P. 20 .7.COCECl 7.00ClE-01 3.0000.02
430 -2.oc0E-0s 2.COCE-05 2.ct.r--l 0.20 7.00CE.01 7.COOE-Ot 3.000C#02

4.31-. 2.0QOC-O5 2.000C-OS 2.0CGE-01 0.20 7.000E+01 _ 7.00CE-01 .3.000E02
432 `4.5OCE-45 4.5LAE-C' 2.crpr-tcl 0.20 - 7.00n 01 ' 7.00CE-01 3.00E*Q02
433 -3.000e-04 3.00oGL-04 2.00Cr-C1 0.20 - .7.CO001 -7.CCCE-01 -3.000E02
434 3.00IT-04 3.0CE-04 2.CCGE-nl 0.20 7.00_E0,1 7.0COE-C1 3.9,QOE402-

I
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INPUT FOR THE SMOOTH REFERENCE MODEL (cont.)

435 3.00CE-04 3.OCE-04 2GGO-t-l
436 3.ner-0o4 3.0OoE-04 2.0006-nl

0.20
0.20

7.000E+01 7.COE-01 3.000E.02
7.000E+01 7.oOE-01 3.000E+02

*37 3000cE-04 3.00aE-04 2.000E-L1 0.20 7.000E+01 7.000E-01 3.000E402
43A 3.00O0-05 3.00QE-05 2.00(F-rI 0.20 7.000E01 7.000E-01 3.000E02
439 8.OCPE-07 8 .00PE-07 2.OOOE-OI 0.20 7.000E01 700OE-01 3.000E02
44n Re.(lOE-ft 9.O-rE-C7 2.6000-01 0.20 7*000E-Cl ?.COOE-Ot 3000E#02
l41 2.006E-C6 2,00OE-06 2.GOE-01 0.20 7.0006.01 7.000E-01 3.000E02
442 2.000E-06 2.00E-f6 2.000E-01 0.20 7.000E601 7.0006-01 3.0006.02
43 2.OOCE-06 2.OUZE-06 2.OnOE-01 0.20 7.000E+01 7.COOE-01 3.OOOE+02
44 1.0006-06 1.OOE-06 2.0OOF-nl 0.20 7.000E+01 7.000E-Ot 3.00OE02
,45 1.OO0E-06 1 .00GE-06 2.0COE-01 0.20 7.000E01 7.000E-01 3.000E.02
446 1.OOME-06 1.0o0E-06 2.0006-1 0.20 7.000E+Ol 7.,000E-01 3.000E.02
447 1.oOE-06 1.0OrIE-06 2.*00E-Cl 0.20 7.000E+01 7.000E-01 3.000E+02
448 1.00DE-06 1.o006E-06 2.OOE-nl 0.20 7.000E+01 7.000E-01 3.000E402
4#9 1.000E-06 1. 00E-06 2.CCOE-CI 0.20 7.000E01 7.000E-01 3.000.E02
450 1.0ons-06 1.OCCE-06 2.GOOE-01 0.20 7.000E+01 7.000E-01 3.000E+02
451 1.00CE-06 I. 000E-06 2.000E-rl 0.20 7.000E01 7.0GO-01 3.00E+02
452 1.000E-06 1.00E-06 2.GGE-tl 0.20 7.006E+01 7.000E-01 3.000E02
453 1.000E-0S l.OonE-06 2.000F-Cl 0.21 7.0000E1O 7o0o-ol 3*000E02
454 1.00E-06 I. 0)E-016 2.0O0E-01 0.20 7.000E+01 7.000E-01 3.00E.02
455 l.OOOE-06 I. 00fE-06 2.000E-rl 0.20 7.000.ol 7.000E-01 3.0Q0E002
456 4.500E-05 4.500E-05 2.06E-01 0.20 7.000E.01 7.000E-Ol 3.000E+02
.457 l.oOnE-6 I.OObC-Ob 2.000E-01 0.20 7.000GE01 7.000E-01 3.000E02
45q 1.009E-06 1.OOCE-C6 2.000E-01 0.20 7.000E+01 7.000E-01 3.OE*02
459 2.0GOE-06 2.000E-Q 2.OOQE-01 0*20 7.000E01 7*000E-01 3.000E02
I60 2.000E-06 2. O E-06 2.000F-nl 0.23 7.0000E+1 7.0GOE-ol 3.000E02
461 2.000E-n6 2.00C0E-0 2.COOE-01 0.20 7.000E+L 7.000E-01 3.OOOE-02
462 1 .coaE-06 I .o00E-06 2.000c-cl 0.20 7.00001 7oo.000E-01 3.000E02
463 1.04ME-06 l.odE-Ob 2.000E-Il 0.20 7.000E*01 7.CO0E-01 3.000E.2
464 1.001E-06 .Gtf-C6 2.0C0E-rl 0.20 7.000E.01 7.000E-01 3.000E02
465 10006-06 1.uQE'-C& 2.GOOE-01 0.20 7.000E+01 7.000E-01 3.800E02
466 1.000E-06 1 .000E-C6 2.000F-nl 0.2n 7.000E01 7.000E-01 3.00OE+02
46r I.0OnE-06 1 OOE-r6 2.000E-61 0.20 7.000E+01 7.000E-01 3.000.E02
468 1.0OE-05 l.oCE-05 2.COOE-n1 0.20 7.00001' 7.000E-01 3.000E02
469 1o0OOE-05 l.O0GE-05 2.OCE-Cl 0.20 7.000E+00 7eOE-1 3*000E*02
470 8oOE-47 S.OGOE-07 2.000C-01 0.20 7.000E.01 7-00OE-01 3.000E02
471 :8.ocqIE-07 8.01E-C7 .2.000E-01 0.20 7.000E01 7.000E-01 5.000E+02
412 B.OOE-07 8 .OOE-07 2.COOE-01 0.20 7.000E+01 7.000E-01 3.000E02
473 8.OOCE-07- 8 .00.E-O? 2.L;GE-0I 0-20 7.000E+01 7.CO0E-01 3.0006.02
474 1.OOE-06 1.0ocE-o6 2.000F-Ot 0.21 7.000E+01 7.000E-01 - 3.00O0602
475, 1.00oE-06 1 .DucE-06 2.000E-ol 0.20 7.000E+l 7. 000-O1 E.000E-02
476 1.000E-06 1 .o00E-06 2.000E-01 0.20 7.000E01 7.000E-O1 3.000E02
*477 1.OO0E-06 1.00CE-06 2*000E-11 0.20 7.0006+01 7.0006-0l 3.0006.02
478 _._l.0OfJE-06 I .000-En6 2.000E-C1 0.20 7.0000E+ _ 7. 000E-01 30OOE02
+ .9 .000-06 1.0006-06 2.0006-1 0.20 7*O00E*01 7.000E-1- JOE02
480 1 .OOE-06 1.*00E-06 2.000-01 0.20 7.000E6o0 7.000e-01 3.000E.02
4A1 1*000E-06 1.OOE-06 2.000E-01 0.20 7.000E+01 7.000E-01 3.000E02
482 1.000E-0 I.O0CE-CS 2.000F-nI 0.20 7.000E~or 7.COOE-01 3.00OE.02
4 3 5.000E-05 5.000E-05 2.000E-01. 0.20 7.000E01 7*000E-01 3,000E02
484 9.09WE-45 5.00E-05 2.00E-fl 0.20 7.000.ol 7.C0OE-01 3.000E02
485 5.000.-OS s.000E-05 2.COOE-01 0.20 7.000E01 7*000E-01 3.OOOE02
46 3.00OE-06 3.400E-06 2.COE-rl 0.20 7.000Eo1 7.000E-01 3.OOE02
487 * 8.GOIE-07 8.00UE-07 2.000E-01 0.20 7.000E+01 7.000E-01 3.000E*02
4 48 800E-07 8.000E-07 2.000E-01 0.20 7.000 E01 7.000E-01 3.0QE-02
489 1.000E-06 1.000E-06 2.000E-Ol 0.20 7.000E+01 7.000E-01 5.000E02
s49o1 .00OF-06 1.0CE-06 2.0OOE-01 0.20 7.000E.01 7.000E-01 3.000E02
491 l.OOO-06 I.O0CE-06 2.000E-01 0.20 7.0006.01 7e000E-01 3.000E02
492 1 .000E-06 1 .OCC6-06 2.0COE-Gl 0.20 7.000E-01 7.O0E-01 3.000E-02
493. 1.000E-06. 1.00fE-06 2.0Q0E-01 0.20 7.000E+01 7.000E-01 3.00E+02
494 1.00nE-06 I.00';E-06 2.0OE-rl 0.20 7.000E+01 7*000E-01 3.000E02
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