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ABST'R.ACT

ln many fields it is necessary to make use of some form of an interpolation

technique. Most frequently, this is the method used to spread the point measurements

over some observation domain of interest. Which interpolation technique will be most

appropriate for a given problem application will depend on the number and the spatial

location of the point estimates of the data.

A selection of interpolation methods are presented and discussed in this work.

However, the major emphasis of this thesis is on the presentation of the Kriging

technique. A description of the previous application of this technique in various fields,

of the theoretical development of the algorithm, and finally of the application of this

method to the V/innipeg Lake water level estimation is given.

Following presentation and comparison of results from using alternative estimation

techniques, some benefits and recommendations resulting from experience gained in the

course of the research project described, are given at the end of this work.
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N XNT'R.OÐUCT'TTN

In most practical scienrific problems, measured data are collected at point

locations, but the desired knowledge about the measured property is related to a

continuous field or a space. Furthermore, the number of point locations where data

are collected is quite limited. To spread the sparse observation records, one of the

available interpolation methods is usually used. In that way, it is possible to obtain a

map of the desi¡ed property, or the average value, over the observed domain.

This type of problem arises in several fields. Some problems in the water

resources area are: determination of average rainfall, estimation of gtoundwater level,

in mining: mineral concentration in an orebody; in environmental engineering: pollution

concenration over an observed domain; and in agriculture: corn production conrrol.

For different types of problems different interpolation methods will be preferred.

There are many known interpolation methods for the estimation of the spatial

characteristics of a property over a domain based on point measurements of the

properry. Some of these methods are very simple and are widely used in different fields

of science, while some of the new techniques have been used only in specific fields.

The different merhods not only require different amount of input data, but also have

different interpolation characteristics.

N.X PR.OtsT,EM ST"ATÐMENT'

In this work, the Kriging interpolation method will be investigated for application



ro surface water level estimation. This is an unique field for the application of Kriging

techniclue.

The Kriging method is applied to Lake Winnipeg, which is a very large lake

(surface area of roughly 23700 square kilometers) with a limited number of water level

gauge stations. The measured data are collected at discrete points but the operation

of Manitoba Hydro system relies on average lake water level. The problem is more

complicated by the wind set-up and the earth's rotation effects on lake water surface.

Furrhermore, the water level data collected at point locations are not necessarily

reliable.

The Kriging technique is also capable of providing useful information for

investigation of a new gauge network. Data collection network design issues such as

preferred new station locations, optimal relocation of existing stations, and

identification of nearly redundant gauges, can all be addressed using Kriging.

For a successful application of the Kriging interpolation technique, an historical

record of the desi¡ed property is needed. This record is used to create an auxiliary

function, called the semiva¡iogram, which represents the fundamental paÍ of this

interpolation method. Using the experimental semivariogram, the theoretical

semivariogram can be developed and used to calculate the weighting coefficients for

each measuring point.

A major advantage of the Kriging method is its capability of calculating the

reliability of the prediction, (i.e. it can provide an estimation plus a confidence

interval). This capability can be used in the interpolation process to evaluate the

reliabitity of the source data from the point measurement locations. This way, it is

possible to identify which source data are likely in error and repeat the interpolation



process without that record.

Since the above mentioned reliability is calculated on the basis of the geometrical

dispersion of the observation points, (i.e., it is independent of the observed records),

it is possible to use this information in the planning process of implementing new

observation locations.

[.2 SCOPE OF'' WTRK

The major objective of the work reported in this thesis is to apply the Kriging

interpolation technique to surface water level estimation. The case study is for the

water level estimation on Lake Winnipeg.

Chapter 2 gives a general review of previous work. This includes interpolation

methods such as Lagrange interpolation, least squares; weighted methods such as

inverse distance, polygons; and Kriging. The chapter continues with a review of the

successful applications of the Kriging method in the mining and the hydrosciences

fields. At the end of this section, the problem of the Lake Winnipeg water level

estimation from the Manitoba Hydro point of view as well as the summary of current

estinlation methods used in Manitoba Hydro are presented.

Theory of the Kriging technique is given in Chapter 3. The theoretical report

includes an explanation of the semivariogram, the calculation of the weighting

coefficients and the calculation of the standard error. At the end of the Chapter,

diffirculties in the semivariogram, and Kriging system development are discussed.

The application of the Kriging technique to Lake Winnipeg is described in

Chapter 4. It contains a description of practical experience gained through the model



implementation. At the end of this chapter, the algorithm is presented and

recommendations for the case study are given.

In Chapter 5 is a presentation of results obtained from Kriging and from other

methods used to estimate Lake Winnipeg water levels. Comparison of the results and

some conclusions are also given in this chapter.

Chapter 6 gives a summary of the merits of the Kriging technique and its

application to Lake Winnipeg water level estimation.



2 R.EVM,W TF-'FRÐV{OUS WTR.K

This chapter contains a review of previous work related to the different

inte¡polation methods, a summary of applications of the Kriging technique in different

subject ateas, and finally, description of several models developed in order to obtain

water level estimates for Lake V/innipeg.

2.n ïNT'ÐR.PO{,AT'ÏÛN &/ïET'E{OÐS

Suppose that there are N observed points x' xzr ....1 x¡q, with respective measured

properties Z' Zr, ...., Zn, and we want to interpolate the value Z" at the point x. One

possible way of estimating Z' is as follows:

N
Z.(x) = E u'(x) * Z'(x)

i=1
(z.r)

where Z,(x) represents the measured properties in the point x, and the c4 are

coefficients with X a' = tr- a common characteristic. This is a linear combination of

the observed data.

Different determinations of the cr coefficients leads to different interpolation

methods.

2.1.N. LAGRANGE TNTER.POT.A.TTON

This method belongs ro the goup of analytical methods. The modified formula



for estimation is:

M
Z"(x)=Ea**f*(x)

1--1
I\_ I

(2.2)

where the au are constant, the f*(x) are known and in most applications are polynomial

functions. If the number of observation points is small (<10), then M is equal to the

total number of observed points N. However, if the total number of observaúon points

is too large, the solution becomes the moving neighbourhood process with M < ln{.

Solution for Z- involves the solution for the coefficients an (Gambolati 1979).

This method is acceptable if the observed data are tolerably smooth, but it can

lead to unrealistic gradients when the surface is very chaotic. If values in the

observation field. are smooth the functions f*(x) have a low degree polynomial function

and the f,reld modelled with these f.(x) functions has the same characteristics. If the

observed values in the field have a high variability then the mathematical function is

forced to interpolate the data and this results in contorsions and 'wriggles' quite

unrelated to the actual phenomena'

2.1..2 \,E AST SQ{JARES

This method assumes that the estimated value of the desired property is the sum

of a deterministic component and an error terrn.

N
z'(x) = I a* * f*(x) + e(x)

l-_1
ñ-l

(2.3)



where the coefficients ao and the functions f*(x) are defined the same way as

previously. The error term e(x) has zeÍo mear, constant va¡iance and no

autocorrelation (i.e., a white noise process). The solution of this method, unlike the

Lagrange interpolation, does not provide definite interpolation. It gives estimated

values at the observation point which may differ from the observed value. That

implies that this method is not designed to solve problems of local phenomena

(Delfiner 1976).

2.tr.3 WETGHTED II{TERPOLATTON TECHNTQ{JES

a. Weighting as a function of distance

In this method, it is

distance between obsewed

weighting coefficients depend only on the

desired point of estimation, x.

assumed ttrat the

points x, and the

w(q)
u,(x) = j=1,N

N
> w(4)

i=1

1/u,(x)
q(x) = j=1,N

(2.4)

(2.s)

N
v

i=1
u'(x)

where ld is the number of obsewation points, w(d¡) = I u - u, I it ttt" distance

between desired and observed point, and u, is the auxiliary function def,rned in equation

(2.4) and used in equation (2.5) in order to obtain weighting coefficients cr,. Points
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Figure 2.1 Disadvantage of Inverse Distance method

further from the point where the information is required may be more penalized by

squaring the distance as follows w(d,)= I *' u, l'? or w({)-exp( t I x - u, I ) where

the smoothing effect depends on the parameter k. The weighting coefficient q

approaches zero when the distance between the observed point and desired point is

relatively large.

The major shortcoming of this method is that the relative positioning of

observation points is not included into calculation of weighting coefficients. If we have

three experimental points, situated at equal distance from the point to be estimated

(Figure Z.I.a), the weights will be 713 for each. But if point A is replaced by two

points very close to each other, .4.' and A" (Figure z.I.b), an inverse distance

weighting merhod will assign to each of them again an equal weight as U4. The

influence of the two points B and C on the estimation point would decrease.

However, the information they contain remains the same, and their weights should also



remain unchanged. In the new formation of the experimental points the weights should

be 713 for points B and C and 116 for points A' and .{". The distance weighting

method cannot handle this situation. (Gambolati 1979)

b. Thiessen polvgons

V/eighting coefficients in this method are related to a subarea. The complete

area of interest is divided into subareas so that the center of each of them lies close

to a point where the value is measured. The assumption is that the observed propefty

is uniformly distributed in each subarea. The weighting coefficient for observation i

is then:

Gi=

N

(2.6)

where S = I s,, s, is the size of the i-th subarea and N is the number of
í=X-

the subareas.

The hrst drawback of this model is that the calculation of weighting coefficients

is only for one configuration of the observation points. In case of any change in the

obsewation map, a new map of subareas must be constructed.

The second disadvantage of the method is that it does not take into consideration

other factors, such as in the case of rainfall measurements, where the orographic

influence is important. For the estimation of surface water levels, this is not a major

issue however.

si

S



c. Kriging method

For a successful application of this modei, it is necessary to have historic record

of the desired property. From this record, it is possible to estimate an auxiliary

function called the semivariogram. The semivariogram is half of the variance of two

observed points which are equally distanced. The presentation of semivariogram is a

diagram f versus h. The value of the semivariogram depends only on the distance

between rwo points. The weighting coefficients can be determined from the solution

of a system of N+1" linea¡ equations, where N is the number of observation points.

When the weighting coefficients are calculated, it is possible to calculate a

confidence intewal for the estimate at the same location. This reliability level depends

only on the relative distance between the observation points and on the desired

location. This capability is a major advantage of the Kriging interpolation method

relative to the above-mentioned methods.

For detailed description of Kriging method see Chapter 3.

2"2 PR,EVTTUS USE OF' KR.{GTNG

The Kriging technique is a member of the class of stochastic interpolation

merhods. The general formulation of the theory was provided by Matheron (1969) but

the theory is named after D.R. Krige who first applied some of the basic concepts of

this theory to the estimation of gold content in the South African mines. Many other

applications were made in the mining field. Also, the Krigrng techniçe has been

applied successfully for anaiyzing hydrological data.

10



The theory about 'Regionalized Variable' provided by Matheron is intended to

provide a successful tool for the reconstruction of a natural variable based on a set of

arbitrarily distributed observations. As note in the previous section the important

improvemenr over the interpolation techniques is that the algorithm gives an estimate

of reliability of the estimated value.

2.2.tr. APPLXCATXON TN MINING F'TET-D

For mining engineers, it is important to know the concentration of a minera-l in

a given voiume of ore. However, this concentration is highly dependent on the

position of the ore in the orebody. Mining engineers have realized the inadequacy of

having a large number of samples at one ore exposure, which may occur in a poor or

rich zone, because they tell little about the nature of the ore elsewhere in the deposit.

Therefore, mining technicians try to take samples at regular intervals rather than at

randomly selected sites.

Traditional methods like polygonal and triangular weighting, rectangular zones of

influence and inverse distance methods attempted to combine data on the sample

position with an intuitive notion of the area of influence to produce usable results.

Some of these techniques show good results, but, without providing confidence limits.

These methods are based on the random observations of independent samples in a

given population without respect for spatial position.

Introducing the theory of 'Regionalized variables' provides a framework suited

to handle problems related to estimation of spatial variables. 'Regionalized variables'

means variables whose values a¡e related in some way to their position'

11



More information about the mineral volume in the ore can be obtained from the

variance between equaliy distanced observation points. Distance in a regular mesh

increases with the unit length. If the sampled data are more randomly distributed, not

in a regular shape, then a classification of distance is needed to obtain a sufficient

number of pairs of observations for a reliable point on the experimental semivariogram.

This is very often the case in the mining industry.

The experimental semivariogram is one half of the average of squared difference

between the above defined two observations. On the basis of the experimental

semivariogram, a theoretical semivariogram can be obtained. Experimental

semivariogram consist of discrete values for various separation distances, however the

theoretical semivariogram is a fined function to the experimental points. This is the

basis for establishment of the estimated property.

The semivariogram is related not only to the two measurements, but also to a

single sample itself. This is the case when the sample is sufficiently big enough so that

the mineral concentration is not uniformly distributed in it. In that case, the nugget

effect, or the discontinuity at the zero distance on the f versus h diagram, has more

influence than when the sample is reated as uniform data. In the uniform sample the

variation will be zero. The non-uniformity of the observed property means that not

only the geometry of the field with the place of the samples but also the relative

geometrical relationship between samples and the estimated fieids and the geometrical

configuration of the samples have effect on the solution.

In some cases, the inverse distance, or inverse distance squared methods might

give close results ro those obtained by Kriging, but the Ikiging might define the places

where further sampling is necessary for better estimation. The biggest advantage of

t2



the Krigrng technique

concentration of mineral

1S

in

that it provides a reliability level of the estimated

the orebody.

2.2.2 APPT-ICATTOI\ XN THE F{YÐR,OSCTENCES

One use of Kriging in hydrosciences is the calculation of the average rainfall

depth over a given region @elhome 1978). It is often the case that some

measurements are missing or measurements at desired locations are not available. The

main assumption in such a case is that different storrns are proportional to each other

in the intensity while the spatial dispersion of the events is the same. In that way it

is possible to collect enough data pairs to obtain an experimental semivariogram.

After that, the theoretical semivariogram can be d¡awn. The Kriging system (see

Chapter 3.2) will be solved for every stonn to obtain optimal weighting coefficients for

each storm. This will be the soiution for one configuation of gauge stations. For

other raingage networks, other weighting coefficients are needed.

If the interest is to know the point by point value in the observed domain, like

a groundwater level estimation, the approach is slightty different. Theo¡etical

semivariogram can include some of the physical phenomena, such as a transmissivity

of the soil. The Kriging system will then be solved for each grid mesh. On the basis

of the obtained values in the desired points, it is possible to d¡aw a map of the

complete observed field. This approach is reasonable to use for the average value

over a domain, if this field has an irregular shape. The first step is to obtain a value

at all of nodes of the mesh and then caiculate a mean value of these values which will

be the estimated value of observed property on the domain of interest.

13



In both cases it is possible to use a Kriging technique for the optimization of

the measurement network with the objective of obtaining a more accurate estimated

value.

When the purpose is to estimate an average value over a given domain, the aim

is to find the location for a new gauge in order to get the smallest Kriging error, or

the confidence interval (see Chapter 3.2), over the domain. The f,ictitious point can be

moved over an observed domain and the new location of the gauge wül be found

where the Kriging error has the smallest value.

When the purpose is to obtain local estimates of the properry the problem is

somewhat different because there are the same number of Kriging errors as the number

of the node points. An additional measurement point will influence the Kriging error

of any grid node in the neighbourhood of the location of this new point. In that case,

the new station will be located at that point where the local maxima of the Kriging

error existed.

ln both of the above cases it is possible not only to find the location of the new

station, but also to find which station would be preferable to relocate. In the first case,

rhe rendency will be that each gauge has equal weight. The gauge with the highest

weight wiil be moved. In the second one, the tendency is that the Kriging error has

an uniform level over the observed field. The gauge in the lowest Kriging error area

will relocate somewhere in the highest Kriging error aÍea.

l4



2"3 TWCWNTQ{JES USEÐ F',OR EST'ÏM.&T'ING WAT'ER X,EVÐÏ,S tN

ï-AKE WTTqNTPEG

Lake Winnipeg is a large shallow lake, thirteenth largest surface area in the

world, seventh largest in North America and the largest 'reservoir' of the Manitoba

Hydro system. The average depth is less than 15 m and its surface atea is

approximately 23700 square kilometers (kmt). The lake can be divided into th¡ee

sections. The small south basin, the large north basin and the narrow section between

these two basins. The waters flowing into the lake come from Saskatchewan River,

Red River, Winnipeg River and Berens River, mentioning just those rivers with a

significant inflow. Outlet of Lake V/innipeg is the Nelson River at the north east

corner of the lake. The outflow is partially controlled at the Jenpeg Generating Station

about 100 km north of the lake.

Since November 18, 1970 Manitoba Hydro has had a licence to regulate the level

of Lake Winnipeg. The plan specified that the level of Lake Winnipeg would be

maintained between 276.7 a¡d 217.9 meters above sea level.

From the establishment of the first gauge station at Winnipeg Beach ln 1913 until

the establishment of the gauge station at George Island in 1983, there were several

changes in the stations locations and their elevation adjustments, that now in the

measured levels incorporate the water level difference caused by the earth's rotation.

Since the last changes in 1983, there are eight gauge stations with the daily records on

Lake Winnipeg. The gauage network is operated by Water Survey of Canada. Figure

2.2 shows the location of the stations.

i5
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The surface of the lake is not flat. The wind action is the most important cause

of the non-uniform lake level. This set-up can resuit in water level differences of as

much as 0.6 m from one side of the lake to the other. The effect of the rotation of

the earth, that the water tends to rise near the earth's equator, also results in

nonuniform water level. Furthermore the gauge stations are also constantly breaking

down. Since most of the time they are not completely broken, it is difficuit to say

whether ot not the recorded level is correct. Therefore, a good method to use the daily

recorded levels and provide an accurate estimate of the 'official average' lake level is

required. In the past, many techniques were used. First, a hand drawn method was

used with daity data at Gimli as a guide. The subsequent methods included theoretical

determination of wind effects and numerous mathematical smoothing techniques. These

are briefly described below.

Theoretical Determination of Wind Effects

A model developed by Dr. E.J. Fee, which incorporates wind effects, was

successfully used on Green Bay of Lake Michigan. Modei appücation on Lake

V/innipeg did not perform satisfactory, because of the complexity of the geometry, ihe

size of the lake and rhe presence of thermal stratification (ad hoc Committee on Lake

V/innipeg Datum 1982).

Lake Ontario Model

The model developed by The Advisory Committee of the International St.

t7



Lawrence Board of Control for Lake Ontario has a capability for eliminating the wind

effect. In spite of the fact that the model is based on a simple arithmetic process, the

application to Lake Winnipeg was impossible because of an insufficient number of

gauging stations (ad hoc Committee on Lake Winnipeg Darum l98Z).

n-ake Erie Model

A model developed by Ontario Hydro for Lake Erie was considered possible for

successful application on Lake Winnipeg, because of the similar complexity in

geometry, and similarity in the size and depth of the nvo lakes. The cause of the

unsuccessful application was an insufficient number of real time meteorological stations

available to provide input for the model (ad hoc Committee on Lake Winnipeg Datum

1982).

Empirical Mathematical SrnoothinE

Many models, from suaight arithmetic average of all recorded levels, to three,

five, seven days moving average model for stations Berens River and Gimli to the

recom.mended procedure now in active use have all been used for water level

estimation on Lake Winnipeg.

The procedure presently used is a three step smoothing process. The weighting

coefficients are in inverse proportion to standard deviation of each station's

successively measrired level. In the second step the obtained level is further refined

in the sense that the maximum daily water level change is + 0.0183 meters. This is a

18



maximum possible water level changes caused by large outflow and low inflow in the

lake or vice versa. In the third step, the sawtooth shape of the daily calculated water

level from the second approximation is further smoothed. In the particular day the

water level is averaged with the two previous and two following days (ad hoc

Committee on Lake V/innipeg Datum 1982).

A second method, cumently used in Manitoba Hydro, is called the rational model

and is based on the water mass balance. This method gives a weekly water level

estimation and can be formulated in the following form:

S,*, = Si - ES, + ( In + I, + Ir - Q" ) * t (2.7)

where: S, is the stored water volume in the Lake V/innipeg in week i, Io is the

regulated, known, inflow (such as Red River, Winnipeg River and Saskatchewan River),

I, is the significant precipitation occurring on Lake Winnipeg, n" is the unreguiated,

unknown, inflow, Q* is the Nelson River outflow, ôS, is the storage change in the

Playgreen Lake and Jenpeg forbay, and T' is the time step.

The warer volume in Lake V/innipeg is estimated by Thiessen polygons using

seven day averaged water level records for each gauge station. The water volume

change in the Jenpeg forbay is estimated by Jenpeg forbay water level record. In the

inflow-outflow part of Equation (2.7) for unregulated inflow, lt, a two stsp averaging

procedure is used.
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Weekly unregulated First step averaging Second step averaging

{ll3 * (a,u+a,r+a,)}

{l13 * (arr+a,o+a,r)}

{I13 * (a,o+a,r+a,r)}

{U3 * (a,r+a,r+a,,)}

{t13 * (a,r+a,,+a,o) }

{I12 * (a,,+a,o)}

inflow

ti-sl
ti-41
ti-31
li-2)
ti- 1l

til

âls
a,^

àtz

àn
âu
ilro

,¡3 * (li-61+[1-5]+[i-4] l
1/3 * ([i-s]+ti-41+[i-3]]
1¡3 x (i-41+[i-3]+[i-2] ]
t¡3 x {í-31+[i-2]+[i-1] ]
I/3 * (lí-21+[i1]+[i]]
1/2 * ([i-l]+[i]]

This calculation is made in a spreadsheet and the obtained result, S, is easy to compare

with the measured water levels. If a weekly water volume change shows unrealistic

value then further investigation of the input data set is needed (ad hoc Committee on

Lake Winnipeg Datum 1982).
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3 TF{ETRET CAT, ÐEVE{,TPMtrNT' OF'' T'F{E

KRTGNNG TNT'ER.PTT-AT'{TN MÐT'F{OÐ

The theoretical basis of the Kriging interpolation method will be presented in this

chapter. The first secúon describes the empirical and theoretical semivariogtam. In

the second section the Kriging system is presented together with the discussion related

to the determination of the weighting coefficients and the reliabiliry of the estimated

value.

3"1- SEMTVAR OGR.AM

Before defîning a semivariogmm some basic assumptions should be established.

It is assumed that the field of measurements represents a statistically stationary field.

That means, that the difference in registered data between any nvo points in the field

depends only on the distance between these nvo points (and possibly on the relative

orientation in the field), but not on the iocation in the fieid. If different orientations

have no effect on the property difference between two points at the same distance, then

this represents an isotropic case. For most real-world problems the assumption of an

isotropic case is made, although this is seldom actually true. A shortage of data

necessary to quantify the anisotropy leads to this assumption.

Recall the assumptions from Section 2.1 that there are l{ observation points

x1e xzt..., Xiv with respective measured properties of Z' Zr, ...rZn. For any sample

point x, which is separated from another sample point by distance h denoted by x'+h
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it is possible to define

magnitude as:

the average sum of squares of the difference in sample

1

2f.(h) = -
n

I Z,(x) - Z,(x+h) l2 (3.1)

where: n is the number of data pairs used in the calculation, zf(h) is the empirical

variogtam value for separation distance h, and I*(h) is the semivariogram value. Both

the variogram and semivariogram are just a function of separation distance h. The

units of zf(h) and I*(h) are the same and equal to the square of the units 2,. The

semivariogram is defined as a calculated value of I*(h) for various distances and is

plotted as a diagram of I* versus h. On this $aph are as many points as number of

separation dist¿nces between two points.

For a rectangular, regular mesh of measurements points where the samples were

taken at distance ðh the semivariogram has a value at every distance step of ôh.

However, this type of measurement network is very rare in the real world, because for

most cases the distances are not equal between two measured points. In those cases,

distances can be classified to obtain a reasonable number of pairs for each distance

class. In both cases, in regular mesh and in random sampled points, as the distance

increases between points, less pairs of points are included in the calculation. It follows

that points on the semivariogram graph closer to the origrn (for small distance h) will

be more reliable than those with greater distances. This is an important consideration

when interpreting the empirical sample variograms.

In addition to the above mentioned semivariogram as defined in Equation (3.1),

there are some other definitions.

n
t
i=1
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Semivariogram defined by Huber (1964)

2f.r(h) = Q, I Z,(x) - Z,(x+h) l2 (3.2)

where Qo is the qth quantile of the squared differences for distance h. This is an

optimal estimator for contaminated normal distributions.

Definition by Cressie and Hawkins (1980) is:

i
2f.(h) = ----- {median[(2,(x) - Z,(x+h))']'^]o (3.3)

0.457

Other scale estimators of the variogram are Dowd (1984):

1n
2f.(h)={- zlz,çx¡-2,(x+h)l}'? (3.4)

n i=1

and

zf-(h) = 2.198 {median I z,1x¡ - z,(x+h) l}' (3.5)

In general the quantile variogram does not grve good results when used in an

interpolation model. Others give fairly good and similar results. The only difference

is the complexity of calculation required. Which calculation method will be used

depends on the user calculation capability and the nature of the observed property as

weli.

At the separation distance of zero, Z,(x)=7,,(x+h) so I*(h)=0. The semivariogram

passes through the origin on the f* ve¡sus h diagram. However, it is possible that two

distinct points, even very close to each other, show a difference with a variance equal
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Figure 3.1 Behaviour of smivariogram near the origin

to the so-called nugget effect.

The term "nugget effect" gets its name from the gold nugget deposits, where the

gold grade varies a great deal, depending on whether the point is inside or outside a

nugger. The term has been kept to describe the discontinuity of the variogram which

may be due to a distance on a scale much smaller than the spacing of the data points.

In that case the semivariogram does not pass through the origin, but has a

discontinuity at the origin. This can be explained by the fact that the observed

property is very irregular at small separation distances. As the separation distance

increases the vaiue of f'(h) must be non-zero and because of the definition of

the variogram, the I*(h) value is always positive. The semivariogram near the origin

can have several different shapes. Mostly it is linear as in Figure 3.1.a, parabolic as

in Figure 3.1.b, or flat, (i.e., a pure nugget effect) as in Figure 3.1.c. The value of f*

increases as separation distance rises, as shown in Figure 3.2.a, except in the pure

nugget effect case. In some cases, the value of I* variance i¡creases until some point

where a further increase in the separation distance does not lead to increased value of
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a) Ganrr'ra(h)

Figure 3.2 General shape of semivariogram

l. variance. In such a case, the variogram has a sill and a radius of influence, as

shown in Figure 3.2.b. At the separation distance h when the variogram approaches

a constant value f*., called the sill the separation distance h is called the radius of

influence a,. Radius of influence and at that certain point the sill-value of

semivariogram is important to define because if the semivariogram has a decreasing

slope after a certain point (radius of influence), the influence of these far away points

will be higher than they should be. In that case the value of semivariogram will be

equa-l to the sill for separation distances greater then the radius of influence. In this

way, it is possible to avoid large weighting coefficients for these points further than

the radius of influence. ln other case, if the semivarioglam has a constantly increasing

slope, the radius of influence has an equally important role as in the previous case now

to avoid a relarive big difference between semivariogram vaiue for small and for large

sepa.ration distances. This is important in order to avoid negative weighting coefficients

for distant points.

ln practice it is impossible to use the experimental semivariogram directly. It is
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necessary to fit a theoretical model to the experimental semivariogram. There are

many different approaches for finding a suitable model for the experimental

semivariogram.

The simplest theoretical model is the pure nugget effect as:

f(h) = 6

This model has a constant value C which is independent of the separation distance h

and equal to the nugget effect.

The linear theoretical semivariogram model is the next simplest and has the form:

f(h)=b*h (3.7)

where b is the slope of the line and h is the separation distance. This model has no

sill and no radius of influence, however the value of f(h) rises as separation distance

increases.

The nonlinear power model, used very often in hydrology and has the following

form (McCuen 1986):

f(h)=b*h" (3.8)

where c is the power coefficient. When c is equal to 1 the power model becomes the

linear model. Only in the case when c is less than 0 does the model have a radius

of influence and a sill (Figure 3.2.b).

The exrension of the power model is a linear combination of separation distances

raised to a power as:

(3.6)
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m
f(h)=Ib,*h'

:_1
I-I

(3.e)

The summation is usually made for th¡ee terms, (i.e., m=3;. A large number of terms

gives a better f,rt to the experimental model but it is always a question, how closely

should the theoretical model follow the experimental model's fluctuation, which could

be a nonphysical nature.

The logarithmic or deV/ijsian model (McCuen 1986) has the following form:

f(h)=b*ln(h)

This model also has no sill. If the separation distance scale is logarithmic the

semivariogram model plot will be a straight line.

The exponential model provides coefficients which control the sill and radius of

influence. The form of the modei is:

f(h) = f, t 1- exp(-hla) I (3.11)

where the a. controls the rate at which f(h) approaches the sill and f. is a sill value.

This model has a fixed shape (McCuen 1986).

Most physical processes can be modelled by a spherical model given as:

(3.10)

(3.r2)f(h) =
f, whenh>4

l,(3h124 - h3l2a:) when h =( â,

The above mentioned forms of theoretical semivariogram can be used in

combination. The most com.mon combination is a pure nugget effect plus one of the
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above mentioned theoretical models (McCuen 1986).

The method used to f,rt the theoretical model to the experimental semivariogram

can be selected by the user. The fit of theoretical model to the experimental

semivariogram must be tested. If the selected theoretical model does not reproduce the

sampled property in the Kriging model, then another model needs to be selected and

tested again. Note that in the development process of the theoretical semivariogram,

the emphasis is more

semivariogram than on

on

the

the general shape and behaviour near the origin of the

theoretical model strictly following every fluctuation of the

experimental semivariogram.

The semivariogram has an important role in the Kriging interpolation method.

On the basis of the theoretical semivariogram, the weighting coefficients for each of

the measured points are determined. The weighting coefficients are inversely related

to the f(h) value from the semivariogram model. In a number of situations, it may

be possible to avoid calculating a semiva¡iogram, or simply, there may not be enough

available data to calculate the semivariogram. However, the disadvantages involved

(that the real behaviour of the observed property is not presented), are not always

worth the trouble they can save. In that case it is necessary to choose one of the

theoretical semivariogram models. For most hydroscience problems, especially in case

of groundwater estimation, the spherical model gives a fairly good results. It is

necessary to estimate parameters a. and f, for this model and to test them by the

Kriging model.
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3"2 KRTGmG SVST'ÐVÏ

In order to be able to deal with phenomena where the hypothesis of constant

expectation is not acceptable one more assumptions will be innoduced. This non

constant mean situation could happen in the case of hydraulic head or thickness of

mineral layer in an orebody.

The expectation of the studied variable Z,(x) is a function

m(x) = E [2,(x)]. This function, m(x), is used to deal with d¡ift and it is assumed that

it is regular enough to be expressed locally as:

k
m(x)=Ea'f'(x)

l_1
I_I

(3. i3)

where f, is a given basic function and the a, are unknown coefficients. In a case

without a drift it is also possible to express rn(x), where the basic functions will be

identically equal to one and:

m(x) - a, (3.14)

For the estimated value of the Zo, where 0 indicate a point, it is considered to

be a weighted average of the available collected data:

N
Zr'=2urZr(x)

:_1
l-.L

(3.1s)

where the asterisk indicates the estimated value.

The problem is to find the set of weights a, which will give the best estimated value
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of Zo'. The best estimate is one for which the weights cq are unbiased, giving non

systematic over- or under-estimate, and optimal, minimum mean square e ror. These

conditions can be mathematically expressed as:

EL . -7"1 =0

varlZo. -Zol= minimum

(3.16)

(3.r7)

With the combination of Equations (3.16) and (3.13), the unbiasedness condition

becomes:

N
El%" - '2") = E[Ð a' z'(x) - z")

i=1

Nkk
=Ic[i(Ea,f,,)-Ia,t,
i=1 i=l l=1

KN
=Iâr (Ðg'f"- f't) =0 (3.18)
l=1 i=i

where f,, - f,(x,) and

T(
f,.=- lr,C*l¿*

S Js

where S indicate the domain of interest, and the integration is made over the domain

of interest.

Equation (3.18) which express the unbiasedness, must be fulfilled, which results in:

N
I cr, f,, - fis = 0 1=1,k

i=1

30
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Taking that f, = 1, (i.e., there is no drift) and the function which describes the drift

becomes constant, then the first constraint will come out as:

N
Ecr,-1=0

:_1t- I

(3.20)

The error terrn can be written in a form as a linear combination of differences between

observed and real values:

rya -r 
N

t-a - r.o - Z a,Zr(x) - Zo = I' o' ( Z,(x) - Zo) Q.2l)
i=1 i=l

The variance of this enor can be expressed in terms of the variogram:

varl '-7"1 =El(u'-^)'l
N

= E[( 2 u, Z,(x) - Zo )'l
i=1

NN N
= -f I cr, % 1,, + 2I ø, f,. - f.. (3.22)

i= 1j= 1 i=1

where: f,, = f(x, - x¡ ) - is the value of the variogram benveen two experimental points

x, and x,

L(
I

f,s = - I f(x, - x)dx - is the mean value of the variogram
S Js

between the point x, and a point describing the domain S
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r ((
f., = - [ | f1*-*')dxdx' - is the mean value of the variogram

S' JrJt

between two points independently located within the domain S.

Minimizing the quadratic form of cr, in Equation (3.22) under the constraint set

in Equation (3.19), which expresses the unbiased condition, the following linear system,

called the Kriging System, is obtained:

NK
I cr, fu + Ð Lr' f,, = 1* i=l,N (3.23.a)

j=l l=1

N
(3.23.b)

For the case to estimate the property at point, i.e. the domain is reduced to a point,

it is necessary to substitute:

f,, by f'o = f'(q)

l. bY f'o = f(x' - xo)

f5bYf*=f(xo-x'o)=0

The solution of this system of n+k linear equations with n+k unknowns gives

n weights cq and k Lagrange multipliers p'.

When the weighting coefficients are obtained, at the optimum, it is possible to

substitute:

Xqf¡=f,.
j=1

l=1,k
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NK
Ðu,fu-f,.-Ilr,f,.

j=l I=1

and ca-lculate the estimation variance as:

(3.24)

d* = var lZ'o - 4l = X cr,f,, * Ð p, f,, - f.,
i=1 l=1

(3.2s)

(Derivation of Kriging System and Kriging Error is based on Delhome 1978)

For the case of a point estimation, like frnding the average value over mesh,

there are as many Kriging systems as there are nodes for which the estimates are

required. If the system has the property that all the experimental points are taken into

consideration, then only the right hand side of the Kriging system changes. Thus, it

is necessary to invert the basic matrix of the Kriging system only once. However, if

the number of experimental points is large (greater than 15 or 20) then it is the case

of a moving neighbourhood. In such a case only 15 - 20 observations will be taken

in the computâtion, and the whole Ikigrng system must be solved for each node.

This remark is related to saving computation time.

In applying the Kriging system for estimation, the distances between the

estimation points, between the estimation point (domain) and the experimentai points,

and finally the semivariogram (f versus h diagram) shape are taken into account. The

Kriging system gives higher weights to the closer points when the semivariogram has

a regular form. Regular form is defined as the one when the theoretical semivariogram

passes through the origin and has a continuously rising shape. If the point where

estimate is required is identical with the experimental one, the solution of the Kriging

N
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system glves:

-1-l

-0

the case is that Z"o - Zr(x), i.e., that the Kriging is an exact interpolator. The Kriging

variance in the case has zero value.

If the semivariogram is a pure nugget effect, the Kriging system will give an

average weighting coefficient for each of the experimental points. A difhculty may

arise if a nugget effect combines with a rising shape for the semivariogram. At an

experimental point, the Kriging system will remain the exact interpolator, but outside

of those points, the Kriging system leads to an estimate where the chaotic component

is filtered out. This case is characterized with a local discontinuity around the

measurement points.

For the optimization of the measurement networks it is meritorious that the

Kriging system takes into account, especially in the calculation of the variance, only

the srructure and the geometric configuation of the data collection points and the

estimadon point (or domain). The optimal network configuration does not depend on

the actual measured vaiue.

3.2.1 SOME R.ECOMMEh{DATIONS TN T'HE CAT-CUI.A,T'XON OF TF{E

KRNGTNG SYSTEM

Negative weights

In some situations it is possible that negative weights may be obtained. This

for i=j

for í*j

c[i

c[i
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happens mostly when the theoretical semivariogram does not have a sill and radius of

influence. The difference between the f value for close and for the point far away

is relatively large. Therefore, the Kriging system will be weighted with negative weight

for the fa¡ther measured points. If this negative weight is not significant, (i.e., absolute

vaiue of all negative weighting coefficients must be less than any positive weighting

coefficient), a rough solution can be obtain by replacing the weights as:

lcr,l
di = ------

I lcr,l

(3.26)

In the case of significant negative weights, it is necessary to recompose the theoretical

semivariogram. In some cases it is sufficient just to reduce the radius of influence'

This will reduce the difference of the f value for different points and as a result the

weights will be more uniform. There wili still be some difference in the weights for

the close and for the far away points, but all the weights witl be positive' In other

cases, the whole process of the development of the theoretical semivariogram must be

repeated. The new theoretical semivariogram requires a smaller slope, increased

discontinuity (nugget effect) at the origin and a defined radius of influence.at a certain

point, in order to avoid negative weights in the solution of the Kriging system'

Outliers

It is also possible using Kriging variance to find which measured point is out of

the acceptable estimation Iange. This is a comparison between squared difference of

estimated vaiue Z',(x) and the measured value Z,(x) and the Kriging variance o2*
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multiplied by coefficient k as:

lZ,(x) - Z',(x)l'> kd* (3.27)

where o2* is a Kriging variance and &r is a coefficient which usually has a value

between 2 and 9. For each case the value of coefhcient k must be determined. For

the higher value of k coefficient there are more significant the influence of every

measured value on the estimated value, however, for the small value of k coefficient

the criteria that the measurement is outlier will be considered even for the small non-

uniformity in the measured data. If the statement in Equation (3.27) is true the 52,

value needs to be caiculated as:

lZ,(x) - Z',(x)l'
o2-ù ¡ - ------

cd*
(3.28)

where the coefficient c is between 0.5 and 1. The 52, value represents the normalized

variance. As the 52, value is bigger, i.e. the difference between estimated and measured

value is large, the effect of reduced weight for the outlier data will be more significant.

In this process, it is also necessary to chose the c coeffrcient. For small values of the

c coefficient, the penalization is more significant. Therefore, the Kriging system of

Equation (3.23) witl be modified and recalculated as:

NK
E cr, f,, - o,St, + E !r, f', = l,

i-l I=1

N
2,q

j=1

i=1,N

l=1,k
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In this way the calculated weights for measured points which were found as outliers

will be reduced and these points are filtered out from the interpolation process.

In summary, the process of Kriging interpolation method could be summarized

as:

i) Use historical data to obtain an experimental semivariogram,

ii) Fit the theoretical semivariogram model to the experimental one,

iii) Test the theoretical model with the Kriging System, Equation (3.23), if not

satisfied, go back to ii)

iv) Use the Kriging system of Equation (3.23) to obtain the weights and later the

Kriging va¡iance by Equation (3.24),

v) Check for possible outliers and if there a¡e some, calculate the 52, values and

solve the modified Kriging system of Equation (3.29),

vi) Repeat the steps iv) and v) for all estimation points.

The flowchart of the algorithm is shown in Figure 3.3
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HISTOzuCAL DATA

EMPIRICAL SE MIVAzuOGRAM

THEO RETICAL SEMIVARIOGRAM

TEST THE THEORETICAL

SEMIVARIOGRAM

MEASUREMENT INPUT
FOR TFIE CHOSENI DAY

CREATE TFIE BASIC MATRD(

CALCULATION OF RHS COEFFICIENTS

SOLVE THE KzuGI}{G SYSTEM
F'OR PARTICULAR NODE

CFIECK OUTLIER STATIONS
REMOVE
OUTLIER
STATION

GO TO THE NEXT NODE

GRAPFTYCALLY PRESENTED SOLUTION
WATER LEVEL - KRIGING ERROR

SATISFIED

Figure 3.3 Flowchart of the Krigrng algorithm
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4 APPT,{C.&T'TTN OF' KR{GTNG F''OR T.AKE WNNWÐG

WATÐR ,EVÐT, EST MAT{ON

ln this chapter, the application of the Kriging technique for the Lake Winnipeg

water level estimation is presented. In the first section, the semivariogram model for

Lake Winnipeg with special characteristics identified through the deveiopment phase

will be described. Following section reports the application of Kriging system to the

Lake V/innipeg rvater level data. The last section of this chapter summarizes the

algorithm for the Kriging method and makes recommendations for its use for the Lake

V/innipeg water level estimation.

4"1 SEMMR{OGR.4pï

Currently, eight gauge stations are located on the Lake Winnipeg. Two of them

are in the south basin, two are in the narrow section between the south and north

basins and four stations are in the northern basin (see Figure 2.2). The selected

semivariogram is, after discussion in Section 3.1, as Equation (3.1) and calculated by

computer program presented in Appendix B.

1n
2f'(h) = - Ð L Z'(x) - Z,(x+h) )z

n i=1
(4.1)

The assumption is that the water Ievel difference between two points does not depend

on the direction, just on the separation distance. It was necessa.ry to introduce the

39



assumption, because there are a limited numbe¡ of experimentai points in a random

location (not on the regular grid nodes). With these location of experimental points,

it was impossible to develop a directional experimental variogram to take into account

a measurement difference as a function of the direction. Thus the case study is

considered as an isotropic case.

Since in this case there are eight gauge stations, the combination of eight by two

gives 28 pairs of points. Each pair corresponds to a different separation distance.

Classification in distance classes in this case is not useful, since the number of

experimental points is small. Instead of the unit step, the actual distance is used on

the semivariogram distance scaie. In that way the continuity in the semivariogram

shape is preserved, but on the other hand for each distance only one pair of points is

available. In order to avoid this, one more assumption is introduced. The probiem

wilt be not considered to just exhibit spatial stationarity, but also time stationarity will

be inrroduced. This assumption means, that the expected difference between two points

will be the same, and is independent of the date used for calculation. Thus, in

Equation (4.i) n represents the number of days when in both observed stations there

are recorded water levels. If for some reason, even one observation is missing, this

day will be skipped and not taken into account for experimental variogram calculation.

In Appendix A, where the raw input data are presented, the zero value means that at

that day no measured data were available for that gauge station.

The dara (daily recorded water level) were provided by Manitoba Hydro. On the

basis of these data, it was possible to calculate the experimentai semivariogram. The

calculation was made for one year (1987) separately for each month. The year 1987

was chosen, because this year shows an average "behaviour", without a large
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irregularity in the recorded levels. irregularity, in this context would imply that the

recorded wate level jumps at some station in an unrealistically high amount. An

additional irregularity would arise from many intemrptions in the recorded data.

The obtained monthly experimental semivariograms are very inconsistent among

themselves, meaning that some of them have a different shape and also a different

maximum, sill value. In order to avoid the fluctuation of the monthly semivariogram

shape, 5 and 10 days averaging of the recorded levels was made. The data prepared

in that way were used for experimental variograms calculation. This, however, did not

lead to an acceptable solution. Smoothing effect of the averaging process did not

change the shape of monthly semivariograms. They remained inconsistent.

In the following analysis, the data base was extended from year 1982 to 1988.

Additional daily water level records were provided by Manitoba Hydro for each of the

eight gauge stations. Further monthly semivariograms were calculated for years from

1982 to 1986 and for 1988 year. So the comparison of monthly semivariograms for

different years finally was possible. Also, yearly semivariograms were computed, but

results were not acceptable. Calculated values for experimental semivariogram showed

a large dispersion on the f* versus h diagram. Finally, it was concluded, that two

distinct seasons can be distinguished in a yeaÍ, namely; the winter, or lake with ice

cover, and the suûìrner, or lake without ice cover season. The winter season consists

of December, January, February, March and April and the sulnmer season of May,

June, July, August, September, October and November. The difference between these

two seasons is that during the winter season, the difference between two measured data

at different measured points is iess, even for a big separation distance, than the nugget

effect in the summer season. This observation is possible to explain by physical
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phenomena, that in the winter season the wind effect is essentially completely

eliminated by ice covering. Thus, the fluctuation caused by wind is filtered out. The

remaining difference between the recorded level is primarily a measurement error.

The next step was the development of a theoretical semivariogram. The chosen

form of the theoretical semivariogram has been described in the Section 3.1 in Equation

(3.9). This kind of theoretical semivariogram is very easy to determine and there are

many softwa¡e packages which can easily fit the regression model to the experimental

points by the least squares method.

The final decision for the winter semivariogram was the three term polynomial

regression model:

f (h)=6.99964+0.00009 *h- 1.36* 1 0-6*h2 (4.2)

where distance h is in the 10 of kilometres. In that way, the theoretical semivariogram

for winter season has a nugget effect value c=0.00064 [rnt] and a sill value of

f,=0.00213 [m2] at the radius of influence of a,-330 [im]. This radius of influence

has been selected as the maximum value of the f(h) function Equation (4.2). This

feature is important in order to avoid un¡ealisticalty high weighting coefficient for

distant experimental points. The winter season theoretical semivariogram shown in

Figure 4.i is very flat. This flatness also indicates the ratio of sill f. and the nugget

effect value c as a value of R=3.3. This ratio gives an indication of relative

importance of weighting coefficients. If this R value is close to unity, the more

significant is the tendency of averaging, and less signif,rcant is the influence of

separation distances between stations themselves, distances between estimated point and
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experimental points, and vice versa. Another effect which can be indicate by ratio R

is the Kriging enor. By increasing the ratio R the Kriging error will also be inffeased.

The summer theoretical semivariogmm shown in Figure 4.2 also has the form of

Equation (3.1) with following four terms:

l-(h)=6.69 1 06+0. 000 1 2*h+0. 0000z*hz - 4.6'* I 0* * h' (4.3)

The nugget effect for the theoretical semivariogram for summer season is c=0.003.06

[m']. The sill of f.-0.01.6tr9 lm'?] at rhe radius of influence of a,=250 [km] is selected

after several tests performing by the Kriging system in order to avoid high (in the

sense of absolute value) negative weights solutions for experimental points. In this

way, the theoretical semivariogram is somewhat truncated, but the solution obtained by

the Kriging system shows reasonable weighting coefficients. The break point at the

distance of radius of influence means that the effect of experimental points furthe¡ then

a" have the same influence, and is independent of the actual separation distance.

4.2 KRXGïNG SVST'EM

Because of the very irregular configuration of the Lake Winnipeg, the punctual

Kriging method has been used for water level estimation. The name "punctual" means

that the water level is estimated at many points over the lake a¡ea. The estimated

average lake level is the mean value of the point estimations.

For the sake of simplicity, the estimated points will be located on a regular mesh.

The grid size is 41 X 78 [*10 km]. The Lake Winnipeg area with the eight gauge

starions is fitted in this grid system. The nodes which are covered by the lake area
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will be the points of interest for estimation. In this case there arc 234 nodes. In the

later phase of the analysis, for the graphical presentation of the results, the previously

mentioned resolution was insufficient. Therefore, the number of nodes for estimation

was doubled in both X and Y direction so that total number has been increased to 962.

The difference in estimated mean wate levels was in the range of 1 to 2 cm with low

and high density gnds. This establishment is important for the reason that: if the goai

is just to obtain the mean water level with the average confidence interval, then it is

sufficient to make a calcuiation for a low density gnd system, because the calculation

is much faster. However, if besides the mean water level the user is interested in

additional information, such as a water level distribution on the lake or the local

confidence level, then it is worth spending the additional computer time to make a

calculation with the high density gnd system.

[A] =

ârr àn ãts âr¡¡ âr¡¡*r

e¿t a Lzt . a2N âzN*r

ãt àsz àst â¡x â¡N*t
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âNr âNZ â¡¡s
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âN+lN âN+tN+t

b"
hu*,

In the Kriging system, tAl * [X] = [B] as described in Section 3.2, all of the

experimental points were always included into the system for water level estimation.

Therefore, it was sufficient to define the basic matrix once, which is the function of

the gauge starion locations within the lake area. This is the first step of the calculation

in the Kriging system. The size of this matrix depends on the number of available

records. If for some gauge stations, data are not availabie for the day chosen for
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estimation, this gauge has been eliminated from the calculation. The size of the basic

quadratic matrix [,4.] will be N+tr, where N is the number of available recorded water

level for the particular day. Due to the assumption that there will oniy be one

Lagrange multiplier, the assumption implies the water level is flat as in ideal case.

Therefore the constraint set explained in Section 3.2 as Equation (3.19) is reduced to

the one constraint as it is shown in Equation (3.20).

The coefficients in the basic matrix are the values of the semivariogram for

different separation distances. The coefficients a4z, azj, ... , àes, in general â¡¡*1, have

a zeÍo value, because these coefficients represents the f(h) value at the separation

distance zero, in other words the distance between the stations themselves. The zero

values are denoted on the basis of the definition of the semivariogram, although for

both the winter and summer season, there is a nugget effect value for h-0 distance.

Coefficient a,, (i>1, jcN+l and j is not equal i+1) is the f(h) value at the separation

distance between gauge station i and .i. The minor matrix from 8z,r to an,n*, is

symmetrical, because the distance between the station i and j is the same as between

j and i. Coefficients a,,, where i=n,N are equal to unity. These are coefficients for

Lagrange multiplier. In this case, there will only be one Lagrange multiplier, because

the assumption is that there is no drift on the lake, because the water level is flat in

an ideal case. CoefficientS ârv*r,i where i-2,N+tr have a value of unity. This describes

Ecluation (3.20) which is the only constaint in this case. The coefficient aN*1,1 has a

zero vaiue.

The next step is the calculation of the right hand side of the Kriging system.

These coefficients must be def,rned for each estimation point. The right hand side

coefficients b(i) i-X.,N have values of semivariogram for separation distances between
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point of estimation and the gauge station i. The coefficients b(n+L) have a value of

unity in order to satisfy the constraint defined by the equation (3.20). Coeff,rcients

on the right hand side shouid be developed for each of the estimation points.

In the next step, the above defined Kriging system has been solved. This is a

system of N+1 iinear equations with N+1 unknown variables. N weights for weighting

l{ observation points and one Lagrange multiplier have been determined. The system

is solved by Gauss-Jordan elimination and the obtained results are used for further

calculation.

The weighting coefficients obtained from this process are examined for negative

vaiues. If there are some negative weights, then the weighting coefficients should be

recalculated following the recommendation of Equation (3.26).If in the soiution of the

system of linear equations, all weighting coefficients have a non-negative value, then

the correctional calculation as in Equation (3.26) should be skipped.

Further, weighting coefficients a¡e used for calculation of the Kriging error.

Kriging error can be calculated as a square root of Krigrng va¡iance defined by

Equation (3.25). Using the Kriging error, it was possible to check which gauge station

is out of the estimation range. To perform this task some judgement was necessary.

A multiplier k needs to be defined. Selecting the value of this coefficient k,

determínes decided how large the estimation range will be. The estimation range is

defined as:

ER=or*k (4.4)

where: ER. is the estimation range, o is the Kriging error, and [< is the multiplier

coefficient. The estimation range also depends on the Kriging error and Kriging error
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depends on the weighting coefficients. Going further, the weighting coefficients depend

on the parameters of the system of linear equations, which are nothing else than the

value of f(h) function. In that way, there leads back to the basic, historical data. If

the slope of the semivariogram function is steep, then the Kriging error will be greater

than when the slope is less steep. If the slope of the semivariogram is less steep, then

the historical data were more uniform than in the case when the slope of the

semivariogram is steep. The physical expianation of this is, if water level records are

uniform then the Kriging error will be less, and if water level records are less uniform,

this means iess reliability.

The above mentioned statement faithfully illustrates the observed semivariograms

for Lake Winnipeg, for both the winter and for the summer seasons. The winter

season semivariogram is very flat (the ratio of the sill and the nugget effect is R.=3.3).

However, in the surr.mer season this ratio is R=!.5.2. Thus the Kriging error for winter

season is about one half of the Kriging error for the summer season.

In this case, for Lake Winnipeg water level estimation, the k coefficient is set to

2. This establishment is done on the basis of the test with different k values. The

best results for the filtering of the known outlier data is achieved with the small k

value. Then if some of the measured water level are wrong, the effect of this

measurement is located just in the limited radius around the questionabie station. If

some of the gauge station measurements fall out of the range which is defined as an

estimated value +/- ER, then the S, coeff,rcients are calculated for each outlier station.

These S, values are placed in the basic Kriging system, as described in the Section 3.2.

The new sysrem (3.29) is then solved again to obtain new weighting coefficients. The

purpose of these S, coefficients is to decrease weights related to these outlier measured
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records. In that way, the effect of suspect recorded data could be filtered out.

The Kriging error changes from estimation point to estimation point. It is

possible that for some region of estimation points the i-th recorded level will be an

outlier. It is also possible, that around this i-th gauge station only this recorded level

will be found in the estimation range, while all others will be found as outliers,

because the close gauge station have a high weighting coefficient and to the point

estimation this close station have the greatest effect. This could happen oniy in the

small region around the i-th experimental point, because of the nugget effect, which

decreases weights for the closest measured point, or in other words, allows higher

influence on the estimation from the rest of gauge stations compare with the case that

there are no nugget effect. In this case the Iftiging error wiil have a peak value at

that suspect experimental point, because in the estimation process the influence of

other measruements will be decreased and the estimation in that way will be less

reliab1e.

4"3 KRIGÏNG A{,GÛRÏT'F{M ANÐ SÛME RECOVï$/ÏENÐ.ATIONS

F'OR. THE EST'{MAT'TON PR.OCESS

The first step in the application of Kriging technique is the semivariogram

development. It is beneficial to have sufficient data which may give a good

characterization of the va¡iable for estimation, in this case Lake Winnipeg water levels.

In the phase of fitting the theoretical semivariogram to the experimental one, the major

effort should be on preserving the shape of the experimental semivariogram. The
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theoretical semivariogram should be tested, using the Kriging system, to justify the

selection of the proper semivariogram. The weighting coefficients obtained by Kriging

system, should be positive. If this is not the case, recalculation by Equation (3.26) is

required. However, this correction is only possibie if these negative weighting

coefficients have smaller absolute values than any of the positive weighting coefficients.

If not, then a revision of the semivariogram structr[e is necessary. The negative

impact of the negative weights is not just on the estimated value but also a wrong

Kriging error determination as well. It is recommended to test the semivariogram for

different combination of the available data. Tests should be done for cases where

recorded data are available at each station, and also when data exist on some stations

only. Comparing these results will help in deciding if the theoretical semivariogram

satisfies the required conditions or not. Once the semivariogram satisfies the criteria

of the estimated property, the Kriging system may be used for estimation.

The actual use of the Kriging estimation system starts by making decision for

which day the water ievel will be estimated. The program constructs (computer

program listing is presented in Appendix B) the basic matrix for Kriging system. The

size of this matrix depends on how many recorded measurements are available for that

day. After that, the water level estimation and Kriging error are calculated for every

node. At every node every measured value is checked for possibility of being out of

the estimation range. If some of the measured records are found as outliers then the

S, value is calculated and the modified Kriging system described by Equation (3.29)

is resolved. In the meantime, the outlier stations wiil be counted for later evidence.

When the calculation is finished for every node, the mean estimated water level and

the mean Kriging error are calculated. Both values are presented on the screen with
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the number of outlier occurrences for each gauge station. This way, it is possible to

decide which measured record is not reliable. At that point, there are two possible

ways to continue the estimation process. One option is to finish the calculation, and

other to increase the value of k coefficient, which controls the estimation range, and

repeat the calculation. If the second option is used, the number of times some

experimental records were found out of estimation range should decrease. At the end

of the repeated calculation, the mean water level and the mean Kriging error should

be compared with the results of previous calculations. If the mean water level does

not change significantly, then the estimation process could be terminated. If the water

level change significantly, then further investigation of the recorded level which is

most frequently considered as an outlier is necessary. It may be useful to repeat the

whole lftiging estimation process without that suspect data location and compare the

obtained result with the results obtained with that experimental record included.

It is also possible to get some useful information from graphically presented

results. In this case the graphical package DRACON, developed by ENERGODATA -

Yugoslavia, was used . This graphical package is used to draw isoiines and fill with

colour the area between them. Using graphics and presenting results day after day, it

is possible to observe the recorded water level fluctuation at each gauge station. It is

useful to graphically present the Kriging error map also. The point error information

is more valuable than the mean kriging error. The graphically presented Kriging error

map is more convenient then the raw output as presented in the Appendix C. There

are less chance to overview some data.
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5 R.ESU{,T'S

In this chapter, the daiiy water level estimations obtained by Krigng, Rational

(Thiessen) and Inverse Weight methods (last two methods are described in the Section

2.3 as Empirical Mathematical Smoothing methods) are presented. The comparison of

methods is made using results obtained for the years 1987 and 1988. In addition,

sequential daily water level maps together with lGiging error are presented.

5"f. PR.ESENT'AT'TON OF'' RESTJT,T'S

In Figures 5.1.I-4 and 5.2.1-4, the daily water level estimation obtained by

Kriging and Inverse V/eight methods are presented for yeat 1987 and 1988 respectively.

The Thiessen method, as described in Chapter 2, gives a weekly water estimate. Thus,

the daily water level estimates for this method, also presented in the Figures 5.1.1-4

and 5.2.I-4, were obtained by interpolation between weekly values. This approach

of linear interpolation is acceptable since the increase in water levei, caused by

precipitation events, is smoothed during one week. In other words, the effect of a

significant precipitation event will be counted in the actuai week, without any

smoothing effect on the previous or later weeks. Note that there is only one estimated

water level in the week and for the rest of the days in the week the water levels a¡e

interpolated. This does not have the same effect as a moving average process which

is used in the Inverse Weight and Kriging method. All figures contain the presentation

of the Kriging error. However, values for Kriging error shows always the daily
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obtained values, these values are not averaged.

In Figures 5.3.la - 5.3.9a the water level maps and in the Figures 5.3.1b - 5.3.9b

the Kriging error maps a¡e shown for a sequence of days. These figures contain mean

water level and mean Kriging error as well as the spatial pattern of both quantities.

In Appendix A Tables 1.1 - 1.8 contains the official water level records for year

1987 and Tables 2.1 - 2.8 for year 1988. Official records are measurements with

removed obvious outlier stations. Where a zeÍo value occurs in the records, the

interpretation is that the water level record is not available. It is possible that

absolutely no information was available at that particular gauge station for that

particular day, or the recorded level may be considered not available because the gauge

station was out of order.

5.2 CTMPARTSON ANÐ ÐXPT,.4.NATTON OF'' R.ÐSULT'S

Daily rvater levels obtained by all three methods give fairly consistent results.

This is particularly true for the winter season when the ice cover prevents large water

level fluctuations. For the summer season, the water level estimation by the Kriging

method shows a larger daily fluctuation then the othe¡ two methods as shown on the

Figure 5.1.1 and 5.2.1. This result can be explained by the fact that the Kriging

method uses only the chosen daily data, without any smoothing through the use of a

moving average incorporating previous and subsequent day or days. This is contrary

to the orher techniques, which both involve some form of a smoothing process. Large

fluctuation obtained by Kriging for the period from October lst 1988 to October 10th

1988, or for days 275 to 284 is unacceptable. This is the time period when water
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level records were available only at Victoria Beach and Gimii gauge stations, both in

the south basin. Thus, the resulting fluctuation is not a water level fluctuation of the

whole lake, but rather just of the south basin. Since this fluctuation has nearly a daily

period, a smoothing, or averaging process could successfully alleviate the consequences

of this data shortage. Figures 5.I.2-4 and 5.2.2-4 shows a results obtained using three,

five and seven days moving average smoothing process for results obtained by Kriging

method. With the smoothing process, the results are essentially the same. The

reasonable comparison between results obtained by Kriging method alone a¡d later

through the use of a moving average smoothing process, with the Inverse Weighting

method, which also used a moving average process, can be made. Thiessen method

gives one water level estimation in a week which is based on the averaged water level

measurement. Thus, this method gives a more smoothing day by day water level

estimation than the other two methods.

The Kriging error, or the confidence level, shown in Figures 5.7.1-4 and 5.2.1-

4 shows very high values for some days. It should be noted that this confidence level

is not a confidence level in the sense that is usually used in statistical analysis.

Rather, this indicates existence of some unacceptable records in the input data. For the

winter season, the Kriging er¡or is normally in the range of 0.03 to 0.05 m, and in the

summer season, it is roughly doubled in magnitude because of the different

semivariogram structure, and has values of 0.07 to 0.10 m. If the average Kriging

error exceeds the above mentioned ranges, it means that some of the input records are

likely in error. The measurements that are suspected to be wrong, a¡e indicated in the

output from the Kriging computation by the number of times the parricular gauge

station is out of the estimation range. In such a case it is recommended to repeat the
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Krigrng estimation process without this measurement. Results obtained and presented

in Figures 5.I.1-4 and 5.2.I-4, are obtained without removing outlier stations. These

are the first calculated water level estimations with the coefficient h-2 for estimation

range (see Equation (4.4)). In this case the wrong records are not removed from the

estimation process in the procedure to correct the problem. Instead their influence is

decreased through assigning lower weights to these.

For example, for October 15th and 76th 1987 (288th and 289th day on Figure

5.1), data recorded at Mission Point cause the high Kriging error. These records a¡e

considered as outliers at every estimated point on the lake, and the weights related to

this gauge station record were always decreased by resolving the Kriging system (as

explained in Section 3.2). In that way, the reliability of Mission Point records is

decreased, or in other words, the Kriging error increased rapidly around this gauge

station. This happened throughout December 1987. At the Mission Point gauge

station, the measured ievel is about 0.3 m higher than the other measurements. Only

for a few days, December i2 - 13 and 26 - 27, when water ievel records are not

available at Mission Point are the Kriging errors in the normal range. The high

Kriging error on January 3rd and 26th 1988, is also caused by unreliable data record

at Mission Point.

The high Kriging error characteristic can be better visualized with the sequentially

presented daily spatial water level distribution. Figure 5.3.2b for August 21st 1988

shows high error around the Mission Point gauge station. This happens because the

measured water level at Mission Point is higher than any other by 0.4 m for this day.

The point estimation process around the Mission Point gauge station results in every

other measured data being out of the estimation range. Then, by recalculation, weights
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for these outlier stations were decreased, but also, the Krigrng error increased, because

of many unreliable outlier data. This effect, in this case, is more significant, because

water level records at Mission Point only were available for the north basin.

Measurements are missing at George Island and at Montreal Point. Information about

the north basin would thus be completely excluded if the recorded measurements at

Mission Point were removed from the repeated calculation.

On August 25th 1988, high Kriging error occurs between the south basin and the

narrow section between the two basins. This is the place where the high south basin

measurements and lower measurement at Matheson Island also fall out of the estimation

range. The water level were estimated in the middle of this measu¡ed range, but these

records will be found as outliers and the Kriging error in that area will increase.

For August 27th 1988, the high Kriging error area is shifted a little to the north

basin. A high Kriging error area also occurs around Mission Point. This is the area

where the influence of this station starts to decrease. On the water elevation map,

unrealistic water level estimations for the north end of the lake can be seen. This is

the consequence of the extrapolation for that area. Thus, the Kriging method better

handies the estimation for the points between observation points, instead of

extrapolation which is for any procedure always an umeliable process.

It can be seen, that the Kriging error provides useful information in the Kriging

estimation process. By the spatial distribution of the Kriging elror, it can be

determined which measured data could be an outlier. If in some area the Kriging error

exceeds the normal (acceptabie) range, this gives an indication of the need for a further

investigation. The observed records from the areas with high lftiging elror should be

examined and in the normai case they should be removed from the repeated estimation
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process. However, if there are a limited number of observed records, especially if only

one data represents a big area, (e.g., the north basin of Lake V/innipeg), then it is

better to leave this record in. In that way it is better to have any information, than

no information at ail. In that case Kriging error is a warning that the estimated result

should be considered potentially unreliable.
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The application of the Kriging method as a new method of surface water level

estimation gives satisfactory results. It can be seen that results obtained by all of the

discussed methods (Kriging, Thiessen, Inverse Weight) are fairly consistent. All three

methods are based on the same input data, but the use of the data differs for the three

methods. The Kriging method without a moving average smoothing process shows

larger daily fluctuations than the other two methods. By the averaging the obtained

results, the day by day estimated level wili be smoothed. Therefore, the averaged

Kriging results could compare with two methods, which are curïently used in Manitoba

Hydro for water level estimation. The Kriging error remain unchanged, since the

moving average smoothing process were applied for the daily mean wate¡ level. There

is no reason to use a moving average smoothing process to average them, because the

Kriging error gives useful information in a form of a high value for days when the

input data set is less reliable.

In some cases, when the available input data are radically reduced, especially if

that shortage of data is related to particular whole area, the estimated mean water

level by Ktiging could be less accì.rate. This could have an effect on the daily mean

water level fluctuation, or it may be reflected in high Kriging error in some area.

During periods of extreme data shortage, when the smoothing, and averaging methods

could not provide a good results, further investigation is needed.

A useful capability of the Kriging method is that it can provide punctual, or point

estimalion. This is useful for obtaining an overview of the estimated variable in terms

of the spatiai distribution over the observation domain. Through the graphical
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presentation of the spatial water level distribution, it is easy to find the physical

explanation for obtained results. Beside the estimated water level the Kriging error

could be obtained at each point as well. The Kriging error gives useful information

about the reliable estimation range. The Kriging error is not a confidence interval in

a sense that it is usually used in the statistical analysis, however this is a relative

measurement of the reliability of the estimated property (in this case water level). if
in some estimation area the Kriging error shows a large value, this indicates a poor

reliability of estimated property, however it also indicates the area where there is a

wrong input data which caused the high Kriging er¡or levei. If besides the graphically

presented estimated propeny, the graphically presented Kriging errors are also

displayed, one could very easily conclude which input data a¡e less reliable and should

possibly be removed from the repeated calculation. Graphically presented water levels

and Kriging errors do not provide additional information, but it provides considerably

easier handling. For example, compare the typical computer output presented in

Appendix C, and one of the Figures 5.3.1-8.

For the development of the Kriging method, some expertise is needed. An

element of decision making or judgement is required during semivariogram.development

for deciding a type of theoretical model and also determination of parameters like the

range of influence (4,) and sill value (f.). Also, it is necessary to select the coefficient

k which controls the estimation range. After these parameters have been established,

the estimation process is very convenient, and can be completed with minimal, if any,

expert input.

For the further development or refinement of a data collection network of some

propefiy, the Kriging error can be very useful. The Kriging er¡or distribution on the
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observation domain provides beneficial information about advantageous locations

new observation points, or relocation of some existing observation locations.
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Table 1.1

0sRD005

Raw measured

1987 1

1987 2
1981 3
1987 4

\987 5
1987 6
r98-l 7
1987 8

t987 9
1987 10
1987 11

1987 12
1987 t3
t987 t4
1987 15
t987 16
198'7 t7
t987 18
1987 19
1987 20
r98't 2L
t987 22
1987 23
198'7 24
1987 25
1987 26
1987 n
1987 28
1987 29
1987 30
1q87 31

APPENÐTX .&

water level

LAKE \ryINNIPEG AT BERENS zuVER

i

2t7.412
2r7.398
217.379
217.4æ
217.410
217.4t1
2r'7.399
2r7.388
2t7.388
2r7.390
217.383
217.372
217.374
2r7.373
2t7.382
2t7.374
217.36
2t7.374
217.367
217.367
217.389
zt'r.384
2t'7.381
2r'1 .377
21'7.367
2t7.376
217.382
2t'7.376
2t7.386
2r7.377
217.385

217.384 2t7.403 2t7.420 2t7.552
2t7.385 2t7.4A7 217.416 2t7.557
217.382 217.393 2t7.4t4 2t7548
217.375 217.398 217.416 2t7.566
217.381 217.40t Zt'1.414 217.596
2t7.385 2t7 .408 Zt7.42r 217 .580
217.394 21't.4tt 2t7.423 277.584
217.373 217.396 2t7.432 217.592
217385 2t7 .392 2r7 .452 2t7 .598
217.380 2t7.386 217.470 2t7587
217389 217 .397 2r7 .462 2t7 .565
2t7.383 217 .387 217 .469 217 .586
2t7.389 217.390 2t7.479 217.629
2t7377 2t7.39t 2t7.472 2t7.5'79
217.372 217.378 217.488 2t7553
217.378 2t'7.384 2t7.498 2t7s94
217.378 217.390 2t7.499 2t7s&
2t7.384 2r7.4Ut 217.507 2t7 _572
217.384 2t7 .4tt 217.538 21'7 .580
217.384 217.417 217.534 21't.639
2r7.387 217.4t7 2t7.52t 211.550
217.392 2t7.417 2t7 .555 2r7 5&
217.395 2r7.4r8 217.535 217.575
217.396 217.420 217.543 2t7584
2t'1.400 217.4t7 217.546 217.568
2r7.4t0 217.408 217.566 217.578
2r7 .397 2r7 .431 217.541 2t7 .579
217.393 2t7 .420 2r7 .584 2t7 .6U7

2t7.4t0 217.558 217.646
217 .4U7 217.563 2r7 .624
217.413 217.ffi1

m IV VI

2t7.&9 217.6t5 2t7.720
217.760 2t'7.746 21'7 :770
217.683 217.690 2r1 .730
217.632 217:736 2r't.720
217.639 217.178 2r'7 ;770
217.638 2r7.7t9 zr't.770
2t7.627 2r7.8t9 2t7;1&
2t7.655 217140 217.780
2t7.69 217.739 21'7.820
217.658 217.756 217.630
217.684 2t7.727 2t7.800
Lt't.675 2t7 ;t08 2t7.860
2t7.692 217.7t6 217.830
2t7.695 217.718 217.670
217.706 2t7.693 217.680
217.62 2t7.736 217.850
2r7.'t28 2t7.74t 2t7.690
217.706 217.663 2t7.780
2r7.695 2r7 .698 217.800
217.694 217.760 217.190
217.682 21'7.740 217.U0
217.724 217.737 217.780
217.739 217.710 217.770
2r7.173 2t'7 ;r20 2t7.780
2t7.808 2t7.720 2t7.650
217.698 217.730 2t7.670
217.723 217 .680 217 .690
2r'l;119 2t7.720 2r7.690

2r'7.7ffi 217.700 217.8ffi
2t7.689 217.670 2171ffi

217.730 2t7.6@

vm D(

21'7.700 217.605
2t7.620 2t7 .41'l
217.500 217.4'77
217.720 2t7.471
217.650 2r7 .480
217.û0 2r7.4A2
2t7.740 217.397
2t7.&0 217.337
2t7.6t0 217A82
217.620 2t7.4'78
21'7.610 2t7.414
217.580 2t7.344
2t7.6r0 217.603
2t7.600 217.4ffi
217520 2t7335
217.532 217.342
21'1.585 217.379
217.577 217.494
2t7.526 217.399
2t7.526 217.336
2t1 .524 zt't.303
2t7.546 2t7.301
217.523 2t7.283
217520 2r7.29t
217530 217.322
217.480 2t7.425
2t7.487 211.3'2ß
217.485 217.270

2t7.548 2t7 .354
2t7.4r3 2r7 .250

2r'7.'2.65

)(

2t7.t72 217.116
217.3t8 2t7 .122
217.258 2r7 .134
217.423 Zt1 .1t4
217.36t 2t7.065
217.269 217.115
217.260 2r7 .040
2t7.288 2t7.tw
2r7.211 2t7 .t36
2t7.209 2t7 .043
217.226 2t7 .191
217.250 2t7.193
2t7.ztt 2t7 .t25
zt7.t02 217 .tlt
217.249 217.097
217.209 2t7 .091
2t7 -ztr 217 .084
217.341 217 .09r
217.370 217.086
217.140 2t'7 .084
217.145 2t7 .080
217.204 217 .082
2t1.137 217.075
2r'1.081 2t7.070
2t7.@6 2r'7.062
217.t64 2t7 .072
2t7.089 217 .058
217.1t9 217.0&

2r7.r49 Zt1 .047
217.t4t Zt'1 .070

2t7.051
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Table 1.2

05RE003

Raw measured water level

1987 1

1987 2
t98',7 3
t987 4
1987 5
1987 6
1987 7
198'7 8
1987 9
1987 10
t987 11

1987 12
r98'l 13

1987 14
1987 15
1987 16
t987 17
1981 18
1987 19
1987 20
1987 2t
t987 22
1987 23
1987 24
1987 25
1987 '26

1987 T7
r98'l 28
1987 29
t987 30
1987 3r

I

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

2t7.3N
217.335
2t7.338
2t7.332
217.341
21'7352
2r7.339
211.345
217.35'7
2t7.358

LAKE WINNIPEG

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.0m 0.000
0.000 0.000
0.0m 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.0ffi 217.412
0.0æ 217.409
o.om 21'1.414
0.000 2i7.410
0.æ0 2t7.406
0.000 217.409
0.w 217.404
0.æ0 2t7.402
0.000 217.401
0.000 217.405
0,000 217.398

217.398
2r7.399

217.404

AT GEORGE ISLAND

zI7.403 217 .673
zl7.4t4 zt't.676
217.4t8 2t7.695
2t7.418 217.694
2r7 .427 217 .t 13

2L'1.426 2t7.7t0
217.435 2t7.7A2
2t7 .439 2t'7 .7 tl
2t7.460 217.7t7
2r7.465 2r7.717
2t7.462 217.7t7
2t7.483 Zt7.7t7
217.495 2t7.7t7
217.504 2r1 .7t7
2r't.523 0.000
217.538 217.717
211.540 217.7t'7
217.546 217.'717
217.580 2t7.71't
217.545 2t7.717
217.579 2t7:7r1
21'7.636 217.7t7
217.û3 2r7.7r7
217.628 2t'7.717
21'1.633 217.71'l
217.63 217.7t'7
21'7.632 217.717
217.699 217.717
217.&9 21'1.717
217.692 0.000

217.77'1

VI

217.7t7 0.000 2t7 .7M
2t1.7t7 0.000 217:705
217.7t7 217.669 2r'7.688
217.717 2t7.718 2t'7.692
217.7t7 217.708 2r7.'130

0.m0 2n.676 217:742
2t7.717 217.725 217.7t0
2t'7.650 217.687 217.750
2t7.680 21'7.751 2r'7.7r9
217.688 2t7.699 217.713
217.72r zt't.670 2t7.783
217.717 2t't.672 zt't.766
21'7.723 2r7.69t 2r7.773
2r'1;100 2t7.7ffi 2t7.770
217.728 2t7 ;tO9 2t7 :t44
21't .7 t4 217 ;t4r 2t7 .722
2t7.744 2t7.693 217.'122
2r'7.7r7 217.690 217.743
2t'7.728 217.701 2r7.739

0.000 217.7ffi 217.739
0.0ffi 217.748 2t7357
0.000 217.700 217.680
0.000 217.701 2r7.684
0.0ffi 2t7.107 217.693
0.0ffi 217:725 zr't .683
0.000 217.699 2t7.670
0.w 2t7;703 2t7.6't5
0.0æ 2t7.70t 217.676
0.0ffi 217.687 2t7.7r3
0.000 217.690 2r7.743

2t1 .692 2t7.743

\TI

2t7.733 2t7.469 217.289 2t7.t33
217.69 217 .446 2t7.290 217.127
2t7.70r 217.531 217.276 217.124
2t7.641 2t7.509 217.273 2r7.t26
217.585 217.373 217.232 217.116
2t7.625 217.40t 2t7.259 217.t24
217.607 2t'1.443 2t7.253 217.t19
217.597 2t7.405 217.226 217.rt6
2t7.591 2t7.408 217.225 21't.tt4
217.571 2t7.M9 217.292 2r7.W8
zt'l .561 217.425 2r'7.244 2r7.1t4
217.572 2t7.402 217.234 2t7.t03
217.5'14 217.532 2t7.200 217.t06
2t7.582 2t7.388 2t'7.200 217.104
217.55t 217.375 2t7.'2.68 21't.096
217.565 Zr7.381 2t7.r95 217.ær
2t7.565 2t7.393 217.18t 2r'1 .W\
?11 .556 21't.399 2t7 .244 217.088
21'7.545 217362 2r7.t64 217.@3
z1'1 .530 217.341 217 .tt9 217 .087
217.55t 217.332 217.2t6 217.U77
217.565 217.330 217.169 217.079
217.5t6 21't.345 2t7.t2l 217.ffi3
2t7.520 217.374 2t7.t42 217.M7
2t7.538 217.476 2t7.t'lt 217.062
A1sn TVAAO 2r7.r87 2t7.M7
217.534 217.3t0 2t7.15t 2t't.057
T7sA7 2n307 2t7.r76 217.M2
2t7.548 217.344 2t7.t47 2r't.053
217522 2n.n2 2fl.136 217.056

217.298 2t7.042

)ü

oaõL



Table 1.3

05RF001

Raw measured water level

1987 1

1987 2
198'7 3
1987 4
1987 5
1987 6
1987 7
1987 8

1987 9
t987 10
1987 il
1987 12

1987 13

1987 14
t987 15
1987 16

1987 t7
1987 18
1987 19
t987 20
1987 2l
1987 22
1987 23
t987 24
t987 25
1987 ?ß
1987 n
1987 28
198'1 29
1987 30
1987 31

LAKE WINNIPEG

I

2n.4n
2r7.43'7
217.408
217.432
2t7.424
2t7.411
217.429
217.415
2t'7.388
2t7.4t6
2t7.4@
217.399
2t7.410
2r7.389
2r7.395
2r7Áffi
zr't.393
2t'7.377
2t7.368
217.385
217.369
2t7.368
2t7.371
217.378
2t7.382
217.393
217.385
217.389
21'7.389
111 a10

zt'l .373

2t7.364 217 .386
2t7362 2t'7 .384
2t-1.372 217 .379
217.388 2r'1.382
21't.382 2t7 .396
217.387 2t7.376
2t'7.359 217.397
zt1.39t 217.385
217.39t 2t7.412
ïr't.385 2t7.4M
2t7.386 217.384
2t7.35t 2t7 .386
217.346 217.383
zt1.36t 2t7.380
2t7366 217.394
2t7.368 2t7.392
2t7.373 217.379
217 .371 217 .391
217.384 2t7 .403
2t'7.3'78 2r7.4M
zt't.374 217.399
217.378 2t't.380
2t7.364 217.374
2t7353 2t7 .36
2t1.339 2t7.359
2r'7.363 217.367
2t'7.364 217.342
2t7.357 217.368

217.357
217.368
217.342

AT MONTREAL POINT

0.000
0.000
0.000

217.568
217.600
217.552
2t75ñ
2t7.626
217.516
217.537
2t7.569
217.669
2t7.588
217.556
217.632
217.544
2t7.531
217.6M
217.578
2t7.487
2t7.432
217.574
217.611
277.6M
2r7.594
2t'1.575
2t7.548
2t7.538

2t7.6t6
2t7.582
217.629

2t7.368
217.378
217.383
217.351
2t7.373
2t7.363
217.379
217.377

2r7.ffi 2t7.6"t3
21'7.588 217.6t5
2t7.448 217.653
2t7.595 217.689
2t7.659 2r7.622
217.û0 217.620
217.û3 217 .684
2t7.622 2t7.681
2t7.&6 217.774
217.675 2t7.646
217.60 2t7.6Ð4
217.612 217 .656
2t7.676 217.670
217.&3 2t7.689
2r7.ffi 2t't.70r
217.67 2t7.679
2t't.688 217.ffi1
2t7.672 217.626
217.692 2t7.623
217.64 217.7r0
217.659 217.668
2t7.68t 2t7.681
217.6& 217.625
217.699 217.67
217.559 217.æ7
zt't .596 217.655
217.674 217.682
217.588 21'7.676

217.555 217.&9
2t7 .641 2t't.652

zr't.&4

2t7.388
2t7.404
2t7.430
217.470
217.460
217.470
2t7.470
2t'7.474

0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
o.w 21'1.540 0.000
0.w 217.544 0.000
0.0æ 2t7.472 0.000
0.0æ 2t7.484 0.000
0.0ffi 21'7.5t5 0.000
0.000 217.480 0.000
o.aN 2fi.534 0.000
0.ooo 21'1.5M 0.000
0.0ffi 217.393 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

0.000 0.000

2r7.498
2r7.495
2t7.477
2t7.456
217.498

0.000
0.000
0.m0
0.000
0.000
0.000
0.000

0.000
0.000

>ilI

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0,000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.000
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Table 1.4

0ssA003

Raw measured water level

1987 I
t987 2
1987 3
1987 4
1987 5
1987 6
1987 7
1987 8
1987 9
t987 10
t987 11

1987 rz
t987 13

1987 14
1987 15
1987 16
1987 17
1987 18
t987 19
1987 20
1987 2l
1987 22
1987 23
1987 24
1987 25
1987 '2.6

1987 n
1987 28
1987 29
1987 30
1987 3l

LAKE V/INNIPEG AT

I

21'7ÁW
2173æ
2r7.434
217.396
2t7.4t7
277.441
217.391
2t7.403
2t7.446
217.38'l
217.389
217.401
zt'l .386
2r7.433
2r7.398
2t7.390
2t7.399
2t7.4r8
2t7.448
2r7.386
2r7.427
217.438
217.416
2r7.414
2t7.39r
zt'l .378
2r7.418
?t7.392
2t7.4t0
217.430
217.403

217.438 2r7 .447 217.500 2t7 .639
217.446 217 .462 2t7.442 217.607
211-4t5 2t7 .433 217.426 2t7 .555
2],1.396 217.452 217.455 217.559
2t].408 217 .424 2t7 .420 2t7 .524
2t7.403 2t'7.471 217.465 2t7.670
217.449 2r7.47't 2t7.438 217.650
217.426 277 .497 2t7.476 2t't.575
2t7.397 217.436 2t7.488 2t7171
2r7.425 217.425 217.527 2t7.675
217.408 2t7.451 2t7.540 217.782
217.454 2t7.448 21't.499 217.4U2
217.466 217 .448 2t7.5r5 217 .534
2t7.437 217.463 2t7.502 2r'1.713
217.404 217.428 2t7.50t 2t7.5t7
217.429 217.4'23 217.542 217.701
217.420 2t7.442 2t'1.545 217.747
2t7.435 217.463 2t7s82 ?17.583
2t7.417 217.4& 2t7.û5 217.583
217.410 217.459 2t7.764 217.6M
217.454 217.482 2t7.622 218.005
217.437 2t'7.471 217.449 2t7.663
21'1.46t 2r7 .449 2t7 .&1 2t7 .520
217.459 2t't .4't2 217 .565 2r7 .520
21'7.476 217.484 21'1.æ9 2t7.562
217.464 217.44t 217.628 217.577
2t7.460 2t7.483 217.'t42 217.635
2t7.4'73 217.455 217.512 217.ñ3

217.4ffi 217.'193 217.614
217.435 217.5'77 2r7.673
217.469 211.561

ü TV

VICTORIA BEACH

VI VII

217.500 2t7 .487 217."t53
217.65t 2r7147 2t7J47
2r8.ffi9 217.792 217.908
2t7.771 217.572 2t7 :774
217.598 217.680 217.586
217.672 2t7.830 2t7:169
2t7.737 2t7.734 217.776
2I'l .79r 217.876 217jU7
2ú.e5 2n.623 21'7.9n
217.57t 2t'7 -803 217.74'7
217.585 2t795t 217.û3
2t7.770 217.904 217.947
217.636 217.803 2t7.614
217.803 2r7 .729 217.734
217.633 217.66t 217.710
217.6'74 2t7.654 2t7.831
2t'7.&1 2t7.893 2t7.833
217.767 217.828 2t7.806
2r'7.685 2t7.764 zr't.802
21'1.703 21'7.707 217.750
2t7.647 217.795 217.75t
217.628 2t7339 2r8.M2
2t7.801 2t7.873 2t7.875
217.699 2t7.768 2t7.755
2t7.946 2r7 ;t43 2r71'tl
218.436 217.773 2t'7.70r
217.753 2t7.730 217.700
217.865 217 337 217.578

217.967 2r7 ;783 217.617
217.77t 2r7.751 218.181

217.746 21'7.868

VItr ü

217.755 0.w0 2r7.t75 217.20r
2r7.573 0.000 217.280 2t7.196
2l'1.233 0.AO0 2t7.335 217.247
2t7.631 0.0æ 217.574 217.179
217.721 0.000 217.751 2t7.165
2t't.493 0.000 217,4t4 217.t58
2r7.71t 0.000 217.3?.4 2r'7.t09
217.621 0.000 217.565 217.t34
2t7.685 0.000 217.410 2t7.240
2t7.740 o.affi T7.t20 2t7.t2l
217.797 0.0æ 2r7.1r3 217.261
217.683 0.aæ 2n3ß 217.359
21-1.63t 0.0ffi 217.424 217.226
2t7.536 0.000 217.156 217.t61
2t7.688 0.0ffi 217.t20 2\7.183
217.563 0.0æ 2I'7.423 2t7.t48
2t7.646 0.W 2t7.457 2t7.t39
217.700 0.0ffi 217.288 217.171
217.658 0.0ffi 217.749 217.126
217.738 2r7.5',75 217.686 2t7.r42
2t7.600 217.388 217.965 217.145
2t1 .522 217.356 2t7.449 217.117
217.734 2t7.323 2t7.524 21'7.179
217.726 T7.A99 2r'7.189 217.124
217.609 217.874 217.139 2t7.r30
2t7 sffi 2t7 .358 2r7.t77 2r7 .1A2
217.560 217.9t7 217.2t4 2t7.r32
2t'7.726 217.35t 2t't.124 2t7.t6

217.789 217.242 2t'7.242 2t7.tr7
0.M 2t7.523 217.246 2t7.t33

2t7.225 2t7.tæ

XI >CI
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Table 1.5

055B006 LAKE

Raw measured

i987 I
1987 2
t987 3
1987 4
1987 5
1987 6
t987 7
1987 8
1987 9
1987 10
1987 11

1987 12

1987 13

1987 14
1987 15
t987 t6
t987 t7
1987 18
1987 t9
1987 20
1987 2t
1987 22
t987 23
1987 24
i987 25
1987 26
t987 n
t987 28
198'7 29
1987 30
1987 31

I

2t7.373
217.332
217.394
217.359
2t7.387
217.4M
217.352
217.371
217.412
2t7.352
2r7.358
2r7.371
217.351
217.399
217.362
2t'7.351
217.36r
217.379
217.4U2
217.343
217.378
2r7.385
2t7.312
217.373
217,353
2t'7.340
2t7.376
2r7.355
2t7.371
217.39t
217.370

water level

MNNIPEG AT GIMLI

217.397 2t7.4ú 217.444 2t7.624
217.407 217 .4r8 217.391 217.591
217.382 217.397 217.378 2t7.529
211.360 2t7.413 217.407 2t7.535
217.372 217.379 217.372 21'1.488
2t7 .357 2t7 .435 2t7.4t9 217.638
217.411 217.429 217.400 217.622
21'7.388 2t7 .446 Zr7 .439 2t7 .526
2l't.36r 2t7.393 217.446 217.746
2t7.385 217.383 2t7.487 217.641
217.367 2r7.4t0 2t7.500 217142
2t7.411 277.401 ?t7.460 217.359
2r7.4t8 217.4U7 2t7.476 217.492
217.393 2t7.422 217.466 217.679
2r'7.367 2r7 .388 2r7 .469 217 .481
2t7.385 217.389 2t7505 217.678
2t7.38r 217.4U2 217.50'7 2t7.729
217.389 217 .421 217.544 2r7 .562
217.373 217.424 217.565 217553
217.364 2t7.410 217.736 21'7.592
2t7.4tt 2t7.435 2t7.574 218.042
217.395 217.424 2t7.409 217.655
217.417 21'7.4U7 Zt7.û8 2t7.50r
217.419 2t7 .423 217 .538 2r7 .5A2
217.442 2t7.433 2r'7.578 217.547
2t7.424 2t7.393 2t7.588 217.573
217.420 217.436 2t7J08 217.629
217.432 2t7 .402 zr't .484 217.583

2t7.414 217.76 2t'7.594
217.388 217.546 217.654
2t7.422 2t7 .543

m w VI

z1'7.448 2r7.475 2t7 :7M
217.534 2t7.730 2t7.693
2t7.94t 217348 2t7.847
217.74t 217.528 217.721
217.565 2t7.643 217.5&
217.652 217.794 2t7.699
2t7.723 2t7.676 217.716
217.763 217.832 217.655
217.6t0 2t758t 217.887
2t'1.545 2t7.771 217.71t
2t7.555 217.9t3 217.544
217 .7 42 217 .87 1 21'7 .881
217.æ5 217.751 zl7.55r
217.768 217.690 217.728
217.596 2t7.633 217.722
217.&9 217.626 217.773
2t7.5æ 2t7.854 2r718r
217.73t 217 .846 217.756
217.654 217.728 217.742
2t7.672 217.648 217107
2t7.616 2t7.75t 2t7.677
217.589 217.708 217.991
217.743 217.832 217.807
217.631 217.724 2r't.695
217.{t2 2t730r 2t7.727
217.986 217.730 217.63
217.709 217.685 217.658
2t7.827 2r't.698 2t7.528

217.935 217j40 217.552
217.736 2t7.711 218.105

217.725 2t7.8t7

WI VM [K

2t't.730 217.698 2t7.t2t 2t7.154
217.545 2t7.72t 217.226 2t7.r45
217.199 2r7 .t6t 217 .264 Zr7 .t89
217.59t 217.448 2t1.481 217.128
2t7 .683 2t8.024 217 .&7 2t7 .ttl
217.452 217 359 217.345 2t7 .rr4
217.61 217.429 2fi.n8 2fl.05r
217.573 2r7 .49t 217.485 217 .079
2t7.643 2t7.759 217.340 217.177
2t7.704 217513 216.893 217.06r
21'7.753 2t7.390 211.123 2r7.194
217.645 2t7.378 217.258 2t7.291
217592 2t7.279 2L'7.364 217.156
2t7.497 217.705 2t7.tl5 zt7.tm
217 .659 217 .383 216.9'19 217.122
217.532 2t1 .394 217.37t z|'t.tffi
2fi.609 T7.276 2t7.392 217.078
217.665 217.553 2t7.r63 21'7.103
217.631 ?r7.5t4 217.646 2t7.062
217.705 217.551 217.581 217.073
217.563 217.344 216.875 21't.080
2t7 .468 217 .313 217.24'7 2t7 .O58
217.726 2t7.289 2t7.467 2t7.tt5
217.673 217.267 2t7.t92 2t7.064
2t7.539 216.779 217.086 2t7.07r
217.498 2t't.269 2t7.Ws 217.045
217.53t 2t7.623 2t7.155 217.0'72
217.664 217.293 217.U74 2r'7.05r

217.695 217.172 2r7.r9r 217.060
217.590 2r7.463 217.190 217.080

2t7.t70 217 .085

>o )flI
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Table 1.6

05sD001

Raw measured water level

1987 1

1987 2
1987 3
1987 4
1987 5
1987 6
1987 7
1987 I
1987 9
1987 i0
1987 11

1987 12
t9&7 t3
t987 14
1987 15
1987 16
1987 r7
t987 18
1987 19
1987 Z0
1987 2r
1987 22
1987 23
r98't 24
1987 25
t987 26
1987 n
1987 28
t987 29
t987 30
1987 31

LAKE V/INNIPEG

I

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0m
0.000
0.000
0.0m
0.000
0.000
0.000
0.000
0.000
0.000
0.000

217.349
217.297
2t'7.265
2t7.2r3
2t7.t96

0.000
0.000
0.000
0.000
0.000

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 217.385
0.0ffi 217.389
0.000 217.380
0.0ffi 217.375
0.m0 2fi.355
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.000
0.000
0.000

AT PINE DOCK

0.000 0.000 0.000 217.548 2t7.722
0.000 0.æ0 2t7.7N 217J40 217.72ß
0.000 0.000 217.848 2t7.702 2t7.793
0.000 0.000 217.688 217.&4 217J6
0.000 0.ffi0 217.622 2t7.755 217.629
0.000 o.ffio 2t7.657 217339 21'1372
0.000 0.æ0 2n.654 217.764 2t7.7r5
0.000 0.M 2t7.70t 2t7.760 217.736
0.000 0.000 217.654 217.&3 217.799
0.000 0.000 2t7.6M 2r'1.7'74 217.651
0.m0 0.0w 217.636 21'7.792 217.7t3
0.000 0.000 2t't.7u3 217.780 217.823
0.000 0.000 2t7.645 2t7.73't 2t7.686
0.000 0.000 2r'1.728 217.716 217.653
0.000 0.0æ 217.ffi 217.652 2r71A7
0.000 0.000 217.635 2r7.69'7 217.770
0.m0 0.w0 217.663 217.802 217.718
0.000 0.0æ 2r7.'7tt 2t7.698 217;7'78
0.000 0.0w 2t7.67t 2t7.73t 2t7.73r
0.000 0.0ffi 217.682 2t'7.7tt 2t7.7t5
0.000 0.w 217.&2 217.743 2r7:t60
0.000 0.0ffi 2t7.674 217.713 217.884
0.000 0.w 217:76t 217.787 217.75t
0.000 0,0ffi 217.715 2t7.705 2t'7.7r4
0.000 0.000 217.882 217.733 217.67
0.000 0.000 217.801 2t'1.709 217.&4
0.000 0.w 2t7.7?5 2t'7.690 2t7.658
0.000 0.w 217.787 2t7.7r8 2t7.604
0.000 0.000 217.807 2t7.723 2t7.688
0.000 0.w zt7.7M 217.704 217989

0.000 217.715 217.683

VItr

2t7 .689 2t7.689
2t7.50t 217 .509
217.432 2r7 .365
217.671 21'7.523
217.632 217.7r9
217.549 2r7 .529
217.e9 2û.405
217.&2 217.363
217.626 217.592
2t7.657 2t7.5æ
217.651 2r7.430
217.590 217.343
217.566 2t7.478
2t7.555 2t'7 .598
217.582 2r7 .352
2r7.525 217 .36'7
217.6t5 ?17 .328
217.62t 217.576
217.563 217.478
21'1.610 Zt1.44r
217.536 2t'7.315
2t7 .538 217.314
217.623 217.292
217582 2t7.285
217.534 2t7.1t4
217.487 217.391
2t7.stt 217 .5u3
2t7s49 217.295
217.&8 217 .312
2t7.448 2t7 .346

217.250

217.t26 217.133
217.3t4 2t7.137
2r7 .282 217.162
2r7.5U2 2t7.r23
217.538 2t7.073
2t7.320 217.118
217.296 2t7 .041
217.4M 217.093
2t7.284 217.163
217.081 21'I .052
2t1.204 2t7 .165
2t7.2:12 2t7 .231
2t7.311 217.t43
2t7.@8 217.099
217.130 2t7 .108
2t'7.n7 2n.096
2t7.319 217 .072
2t7.',2ß9 0.000
2t7.597 0.000
217.393 0.000
217.W8 0.000
217.22t 0.000
217.280 0.000
217.r44 0.000
217.10r 0.000
2l'1.151 0.000
2t7.t27 0.000
2t7.@9 0.000
2r7.t66 0.000
2t7.r57 0.000

0.000
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Table 1.7

05sD002

Raw measured water level

t987 I
t987 2
t987 3
r98't 4
1987 5
1987 6
1987 7
1987 8
t987 9
1987 10
1987 11

1987 lZ
1987 13

1987 t4
1987 15
1987 16
1987 t7
1987 18
1987 19
t987 20
1987 21
t987 22
1987 23
t987 24
1987 25
r9s7 26
1987 27
1987 28
1987 29
1987 30
t981 3r

LAKE WINNIPEG

I

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0m
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

tr

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

2t7.397
217.ñ0
217.ñ2
217.390
2r'1.û3
217.390
2t7.4t5
2t'1.411
zt'|.40
217.376

AT MATI{ESON

217.4t5 2t7.599
2r7.401 2r7.583
2t7 .396 217.538
217.408 217.579
2t7 .4ffi 217.587
2t7.418 2t7.614
2t7.4W 217.622
217.429 2t7.588
2t7.446 217.679
2t7 .473 21't.631
2t7Á6 217.613
217 .461 217.534
217.471 217.626
217.4æ 217.625
217.481 217.545
217.498 217.630
2t7.5M 217.633
217 .522 217s69
2t7.553 217.588
2r7.6t2 217.618
217.531 217.692
21'7 .533 217.583
217.56 217.574
217.557 2t7.571
2t'7.581 2t7.582
217.585 217.593
zt'l .66 217.û6
2r7.57t 217.612

217 .641 217.641
2r7 .569 21',1.U8

217.588

21't.387
2t7.389

2t7 .609 217 .565 2t7 .7 t3
2r7 .7 5t 2t7 .770 Zr7 .73r
217.806 217.695 2t7.790
217.683 2t7.669 217.698
217.640 2t7 :775 217.635
z1'7.660 2t'7 ;733 2r7.792
21'1.654 2t1 .180 217.712
217.692 217 ;146 217.750
217.666 2t7.662 217.788
217.614 2t7.'179 217.611
2t'1.6û 2t7.784 217.743
2r'7.76 2t7.7'14 2r7.792
2r7.665 217.734 zr't.691
2fl.7n 2fi.720 2t7.651
2t7.682 217.651 217.704
2n.6q zt'1.71't 2t7.780
21'7.687 2t7.795 217.700
2t7.712 217.686 2r'1.781
2t7.677 217.726 2t7 ;713
2r'7.695 217.7t2 2t7.7W
2t7.652 217.736 2t7.798
2t7 .692 21'7.122 217 .861
2t7;l& 217.784 2t7.735
2t7.7n T7.704 2t7.719
217 .880 217.739 2t7 .658
217.773 2t7.708 217.645
217.732 2t7.694 217.655
217.788 217.725 217.609
21'7.794 2t7.727 2r7.711
2t7.699 217.706 2t7.952

2r7.7t5 217.630

2t7.390

ISLAND LANDING

2t7.390
217.376

VM

217.380
217.387
217.401
217.4Ð7
217.411
2t7.415
217.4t0
2r1.4t0
217.409
zt1.4t4
211.394
2t7.4t7
217.4N
217.402
2t7.391
2t7.4t5

217.6'79 2t'7.7t8
2t'7.465 2r7.460
2t'1.4'74 217.378
2r7.61'.1 2r7.525
2t7.6t7 217.676
2t7563 21750r
2t7.641, 2n.q7
2t7 .594 217.367
2t7.624 21'7.553
217 .65t 2t'7.479
2t7.638 217.434
217.589 2t'7.331
217.563 2r7.497
2t'1.569 2r7.577
2t7 .575 217.348
217.532 2t7.357
217.613 2t7.332
2t'7.617 2t7.560
217.565 217.459
217.60t 2t7.4t6
2t'1.535 217.306
2t7.542 217.308
2r7 .6t6 217.290
2r7.575 217.250
217.532 2t7.t37
217.49r 2t7.421
217510 2t7.457
217.54t 2t7.286
211.636 217326
217.403 2t7.303

217.241

)ilr

217.068 2t7.114
2t7.330 2t'7.t31
2t7.254 217.t37
2t7.503 zt1.rrl
217.473 2t7.W4
2t7.286 2r7.t07
2t7.236 2t7.035
2t7.375 2t7.@6
217.248 Zt'7.r48
217.071 2t'7.M4
217.210 217.124
217.259 0.m0
2t1.314 0.000

0.000 217.@6
zt7.t84 zL1.w9
217.253 217.084
217.289 217.080
217.289 217.082
z1'1.601 2n.A78
217.565 2n.A73

0.000 2t7.ü70
217.265 217.M3
2t7.226 2t7.U72
217.084 Zt7.05l
217.093 2t7.051
2t7.r5r 0.000
2t7.r01 0.000
2t7 .044 2r7.U9
217.159 217.U35
2t7.148 217.059

2t7.054
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Table 1.8

05sG001

Raw measured water level

1987 I
1987 2
t987 3
1987 4
1987 5
1987 6
1987 7
1987 8
1981 9
1987 10
1987 11

1987 t2
t987 13

1987 14
1987 15
1987 16
t987 t7
1987 18
1987 19
1987 20
1987 21
t987 22
1987 23
1987 24
1987 25
1987 2ß
1987 n
i987 28
1987 29
1987 30
1987 3r

I

2t7.429
217.435
2t7.4t0
2t7.425
217.403
217.381
2t7.398
2r7.383
217.369
2r7.4M
2t7.388
2r7.396
217.388
2t7.358
217.381
217.39t
2r7.373
2t7.369
217.358
217.389
2t7.357
2t7.352
217.369
2t7.382
2t'7.394
2r7.391
2t7.369
2r7.39t
2r7.390
217.382
2t7.386

LAKE WINNIPEG

2t7.374 2r7.4W
217.370 2t7 .405
2t7.38t 217 .432
217.393 2t7.4r7
2r'1.39r 2t7.430
217.390 217 .399
2r7.3',t5 217.393
217.394 217.379
2t7.403 2t7AM
217.399 2r7.4r2
2t7.392 217 .389
217.374 2t7ÁA2
2t'7.364 2t7.395
217.387 217.393
217.403 2t7 .41'7
2t7.389 2t7.4t2
217.391 217.4M
217.396 2r7 .421
2t7.402 217.418
217.4t0 217 .423
217.387 217 .410
217.392 217.46
2t7.376 217.4U
2t7.3'10 2t7 .399
217.367 2r7 .395
2r7.375 2r7 .421
2t7.39t 217.376
2r7.397 2t7.398

2t7.4A2
2t7.4r7
217.394

AT MISSION POINT

217.390 2t7 .571
217.412 217.590
217.430 21't.623
217.427 2r7.609
2t7.440 217.ûl
217.420 2t7 .577
217.441 217 .580
2r7.43t zr't .573
217.422 217 .538
217.4t5 217.572
2t7.450 2t7.559
217.479 2t7.685
2t'1.481 217 .589
217.5t4 217.587
217.509 217.649
2175æ 217.56
2r7.stt zt't.565
217.503 2t7.6t0
211.490 217.66
2t7.458 2t'7 .5A2
217.546 2t7 .46t
2r'7.554 2t7 .598
2r7.528 2r7.62ß
217.546 217 .620
2t7.535 217.6',2ß
2t7508 2t7.ñ3
217.530 217.592
2t7.561 2t7.628

217.503 217.638
217.589 217.641

217.695

VI

2t7.67 2r7.8e 217.724
217.495 217.657 217.72s
217.482 217.704 217.649
2t7.592 217j59 2t7.688
2t7.64 21'1 .727 2t7.78'/
217.&4 217.730 Zt7.670
217.&5 217.675 217.7'2ß
217.624 217.69t 2t7.7W
2t7.684 217.785 217.653
217.7t9 2r7.709 2r7.797
2t7.'104 217.667 217.7t3
2t7.64 217.673 217.591
217.686 2t7.702 2t7.7t0
2t7.638 217.723 217.715
217.699 2t7.750 2r7.7r5
217.724 217.723 217.&5
217.702 217.671 2t7.685
2t7.676 217.698 217.623
217.714 2t7.7t3 217.65
217.705 2t7103 217.671
2t7.734 217.695 217.598
2t7.727 217.719 zr't.514
2t7.62 2t7.674 2t7.ffi4
217.683 217.738 2t7.652
217580 217.738 217.69
2t7.628 21't.744 217.&2
217.689 217.750 217.67
217.65t 211.720 2t7.691

2r7.618 2t7308 2t'Ì.550
2t7.693 217;t2t 2r't.352

2r7;7t8 217.614

VItr D(

21'7.597 217.2@ 217.514 21'7.41r
217.745 217.3'26 217.286 217.4W
217.768 0.000 217.347 211.380
217.562 2t7 .365 217.055 2r7 .4A7
2t7.æ8 2t7.t48 2t7.081 2t'7.418
217.656 217 .331 Zt'7.?53 2t7 .394
2r7.524 21'7.450 2r7.329 21.t.487
2t7590 2t7.472 217.14t Zt7.4t8
217.583 2t7J85 217.'264 217.345
217.539 0.W 217.523 217.453
2t7.544 0.000 2i7.638 2t7.368
2t'7.æ0 2r'1.408 217.53r 0.000
2t7.6M 217.405 217.498 0.000
217.&4 2t8.tM o.ffio 217.347
217.5'71 218.194 217.&t 21'7.347
2t7.62t 2t8.t76 217.530 217.350
2t'7.467 0.000 217.510 217.362
2t7.469 217.916 21'7.4t9 217.339

0.000 218.045 217.120 217.357
217.454 2t8.061 2t7.r46 217.332
2t'7.491 217.390 0.N0 2t7.326
217.485 217.388 21'7.459 2t7.336
2t7.405 2t't.4æ 217.365 217.308
2r7.4t7 0.w 2r7.5t2 217.333
2t7.398 2t7.485 2r7.5t6 217.318

o.ffi 217.205 217.458 0.000
o.ffi 2t7.225 217.466 0.000

2t7 .393 2t7 .391 2t7.543 2t7.308
2t7.293 2t7.3t9 zt't.4t4 2r'7.3t6
2t7.494 2t7.269 2t7.4t0 2t7.279

0.000 2t'7.25'l

>fi )fiI
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Table 2.1

05RD005

Raw measured water level

I 988
1988
1988
1988
1988
1 988
1 988
1988
19 88
r988
1 988
1 988
1 988
1988

LAKE WINNIPEG AT BERENS zuVER X* PROVISIONAL

I

217.030
2fi.0n
217.044
2t7.033
2t7.028
2t7.014
217.035
217.034
21'7.029
217.034
2t'7.040
2t7.0ñ
217.032
217.O33
217.037
217.049
21'7.045
217.O38
217.047
2r7.039
2t7.044
2t7.046
2t7.034
2t7.048
217.03t
217.034
2t7.031
2r7.0n
2t7.041
?17.045
2t7.048

1

1

3
4
5
i)
1
I
9

10
11

12

t3
t4
15
16
t7
18
19
20
2l
1a
)e,

)<
26
n
28
,o
30
3t

2r7.U31 217.024 217.æ7 217.094
217.U30 217.015 217.m6 2n.t22
217.032 2t'7 .}tt 216.997 2r'7 .136
217.036 217.06 217.ffi3 217.t19
217.039 2r7.0M 2t7.0r2 217.130
217.036 2t7 .}Ut 2t7.0t6 2t7 .129
2r7 .035 2t7 .001 211 .031 2t7.r47
217.M1 216.994 217.052 217.t39
217.033 217 .001 217 .M5 2r7 .172
217.035 217.06 217.Mt 21't.t54
217.019 216.998 217.037 217.16'l
2t7.028 2t6.995 2t7.M6 2t'.t.t'18
2t7.040 2t6.986 2t7.M3 2t7.096
217.051 216.983 217.056 217jM
217.035 216.9'78 217.M5 217.t29
217.046 216.957 2r't.058 217.086
217.038 2t6.9& 217.056 217.068
217.042 2t6.965 2r7.W 2t7.125
21'1.055 216.967 217.M7 21'7 .137
217.035 216.962 2t7.057 217 .122
217.041 216.956 2r7.M3 2t'7.t2r
2t7.044 2t6.965 2t7.ffi0 2t7.139
217.041 216.96 217.056 217.t47
217.032 216.971 2t7.U13 217 .117
217.m4 217 .027 217.089 217 .Lsl
217.025 2t7.0t4 2t7.U78 2t1.tM
2t7.019 2t7.W3 217.M8 2r'1 .t52
2t7.026 217.0t3 2r7.U77 217.146
217.012 2t7.015 2n.a71 217.t61

2t7.W5 U7.A70 217.163
216993 2t7.050

988
988
988
988
988
988
988
988
988

1988
i988
1988
1988
1988
1 988
1 988
I 988

2t7.140 217.134 217.120
2t'7.140 217.141 217.t24
zt1.tto 217.142 217.t36
0.M 217.139 2r'7.122
0.000 217.118 2r7.120

2r7.rr0 217.t28 217.116
2t7.W 2r7.r57 2r7.178
217.M0 217.152 217.tæ
217.080 0.ffi0 211.tt2
2t'1.140 2t7.142 2t7.t05

0.0ffi 2t7.129 217j@
0.0N 2t7.t2t 2t7.096

2t7.132 2r7 .128 zt't .085
217.131 217 .128 217 .084
zt't.t37 2t7.t4t 217.102
2r7.13t 217 .r52 2r7.W2
2t7.t23 217.t40 217.ú8

0.000 217.i41 217.080
2t7.t62 217.142 2t7.út1
2r7.r44 217 .r34 2r7 .M9
2t7.r52 217.t30 216.994
217.135 21'7.134 2t7.W0
217.U73 2t7.t66 2t7.t37
2l7.t4t 2t7 .t28 2t7 .t31
0.w zt7.t38 2r7.12r

2r7.r33 2t7 .r25 2t7 .107
217.118 2t7 .122 217 .t58
217.124 2r7.t30 217.æ8
2r1.M 2t7.rr8 217.U77

217.121 0.æO 217.721
0.000 217.019

2t7.054 0.000
2t7.055 0.000
2t7.M3 0.000
217.M0 0.000
217.030 0.000
217.U27 0.000
2t'7.052 0.000
217.t23 0.000
2t'1.144 0.000
217.033 0.000
2t6.998 216.892
216.997 216.823
217.056 2t6.899
217.ñ5 2t6.873
216.999 0.000
2t6.998 0.000
217.019 0.000
216.999 216.875
2t6.859 216.859
216.914 2t7.0r3
216.9tt 2t6.989
2t7.066 0.000
2t6.996 2r7.O14
2r6.96t 2t6.972
216.966 217.039
216901 216.897
2t6.9t3 216.954
2t6.868 216.969
2t6.920 216.887

216.954 216.888
216.848

2t6.8n 216.789
2t6.821 216.6t3
2t6.842 216.896
2t6.820 216.791
2r6.84t 216.792
2t6.803 216.846
216.740 216.800
216.885 216.811
216.92t 2t6.805
216.849 2t6;799
216.802 2t6367
2t6.838 216.796
2t6.8'73 216.798
216.859 Zt6.8M
216.829 2t6.791
2t6.823 216.799
2t6.822 2t6.798
2r6.810 216;796
216.803 216.799
216.736 216.797
216.790 216.787
216.759 216.791
216540 216.816
2t6.734 216.818
2t6.834 2t6.807
216.808 216.795
216.853 216.8U7
216.758 216.805
2t6.844 216.800

216.810 216.802
0.000
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Table 2.2

05R8003

I

1988 I 0.000
1988 2 0.000
1988 3 216.979
1988 4 216.967
1988 5 2t6.969
1988 6 216.967
1988 7 216.978
1988 8 216970
1988 9 2t6.967
1988 10 216.968
1988 11 2t6.9'14
1988 12 216.972
1988 13 216.968
1988 14 2t6.971
1988 15 2t6.967
1988 16 2t6.976
1988 17 216.969
1988 18 2169&
1988 19 216.997
1988 20 217.035
1988 21 217.046
1988 22 217.025
1988 23 217.030
1988 24 2t7.0'2.6
1988 25 217.029
1988 26 2t7.031
1988 n 2fi.024
1988 28 217.030
1988 29 217.025
1988 30 2t7.0ro
1988 3t 2t7.034

Raw measured water level

LAKE \ryINNIPEG

2t7.U26 217.007
217.U20 2r't.003
2t7.U23 2t7.06
2t7.03r 0.000
zr't.03t 0.000
21'7.03r 216.994
2ú.A27 216.991
2t7.033 216.985
217.V27 216.995
217.032 216.982
217.025 2t6.97r
217.027 2t6.972
217.035 216.971
2t7.026 2t6.969
217.033 216.976
217.037 216.994
217.034 216.994
217.033 216991
2t7.037 2t6.98r
21',7.025 216.977
217.032 216.981
2t7.027 216.985
2r'1.031 216.987
217.022 2t6.986
2r7.019 2t6.999
2t7.017 216.994
217.0t5 216.993
2r7.0t2 2t6.996
216998 2t7.013

217.008
217.001

AT GEORGE ISLAND

0.000 217.ü30
0.000 217.040
0.0ffi 217.052

2t7.0M 2t7.V23
217.010 217 .M2
2n.m4 u7.053
216.997 2t't.072
2t7.0t0 217.043
2t7 .0t6 2t7 .071
217.m0 2n.0û
217.012 2r'7.O'7'7
zú.An 2n.06s
zfl.An 2fl.068
2t7.U22 217.t03
217.019 21',1 .041
2r7.U36 217 .0&
217.012 217.097
2t7.t20 2t7.105
217.An 277.073
zr7.0t6 217 .Iffi
217.018 2t7 .096
2t7.Ot9 2r7.105
217.015 217.074
217.0t1 217 .088
2n.m0 2n.n0
2t7.03t 217.097
2n.m4 2fi.096
2t7.U27 217 .r0l
2fi.420 2t7.tr0

2t7.U25 2r7.145
217.146

ztI.t67 2r7 .t47 0.000
2t7.168 217.t56 0.000
2t7.173 217.157 0.000

0.000 2t7.132 0.000
217.176 2t7.r29 0.000
217.183 217.143 0.000
217.t59 2t7.165 0.000
217.172 2t7.t56 0.000
2t7.t74 0.000 0.000
2t7.r76 2t7 .099 0.000
217.176 217.t37 0.000
217.155 217 .t47 0.000
217.148 2t7.152 0.000
2t'r.t44 2t7.t38 0.000
2t7.t57 ?17.t46 0.000
217.169 217 .142 0.000
217.195 2t7.l4r 0.000

0.0æ 217.137 0.000
217.165 2t7 .t32 0.000
217.r'14 217.127 0.000
217.164 217.141 0.000
217.t28 2t7.t49 0.000
2r7.t49 217.t65 0.000
217.204 217 .t04 0.000

0.000 217.136 0.000
2l7.t6t 2r7.tt2 0.000
2t7.162 2L7.tr7 0.000
2r7.158 2r7.118 0.000
217.154 2r7.t09 0.000
2t7.t47 0.m 217.066

0.000 217.088

VItr

zt't.029 0.000
zfi.0a6 0.000
216990 0.000
216.991 0.000
2t6.987 0.000
2t7.N2 0.000
217.130 0.000
217.).0t 0.000
216.969 0.000
216.951 0.000
216.948 216.897
216.947 2r7.020
217.0rr 2t7.057
216.962 216.967
216.980 0.000
216.96t 0.000
216.968 2t6.923
216.898 216.923
216.826 216.923
2t6.864 2t7.094
216.948 2r7.W3
2t7.031 0.000
216.922 216.889
2t6.946 216.865
216.9t5 2t6.841
216.941 2t6.862
216.930 216.888
216.992 216.865
216.989 2t6.874

217.M9 216.9t0
216.883

2t6.894 216.794
2ú.A29 216.803
216.889 216.800
216.834 216.803
2t6.845 216.801
216.837 ?16.817
216.934 216.'198
216.8'78 2t6;782
216.838 216;774
216.834 2t6.775
216.911 216;787
216.870 216.789
216.840 216.780
216.806 216.768
2t6.822 2t6.778
2t6.135 2t6.774
216.769 216.773
2t6.84D 216.776
216.859 2t6.77t
216.840 216.775
216.849 2t6.775
216.810 216.792
216.800 216.793
2t6.823 216.795
216.808 216.792
2t6.819 216387
216.792 216.779
216.76t 216.780
216.785 216.768

2t6.769 216.762
0.000
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Table 2.3

05RF001

Raw measured water level

1988 I
1988 2
1988 3
1988 4
1988 5
1988 6
1988 7
1988 8
1988 9
1988 10
1988 11

1988 12
1988 13

1988 t4
19 88 15
1988 16
1988 r7
1988 18
1988 19
1988 20
1988 21
i988 22
1988 23
1988 24
1988 25
1988 26
1988 27
1988 28
1988 29
1988 30
1988 3r

LAKE V/INNIPEG AT MONTREAL POINT

0.000 21'7.042 217.047 2t7.078 2t7]02
0.000 217.040 217.055 2t7.068 217.101
0.400 217.037 217.048 ?1'7.063 217.104
0.000 2r7.M5 217.045 217.06 217.@4

217.067 217.055 2t7.041 2t7.U76 2t7.r08
217.075 217.057 217.040 2\7.65 217.116
217.072 2t7.055 217.036 2t7.60 217.125
217.074 2r7.M3 217.036 217.058 217.11.7
217.088 217.Mt 2r7.04t 2r7.M5 217.139
2t'7.077 21'7.048 217.025 T7.At5 2t7.tn
2t7.08t 2t7.051 217.030 2t7.U78 217.142
217 .081 2t7.048 217.042 21'7.ü78 217 .098
217.084 217.043 217.046 n7.a74 217.140
217.079 217.045 217.043 217.U19 2r'7.143
2r7 .067 211 .05r 217 .042 217.081 2t7 .0æ
2r7.069 2r7.O47 217.047 2t7.t00 0.000
217.068 217.066 217.044 217.083 0.000
217 -068 217.063 2t7.047 217.089 217.178
217.070 217.050 2t7.039 217.083 217.099
211.0& 217.052 217.039 217.080 217.t23
2t7.0'15 217.049 2t7.046 2t'1.M5 2t7.r25
2r7.O53 217.055 217.048 2r7.U7r 2t7.122
2t7.062 217.062 217.040 2n.A70 2t7.063
2t7.058 2t7.053 217.044 2t7.W 2t7.t47
217.080 217.049 2t7.029 2t7.U70 217.181
217.070 217.049 217.045 217.087 217.139
217.063 217.047 217.039 217.085 217.129
2t7 .057 217.036 2r7 .034 217.@2 Zt7 .t36
217 .049 2t7.041 2t7 .059 2t7.æ3 2r't .134

ui

0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0,000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.m 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000

0.000 0.000

vm X

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.m
2t7.036
2t'7.035

>( )flI

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.m0
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.m0
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.000

217 .063 2t7 .r02 217.124
217.063 2t7.r95
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Table 2.4

O5SAOO3 LAKE

Raw measured water level

1988 1

1988 2
1988 3
1988 4
1988 5
1988 6
1988 7
1988 8

1988 9
1988 10
1988 11

1988 12

1988 13

1988 t4
1988 15
1988 16
1988 17
1988 18
1988 19
1988 20
1988 2l
1988 22
1988 23
1988 24
1988 '25

i988 '2ß

1988 n
1988 28
1988 29
1988 30
1988 3r

I

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0m
0.000
0.000
0.000
0.000

217.t40
21'7.094
217.128
2r7.tM
2t7.075
217.t03
2t7.071
217.tt7
217.153
2L7.tt4

V/INNIPEG AT

217.080 2t7.100
2t7.VI0 217.107
2t7.104 217 .072
217.U79 217.080
2r7.085 217.062
217.08r 2t7.104
2t7.W4 2t7.079
217.08t 217.094
2L7.It8 217.046
217.U79 2r7.108
2t7.U77 2t7 .140
2t7.M4 2t't.1,08
2r7.W2 217.082
217.165 2r7.06
217.W5 217.080
2t7.111 2t7.O42
217.@9 217.M0
217.t06 2t7.054
217.119 217 .069
2t7.t22 217.056
2r7.08t 2r7 .030
2t'7.t25 2t7 .037
2t7.082 217.034
2t7.090 zt't .036
217.068 2r7 .131
2r7.089 2t7 .136
2t7.069 217.070
217.079 2t7.10r
217.114 2r7 .066

217.044
2t7.052

VICTORIA BEACH

217.023 2n.A79
217.057 217.t14
2t7.073 21'7.1'16
2r7.045 2r7.295
2t7.046 2t7.t9l
217.065 2t7.144
217.099 217.130
2t7 .tt7 217.322
217.ttt 2t7.t75
217.A7t 217.266
2t7.W1 217.t77
2t7.W 217.256
2r'7.t06 2t7.251
217.104 217 .054
217.W6 2t7 .382
2t7.U6 217.281
217.t45 2t7.029
217.088 216.997
217.@3 217.29r
2t7.t05 2t7.208
217.@1 217.205
217.æ6 217.183
2t7.080 217.276
2t7.t22 2t7 .t90
2r7.r78 217 .0ZO
2t7.084 217.184
217.086 2r7 .196
217.M9 2r7.t73
2n.a75 217.1&

2t7.057 2t7.t73
2t7.082

2t'1.192 217.t31 217.208
2t'7.249 217.U79 2t7.222
217.229 2t7.080 217.t84
217 .196 217.253 217 .196
217.161 217.232 2r't.033
zn.tn u7.153 2r7.t29
2t1 .203 217.203 217.t28
217.t6 2t7.160 2t1.263
2t7.131 2t7.352 216.955
2r7.tt4 217527 2t7.093
217.1& 2t7.246 217.243
217.287 2t7.rt} 217.1'72
217.335 2t7 .146 2t7 .r88
2t7353 2t'7.226 2t7.r63
zr7 .29t 2r7.2r2 217.036
217 .t77 2t7.266 2t7 .204
216.96 217.?52 2t7.232
2t7.t79 2t7.244 2t7.108
2t7.2û 2t7.249 217.079
2n.2n A7.280 2t7.084
2n.2m 2n.ß5 216.888
217.392 217.055 216.783
217.124 217.033 2t7.t55
2t7.$7 217.301 2t7.384
217.493 2t7 .098 217 .538
217.212 217 .t98 217 .?ß5
217.æ8 217.152 217.428
2t7.164 2t7 .123 2t7 .434
217.@2 217.2'14 217.140

217.101 217.262 2t6.873
217.050 216.848

VM

2t'7.103 217.252
2t7.24t zt't .t60
2t7.208 2t7 .398
217.246 2t7 .rts
217.197 2t6.837
2t6.945 216.891
2t6.67t 217.062
216.999 2t6.960
217.431 2t7 .0t9
2n.no 2n.5üi
2t7.t57 2t7.208
217.206 2t6.834
2r7.t05 216.645
2r7.Vt9 2t6.910
216.877 2t6.943
216.9Ð1 217.155
217.038 217 .098
2r7.237 2t6987
2t7.M3 217 .061
2t7.375 216.747
2t6.982 217.216
216.842 216.728
2t7.2t9 217.057
2t7.05t 217 .330
217.225 2t7.516
2t6.967 217.3æ
217.093 2r7.t52
216.852 ?17.448
216.903 2t7.t67

2t6.87t 2t6.8t4
216.951

)fi

216.939 0.000
2t6.6æ 0.000
2t6.844 0.000
216.998 0.000
2t7.016 0.000
216.941 0.000
216.675 0.000
216.846 0.000
217.083 0.000
217.059 0.000
2t6.706 0.000
216.698 0.000
T7.m7 0.000
2t7.r44 0.000
216.974 0.000
217.498 0.000
2nÁ41 0.000

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000' 0.000
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Table 2.5

055B006 LAKE

Raw measured water level

1988
1988
1988
1988
19 88
1988
1988
1988
1988
1988
1988
1988
1 988
19 88
1988
l 988
19 88
1988
1988
1988
1988
1 988

I

zfi.0n
217.032
217.039
2t7.034
217.037
217.028
2t7.019
217.061
216.996
2t7.051
217.036
211.058
217.063
2t7.026
21'l .056
21'7.043
2t7.055
217.O59
217.063
217.0û
2t7.017
2t7.094
2t7.034
217.097
2t7.043
2t7.034
2t7.048
zfi.0n
2t7.086
zr't.1æ
2t7.051

1

a

3
4
5
6
7
I
9

10
11
1a

13

t4
15
16
T7

18
19
20
)1
22
23
24
a<

26
a1

28
29
30
3l

WINNIPEG AT GIMLI

217.m9 2fi.062
2n.a28 217.047
2r7.M0 2t7.032
217.039 2t'1.025
217.033 2t'7.015
2t7.O35 217 .050
2.17.05t 217 .O3t
217.034 2t7 .037
2t7.69 217.0U3
2t7.035 217 .071
217.022 2t'7.087
2t7.030 2t7.051
2r7.047 217 .020
2t7.t20 2t7.018
217.035 2t7.024
2t7.072 216.988
211.04t 217 .017
2t'1.063 2t7.0æ
217.075 217 .025
217.065 217.0U2
217.036 216.984
217.080 216998
217.030 216.983
217.049 2t7.W
2t'1.019 217.094
217.059 217.071
2t7.0tt 2t7.029
2t7.047 217.056
2r7.067 217.0t5

2t7.W2
21'7.0t0

2r6.96t 217.037
217.U22 2t7 .084
2t7.0r8 2r7.t43
216.993 2t7.254
2t7.W 217.146
zn.a28 217.118
2t7.052 2t7.r0l
2t7.069 2t7.293
217.61 217.118
217.429 2t'7.218
2t7.M0 217.129
2r7.U24 2t7 .197
211.058 2t7 .191
217.054 216.998
2t7.M3 217.342
217.æ5 2r7.2n
217.100 2t6.973
2t7.t38 216.953
2r7.05t 217 .246
217.053 2r7 .157
217.M5 217.155
2t7.M5 217.134
2t7.036 217.241
2t7.@0 217 .t54
2t7.t26 216.910
217.036 217 .r39
217.037 217 .158
217.0t7 2t7.129
21'7.035 2t7 .126
n7.423 Zt7.t35

2t7.038

** PROVISIONAL TELEMAR

988
988
988
988
988
988
988
988
988

2r7.t53 217.070 217.170
2t7.205 2t7 .018 217.t83
2t7.t83 2t7.020 2r7.tt1
217.t6r 2t7.213 217.145
2t7.12t 217.194 216.982
2r7.U17 2t7.t06 2t7.t92
2r7 .rBt 2t7 .117 217.062
217.1æ 217.087 217.208
217.084 217.284 2t6.893
2t7.ß7 zr7.47t 2r7.w
217.122 217 .186 217.207
217.237 217.056 2t7.151
217.306 217 .054 2t7.r53
217.315 2r7.175 2t7.tr9
2t7.246 2r7.t50 216.986
217.109 217.197 217.181
216.857 2r7.179 217.?27
2t7.t33 2t7.t84 2t7.Vt5
2r7.t79 217 .193 21'7.Ai6
217.16 211 .232 2fi.A77
217.163 217.138 216.865
217.351 2t6.996 216.691
2r7.to7 216s74 2t7.U29
2fi.427 217.243 217.306
217.4t8 277.M6 217.468
2t7.152 2t7.147 217.195
217.W5 217.t01 217.352
217.147 217.083 217.370
2t7.057 217.224 217.@0

217.045 217.208 216.836
2t7.ffi3 2t6.827

vm

217.63 2t7.188
2t7.204 2t7.081
2t7.175 zt't.348
217.228 217.055
217.162 216.765
2t6.892 2t6.839
216.589 217.0r2
2t6.882 216.9A2
217.322 2t6.972
217.2t2 217.46'1
217.168 217 .154
217.130 216:t10
217.039 216.590
217.008 216.862
2r6.82t 216.895
216.854 2r7.t98
2t6.979 2t'7.033
zt't.227 216.934
217.436 216.996
217326 216.6û
216.908 2r7.153
2t6.766 2t6.614
21'7.r45 2t6.995
2r7.W8 2t7.2n
217.173 217.4M
216.954 2t7.2r5
zr't.o& 2t7.1w
216.807 217.337
2t6.843 217.073

2t6.807 216.750
2t6.914

2t6.900 216.770
216.470 216.850
2t6.790 0.000
2n.420 0.000

0.000 216.850
0.000 216.870

2t6.620 216.9æ
216.740 2t6.830
2t1.010 216.840
2t1.M0 0.000

0.000 0.000
0.000 216.820
0.000 216.840

217.160 0.000
216.900 0.000
217.420 0.000
217.370 0.000
216.890 0.000

0.000 0.000
0.000 0.000

2t6.750 0.000
216.900 0.000
216.740 0.000
216.680 0.000
216.800 0.000

0.000 0.000
0.000 0.000

216.880 0.000
216.830 0.000

216.910 0.000
0.000
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Table 2.6

05sD001

Raw measured water level

1988 1

1988 2
1988 3
1988 4
1988 5
1988 6
1988 7
1988 8
1988 9
1988 10
1988 1l
1988 12
1988 t3
1988 t4
1988 15
1988 16
1988 17
1988 18

1988 19
1988 20
1988 2l
1988 22
1988 23
1988 24
1988 25
1988 '2ß

1988 27
1988 28
1988 29
1988 30
1988 3r

LAKE WINNIPEG AT

I

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

217.082
217.043
2t7.075
2t7.042
2t7.043
217.047
zt't.035
2t7.074
217.077
2r7.065

217.44 0.000
217.036 0.000
217.056 0.000
217.M5 0.000
zt't.M8 0.000
zt1.M3 0.000
2r7.056 0.000
217.M7 0.000
217.059 0.000
2t't.M5 0.000
2n.a25 0.000
21'1.A37 0.000

0.000 0.000
0.0m 0.000
0.000 0.000
0.000 0.000
0.000 216.997
0.000 216.988
0.0ffi 216.999
0.0m 216.979
0.0w 2t6.962
0.æ0 216975
0.000 216.968
0.w 2t6.973
0.M 2t7.049
0.æ0 217.020
0.000 216.994
0.ffi0 2t7.0t3
0.m 217.006

216.994
2t6.988

u fV

PINE DOCK

216.99 217.029 217.152
217.001 2r7.Ut1 217.151
216.989 217.W2 2r7.r30
216.9'77 2t7.1t9 217 .r17
216.993 217.W7 217.100
zn.aaz 217.080 217.t41
2t7.0t2 2t7.æ5 2t7.t05
2t7 .035 2t7.r49 2t7 .099
2t7 .02t 2t7.tt7 2t7.126
zn.o18 217.1t8 217.pn
2r'7.0u1 2r7 .130 2r7 .t86
217.0t9 217.@2 217.183
217.03t 2t7.04r 2t7.194
217 .036 217 .2r7 217.188
217.021 217.10t 217.102
2t7.012 2t6.993 2t7.049
2t7.052 217.Wr 2t'7.t24
211 .0'2.6 217.147 2t7 .187
2t7 .032 2t7.t07 2t7 .143
2t7.O29 2t7.t08 217.t55
217.034 217.109 2t7.2r9
217.030 217.173 0.000
2t7.0t9 2t7.067 0.000
217.M0 2t7.054 0.000
217.M9 2t7.t00 0.000
217.927 217.126 0.000
2t7.0r9 2t7.089 0.000
217.ffi8 217.110 0.000
217.014 217.1t5 0.000
217.W6 2t7.074 0.000

217.t42

\¡I VII VItr

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.000 0.000

X

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.m 0.000

0.000

)ü )0I

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.0m
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.000
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Table 2.7

05sD002

Raw measured water level

1988 1

1988 2
1988 3
1988 4
1988 5
1988 6
1988 7
i988 8

1988 9
1988 10
1988 11

1988 t2
1988 13

1988 t4
1988 15
1988 16
1988 17
1988 18
1988 19
1988 20
1988 2l
1988 22
1988 23
1988 24
1988 25
1988 26
1988 n
1988 28
1988 29
1988 30
1988 3l

LAKE WTNNIPEG AT MATI{ESON ISLAND LANDING

I

0.000
0.000

2t7.033
2t'7.032
217.O18
217.0U2
2r7.022
217.025
z1'7.0M
217.0t8
zt't.0t6
zfi.0n
2t'7.017
217.012
2t7.018
2t7.0r9
217.016
217.020
2t7.O24
2t7.0t4
2t7.016
2t7.058
217.O30
2t7.054
2r7.028
2t7.030
2t7.032
217.O24
217.055
217.064
2r7.04r

2n.az1 2t'1.042
217.018 217.026
217.033 217.0t7
2n.m7 0.000
2t'7.032 0.000
217.V30 217 .0'26
2t'1.t38 217 .016
2t7.03'l 217 .0t2
2t7.038 217.010
2t7.032 2t'1.035
2r'7.012 2t'7 .023
2t7.028 2t'7.0t1
217.041 2t6.999
217.068 2t7.0ffi
217.029 2t6.997
217.052 216.984
2t't.039 216.986
2r7.049 216.978
217.055 216.986
217.039 2r6.9't3
2t7.041 2t6.963
217.050 216.975
217.034 216.968
2r7.037 216.974
217.024 217.04r
2r'7.037 2t7.W2
217.022 216.989
217.040 217.W5
211.029 216.996

216.987
2t6.989

0.000 216.997
0.000 217.004
0.000 217.008

2r7.0u 217.M7
2r7.W3 217.055
2n.m4 2fl.064
217.ffi4 217.072
217.ffi4 217.097
217.W4 217.086
217.ffi3 2t7.093
2r7.ffi4 217.t03
2t7.æ3 2t7.t70
2t7.ffi4 217.086
2n.m4 2fl.072
2fi.m4 2ú.222
2n.m3 T1.tM
217.æ3 217.01'I
2n.m7 211.065
217.010 2t7.t53
217.011 217.t28
217.014 217.124
217.0tr 217.129
2r'l.Dtt 2r7.175
217.010 2t7.076
217.ffi1 217.105
2n.m8 2ú.tt8
2t7.ffi7 217.t50
217.W8 217 .113
2r7.ffi4 2r7.t37

216.996 2t7.140
2t7.t08

217.173 0.000 217.135
21'1.t69 0.000 217.168
2r7.155 2r7.t27 2t'1.158

0.000 217.1% 2L7.rt4
2t7.136 217.t36 2r7 .055
21,'1.t36 217.141 2t7.tt6
zt't.157 217.167 217.2@
2t't.122 zt7.169 2t7.t24
2t7.tt8 0.w 2r'1 .0?5
2t7.t6t 2t7.253 2t't.t02
2t7.t46 2t7 .168 2r7 .r58
217.199 2t7.09t 2t'7.08r
217.205 2t7.t6r zfi.atg
217.208 217.t42 217.M3
217.212 217.t83 217.M9
217.116 217.196 2t7.t2t
2t7.Ol5 217.176 217.M2
0.w 217.175 217.055

217.223 2r7.t99 2t'1 .U22
217.154 217 .r90 217 .Un
217.194 Zt7.t34 216.800
217.229 217.112 216.955
2t7.0t4 217.155 217.196
217.æ4 2t7.17t 217.224
0.M 2t7.t32 217.247

217.t40 217.149 2r'7.135
217.086 217 .r08 2t7 .339
217.142 217.142 2r7.r97
217.@9 2t7.t32 2t7.M3
2t7.t98 0.000 216.896

0.w 216.W

vu

217.057 0.0m 2ß.827 2t6.79A
2t7.tt7 0.000 216.718 216.831
217.æ0 0.000 2i6.901 216.910
2t7.t46 0.000 216.877 216.793
2t7.M3 0.000 216.893 216.810
2t6.955 0.000 216.830 216.848
2t6.861 0.000 2t6.7t2 216.825
2t7.U77 0.000 216.901 216.800
217.303 0.000 216.989 2t6.806
217.088 0.000 216.890 216.792
216.988 2t6.94Ð 2t6.7t8 216.770
216.988 216.768 216.859 216.788
2t'1.102 2t6.833 216.9'14 2t6.8M
216.952 216.899 216.944 2t6.8A2
216.898 0.000 216.890 216;78t
216.927 0.0æ 21't.vt6 216.797
216.998 0.0ffi 216.979 216.785
217.043 216.9A7 A6.831 2t6.795
21'7.033 216.890 216.833 216.805
217.026 216.9& 216.751 2t6.8M
2t6.894 217.t42 2t6.8M 216.782
216.981 0.0m 216.785 2t6.809
217.070 217.t4r 216.ût 2t6.8t9
216.986 211.150 2t6.786 216.810
217.051 217.255 216.854 216.802
2t6.925 216.994 216.854 216.79r
216.957 217.Mt 2t6.88't 2t6.813
2t6.836 217.148 2t6.772 2t6.793
216.908 216.936 216.848 216.798

216.886 216.863 216.824 216.811
2t6.897 0.000
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Table 2.8

05sc001

I

1988 1 2t7.031
1988 2 0.000
1988 3 217.288
1988 4 211.139
1988 5 217.042
1988 6 217.078
1988 7 2t7.065
1988 I 2t7.041
1988 9 217.065
1988 10 217.054
1988 li 2t7 .061
1988 12 217.061
1988 13 217.058
1988 14 217.093
1988 15 217.090
1988 L6 217.096
1988 17 217.06
1988 18 2t'7.074
1988 t9 217.0û
1988 20 2t'7.065
1988 21 21'7.081
i988 22 217.04r
1988 23 217.083
1988 24 217.041
i988 25 217.059
1988 26 218.073
1988 n T7.068
1988 28 2t7.077
1988 29 277.035
1988 30 2r7.0n
1988 31 217.035

Raw measured water level

LAKE WINNIPEG

217.60 217.046 217.V/7
217.M6 2t'7.055 217.036
2t7.053 2t7.0& 2t7.M7
2r'1.M0 277.062 217.M0
217.6t 217.067 2t7.Ml
217.A70 217 .051 217.M5
2r7.M1 217.056 217.054
2t7.U70 217.057 T7.A28
2r7.M9 217.0& 2r7.u2
2l'1.o70 217.033 2r7.M0
217.097 2r7 .014 2n.A79
217.094 217.022 2r7.M5
217.092 2t7.O32 217.62
217.053 Zl't .033 217.055
2t7.t15 217.036 217.U79
2t't.093 217.0M 2fi.A71
217.107 2t7.024 2t7.M2
217 .090 2t7 .0t9 217.059
217.072 217.008 2r7.M9
2r7.08t 217.0'¿6 2t7.M5
217.087 Zt1.04r 2t7.M7
217.057 217.029 217.054
217.073 217.043 217.065
217.066 217.030 217.A39
2r7.O90 216.971 2r7.M1
217.065 2r'7 .0t8 2t7.083
217.079 2t7.048 21't.082
217.055 217 .055 2t7.W4
2t7.057 217.038 217.æ4

2r't.042 217.W4
2t7.052

AT MISSION POINT

zt'l .076 2t'7.165 217.227 217.195
217.080 2t7.2A3 2n.82 2t7.183
217.t03 2r7.20t 217.230 217.t84
217.086 217.225 217.193 2r'1.199
2t7.t28 217.246 217.238 217.249
217.133 217.256 217.248 2t'7.216

0.ffi0 2t't.254 2t7.184 2|7.r0l
0.æ0 217.244 2r't.199 2r7.t20
0.æ0 217.254 2t7.089 Zr7.2t5
0.0æ 211.225 217.133 217.139
0.w0 2t't.224 217.204 217.t34
0.000 2r7.17'1 217.257 217.151
0.000 2t't.167 217.231 2r7.t39
0.000 217.169 217.'263 2r7.t6r
0.w 2r7.t74 217.218 2r7.t7l
0.0N 2L'7.231 2t't.t83 2t7.t77
0.w 217.295 2t7.t83 217.t70
0.0@ 217.231 217.t99 217.rû
0.000 217.130 2t7.202 217.r92
0.000 217.224 217.t94 217.187
0.040 2fi.20r 21't.224 217.383
0.000 217.168 2n.n2 2n.26
0.000 2t't.339 2r7.r81 217.063
o.No 2t7.213 217.173 2t7.06
0.0æ 2t'1 .t29 2t7.2t8 216.944
0.w 2t7.220 2t't.r98 217.077
0.4ffi 2n.293 2t7.240 216.912
0.w 217.250 2t7.235 217.029
0.M 217.285 217.156 2t7.152
0.M 217.26 217.226 2t7.282
o.mo T7.t5t 217.201

vm

2t7.æ6 0.000
2r7.054 0.000
217.053 0.000
217.æ2 0.000
2r7.U79 0.000
217.161 0.000
?17.195 0.000
2t6.893 0.000
216.756 0.000
216.926 0.000
216.997 216.946
216.972 217.073
216.895 2r7.050
216.999 216.98r
217.056 0.000
217.U1 0.000
216.986 0.000
2t6.965 216.936
216.949 216.972
2t6.913 217.014
2fi.A34 216.7&
216.941 0.000
2t6.878 2t6.716
216.953 216.761
216.892 2t6.74t
zfi.An ü6.849
2t6.930 216.890
2t'1.056 2t6.696
216.990 216.862

217.m4 2rc.972
216.952

2r7.O18 216.885
2r7.32r 216.852
2r7.1'r9 216.755
2t7.203 216.860
216.9M 2t6.849
2L'7.0r3 216.770
2t7.Zt8 2t6.823
216.838 216.830
216.772 216.837
216.84t 216.830
217.M4 2t6.862
2t6.92t 216.850
2t6.794 216.832
216.823 216.818
216.868 216.U6
216.685 216.937
216;759 216.849
216.894 2t6.847
216.909 216.837
2t6.958 216.832
216.9t2 2t6.863
216.932 2t6.836
2t7.t24 216.820
2t6.9t5 216.827
2t6.828 216.830
216.826 216.840
216.757 216.818
2t6.907 216.829
216.821 216.842

2t6.845 216.831
0.000

96



81.1 PROGRAVI STF{UCTURE OF CONVERT FORTRAN PROGRAM

The cONVERT algorithm is programmed in FORTRAN IV language. The

program is used for convert the raw measured data at each gauge station for one year

from the condensed form to the readable form, presented in Appendix A.

The program has 31 lines. The executable version takes 31 kB of memory on

the hard disk of a personal computer. The execution time is about 20 seconds on an

IBM/et personal computer with a mathematical coprocessor.

The sample input is presented in Section 81.4 and the output file are presented

in Appendix A. The program reads an input file with a name ACTUALS.DAT and

create the output file with name MABSL.DAT. When no measurements is occur in

the input file it is presented as a blanc space, however, in the output file it is noted

as zero.

APPENDffi E

WX,"z VAR.{ABLES

The following section describes the variables existing

D(I) - measured water levei in converted form

DAY - number of day in month

I - index for month

ID - measured water level in condensed form

.I - index for days

K - index for gauge stations

h{AME - name of gauge station

in the CONV program.
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NO - code number for gauge station

YEAR - year indicator

81"3 PR.OGRAM LTST{NG

ct<*{<*¡k¡t*{<*{<******rtt(************{<******rk****t(r<*d<**{r*********************** c*
c{<
C* PROGRAM FOR CONVERSION OF TT{E ROW MEASI.IRED DATA
cr<

Crki.**1.*******t<*****************************{<************i<*t{*)*,k******t **r(*
DTMENSTON rD(12),D(12)
INTEGER DAY,YEAR
CHARACTER NO*1ONAME*45
OPEN( I,FILE=' ACTUALS.DAT' )
OPEN(2,FILE='MABSL.DAT')
DO 3 K=1,8
READ(I,101) NONAME
wRrTE(2,102) NO,NAME
DO 1 J=1,31
READ(1,1 1O)DAY,YEAR, (rD(r),i= 1, 12)
DO 2I=I,I2
D(I)=tP1¡¡
rF (D(Ð .EQ. 0.) GOTO 2
D(I)=o1¡71600+200
CONTINUE
WRITE(2, r 20)YEAR,DAy, (D(r),r= 1, 12)
CONTINUE
cl-osE (1)
cl-osE (2)

)
1

J

100 FORMAT(12(r2,lX))
101 FORMAT(sX,A7,A45J)
102 FORMAT(//,5X,A7,5X,A45J)
110 FORMAT(14X,12,14,12(15))
r20 FORMAT(2X,r4,sX,r2,5X,r2Ft .3,2X))

END

ts1.4 TNPUT F'T[,E''ACT{JALS.ÐAT''

1211lO5RDOOsLAKE WINMPEG AT BERENS RIVER
12i11OsRDO05Provisional Dat.a collected by v/ater Resources B¡anch (29-sEp-87)
1205RD005112-3 11981r74121738411403114201755211&9176151112017'7Cft7605t711211116
1205RD0051 12-3 2t981 113981',7385r1407 \7 41611 557 t17 ffi117 4611'770116207'7 4t1 t13t8r'7 r22
1205RD0051r2-3 3198117379113821739317414t7548176837769011730r',7smn477r'725817134
1205RD0051r2-3 41981114001131517398r',74161156611632r'7'736r7120t172011411r142317rr4
1205RD005112-3 5198'7114101'738rr740rr74t4r7596176391711811170r7650174801136111065
1205RD005112-3 61987174r1r1385r74081'74211758011638t7',7t911110176ffir140211269t'7rr5
1205RD0051r2-3 7198117399173941741rr7423t7584t762711819177ffir7740t739'n7260r1C/0
1205RD0051r2-3 819871138817373173961743217592116551774011180176ffi17337r1288r1109
1205RD005112-3 9t987173881138511392t745211598t'7669r7139r7820176101'74821121111136
1205RD005172-310t987 r739017380113861147017581116581'77 561-763011620t1478r7209r1M3
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1205RD005 1 12-3111987173831738917397 17462r'7565r768417727 r780017610174141722617 rgt
1205RD0051r2-3r2r9871737217383r'738'1r1469r7586176''t517'7081786017580 173441725017 rg3
1205RD005 t 12-3131987 17374t7389r7390r',747917629t769217'7 16 1783017610 t76o3r12rrtt t25
1205RD0051 12-3141987r7373r73'7',t 17391r14',72t7579116951111811670r16001'746017102n 10t
1205RD005 1 12-3151987 17382r'1312r7318r74881755317',7067769317680r',7520t',733517249t'|097
1205RD0051 t2-3r6198'7 11314r737811384774981759411662177361'185011532113421',720917091
1205RD0051 12-317 1981173661,7378r739017499r75&1772817'7411769017585 t737gr72rrr-7084
1205RD0051 12-3181987 173'74r13841740't 1150'7 r75721770611663r778017571 174g4r134tt7ogr
1205RD005i 12-3191987 17367 t7384114ttt753817580t1695t7698 1780017526 r7399r7310t1086
1205RD0051 12-320198'7 r7367 17384774t1 r7 53417639t769417'76017790175261733611 1,4011084
1205RD0051 12-3211981 173891738711417r1 52rr155011682r7',7401'7840r'752417303 17 145 17080
1205RD0051 12-3221987 r738411392114r7 r'7 5551756017'724r7131r1180t1546t1301112Mt1082
1205RD005112-3231987173811''13951141811535t7515t7739r71t01'7110t1523r't28317 r31r7015
1205RD005 1 12-3241981 17371 t739611 420]l'7 5431758411773r112011780115201129t1108r17010
1205RD0051 12-3251981 11367 17400114r7 11 5461756811808117201165011 53017322t'.709617062
i205RD0051 12-3261,987 17376174r0r140817 566115'.78r16981113011670t14801142517 164110'72
1205RD005 1 12-327 1987 r738217391 t743tt7 54rt7579r1123r7680t'Ì69071481 n32611o8g11o58
1205RD0051 12-3281987 r7316t739311420t7 5841160't r771.9r1120t'76901748517270r71r9r'70&
1205RD0051 12-3291981 17386 174 10 17558 1 7 &6r77ffi17700 17800175 48t735417 t49r7047
1205RD0051 12-330198'7 17377 r't40't 17 56311 62417689176'7011760174r3t7250r7 r41r1ot0
1205RD005112-33rr981r7385 17413 17607 1773017600 17265 1'705r
12111O5REOO3 LAKE WINNIPEG AT GEORGE ISLAND
121 1 IOsREOO3PROVISIONAL DCP DATA
1205RE003112-3 11,987
1205RE003112-3 21987
1205RE0031r2-3 3t98'7
1205RE0031r2-3 41987
1205RE0031r2-3 51987
1205RE0031r2-3 61981
1205RE0031r2-3 7198'7
1205RE003112-3 81987
1205RE003112-3 91987
1205RE003 I t2-3r0r987
1 205RE003 1 t2-3 tlt98'7
1205RE0031r2-3r2r987
1205RE003 1 12-3131981
1 205RE003 1 r2-3 14 198'7
1205RE003 1 tz-315r987
1205RE003 1 72-3r6t981
1205RE003 I r2-3r71981
1205RE003 I r2-3181987
1205RE003 1 t2-3191987
r205RE003 1 12-3201987

t'7403t76731771'7 177M17733r1469t7289r7133
t741417676t77t7 1170517669r'r446t7290t7t27
17 4 t9n 69 5 r7 7 r7 17 669 11 68817 7 0 7 t7 53 rr7 27 61',7 t24
t7 4r8r1 694r'71 r7 r',l 7 t8t1 69217 &tt7 5091127 3r7 t26
r742'7 r71 r3r77 r'7 r770817130r'75851737317232r'7 116
1742611710 1767617142r'76251140rt725917124
r7 43 5 r1 1 021',77 r1 r1'7 2517 7 r0r7 601 11 44317 25317 n9
17 43917'7 ttr7 65017 687 117 5017 597 r7 40517226t7 tt6
11460171 r7 t7680t-t1 51177 t9r7 59lt'l4081122511 tt4
11 4 65 17 7 t7 r7 688 t7 69 9 11 7 13 t7 57 r r1 449 t7 29 2r7 09 I
17 46211 1 r7 r7721r7 67 0r1 7 83 11 56117 425 t1244t7 rr4
r7 483 t7 7 r7 r',l 1 r7 11 67 2 r7 1 66 r7 57 2t 1 402t7 23 4 11 103
t7 49517 7 77 t] 72311 69 r 11 77 317 57 4 11 53217 20017 t06
t7 5Ut7 I t] L7 7 0017 100r',717 017 58211 388 I 7200 1 7 104
r7 523 11128177081774417 55tr137 51126817096
t'7 538177 r'7 r'71 t4r114tt712211 5651738117195r109r
t] 540177 t] 11744176931172217 56511393 17 I 8 I 1709 I

174r2r1546177 t7 717 77 176901174317 5561't399n244 17088
1 7409 17580 1 77 17 r11 28171 0rr77 39 t',t 54 5 t] 36217 r&r'7 093
114141'75451'7111 r7160t7739r753011341t1rr9r7087

1205RE003 1 r2-32rr98'711340 r'741011 519177 t] 177 4871751 t7 5511133217216r'7017
1205RE003 1 12-322198717335 l7 4061163617711 17700 176801 7 5651733017 16917019
1205RE003 1 12-323198717338 11409t7603117 t] 7770117684r'7 5t6r7345t7 r2rt'7063
1205RE00311,2-32419871'7332 114041',7 62817'7 t] 17-10'7 11693r'7 520113741114217067
1205RE003 1 t2-325198117341 l't402176331't7 r7 t1125r768317 538t147617 17 111062
1205R8003 I 12-326198711352 1140111663177 r'7 176991767017 521 1140017 r8117067
1205RE0031t2-321198111339 114051'7632111n Wær'76'.7511534r73r0r715111057
1205RE003 1 12-328198117345 r1398t7699111 r7 r110t1167611 501 17307 r't r7611062
1205RE003112-329198711351 r'7398t1&9111fl 17681r71r3r't5481'73441174111053
1 205RE003 1 72-3301987 \7358 1139917 692
1 205RE003 I t2-33 1 1,987
12111O5RFOO1LAKE WINMPEG AT MONTREAL POINT
12I1IO5RFOO1***{<*** PROVISiONAL V/ATER STJRVEY OF CANADA DATA ***(*({<**

1205RF0011 r2-3 119811742'7173641138617368 1166611613

99

),1404 1717'1 1169217743 r'7298 1.7M2
r7 6901,7',7 43 11 52211 2t 2t7 I 36 I 7056



1205RF0011 12-3 21987r'7437 11362r'738417378 t758817615
l 205RF00 1 1 r2-3 31987 11 40877372r'137917383 r7 44817 653
1 205RF00 1 1 1 2-3 4 1 9 87 77 432t7 388 t] 38217 3 5 t 11 5 6877 59 5 I-t 689
1 205RF00 I i 1 2 -3 5 19 87 17 424 17 382r'7 39 611 3'7 3 r7 600 t7 659 r-7 622
1 205RF00 1 1 1 2-3 61987 r7 4tr11387 r'737 6t'736317 55217 60011 620
1 205RF00 1 1 1 2 -3 7 t9 81 r7 429 t7 3 59 r'7 397 17 3',7 9 r-1 5 6017 603 t7 68 4
I 205RF00 1 1 r2-3 8 19 87 17 4 | 5 r7 39 | 17 38 5 11 37 7 t] 626t7 62217 68 r
1 205RF00 I 1 I 2 -3 9 r98',7 17 3 88 i739 1 r7 412r'7 38817 5 t6t7 &611 7 7 4
l 205RF00 1 1 1 2-3 r0 19 81 r7 4 t6 t] 38 5 r7 40 6 t] 4M 11 537 r7 61 5 r7 & 6
1 205RF00 1 1 1 2-3 1 r 19 81 17 409 71 38 6 r'7 384 11 430 r7 569 r,7 60 t] 6M
1 205RF00 1 1 t2-3 1219 87 t] 399 11 3 5 r 11 386 r7 41 0 r7 669 t 7 61217 6 5 6
1 205RF00 1 1 t2-3 13 19 87 t] 4 t0 t] 3 4 6 t] 383 1'7 460 r7 588 r7 67 6 t 7 67 0
1205RF00 1 1 1 2-3141987 11 389 17 36717 38017 47 0r7 55611 &317 689
1205RF00 1 1 1 2-315 1987 r7 39 5r't 36617 394r'7 41 0r7 63217 6f,6177 0r r7 540
I 205RF00 1 1 1 2-3t6r987 t7 4mrß68r7 392t',1 47 4t'7 54417 61 t 7 61 9 17 544
1205RF001 1 12-317 198'7 173931737317379174981753 1 17688 1760 | 1'7472
i205RF00 i 1 1 2-3181987 r',l 371 t7 37 1r1 39 r t7 495 r7 ffit7 67 2r7 626 11 484
1205RF001 1 1 2-319t987 17368113841140317477 r'7 578r769217623 175i5
1205RF00 1 1 1 2-3201987 17385 17 37 8r7 40417 45611 487 t7 6&t'77 r0 r7 480
1 205RF00 i 1 1 2-321 1987 r7 369 r'7 37 4n 399 n 49817 432t7 65917 668 r7 534
1205RF00llt2-322198717368t'7378r7380 r7574176811168r t75M
1205RF001112-323198'71737117364173'74 n6rtt76&17625 17393
1205RF001i12-324198'7173781735311366 t76Wr7699r,7667
1205RF001 1 1 2-3251987t7382t1339r13s9 r159417 55917667
1205RF001112-3261987173931736317367 17515r7596176s5
1205RF0011 t2-327 198't r7385173&r'ty2 17548176'74r7682
r205RF0011 12-3281987 173891'7357 17368 175381'7 588116'76
1205RF001112-329t98717389 17357 t76r6r755511649
1205RF001112-330198717379 11368 r7582t1&1t',7652
1205RF001112-33tr98117373 17342 17629 t1&4
I21l1O5SAOO3LAKE WINNIPEG AT VICTORIA BEACH
121i105SA003121li05lK002Provisional Data collected by Water Resources Branch (29
1205s4003112-3 rr9871.74091143817447175001163917500174811115317755 t717517201
1 20554003 1 12-3 21987 ).736611 44617 46217 44217 601 11 65111 7 47 fl 1 41 r7 57 3 1t28or1 196
1205s40031r2-3 3t987r1434r'74r517433r1426t755518009177921790811233 r',1335r'7247
120554003112-3 419811'7396113961',7452r7455r7559t777rt7572177741'763t r157411719
1205540031r2-3 51987r74r7174081142417420175241759817680r'75861112r r775tt1165
1205s40031r2-3 619811744117403174'711146517670176721783017769t1493 t741417rsï
1205540031r2-3 71987173911744917477r7438r765017737t7734t7',1'76t77tt r7324r7r09
120554003112-3 8198717403r7426t7491t7476r-1575r779rr18761',710711621 1756517r34
1205540031r2-3 919871744617397r',Ì43617488r'7771t7&5r7623r"792717685 r74r0t7240
12055A003 1 t2-3r01.98717387r',l4251742517 527 r7615r7 57rt7803t7741 11740 170201712t
1205s4003 1 r2-31rr9871738917408r'745tt1 54017782t7 585t'795rr1603t7't91 t'7 rr3t126t
1205S40031r2-3r2r9871740rr74541744817499r'.740217770179Þ17941r',l683 1731611359
120554003 I 12-3131987 1738617466t',744817 5r5r7 5341763617803176t4r7 631 r742417226
120554003 I 12-3141981 1743311437r7463t7 50217713r-Ì80317729r'773411536 17 15617 16r
1205S4003112-3t5r987r7398r74M174281150rr'7 5r111633776611111017688 1'702017183
1205S4003112-3t6r9811'7390174291142317 54211'70r1't674t'76541783|,1563 t742311148
i205s4003112-317 198'7r7399r1420174421154517'7471'7 601178931',783311&6 11457 r7 r39
1205s4003 i 12-3181981114r8r't43517 46311 582t7 583t1767 17828 1780617700 r1288r',7 r71
1205s40031 12-31919871'744811417 114&r7 605t7 5831'7 685111&t1802r1658 r'7'149t7126
120554003112-320t987 r'73861141017 459177 &116rcp-t1703r7',701r17 501773817 57 51168617142
1205S4003112-3211987r'742'711454174821162218005t7&',l177951715t17ffi0r13881196517145
120554003 1 12-3221,9871743817431 t741 1r74491766317628177391806217 522r't356t',t44917 117
1205S4003 1 12-3231981 174161746117449r'764117 5201780177873r',r87 5117341732311 52417 r79
1205S4003112-3241987r7414r'7459r',t4121't56517520r'7699177 68177 55r',7726nA99fi 18911124
1205SA003112-32519811139111416r',7484176ær7 56217946t7143t111tr7æ911874r'713911r30

100



1205s4003 1 12-3261987 r',|378r74&t74471762817 517 18036177131770rr7 5601735817177 17 t}z
1205S4003 1 t2-32'1 1987174t817460174831774217635t77 531'77301770017560 t',l9r1 1721417 132
1205S4003 1 L2-328r98717392174'73r7455175r2r7603r'786511137 11578r'7'7261735111 r24r7 106
i205s4003 1 12-3291987r74r0 1746611'793176r4r't96',7t778317617r7'789172421724217 trl
1205540031t2-330r98'll'7430 17435175't717613r'7'77rr175l18181 11523n246r7r33
12055A003112-33tr981r7403 11469 r't56'7 1114617868 17225 17160
1211 1O5SBOO6LAKE WINNIPEG AT GIMLI
1211105sB006Provisional Data collected by water Resou¡ces Branch (29-sEp-87)
1205580061t2-3 119871137317397174061744417624r't44817415177M11730176981112117154
1205s8006112-3 21987r7332t7401r74r8t739rr'759117534177301169317545171277722617r45
1205s8006112-3 31987n39417382r7397t73'78r1529r794rr1748t7847r719917t61t12&17189
1205S8006112-3 4198111359r7360t741317407175351774117528r772tr1591174481748rt7r28
120558006112-3 5198717387r'7372173791',7372174881756517&3r754017683r8024r',Ì647r'7rtr
120558006112-3 61987114041735717435114r91',7638116521779417699174521'7'7591134511114
120558006i12-3 71987173521741tr1429t7400t1622r7723t7676177t6t166t1't429172781705r
120558006112-3 81987t73711138817446174391752617763t1832r765511573174911748517079
120558006112-3 919811'14121136111393r'7446t77461761017581r788711&3r't7591734017r'7'l
1205S8006112-310198'7 r13521138511383r748711&1r7 5451777 rr711rr77M7151316893t706r
1205S80061 12-31,11987 r'735817361 114r0r150017742r',7 55517913r7544117 531139017123t7 194
1205580061 r2-3r2r981 1131r714rrr740t174601735917742t781 1 1788 I 17&517378r7258t729r
1205s8006112-3131987 r7351174r8r7407 t74161'749217û5177 5117 5511159217279173&r7t56
1205s80061 t2-314r987173991'7393r',742217466r-1679r7768r',7690177281749',7 r710517 trsr',l r02
1205S80061 12-3t5r987 rt362r'7367 t738817469r748tr7596176331772217659173831691917 r22
1205S80061 12-3161987 t735tr',73851738911 505r7678r7&9176261777317532113941737 rr7 r00
1205S80061 12-311t987 r73611738rr140217507 17',729r756611854t7781t760917276r't392t70't8
1205S80061 12-3181987 t7379173891142117544175621713117846177 5611665r7553fl16317103
1205S80061 l2-3r9r98',7 r7402t7373r'742417565t'755317654t77281174217631175t417&6t7062
1205S8006112-320198717343173&r'741017736175921761217&817707r17051'755tr7581r"7073
1205S8006112-327t987 r73'78t74rrr'7435r'7574t8C/217616t775rt7677 r7563t"t344r687 5t'7080
1205SB0061 t2-3221981 r7385173951742411409r'765517589r11081,1991174681731317247 17058
1205S80061 12-323198111372174r7 1740717û8r750rt1743r7832t7801 r17261'7289t7467 11 rt5
1205SB0061 1 2-3241987r'73',73174r9r742317 53817 502r',76311172417695r76731726'711 t92r70&
1205SB0061 t2-3251987173531144217433t75781't 54't 118721770rr7727 r753916779170861701 r
1205S8006112-3261987 t7340174241739317 58817 513r't986177301166317498r'7269t709517M5
1205SB0061 1 2-321 1981 r7376r',7 4201743617108176291770917685r'76581153rt162311 155r7072
1205S80061 l 2-3281987 17355r7432r'74021748417 58317821 r769811528176641129317074r705r
i205s80061 1 2-3291981 1131t 11414t776617 594119351'774017 5521769517 t72r1 t9 1 17060
1205580061 12-3301987 17391 1138811 5461165417736t7 7 I I 18 105 1759017463t'7 r9017080
120558006112-3311987t73'70 17422 r7543 111251781'7 r7r70 17085
12111O5SDOO1LAKE WINMPEG AT PINE DOCK
1211105SD001i211105LK00312l1105LH00lProvisional Data collected by Water Resource
1205SD001112-3 17987
1205SD001ir2-3 21987
1205SD0011r2-3 31987
1205SD0011r2-3 4798',7

1205SD001112-3 51987
1205SD001rr2-3 61981
1205SD001112-3 7198',1
1205SD0011r2-3 81987
1205SD0011r2-3 91987
12055D001 rt2-370r987
1205SD001 r72-3rt1987
12055D001 t12-312r987
12055D001 1 r2-3r3r987
1205SD001 rr2-3r4r987
1205SD001 1 12-3151987
1 205 S D00 1 Lr2-3 161,987

r7 5481772217 68911 689t7 126t7 r33
t] 1 40t7 7 40t7 7 2617 50rr7 509 1'7 3r4r7 t31
17 848t'7't 0211 1 93 11 43211 36 5 17 28217 t 62
r7 68817 &417'70617 67 r17 52311 502r',1 r23
17 622177 5517 62917 632177 79 r7 53877 0'7 3
t] 65t 17 739 I't 77 2r1 549 11 529 t] 32011 1 r8
t7 65411 7 &17 7 15 t'7 &9 r7 40 5 1',7 29 61',7 Mr
r7 7 0117 1 6017 7 3611 ffi2t1 363 11 40617 093
l7 654t1 &311799t7 62611 5921128411 163
11 6fJ417 7 7 4t1 65177 651 r7500 I 708 1 17052
t7 63617 7 9217 7 13 L'7 65 t r7 430r'7 zMn 165
t] 7 0317 1 8011 823t7 590 11 3 4311 27 2r'7 23 |
11&5r7',t37 t7 68617 56617 478r73rr77143
177 2817'7 16t1 65317 5 5 5 r1 59811 09817 099
r7 6&t7 65217 7 07 11 58211 35217 13011 r08
11 63517 697 r7 7 7 0\7 525 r7 367 1721'7 t'7 096

101



1205SD001112-3171987
1205SD001 tr2-3r8r987
1205SD001 1 72-319t987
1205sD001 rt2-3201987
1205SD001 1 12-3211987
l 205 s D00 1 tr2 -322198',7 17 3 49
1 2055 D00 1 112-323 1981 t] 297
I 2055 D00 1 1 12-3247981 17 265
1 2055 D00 1 1 t2-325 1987 t] 2r3
1 2055 D00 1 112-326 t987 17 t9 6
12055D001 1 12-321 1987
12055D001 1 12-3281987
1 2055 D00 1 1 12-329 r98',1
1205SD001 r72-330t987
1 2055 D00 1 1 t2-331 198'7

r7 663 t7 802n 7 t8t7 6t 5 17 32877 3 t9 r-7 07 217385 t71 1t17698r77181762117 5761726917389 1167 rn73|1713It7 5631741817 59717380 17682171 r1t71 r5r7610t1441r1393
r'7375 17&217743117û175361731517028
17355 r'7674t't713r7884t7538r73r4r7221

11 7 6tt7 7 81 r'7'7 51 17 623 t7 29211 280
t'77 t517105r'71 r4r7 5821128571 144
I7 8821't 7 33 r7 667 17 534 t] I 14 1 7 1 0 I
l7 801r't 7 091'7 &4r7 48'7 11 39111 t5t

11125176901765817 51r17 50317 r27
r1 1 87 17 1 1811 6M t7 549 11 29 5 r7 099
t7 807 11 1 23 17 688 r1 648 t] 3 t2r7 1 66
\7 7 M t] 1 M t7 989 11 448\1 34611 r 57

1211105SDM2 LAKE V/INNIPEG AT MAT}IESON
121 1 1O5SDOO2PROVISIONAL DCP DATA
1205SD002it2-3 11981
1205SD002112-3 21.987
r205sD0021t2-3 31987
l205sD002lt2-3 4t987
1205SD0021r2-3 51987
r205sD0021t2-3 61987
1205sD002112-3 11987
1205sD002112-3 81981
r205sD0021r2-3 9198'7
1205sD002 1 t2-3r0r987
1205SD0021 r2-3rtt987
r205sD0021 r2-3r2r981
1205SD002 I t2-3131987
1205SD0021 t2-3t41987
1205SD0021 r2-3t5t981
1205SD0021 12-3161987
12055D0021r2-3r11987
1 205S D002 1 t2-3 t8r98',7
1205sD002 I t2-3r91987
12055D002r 12-3201981
12055D0021 12-3211987
12055D0021 12-3221987
1205sD0021 12-3231987
r205sD0021 12-3241987
r205sD0021 t2-325t987
1205SD0021 12-3261987
1 2055 D002 I 12-321 198'7
l 205s D002 1 12-328198'7
1205SD0021 t2-3291987
12055D0021 12-3301981
12055D0021 t2-33rr987

t] 397 r7 41511 599 17 6t9 t] 56511 7 r3r1 679 r7 1 1811 M817 rr4
r7 40017 40rI'7 583r1',7 511777 0777 3177 465 r7 46011 330 17 13 1
r7 402t'7 39 617 53817 8Mr1 69 5 r7 7 90r'7 47 4r7 37 81,7 25 4 r7 r37
1739017 408t7 519r7 68317 66917 69817 617 17 525r'7 50317 ttr
t7 403t7 40017 587 11 &017 77 517 63517 617 r7 67 617 47 3 t7 æ 4
r7 390r't 4r8r7 614 t] 6û 17 7 33 r'7 7 9217 5 63rt 50 r t7 286 17 r07
t'/ 4t 5t7 40911 62217 6541'71 80177 t2r7 &rr7 407 r7236t7 035
114tr17 42917 58817 692t71461'77 50t7 594r'7367 1131 5r1W6
t7 40017 44611 61 9 t7 66617 66211 7 8817 62411 55317248 17 148
t7 3'7 611 47 3 t] 63 t 17 614177 7 9 I7 6rr t7 65 rt'l 47 9 r7 07 r11 M4
17 381 r7 46617 613 1',7 66017'7 8417 7 43 r7 63817 434 r7 2t017 124
17 389 17 461 t] 534 17 7 06t',7 7 1 4 17',l 9217 589 r7 33 tr',l 259
17 39017 4',7 r71 62617 665 r77 3411 69 rt',t 56317 497 t] 3r4
r1390r146611625t'7727r1720r165t175691757'7 17096
11 31 6t7 48777 5 45 r7 68217 65 rr77 M t7 57 5 17 34817 r84t1 099
t7 38011 49817 63017 &0177 17 177 8017 53211 3 57 17253 t7 084
r1 387 r7 5Mr7 633 r7 681 r71 9 5177 0017 6t3r7 33217289 17080
t'7 40117 52211 569 r7',7 1211 686171 8rr7 611 11 56017289 t7 082
r7 407 t7 5 5317 58811 67 7 177 26177 t3 t'.l 565r'7 4591.Ì 601t7 07 8
t7 41 I t] 67211 61 817 69 5 r1 1 12117 09 17 60 | r7 4t 6t1 565 r1 07 3
r74r5r753tr'Ì692176521',77361179817 535r7306 t'70'10
r7 4r0r7 533 11 583 t7 69211 7 22r-/ 861 t'7 54211 308 17 26 5 11 063
77 4r0r1 5 6617 5'7 4 t] 1 60171 84 r77 3 5 r7 61, 617 29011 2261'7 07 Z
11 409 t',7 557 r1 57 t17721 r77 Mt77 19 t] 57 5 t7 2501'7 08411 05 r
11 4r4r7 58117582 1 78801 71 39 r7 65811 53217 r31 11 093r'7 05t
I7 394r'7 585 l1 593177 7 3 171 08t7 &511 49 117 42tr7 t 5 I
r'7 4t1 t7 60611 606t71 3211 694 r7 65 5 t] 5 t0I1 457 1'7 101
t] 400t7 57 tr7 61211 1 88t7 1 25 t] 609 17 54 | r7 28617 M4 11 M9
t] 40211 &tt'1 &1117 9417727 117 r t17 63611 32617 159 t7 03 5
n 39 ttl 569 t7 &8r7 699 117 06179 5217 403 r'7 30317 148 17059
r14r5 17588 1171517630 11241 17054

n1r5r7683 17250
ISLAND LANDING

12111O5SGOO1 LAKE WINNIPEG AT MISSION POINT
121 1 1O5SGOO1PROVISIONAL DCP DATA
1205SG00lrl2-3 1198717429173741740917390115111166'n'78&r17241',7597r7209t751411411
1205SG001i12-3 2t98',71',74351737011405114t21759017495r765717',72317145r7326r7286n4A0
l205sG001ll2-3 3198',717410173811743211430176231't482r11M17&917768 1734117380
l205sG00l tt2-3 41987t7425t7393t741'717421116091759217759176881156211365170551740'7
r205sG001ll2-3 519811740317391174301744017601116&11127r778717608171481708117418
r205sG0011t2-3 6t987r738rr7390r7399114201751117&4177301767011656113311125317394
1205sG0011t2-3 11981t73981'.7375113931144117580t1&51767517726r'7524174501732917481

r02



12055G001172-3 819871',73831'739417379t7437175731762417691177091759017472r714117418
l205sG00lt12-3 91987r7369t7403r140617422115381168417785176531758317185t7264r7345
12055G00 1 rr2-3r0t98'11740611399174121741511 51217'719177t9t7791 17539 r7 523t1453
12055G001 1 r2-3r1r987t1388t1392r73891745011 559t77Mr7667 177 1317 544 t7 63811368
1205SG001112-3121987 r739611374n4021741911685176&17673t759r17 ñOr74o8r7 531
1205sG001 rr2-3r3r987 r73881736417395r7481175897768617'102177 t0r7 606t1405r7498
1205sG001 rr2-3r41987173581738717393175t4r75811763811123117r5t7û478rM 17347
1205SG001112-3151981r13811740311417t75Wt'7&9r169911750177 15t75t118ß4t1ffirr'l347
1205sG001112-3161987r739tt738911412r'75ffit1566t't72417723r1&51762118r'761't53017350
12055G001 112-31'7 1987 r13131'739rt14Mt7 5rrt7 565r1102t767 rr768517467 t751017362
1205SG001 1 12-378198717369113961742117 503t7670t76t6t7698t1623r7469r7916174r9r7339
12055G0011r2-3r9198711358114021'741817490176M177141711317665 18M517120r't357
1205sG001 1 12-320198111389174t0n4231745817 50217105r77031767rr1 454t8671114617332
12055G00 1 1 r2-32rr98717357t7381114t0r'7 5461746117734r',769511 59811491r',7390 11326
1205SG001 tr2-322r9871735217392174061755417 59817721r17 19r7514174851738817459r7336
1205SG001112-323r98',7r73691't376174M1752817626176r,217674r1ffir74051'74601136511308
1205SG001112-3241987t7382t73',1017399r',754617620r',76831713817652t1417 t','t51217333
1205SG001 1 t2-3251981t739417367r'739517535r7626175801773811669r'.l3987748517 516173r8
1205SG001 1 72-3261987 1739tr7315t742rt7508t7603t76281774417&2 r7205t7458
12055G00 1 tl2-327 198^117369173911737617 53011 59217689177 50t7661 1722517466
l205sG00l rt2-32819871739rr'7391t73981756rt162817651177201769tL739317391r754317308
1205sG00 1 1 12-329t987 11390 r74021'750317638176t8r170817 550r1293r73r9r741411316
12055G001tr2-330r987r7382 r74l7r'7589t7&tr7693117211735211494r7269t'741011279
1205SG001112-331198711386 t7394 17695 t7718r76r4 t'7251
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E2.X PROGRAM ST'R.UCTUR.E TF'' SVS FOR.TRAN PROGRAM

The SVS algorithm is programmed in FORTRAN IV language. The program is

used to calculate the seasonal semivariogram values for different separation distances.

The program has 70 lines. The executable version takes 156 kB of memory on

the hard disk of a personal computer. The execurion times is two minures on the

IBTWAT personal computer with a mathematical coprocessor.

The input data are the converted raw measured data for years from 1982 to 1988.

The ouçut file is presented in the Section 82.3 as a two column, one for the winter

and one for the surnmer season as well.

W2.2 VAR.TABT,ES

The following section describes the variables existing in the SVS program.

D(L,KJ,I) - measured water level in converted form

DAY - number of dav in month

X - index for month

trtr - index for season

IN(L) - names of input files

.T - index for days

K - index for gauge stations

KK - index for the second gauge station in pair

I- - index for year

n K - counter for combination of gauge stations

M - the number of pairs in calculation
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NAME - name of gauge station

NO - code number for gauge station

s va¡iable for summation

SV(LK,II) - semivariogram values

YEAR. - yeil indicator

82"3 PR.OGRAM T,TSTTNG

C* ***t<***** **t(t(t( *d<******t( * *r(*{<******************* *** ********* * ** **){{****
C
C
C
c
C

SEASONAL SEMIVARIOGRAM CALCI.]LATION

D(L=YEAR,K=GAGE STATIONJ=DAY,i=MONTH)

C*************t *****ìk*.*d(****<****************{.*.******************X******

CHARACTER IN* 1 1,NO* 1O,NAME*45
DTMENS rON D(10,8,32,t2),SV(28,2)JN(7)
INTEGER DAY,YEAR
DATA IN/l 1 HMABSL82.DAT, 1 1HMAB SL83.DAT, 1 1 HMABSL84.DAT,

* 1 lHMABSL8s.DAT, 1 IHMABSLS6.DAT, 1 lHMABSL87.DAT, 1 1 HMABSLSS.DAT/
DO l0 L=1,7
OPEN(2,FILE=ING))
DO 1 K=1,8
READ (2,102) NONAME
DO I J=1,31

I READ (2,120)YEAR,DAY, (D(I-,KJ,D,r=1,12)
cl-osE (2)

10 CONTINUE
r02 FORMAT(//,5y',A'7,5X,A45 J)
120 FORMAT(2X,r4,5X,r2,5X,r2F1 .3,2X))

DO 7 ll=1,2
LK=0
DO 7 KK=1,7
DO 7 K=KK+1,8
LK=LK+1
S=0
M=0
rF (rr .EQ. 2) GOTO 21

c--------------
C FIRST SEASON
c--------------
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DO 5 I=1,4
DO 5 L=1,7
DO 5 J=1,31
rF ((D(r-,KKJ,r) .EQ. 0.) .OR. (D(r-,KJ,D .EQ. 0.)) coro 5
M=M+1
S=S +(D (I-, KK J,I)-D(I-,K J,Ð) u n2

5 CONTINTIE
I=12
DO 6 L=1,6
DO 6 J=1,31
rF ((DCI_,KKJ,r) .EQ. 0.) .OR. (D(r_,KJ,r) .EQ. 0.)) coro 6
M=M+1
S = S + (D(I-,KK J, Ð-D (I-,K J, D) 

u n2

6 CONTINTIE
GOTO 24

c--------------
C SECOND SEASON
c--------------

2l DO 23 I=5,11
DO 23 L=1,1
DO 23 J=1,31
rF ((D(L,KKJ,D .EQ. 0.) .OR. (D(L,KJ,Ð .EQ. 0.)) coro 23
M=M+1
S =S +(D (I-,KK J,Ð- D(L,K J,I)) * o2

23 CONTINUE
24 rF (M .EQ. 0 ) cOrO 9

sv(I-K,IÐ=S/À4l2
GOTO 7

9 SV(LK,II)=O.
7 CONTINT]E

OPEN(3,FrLE='SVS.')
DO 8 LK=i,28

8 WRITE(3,110) (SV(LK,rr),il=1,2)
110 FORMAT(2E16,6)

cl-osE (3)
END

W2"4 OUT'PUT F'{T,E SVS"

0.113143F-03
0.1232298-02
0.1654i5E-02
0.972820F-03
0.101599E-02
0.954040E-03
0.198028E-02
0.6822238-03
0.298083E-02
0.13&198-02
0.561873E-03
0.166118E-02
0.287ffiF-02
0.304891E-02
0.r157248-02

0.2rt7668-02
0.708019E-02
0.131766E-01
0.r25835E-01
0.2572518-02
0.2340348-02
0.9689468-02
0.3272958-02
0.163783E-01
0.1508348-01
0.4163108-02
0.56129rÊ'02,
0.6529408-02
0.2'727228-01
0.2502128-0t

106



0.t40247F-02
0.1r0587E-02
0.6882258-03
0.102334F-02
0.216205E.02
0.2577t28-02
0.2217358-02
0.5307428-03
0.1621218-02
0.2224128-02
0.2t58r48-02
0.2453368-02
0.588981E-02

0.106ó15E-01
0.1052ME-01
0.3470618-02
0.2636168-02
0.609855E-02
0.6729278-02
0.261690E-01
0.4416938-02
0.65c647E-02
0.2533198-01
0.r371378-02
0.135689E-01
0.1488088-01
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83.X. PR.OGRAVT STRUCT'URE OF' KR.TGNNG F''OR.TRAN

PROGRAM

The KRIGING algorithm is programmed in FORTRAN IV language. The

program is composed of a main ¡outine and of a subroutine GAUSS for soiving sysrem

of linear equations. The program is used for calculation of water level in each of the

defined point. The program used input data f¡om the data set presenred in the Section

81.4 and additional three input files KRII.DAT, KRI2.DAT and GSNAME.DAT

presented in the Section 83.4. Furthermore, the program produces three output files,

namely our.our, KRI.our and ERR.our presented in the Appendix c.

The main program has about 300 lines and the subroutine has 50 lines. The

executable version of the program takes 165 kB of the memory on the hard disk of

personal computer. The execution time varies depending on the number of available

data and the number of point where some of the measured data found as an outlier,

but the rypical values are three to five minutes on the IBIWAT personal computer with

mathematical coprocessor.

The program first read the measured water level for each gauge station and on

the basis of available data create the basic matrix. In the second step for each

estimation point calculates the RHS coefficients and solve the system of linear

equations. The obtained coefficients are checked for negative sign and if there are

some there is corrected. The next check is for the outlier stations and if the¡e are

some the modified system is solved. In the last part of the program the results and

documentation of calculation process are printed in three different files.
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ts3.2 VAR.TABT,ES

The following section describes the variables existing in the KzuGiNG program.

A - modified basic matrix

AC - basic matrix

E - modified RHS coeff,rcients

8C - RHS coefficients

Ð - separation distance

ÐAY - number of day in month

DD - desired day

DX - step in the X direction

ÐY - step in the Y direction

E - estimated water level

EL- average Kriging error

ÐR - estimated Kriging error

FLAG - decision variable indicator

GSÐ - converted reading from source file

GSN - name of gauge stations

GSX - X coordinates of gauge starions

GSY - Y coordinates of gauge stations

ID - condensed form of measured water level

XNPUT - input data files

XT - maximum number of iteration

"ïX - index for X scale

KK - K coefficient
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KO - counter for stations without records

KON - control index

KONL - counter for iteration

M - indicator for number of points at Y value

MK - index for counter for stations without records

MM - desired month

MMM - season indicator

MAESL - input files with measured water 1evel

NAME - name of gauge starion

NGS - number of gauge stations

NO - code number for gauge station

NOD - counter for nodes

NX - number of discrete points on X axis

NY - number of discrete points on Y axis

OUT - counter to being outlier

POUT - OUT presented in percentage form

RI - radius of influence

Str - component of Kriging error

52 - component of Kriging error

53 - St coefficients

SVR - sill value of semivariogram

SVO - 3 - coefficients of theoretical semivariogram

Vï, - mean water level

X - X coordinates
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Y - Y coordinates

YE.{R. - yeff indicator

YY - desi¡ed year

\& - weighting coeffïcients

83"3 PR.OGR.AM T,{STTNG

Cr(t<+( {<**{<********** t< * ************t<{<*************{<*rk**** ** *** *** **
C
C
C
C autor:
C
C
C
C
C
C
C

KRIGING INTERPOLATION METHOD

Zoh Trinji
University of Manitoba
Faculty of Engineering
Department of Civil Engineering
342 Engineering Building
Winnipeg, Manitoba
Canada R3T 2N2

c**x * ****x*** * ********{<* * **x**** ******* * ************ * * **********

INTEGER YY,DD,DAY,YEAR,FLAG
CHARACTER MAB SL*6,INPUT* g NO * 

1 0 NAME x45,GSN* 
1 9

DTMENSTON A( 1 0, 1 0),AC ( 10, I 0),8 ( 1 0),8 C( 1 0),W( I 0),cS X( 1 0),cS y( 1 0),
+M(100)E(100, 100),ER( I 00, 100),cSD(10),Ko(1 0),y( 100),x( 100,60),
+S3(1 0),OUT( 10),MABSL(8),INPUT(2),iD(9,32, I 3),cSN(8)

DATA MABSL/6h8 1.DAT,6h82.DAT,6h83.DAT,6h84.DAT,6h85.DAT,6h86.DAT,
+6h87.DAT,6h88.DAT/

DATA INPUT/8HKRI 1.DAT,8HKRI2.D AT I
OPEN(7,FILE='OUT.OUT')
WRITE(*,*) 'Please enter rhe desired

+1982 to Dec 31st 1988)'
WRITE(*,*) 'Year = '
READ(*,"') YY
WRITE(*,*) 'Month = '
READ(*,*) MM
WRITE(*,*) 'Day - '
READ(*,*) DD
YY=YY-1980
rF(MM .GT.4 .AND. MM .LT. 12)

MMM=2
ELSE
MMM=1
END IF

OPEN( I,FILE=INPUT(MMM)
READ(1,x) SV0,SV1,SV2,SV3
READ(1,*) RI,IT,KK

date (Available from Jan lst

SVR=SVO+SV 1 *RI+SV2*RI*RI+SV3 *RI*zu*Ri
READ(1,*) NGS
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DO 2I=I,NGS
2 READ(1,*) cSX(Ð,cSY(Ð

RE AD( 1, *)NY,l.D(,DY,DX
DO 1 I=I,NY

1 READ(1,*) y(r),M(r),(X(rÐ,J=1,M(r))
close (1)
OPEN( I,FILE=' GS NAME.DAT')
DO 8 I=1,NGS

I READ(I,126) GSN(Ð
cl-osE (1)

126 FORMAT(A19)
OPEN(2,F'ILE= M AB S L (Y Y) )
DO 7 K=INGS
READ(2,121) NOJ.TAME
DO 7 J=1,31
RE AD (2,122)DAY,YEAR, (rD (K, J,I),I = 1,12)

7 CONTINUE
cl-osE (2)

121 FORMAT(sX,ê^7,A45)
122 FORMAT( 14x,r2,r4,12(15))

MK=1
DO 3 K=I,NGS
rF (rD(K,DD,MM) .EQ. 0) THEN

GSD(K)=0.
KO(MK)=K
MK=MK+1
ELSE
GSD(K)=rD(K,DD,MM)
GS D(K)=GS D(K)/1 000+200
END IF

3 CONTINUE

r23

WRITE(*,123) 'Measured data at the date of: ',MM,DD,1980+YY
WRITE(7,123) 'Measured data at the date of: ',MM,DD,1980+YY
FORMAT(A 3 t,tz,', ."rz,', ."14, 1 [)
DO 47 I=INGS
wRrTE(7,124) GSN(r),GSD(r)
WRITE(*,124) GSN(I),GSD(D
FORMAT(AZ],F7.3)
rF ( MK .EQ. 1) GOrO 9

DO 4 J=l,MK-1
DO 5 I=KO(J),NGS-1
GSN(I)=GSN(I+1)
GSX(I)=GSX(I+1)
GSY(I)=GSY(I+i)
GSDQ)=Ç$þç¡a1;

DO 6 L=J,MK-l
KOQ-)=¡çgç¡¡-1

NGS=NGS-l

+t
r24

5

6
4

c--------------
C
C Coefficients of the basic mat¡ix
C
c--------------

9 DO 10 I=1¡65
DO 10 J=I,NGS
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rF(r -EQ.Ð THEN
AC(l,J)=0.

ELSE
D=((GSX(Ð-GSX(J))**2+(GS Y(I)-GSY(J))**2¡ *'*9.5

IF(D .GE. RD TI{EN
AC(IÐ=SVR
ELSE

AC(I,J)=SV0+SV I *D+SV2*D*D+SV3 *D*D*D
END IF

END IF
10 AC(J,!=aç1¡¡¡

DO 12 I=INGS
DO 11 J=NGS+1,2,-1

11 AC(I,J)=AC(IJ-1)
12 AC(r,1)=1.

AC(l'{GS+1,1)=0.
DO 13 J=2,NGS+l

13 AC(NGS+1J)=1.

c--------------
C
C RHS coefficients
C
c--------------

14 wRl].ei*.'*¡'
VL=0.
EL=O.
LN=0
DO 25 I=INY
DO 25 J=1,M(Ð
rF(x(r,J) .EQ, 999) GOTO 25
NOD=NOD+1
DO 20 L=INGS
D=((X(I Ð - G S X (I-)) * x2+ (YG)- c S Y G-)) 

* *2) * * 0. 5
IF(D .GE. RÐ TTIEN

BG)=SVR
ELSE

B (L)=S V0+SV I *D+S V2*D*D+S V3 *D*D*D
END IF

20 BC(I-)=BG)
BOIGS+1)=1.
BC(l'{GS+1)=1.

c--------------
C
C Weighting coefhcients
C
c--------------

DO 22 iI=1NGS+1
DO 22 JJ=1,NGS+i

22 A(II,JJ)=AC(IIJJ)
29 CALL GAUSSG\IGS+1,4,8,W)

c--------------
C

i13

Please wait... '



C

c---------------

KON=0
DO 41 II=2NGS+l
iF (w(il) .cE. 0.) coTo 41

KON=KON+1
4T CONTINTIE

rF (KON .EQ. 0) GOTO 42
S=0.

Checking and modification of úre weighting coefficienr

43

44
Àa

DO 43 tr=2NGS+1
S=S+ABS0M(II))
DO 44II=2NGS+1
wflr;=e35¡vç1¡yt

CONTINTJE

C
C Calculation of the water level and
C St.Er¡or in nodes
C
c--------------

KON=O
DO 45 L=INGS+I

45 S3(L)=0.
S 1=0.
S2=0.
JX=X(I,J)IDX
E(IJX)=0.
DO 21L=INGS
S 1=S 1+W(L+1)*BC(i-)

2r E(IJX)=E(IJX)+WQ-+i)*GSD(l-)
DO 23II=2NGS+l
DO 23 JJ=2,NGS+I

23 S2=S2*vn,tD*W(JJ)"AC(II-1JJ)
ER(IJX)=S QRT(S 1+W( 1))

c--------------
C
C
c
C

Checking outliers

DO 24 L=INGS
IF((E(rJX)-GSD(I_))**2 .LE. KK*ER(rJX)**2) GOTO 24
rF(KONI .NE. 0) GOTO 46
OUT(I-)=OUTQ-)+1
KON=KON+1
s3 (r_)=(GGJX)-cSD(r_))* *2)/(SVO/SVR)ÆR(r JX)**2
CONTINUE

rF(KON .EQ. 0) GOTO 26
DO 21 II=1NGS+1
DO 27 JJ=1,NGS+1
A(II,JJ)=AC(IIJJ)
DO 28 II=INGS
B(rr)=3ç11¡

174

46

24

t1



28 A(II,II+1)=0.-S3(II)
B(l'{GS+1)=1.
KONl=KON1+1
rF(KONl .EQ. rÐ GOTO 26
GOTO 29

26 VL=VL+E(IJX)
EL=EL+ER(I,JX)
KONl=0

25 CONTINUE
DO 40 I=1NY
DO 40 JX=INX/DX

rF@(r,JX) .NE. 0.) cOrO 40
E(I,JX)=-999.
ER(IJX)=-999.

40 CONTINIJE

c--------------
C
C Printing of results
C
c--------------

VL=VLÂ.{OD
EL=ELA{OD

1004 continue
WRITE(*,128)'The esrimared
WRITE(*,128)'The esrimated
WRITE(7,128)'The esrimared
V/RITE(7,128)'The eslimared

r28 FORMAT(A37,F1.3)
wRrTE(7,107) KKNOD
write(*,107) KKNOO
DO 33 I=INGS
POUT=OUT(I)/Ì\OD*100

JJ
35

125

150

wRrTE(*, 106) cSN(r),OUT(r),POUT
wRrTE(7, 106) cSN(Ð,OUT(r),POUT
WRITeix,*;'Do you want to repeât the calculation with the'
WRITE(*,125)'coef. l( = ',KK,'+ I (Y=1/|{=Q) '
FORMAT(A13,tr,Ar7,l)
READ(*,150) FLAG
FORMAT(il)
rF(F'LAG.EQ. 1)TI{EN

KK=KK+1
NOD=0
DO 36 I=iNGS
ouT(l)=O.
GOTO 14

ELSE

meân water level is = 
"vLmeån error level is = 
"ELmean water level is = 
"vLmean error level is = 
"EL

36

rF( FLAG .EQ. 0 ) TrrEN
GOTO 37
ELSE

coro 35
END IF

END IF
106 FORMAT(A20,2X,F6.0,2X,F'8.3)
I0'7 FORMAT(5X,'Coef k =',I2J,'7X,'# of nodes

+'# out.',2X,' Vo out')

115



37 OPEN(3,FILE='KRI.OUT')
OPEN(4,FILE='ERR. OUT' )
wRrTE(3, 1 05)'RE 

"òry,FD(,-999 

.,r. J.,vL
WRITE(4, i05)'RE 

"l.Iy,NX,-999., 

1., 1. EL
DO 30 I=I,NX

30 wRrTE(3,110XE(J,r)J=1,NY)
DO 31 I=I,NX

31 WRITE(4,111) @R(J,DJ=l,¡ry)105 FORMAT(A2,16,r8,3F8.0,F8.3)
110 FORMAT(10F8.2)
111 FORMAT(10F8.2)

END

ts3"4.tr ÏNPUT F''{T,E KR.TI"ÐAT'

0.0006426548
33.0 3 2
8
15.5 22.8
11.5 28
10 36.8
1,9.2 4.3
16.2 3.4
1.3 t4.9
16.5 15.9
r.2 31.8
78 41 0.5 0.5

0.0m0904191 -0.0000013671 0.0000000000 ! svO,svl,sv2,sv3
radius of influence, # of itteration, coef. K
# of gage stations
BerensRiver ! x & vcordinates
George Island
Montreal Point
Victoria Beach
Gimli
Pine Dock
Matheson Island
Mission Poi¡t

7 4 17 17.5 18 18.5
1.5 6 16.5 r't n5 18 18.5 19
2 5 16.5 t7 1'7.5 18 18.5
2.5 5 16.5 r7 r1.5 18 18.5
3 5 16.5 17 11.5 18 18.5
3.5 5 16.5 r7 r7.5 18 18,5
4 9 16.5 11 r1.5 18 18.5 999 r9.5 20 20.5
4.5 8 16.5 11 r'7.5 18 18.5 19 t9.5 20
5 9 i6.5 t] r7.5 18 18.5 t9 19.5 20 20.5
5,5 9 16.5 r1 r7.5 18 18.5 19 19.5 20 20.5
6 9 16.5 t7 r7.5 18 18.5 19 19.5 20 20.5
6.5 9 16. 76.5 r7 17.5 18 18.5 19 19.5 20
't 8 16.5 17 r7.5 18 18.5 19 19.5 20
7.5 8 16.5 17 r7.5 18 18.5 19 t9.5 20
8 8 16.5 999 999 18 18.5 19 r9.5 20
8.5 8 16.5 999 999 999 18.5 19 19.5 20
9 6 r'Ì.5 999 18.5 t9 19.5 20
9.5 6 11.5 999 18.5 t9 19.5 20
r0 10 16 t6.5 999 17.5 18 18.5 19 t9.5 20 20.5
10.5 9 16.5 999 999 999 18.5 19 19.5 999 20.5
11 8 16.5 r7 999 999 18.5 19 r9.5 20
11.5 8 16.5 17 17.5 999 999 t9 19.5 20
12 6 r1 17.5 18 18.5 19 19.5
r2.5 4 t7.5 18 18.5 19
t3 1r 14 r4.5 999 999 999 999 999 17.5 18 18.5 19

13.5 10 14 14.5 15 999 999 999 999 71.5 18 18.5
14 r0 14 14.5 999 999 999 999 999 17.5 18 18.5
14.5 10 14 14.5 15 999 999 999 999 17.5 18 18.5
15 9 14 r4.5 15 999 999 999 17 17.5 18

rt6

! # of Y & X coordinates (from 1.)
! # of X in one row, X coordinates



15.5 8 14 r4.5 15 15.5 16 999 t7 r7.5
16'7 14 14.5 15 15.5 16 16.5 t]
16.5 1 14.5 15 15.5 16 16.5 t7 17.5
t7 7 r4.5 15 15.5 16 16.5 17 r'7.5
11.5 14 t0 999 999 999 999 999 999 999 14 14.5 15 15.5 16 16.5
18 16 9 9.5 10 999 999 999 999 999 999 999 14 14.5 15 1s.5 16 16.5
18.5 16 9 9.5 10 999 999 999 999 999 999 999 14. 14.5 15 1s.5 16 16.5t9 16 9 9.5 10 10.5 999 999 12 999 999 13.5 14 14.5 15 ls.s 16 16.5
19.5 15 9 9.5 10 ß.5 999 999 999 t2.5 t3 13.5 14 14.5 15 15.5 16
20 15 8.5 9 9.5 10 999 999 999 999 12.5 13 13.5 14 14.5 15 15.5
20.5 15 8.5 9 9.5 10 10.5 11 11.5 12 r2.5 13 13.5 14 r4.5 15 15.5
2I t4 8.5 9 9.5 t0 10.5 11 11.5 t2 12.5 13 13.5 14 14.5 15
2r.5 t5 8 8.5 9 9.5 10 10.5 11 n.5 n n5 13 13.5 1.4 14.5 15
22 16 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 t3 999 14 14.5 15 15.5
225 18 6.5 t 1.5 8 8.5 999 999 t0 10.5 1l tr.5 12 rz.s 13 999 g9g 14.5 15
23 t8 6.5'7 7.5 8 8.5 999 9.5 10 10.5 11 n5 12 12.5 13 r3.5 14 r4.5 15
23.5 20 6 6.5 7 7.5 I 8.5 999 9.5 10 10.5 11 11.5 12 72.5 13 13.5 14 t4.5 15 15.s
24 19 6 6.5 7 7.5 8 8.5 999 9.5 10 10.5 11 11.5 12 r2.5 13 13.5 14 14.5 15
24.5 t8 6 6.5 7 7.5 8 8.5 999 9.5 10 10.5 1i 11.5 12 12.5 13 13.s t4 t4.5
25 t9 5.5 6 6.5 17.5 8 8.5 9 9.5 10 10.5 11 tt.s 12 r2.5 13 r3.5 t4 r4.5
25.5 20 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 1t.5 72 12.5 t3 13.5 14 14.5
26 20 4.5 5 5.5 6 6.5'7 '7.5 8 8.5 9 9.5 10 10.5 11 7r.5 t2 r2.5 13 r3.5 74
26.5 21 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 n.5 n n.5 ß 13.5 t4
27 21 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 l0 10.5 11 11.5 12 r2.5 13 13.5
27.5203.544.5 5 5.56 6.57 7.5 8 8.5 99.5 10 10.5 1l n.5 nn.5 ß
28 20 3.5 4 4.5 5 5.5 6 6.5 1 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 r2.5 13
285 21 3 3.5 44.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 l0 10.5 1l tr.s t2 r2.5 13
2921 33.544.555.566.57'7.588.599.5 10 10.5 11 tr.s 12 12.513
29.5 19 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 t7.5 tZ r2.5
30 15 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 \r.5 12 r2.5 t3
30.5 13 6.5 1 '7.5 8 8.5 9 9.5 10 10.5 11 tt.5 t2 r2.5
31 2222.533.544.5 5 5.5 6 6.5 7'Ì.58 8.5 9 9.5 l0 10.5 11 11.5 12r2.5
31.523 r.522.533.5 4 4.5 5 5.5 66.5'7 7.5 8 8.5 9 9.5 l0 10.5 11 tt.s 12
t2.5
3224 tt.522.533.54 4.5 5 5.5 66.57 7.5 8 8.5 9 9.5 i0 10.5 11 1t.5 t2
12.5
32.523 | r.522.533.5 44.5 5 5.5 6 6.5 7 7.58 8.5 9 9.5 10 10.5 It n.5 n
33 22 t r.5 22.5 3 3.5 44.5 5 5.5 6 6.5'7 7.5 8 8.5 9 9.5 10 10.5 11 11.5
33.5 22 11.5 225 3 3.5 4 4.5 5 5.5 6 6.5'7 1.5 8 8.5 9 9.5 10 10.5 11 11.5
34 2t r.5 22.5 3 3.5 4 4.5 5 5.5 6 6.5 7 1.5 8 8.5 9 9.5 10 10.5 11 11.5
34.5 20 r.5 22.5 3 3.5 44.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11
35 19 22.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 88.5 9 9.5 10 10.5 11
35.5 18 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7'1.5 8 8.5 9 9.5 10 10.s
36 t8 22.5 3 3.5 4 4.5 5 5.5 6 6.5',l 1.5 8 8.5 9 9.5 10 10.5
36.5 t6 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 88.5 9 9.5 10
31 16 2.5 3 3.5 44.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 t0
37.5 16 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
38 13 2.5 3 3.5 44.5 5 5.5 6 6.5 7 7.5 I 8.5 39 10 3 3.5 9994.5 5 5.5 6 6.5 7 -/.5
38.5 122.5 999 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8
39 10 3 3.5 999 4.5 5 5.5 6 6.5 1 7.s
39.5333.54

W3"4"2 TNPUT F''T{,E KR.Tz.ÐAT

0.001064887 0.0001203889 0.0000205516 -0.0000000461 ! sv0,sv1,sv2,sv3
25.0 3 2 ! radius of influence, # of irteration, coef K

tt7



8

15.5 22.8
11.5 28
l0 36.8
r9.2 4.3
16.2 3.4
'7.3 r4.9
16.5 15.9
t.2 31.8
78 41 0.5 0.5
r 4 t7 17.5 18 18.5

# of gage starions
BerensRiver !x & ycordinates
George Island
MonÍeal Point
Victoria Beach
Gimli
Pine Dock
Matheson Island
Mission Poinr

1.5 6 16.5 17 t7.5 l8 18.5 t9
2 5 16.5 11 17.5 18 18.5
2.5 5 16.5 r'7 r7.5 18 18.5
3 5 16.5 r7 r1.5 18 18.5
3.5 5 16.5 1'1 fl.s 18 18.5
4 9 16.5 r1 r'7.5 18 18.5 999 r9.5 20 20.5
4.5 8 16.5 t7 r7.5 18 18.5 19 r9.5 20
5 9 16.5 r7 r7.5 18 18.5 19 19.5 20 20.5
5.5 9 16.5 r7 17.5 18 18.5 i9 i9.5 20 20.5
6 9 76.5 r'7 r7.5 18 18.5 19 19.5 20 20.5
6.5 9 16. 16.5 r7 17.5 18 18.5 19 r9.5 20
'7 8 76.5 t'7 17.5 18 18.5 19 r9.5 20
7.5 8 16.5 17 r7.5 18 18.5 19 19.5 20
8 8 16.5 999 999 18 18.5 19 79.5 20
8.5 8 16.5 999 999 999 18.5 19 79.5 20
9 6 r7.5 999 18.5 19 r9.5 20
9.5 6 r7.5 999 18.5 19 19.5 20
10 10 16 16.5 999 17.5 18 18.5 19 r9.5 20 20.5
10.5 9 16.5 999 999 999 18.5 19 19.5 999 20.5
11 8 16.5 ),7 999 999 18.5 19 r9.5 20
11.5 8 16.5 r1 r'7.5 999 999 19 19.5 20
12 6 17 17.5 18 18.5 19 19.5
r2.5 4 r7.5 18 18.5 19
13 tt 14 74.5 999 999 999 999 999 17.5 18 18.5 19
13.5 10 t4 r4.5 15 999 999 999 999 r7.5 18 18.5
14 10 14 r4.5 999 999 999 999 999 17.5 18 18.5
14.5 10 14 r4.5 15 999 999 999 999 17.5 18 18.5
15 9 14 r4.5 1.5 999 999 999 17 17.5 18
15.5 8 14 14.5 15 15.5 16 999 r7 r7.5
16 7 14 r4.5 15 15.5 16 16.5 17
16.5 1 r4.5 15 15.5 16 16.5 r't 17.5
17 't 14.5 15 15.5 16 16.5 r7 t7.5
r7.5 14 10 999 999 999 999 999 999 999 14 t4.5 15 15.5 16 16.5
18 16 9 9.5 10 999 999 999 999 999 999 999 14 14.s 15 15.5 16 16.5
18.5 16 9 9.5 r0 999 999 999 999 999 999 999 14. 14.5 15 15.5 16 16.5
19 76 9 9.5 10 10.5 999 999 12 999 999 13.5 t4 14.5 15 i5.5 16 l6.s
19.5 15 9 9.5 10 10.5 999 999 999 12.5 13 13.5 14 r4.5 15 15.5 16
20 15 8.5 9 9.5 10 999 999 999 999 r2.5 13 r3.5 14 14.5 15 15.5
20.5 15 8.5 9 9.5 10 10.5 11 11.5 12 t2.5 13 13.5 74 74.5 15 15.5
2t 14 8.5 9 9.5 l0 10.5 11 tt.s 12 12.5 t3 r3.5 t4 r4.5 t5
21.5 15 8 8.5 9 9.5 l0 10.5 11 11.5 12 r2.5 13 13.5 14 14.5 t5
22 t6 8 8.5 9 9.5 10 10.5 11 11.5 t2 r2.5 13 999 14 74.5 15 15.5
225 t8 6.5 1 7.5 8 8.5 999 999 r0 10.5 11 rr.5 12 t2.5 13 999 999 14.5 \5
23 r8 6.5 7 1.5 8 8.5 999 9.5 10 10.5 11 11.5 12 r2.5 t3 13.5 1,4 74.5 15
235 20 6 6.5 17.5 8 8.5 999 9.5 10 10.5 11 11.5 t2 r2.5 13 13.5 14 14.5 15 15.5
24 79 6 6.5 7 7.5 8 8.5 999 9.5 10 i0.5 ii rr.5 12 r2.5 13 13.5 14 14.5 15
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24.5 78 6 6.5 7 7.5 8 8.5 999 9.5 10 10.5 li 11.5 12 12.5 13 13.5 14 t4.5
25 19 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 tr.s t2 12.5 1313.5 14 14.5
25.5 20 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 r1.5 t2 r2.5 t3 13.5 t4 r4.5
26 20 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 i0 10.5 1l ú.5 12 12.5 t3 13.5 14
26.5 21 3.5 4 4.5 5 5.5 6 6.5 7 1.5 8 8.5 9 9.5 i0 10.5 11 r1.5 12 12.5 13 13.5 14
21 2t 3.5 4 4.5 5 s.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 1i.5 t2 r2.5 13 13.5
21.5 20 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 tt.5 12 72.5 t3
28 20 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 1i.5 12 12.5 t3
28.5 21 3 3.5 4 4.5 5 5.5 6 6.5 17.5 8 8.5 9 9.5 10 10.5 11 11.5 12 r2.5 13
29 21 3 3.5 4 4.5 5 5.5 6 6.5'7 7.5I 8.5 9 9.5 10 10.5 11 rt.s 12 r2.5 13
29.5 19 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 tl n.5 12 12.5
30 15 6 6.5 7'7.5 I 8.5 9 9.5 10 10.5 11 r1.5 12 12.5 13
30.5 13 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 \1.5 12 12.5
31 22 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 1.5 88.5 9 9.5 10 10.5 il 11.5 12 12.5
3r.523 r.522.533.544.5 5 5.566.57 7.5 8 8.599.5 10 10.5 ll n.5 12
t2.5
3224 t 1.522.533.54 4.5 5 5.5 66.5 17.5 8 8.5 9 9.5 10 10.5 11 rt.5 12
12.5
32.523 | 1.522.533.5 4 4.5 5 5.5 66.57 7.58 8.5 9 9.5 l0 10.5 tr 7r.5 12
33 22 1 r.5 22.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5
33.522 1. 1.522.533.544.555.566.5 17.588.599.5 10 10.5 11 11.5
34 21 1.5 22.5 3 3.5 4 4.5 5 5.5 6 6.5 7 1.5 8 8.5 9 9.5 10 10.5 ll 11.5
34.5 20 r.5 225 3 3.5 44.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 l0 10.5 11
35 t9 22.5 3 3.5 4 4.5 5 5.5 6 6.5 t ].s 88.5 9 9.5 10 10.5 ll
35.5 18 22.5 3 3.5 4 4.5 5 5.5 6 6.5'7 7.5 8 8.5 9 9.5 10 10.5
36 78 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 1 7.5 88.5 9 9.5 10 10.5
36.5 16 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9,5 10
37 16 2.5 3 3.5 4 4.5 s 5.5 6 6.5 7 7.s 8 8.s 9 9.s 10
31.5 16 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
38 13 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 39 l0 3 3.5 999 4.5 5 s.5 6 6.5 7,7.5
38.5 122.5 999 3.5 4 4.5 5 5.5 6 6.5 7'Ì.5 8
39 10 3 3.5 999 4.5 5 5.5 6 6.51 7.5
39.5333.54

83.4.3 INPUT FNT,E GSNAME.ÐAT'

Berens River
George Island
Montreal Piont
Victoria Beach
Gimli
Pine Dock
Matheson Island
Mission Point
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84.1 PR.OGRAM STR.UCTURE F''OR. SUERO{JTTNE GAUSS

F'OR.TR.AN PR.OGRAN4

The subroutine GAUSS is programmed in FORTRAN IV language. The program

is used to solved the system of linear equations by Gauss elimination system.

Subroutine is used in the KRIGING program.

The program has 50 lines. The input and output is directly to rhe main program.

w4"2 VAR.T.{tsLES

The following section describes the variables existing in the GAUSS subrourine.

A - basic matrix

E - RHS coefficients

C - comparison coefficient

D - comparison coefficient

E - coefficient for normalization

N - number of equation

TOL - tolerance limit

X - unknown variables

84.3 PR.OGR.{IVT LTSTXNG

suBRourrNE GAUSSCN,A,B,X)
DTMENSTON A(10,10),8(10),X( 10)
TOL=1.E-10
DO 5m I=1N-l
K=I
D=ABS(A(I,I))
DO 20 J=I+1,N
C=ABS(A(J,I))
rF(c .LE. D) GO TO 20
K=J

r20



D=C
20 CONTINIIE

rF (K .EQ. r) cO TO 40
DO 30 J=I,N
C=A(I,J)
A(l,J)=A(KJ)

30 A(K,J)=C
C=B(I)
B(I)=B(K)
B(K)=C

40 rF(ABS(A(r,Ð) .cT. TOL) cO TO 50
45 WRITE(I1,*) 'SOLUTION rS IMPOSSIBLE'

STOP
50 E=A(I,[)

DO 60 J=I,N
60 A(I,J)=A(lÐÆ

B(I)=e19¡g
DO 100 J=I+l,N
E=-A(J,t)
DO 80 K=IN

80 A(J,K)=A(J,K)+E*A(I,K)
100 B(Ð=n1¡¡1¡xs(D
5OO CONTINUE

rF(ABS(A(N,1.Ð) .LE. TOL)
B(lrD=B(\D/A(N,N)
AO{,Ð=1.
DO 1000 I=N,2,-1
DO 700 J=I-i,1,-1
E=-A(J,I)

700 B(J)=B(J)+ExB(I)
1OOO CONTINUE

DO 850 I=1N
8s0 x(I)=B11¡

RETURN
450 WRrTE(lr,*)'SOLUTON

RETURN
END

GO TO 450

IS IMPOSSIBLE'
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APPENÐffi C

CX- OUTPUT FTLE OUT.OUT'

Measu¡ed data at the daæ of: 8.21.1988

Berens River 216.994
George Island
Montreal Piont 0.000
Victoria Beach 216.888
Gimli
Pine Dock
Matheson Island 216.800
Mission Point 211.383
The estimated mean water level is = 216.962
The estimated mean error level is = 0.76'7

Coef k= 2
# of nodes 962

GST # out. Vo out
Berens River 232. 24.116
Victoria Beach 332. 34.511
Gimli 618. &.241
Matheson Island 962. 100.000
Mission Point 959. 99.688
The estimated mean water level is = 216950
The estimated mean error level is = 0.604

Coef k= 3

# of nodes 962
GST # out. Vo out

Berens River 168. 71.4&
Victoria Beach 261. 27.755
Gimli 319. 33.160
Matheson Island 884. 91.892
Mission Point 954. 99.i68
The estimated mean water level is = 216.942
The estimated mean error level is = 0.425

Coef k= 4
# of nodes 962

GST # oul 7o out
Berens River 120. 12.4'74

Victoria Beach 214. 22.245
Gimli 2û. 21.027
Matheson Island 785. 81.601
Mission Point 9M. 98.729
The estimated mean water level ]s = 276.936
The estimated mean error level is = 0.31i

Coef k= 5

# of nodes 962
GST # out. Vo o:ut

Berens River 92. 9.563
Victoria Beach 176. 18.295
Gimli 218. 22.61
Matheson Island 587. 61.019
Mission Point 935. 91.193
The estimaæd mean water level is = 216.933

0.000

216.865
0.m0
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The estimated mean enor level
Coef k= 6

# of nodes 962
GST # out.

Berens River 65.
Victoria Beach 150.
Gimli 188.
Matheson Isiand 386.
Mission Point 916.

is = 0.124

Vo out
6.757

15.593
19.543
40.t25
95.2r8

r23



C2 OUTPUT' F'XT,E KR.T"C}UT

RE 18 41 -999. 1. r.216.933
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999,00 _999.00 _999,00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.N -999.00 -999.00 _999.00
-999.00 -999.00 217.38 2r1.38 21690 216.90 -999.00 -999.00 -999.00 -999.m
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.W -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 21738 217.38 217.38 21690 216.90 216.90 216.90 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
217.38 211.38 217.38 217.38 216.90 216.90 216.90 216.90 216.90 216.90
216.89 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.æ -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
217.38 2t7.38 217.38 21738 2n.49 2ß90 216.90 216.90 2t6.90 216.90
216.90 276.89 216.89 216.89 216.89 216.89 -999.00 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.W -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.æ 216.94 21693 -999.40 -999.00 -999.00
211.38 277.38 277.38 217.38 217.38 276.90 21690 216.90 276.90 276.90
216.90 216.89 216.89 216.89 216.89 -999.00 216.90 216.90

-999.00 -999.00 -999.00 -999.00 -999.W -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
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-999.00 -999.00 -999.00 -999.00 -999.æ -999.A0 -999.00 -99s.00 -999.00 -999.00
-999.00 216.9'7 216.96 216.95 216.95 216.94 2t6.94 216.93 -999.00 _999.00
211.38 217.38 211.38 217.38 2t7.38 216.91 216.90 216.90 216.90 216.90
216.90 216.90 216.89 216.89 216.89 216.89 216.89 216.90

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -ggg.a0
-999.00 -999.00 -999.00 -999.00 -999.æ -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 216.97 216.96 216.96 216.95 216.94 216.94 216.93 -999.00 -999.00
217.09 217.38 2r'7.38 211.38 217.38 216.91 216.90 2t6.90 216.90 216.90
216.90 216.90 216.90 216.89 216.89 216.89 _999.00 216.89

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
216.95 216.96 216.97 216.96 21695 216.95 216.94 216.94 -999.00 -999.00
216.92 217.38 217.38 217.38 217.38 277.07 216.91 216.90 216.90 216.90
216.90 216.90 216.90 216.89 216.89 216.89 216.89 _999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.æ -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 216.93
2\6.95 276.95 216.96 216.96 216.96 216.95 216.94 216.94 -999.W _999.00
276.93 211.08 217.38 217.38 217.38 217.01 216.91 2t6.91 276.90 216.90
2t6.90 216.90 216.90 216.90 216.89 2t6.89 216.89 _999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.A0 -999.00 -999.00 _999.00 2t6.92 216.93
216.94 216.95 216.96 216.97 216.96 216.95 216.95 21694 _999.00 _999.00
216.93 216.92 21',t.38 217.38 211.38 2t6.9t 216.9t 216.9t 216.90 276.90
276.90 2t6.90 216.90 216.90 216.89 216.89 216.89 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 216.92 216.92 216.92 216.92 216.92
2t6.93 2t6.95 216.95 216.96 216.96 216.96 216.95 216.94 216.94 _999.00
21693 21693 2t7.08 217.38 211.38 2t6.9t 216.91 216.91 216.91 216.90
216.90 216.90 216.90 216.90 216.90 216.89 216.89 _999.00

-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.æ -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 216.91 2t6.92 216.92 216.92 216.92 216.92 2t6.92
216.93 216.94 216.95 216.96 216.97 216.96 216.95 216.95 2t6.94 216.94
216.93 2t6.93 216.92 211.38 217.38 216.91 216.91 216.91 21691 216.9A
216.90 216.90 216.90 216.90 216.90 216.89 216.89 -999.00

-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.W -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.m -999.00 -999.00 -999,00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 216.92 216.92 216.92 216.92 216.92 216.92 216.92

125



216.93 2t6.94 216.95 216.96 2t6.96 216.96 216.96 216.95 216.94 216.94216.93 216.93 216.93 217.38 217.38 216.92 216.91 Ztø.gt 21691 216.90216.90 216s0 216.90 216.90 216.90 216.89 216.89 _q99.ó0
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _qgg.00 _ggg.0o--ggg.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00 qgq.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.ffi ggg.0o _999.00 _gqq.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _qgq.00 _ggg.00 _999.00 _999.00
-999.00 -999.00 -999.00 216.92 216.92 216.92 216.92 Zte.gz 216.92 216.92276.93 21693 216.94 216.95 216.96 216.91 216.96 2J6.g5 2t6.gs 216.94216.94 21693 216.93 216.92 211.38 216.92 2t6.gt zta.gl 216.91 216.9r216.90 216.90 216.90 216.90 216.90 21690 216.89 q99^00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -ggg.m _ggg.oõ-_ggg.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 _999.m _qgq.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 _qgq.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _qsq.00 _999.00 _qsq.oõ
-999.00 216.91 216.91 216.92 216.92 216.92 216.92 Ztø.óz 216.92 2t6.g3216.93 216.93 216.94 216.95 216.96 zt6.g7 2t6.96 2t6t.96 216.95 ztø,..ga
216.94 216.93 216.93 216.93 211.38 216.92 2t6.91 2t6.gt 216.91 2t6.gr
216.90 216.90 216.90 216.90 216.90 216.90 _999.00 _qgq.Oo

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -ggg.ù0 _ggg.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.m _999.00 _99g.00 _sss.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.W -999.00 -999.00 _999.00 2t69r 216.9r
216.91 216.9t 216.92 216.92 216.92 216.92 216.92 216.92 216.93 2t6.g3
216.93 21693 216.93 216.94 216.95 216.96 216.97 Ztø.gA 2t6.g5 216.95
216.94 216.94 216.93 216.93 277.38 216.92 216.92 216.91 2t6.g1 216.9r21691 216.90 216.90 2t6.90 216.90 _999.00 _999.00 _qgq.Oo

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -99t9.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.æ -999.00 -999.m -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 216.90 2t6.90 216.90 2t6.gL 2r6.gt 2t6.g1
216.91 216.91 216.92 -999.00 -999.00 -999.00 -999.00 _999.00 216.93 216.93
216.93 216.93 216.93 216.94 216.95 216.96 216.91 zß.gø 276.95 216.95
276.94 216.94 276.93 2t6.93 216.92 216.92 216.92 216.91 216.91 216.91
276.91 216.90 216.90 216.90 _999.00 _999.00 _999.00 _999.m

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -qqs.oO _999.00 _sgs.o0
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00 _999.00 _999.00
-999.00 -999.00 -999.00 -999.00 216.90 216.90 216.90 216.91 276.91 216.91
216.9t 216.92 216.92 -999.00 216.92 216.92 216.93 216.93 216.93 216.93
216'93 216.93 216.93 2t6.94 216.95 216.96 216.97 2r6t..96 216.96 zt6.g5
276.94 216.94 216.93 216.93 216.93 216.92 216.92 2t6.92 216.91 276.9r
216.91 216.90 21690 216.90 _999.00 _999.00 _999.00 -999.m

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.æ -999.00 _999.00 _sgg.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 -999.00 -999.æ -999.00 -999.m -999.00 -999.00 _999.00
-999.00 -999.00 -999.00 216.90 216.90 216.90 216.90 216.91 216.91 276.91
216.91 216.92 216.92 216.92 2t6.92 216.92 216.93 216.93 216.93 216.93
21693 216.93 216.94 216.94 216.95 216.95 216.96 216.91 2t6.96 216.95
216.95 216.94 216.94 276.93 216.93 216.92 216.92 216.92 2t6.gr 216.9r
216.91 2t6.91 216.90 216.90 _999.00 _999.00 _999.00 _999.00

-999.00 -999.00 -999.00 -999.00 -999.ffi -999.00 -999.00 -ggs.00 -ggs.o0 -ssg.ao
-999.00 -999.00 -999.00 -999.00 -999.A0 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.N -999.00 -999.æ -ggs.00 -sgs.oo -999.00
-999.00 -999.00 -999.00 -999.00 -999.W -999.00 216.90 216.91 -ggg.o0 216.9r
216.91 216.92 216.92 216.92 216.92 216.93 216.93 216.93 216.93 216.93
216.93 216.94 216.94 2t6.94 216.94 216.95 216.96 216.97 216.96 2t6.95
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216.95 216.94
216.9r -999.00

-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
2t6.92 216.92
216.94 216.94
216.95 276.94

-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
276.92 216.92
216.94 216.94
216.95 216.94

-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
216.96 216.96
216.94 216.94
2t6.95 216.95

-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
216.97 216.91
2t6.94 216.94
216.95 216.95

-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
2r6.9',7 216.97
216.94 2t694

-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
216.97 2t6.97
21694 276.94

-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
-999.00 -999.00
216.8r -999.00
216.98 216.98
216.94 -999.00

-999.00 -999.00

2t6.94 216.93 216.93 216.92 216.92 216.92 2t6.91 216.91
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.W -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 216.9r
276.92 216.92 276.93 216.93 216.93 2t6.93 216.93 21693
276.94 216.94 216.94 216.95 216.96 216.91 216.96 216.95
216.94 21693 216.93 216.93 216.92 216.92 216.91 -999.00

-999.00 -999.00 -999.m -999.00 -999.00 -999,00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 216.91
216.92 216.92 216.93 216.93 216.93 216.93 216.93 216.94
216.94 216.94 216.94 216.95 21636 216.96 216.96 216.96
216.94 216.93 276.93 216.93 216.92 -999.00 -999.00 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.W -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 216.90 -999.00 -999.00 216.96
216.92 216.93 216.93 216.93 216.93 216.94 216.94 216.94
216.94 216.94 216.94 216.94 216.95 216.96 216.9',7 2t6.96
216.94 276.94 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.A0
-999.00 -999.00 -999.00 -999.00 -999.00 216.91 216.91 216.96
216.97 216.97 216.97 216.97 216.94 216.94 216.94 2t6.94
216.94 216.94 216.94 216.94 216.95 2t6.96 216.97 2t6.96
2t6.94 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.m -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.æ -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.æ 21691 216.91 216.97
216.97 21697 2t6.97 216.98 276.94 216.94 21694 216.94
216.94 276.94 21694 216.94 2t6.95 -999.00 216.97 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 216.90 216.91 216.97 21697
-999.00 -999.00 216.98 216.98 216.98 216.94 216.94 216.94
216.94 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00

-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 216.82 216.82 216.82 216.81 216.81 216.8r
-999.00 216.89 216.89 216.90 216.90 21697 216.97 216.97

216.98 -999.00 216.98 216.98 216.98 216.94 2t6.94 216.94
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
-999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00 -999.00
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00'666- @'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- @'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- t8'9rZ r8'9r7, 00'666-

t8'9f7, Z8'9rZ Zg',grz Z8'9rZ Z8'9tZ E8'9ÍZ E8'9f7, E8'9rZ E8'9rZ 00'666-
00'666- þ8'917, þ8'917, ç8'9tZ 00'666- 00'666- ç8'9tZ 98'9tZ 98'9t7, 98'9rZ
98'9tZ L8'9r7, L8'9r7, L8'9rZ L8'9ÍZ 88'9fZ 88'9rr, 88'9IZ 88',9t2 88'9IZ

00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'66ó- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
w'666- m'666- 00'666- 00'666- m'666- 00'666- 00'666- f8'9tz T8'9r7, r8'9t7,
18'gtz r8'9rz 00'666- 00'666- 00'666- 00'666- 00'666- E8'9rr, E8'9rT, þg',9r7,
m'666- 00'666- 00'6ó6- 00'666- 00'666- 00'666- ç8'9tZ 98'9rZ 98'9t7 98'9rZ

98'9T7, L8'9rZ L8'9t7, L8'9rZ L8'9Í7, L8'9f7, 88'9IU 88'9IZ 88'917, 88'9IZ
00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
æ'666- 00'666- 00'666- ffi'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 06'9rT, 68'9tZ 68'917, 08'9rZ 08'9rZ f8'9tz r8'9T7,
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- m'666- 88',9t7, t8',9t7,

Þ8'917 þ8'9rZ 00'666- 00'666- S8'9t7, ç8'917, ç8'9tZ S8'9rZ 98',9r2 98'9rZ
98'9t7, 98'9tZ L8'9r,2 L8'9r7, L8'9fZ L8'9r7, 88'9rZ 88'9iZ 88'9IZ 00'666-

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- L6'9r7, 06'9tZ 68'9tZ 68',9r2 08'917, 08'9rZ r8',9r7, r8'9rz
t8'9rz 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- Þ8'917, 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 98'917, 00'666-
00'666- 00'666- 00'666- m'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 66'gfz 00'666- 00'666- 86'9rZ 00'666- 00'666-

L6'9rZ L6'9tZ L6'9fZ 06'9f7, 68'9fZ 68'9rZ 08'9t7, 08'9rT, r8'9r7, r8'9r7,
r8'9TZ 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 66'9tZ 66'9rZ 66'9t7, 66'9t7, 86'9t7, 86'9rZ 86'9rZ
L6'9t7, L6'9tZ L6'9IZ 06'9rZ 06'917, 68'9rZ r8'9rz r8'9rz r8'9tz I8'9IZ
t8'9rz t8'9tz r8'9r7, 00'666- z8'9r7, m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

Þ6'9rZ Þ6',9t2 Þ6'9tT, 66'9rZ 66'9TZ 66'9IZ 66'9tZ 86'9rZ 86'9tZ 86'9t7,
L6'9r7, L6'9tZ L6'9rZ 06'9rZ 06'9ÍZ 68'9rZ 68'917, 88'9rZ t8'9tz r8'9rZ
r8'9rz t8'9rz, t8'9rz z8'9rz z8'9rz z8'9tz 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

a0'666- m'666- 00'666- @'666- 00'666- 00'666- 00'666- 00'666-
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00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666' 00'666- m'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- æ'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- ffi'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
L8'9r7, L8'9r7, 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 18,9f7,
L8'9rZ 18',9r7, 00'666- 88'9rZ 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

w'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- ffi'666- 00'666- æ'666- 00'666- 00:666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
æ'666- 00'666- 00'666- ffi'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W 666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00 666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- Þ8',9r2 Þ8'917,

00'666- ç8'9rZ ç8'9t7, ç8'9t7, ç8'917, 98'917, 98'917, 98'9rZ 98'9t7, L8.gr7,
Lg',gfz L8'9rZ 88'9rZ 88'9rZ 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- W666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- æ'666- 00'666- 00'666- 00'666- 00'666- 00'666- E8'9tZ Þ8'9rZ Þ8'9rZ

Þ8'9tZ ç8'9TZ 98'9t7, ç8'9rZ S8'9rZ 98'9rZ 98'9rT, 98'917, 98.9rr, L9.gfZ
18',9f7, L8'9rZ L8'9t2, 88'9rZ 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- ffi'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- 00'666- E8'9tZ E8'9tr, E8'9tZ Þï'gtz Þ8'grz
Þ8'9rZ þ8'917, S8'9rZ ç8'9rU ç8'917, ç9',9rr, 98'9tz 98'gtz g8'grz L8'9r7,
18',9r7, L8'9rr, L8'9t7, 00'666- æ'666- 00'666- m'666- 00'666- 88'9rZ 00'666-

00'666- m'666- 00'666- m'666- 00'666- 00'666- 00.666- 00.666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- Z8'9rZ Z8'9rZ Z8'9t7, Eï',grT, E\'gtz Eï'grz 00'666- Þ\'gfz
þ8'917, Þ8'9rZ S8'9rZ ç8'9tZ ç8'9tZ ç8'9rZ gï'gtr, g8'grz g8'9t7, g8'9r7,
Lg',grz L8'9r7, L8'9rZ L8'9t7, 88'9rZ 88'9rZ 88'9rZ 88'grz 88'grz 88'grz

00'666- 00'666- 00'666- 00'666- 00.666- 00.666- 00.666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- O0'666- 00'666-
00'666- 00'666- 00'666- W'666- 00'666- m'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666' 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- Z8'9rZ Z8'9rZ Z8'9t7, T8'9rZ E8'9r7, E8'9r7, E8'9r7, 00'666- 00.666-
00'666- Þ8'917, 00'666- m'666- 00'666- ç8'917, g8'grz g$grz g8'9t7, g8'grr,

Lg',grT L8'9t7, L8'9r7, L8'9tT, 88'9tT, 88'9t7, 88.912 88'gr?, 88.9r2 88.912
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00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666'00'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- ffi'666- 00'666- 00'666- 00'666- 00'666-

çr'0 çr'0 00'666- tr'O þr'0 Þt'0 rr'0 þt'0
rr'0 Er'0 gr'0 tr'0 €r'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0

m'666- 00'666- @'666- Zr'0 Zr'0 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- N'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
æ'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- @'666- 00'666- @',666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- rr'0 vr'j ?I'0 tr'0 Þr'0 Þr'0
il'O rr'0 tr'O e r'0 €i'0 þts ç0'0 ç0'0 ç0'0 ç0'0

00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- N'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- ffi'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- 00'666- 00'666- m'666- rr'0
Þr'0 þr'0 ?r'0 Er'O tr'0 gr'0 ç0'0 ç0'0 ç0'0 ç0'0

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- ffi'666- 00'666- 00'666- 00',666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- rr'0 Þr'0 tr'O tr'0 ç0'0 ç0'0 ç0'0 00'666-

00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- W666- 00'666- 00'666- 00'666- 00.666-

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- rr'0 rr'0 ç0'0 ç0'0 00'666- 00.666-

00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- A0'666- W'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- W'666- 00'666- 00'666- OO'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- m'666- 00'666- 00'666- 00.666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W666- 00'666- 00'666- 00'666- 00'666- 0o'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
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rr'0 rr'0 rr'0 rr'0 rr'0 0r'0 0r'0 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- ?r'0 rr'0 rr'0 gr'0 tr'0 Er'O gr'0
tr'O Er'O zr'0 zr'0 a'0 ¿0'0 ¿0'0 zt'\ r r'0 r r'0
I I'0 I I'0 li'o I I'0 r I'0 I I'0 rI'0 I I'0 I r'0 a'o
T,r'0 rr'0 rr'0 Ir'0 rr'0 rr'0 ir'O 00'666- 00'666- 00.666-

00'666'00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W',666- 00'666- m'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- m'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-

00'666- Þr'0 rr'0 þr0 gr'0 gr'0 gr'0 gr.0
€r'0 Er'0 tr'0 zr'0 7,f'0 ¿0'0 ¿0'0 0l9 7,r'o rr.0
00'666- II'O II'O II'O II'O II'O II'O II'O II'O II'O
u'0 u'0 a'0 rr'0 rr'0 00'666- 00'666- 00'666- 00.666- 00.666-

00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'ó66- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- rr'0 Þt'0 Þt'0 rr'0 gr.0 Er.O tr.O
€r'0 tr'O tr'O 7,r'0 7,r'0 90'0 90'0 90'0 T,r-0 u.o
00'666- 00'666- rr'0 rr'0 rr'0 rr'0 rr'0 rr.0 rr.0 rr.0

zt'j zr'0 00'666- m'666- 00'666- 00'666- 00'666- 00.666- 00.666- 00,666-
00'666- 00'666- 00'666- N'666- 00'666- m'666- O0'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- O0'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- rr'0 Þr'0 rr'0 Þr'0 Þr'0 €r.0 gr.0
gr'0 Er'0 €r'0 gi'O t9'ç 90'0 90'0 90'0 ztç 7,t.0
00'666- 00'666- rr'0 rr'0 rr'0 rr'0 rr'0 Ir'0 rr.0 rr.0

r,r'0 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- W',666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- rr'0 rr'0 rr'0 þt'0 Þr'0 gr'0 gr'0
rr'0 Er'O gi'0 Er'O þ9's 90'0 90'0 90.0 90.0 a.o
00'666- 00'666- ZI'0 7,t'0 rr'0 rr'0 rr'0 rr'0 rr.0 zÍ.0

00'666- 00'666- 00'666- W666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- æ'666- 00'666- ffi',666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 0o'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

rr'0 00'666- Þr'0 Þr'0 Þr'0 Þf.0 Þr0 [r.0
[r'0 €r'0 Er'O tr'0 gr'0 90'0 90.0 90.0 90.0 LL.ç

00'666- 00'666- T,r'0 u'0 u'0 7,r'0 u.0 7,r.0 zt.o 00.666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

çr'0 ÞI'0 þt'0 ÞI'0 Þr.0 ?r.0 ri.O tr.0
€r'0 Er'O gr'0 €r'0 gr'0 90.0 ç0.0 ç0.0 ç0.0 ç0'0

00'666- 00'666- Zr'0 zr'0 zt'\ u.o u.0 zt.o tt.o 00.666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
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rr'0 0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 0r'0
60'0 60'0 60'0 60'0 60'0 80'0 80'0 80'0 80'0 80'0

80'0 00'666- ¿0'0 L0'0 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- ffi'666- 00'666- ffi'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W666- 00'666- 00'666- 00'666- 00'666- 00'666- 00',666-

00'666- 00'666- 00'666- 00'666- Er'0 tr'0 u'0 7,r'0
ZT'O 7,1'O ZI'O II'O II'O II'O II'O II'O II'O II'O
rr'0 rr'0 0i'0 0r'0 0r'0 0r'0 Ir'0 0r'0 0r'0 0r.0
0r'0 0r'0 60'0 60'0 60'0 60'0 60'0 80'0 80'0 80'0
80'0 80'0 80'0 80'0 80'0 ¿0'0 ¿0'0 00'666- 00'666- 00.666-

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- tr'O gr'0 u'0 zt'o
zf'j zt'j u'0 zr'0 rr'0 rr'0 rr'0 rr'0 rr.0 rr.0
II'O II'O II'O II'O II'O II'O II'O II'O Oi'O OI'O
0r'0 0r'0 0r'0 60'0 60'0 60'0 00'666- 60.0 60.0 80.0
80'0 80'0 80'0 80'0 80'0 80'0 00'666- 00'666- 00'666- 00.666-

00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- Er'0 gr.0 Er'O 7,f.0
7,t'0 zr'0 u'0 zr'0 II'0 II'0 rr'0 Ir.0 rr.0 II'0
II'O II'O II'O II'O II'O II'O II'O II'O II'O OI'O

0r'0 0r'0 00'666- 00'666- 00'666- m'666- 00'666- 60.0 60.0 60.0
60'0 80'0 80'0 80'0 80'0 80'0 00'666- 00'666- 00.666- 00.666-

00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- Er'0 tr'O sr'O tr'O zr'0
7,t'0 7,r'0 u'0 zt'j u'0 80'0 rr'0 rr'0 rr.0 rr.0
II'O II'O II'O II'O iI'O II'O Ii'O II'O Ii'O II'O
rr'0 0r'0 0r'0 0r'0 0r'0 0r'0 60'0 60.0 60.0 60.0

60'0 60'0 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- tr'o gr'0 Er'O tr.O €r.0 tr.O
zr'0 zr'0 u'0 7,r'0 zt'\ 80'0 r r'0 r r.0 r r'0 r r'0
iI.O II'O II'O II'O II'O II'O II'O II'O II'O II'O
rr'0 rr'0 0r'0 0r'0 0r'0 0r'0 0r.0 0r.0 60.0 00.666-

00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 0o'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- þr'0 €r'0 tr'0 tr'O gI'0 tI'0 tI'O
7,1'0 zf'j Tr'0 u'0 u'0 ¿0.0 ri.O rr.0 rr.0 rr.0
II'O II'O II'O II'O II'O iI'O iI'O II'O II'O II'O
rr'0 rr'0 rr'0 rr'0 0r'0 0r'0 0r'0 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00.666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00.666-
w666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 0o'666- 00'666- 0o'666-

00'666- Þr'0 Þr'0 €r'0 gr'0 tr.O gr.0 ti.o
tI'O zt'j 7r'0 7,t'0 7,1'O ¿0'0 ¿0.0 Ir.0 rr.0 rr'0
iI'O II'O II'O II'O iI'O II'O II'O II'O II'O ZI'O



tî,r

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- m'666- 80'0
80'0 ¿0'0 ¿0'0 90'0 90'0 90'0 00'666- ç0'0 ç0'0 ç0'0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 00'666- m'666- 90'0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- m'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 60'0 60'0 80'0
80'0 L0'0 ¿0'0 90'0 90'0 90'0 00'666- 00'666- 90'0 ç0'0
ç0'0 ç0'0 90'0 90'0 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'66ó- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 0r'0 00'666- 0r'0 0r'0 0r'0 60'0 60'0 60'0 80'0
80'0 80'0 80'0 ¿0'0 ¿0'0 90'0 90'0 90'0 90'0 90'0

90'0 90'0 90'0 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- ffi'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- W',666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- rr'0 0r'0 0r'0
0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 60'0 60'0 60'0 60'0
80'0 80'0 80'0 80'0 L0'0 ¿0'0 ¿0'0 90'0 90'0 90'0

90'0 90'0 90'0 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- rr'0 rr'0 rr'0 0i'0
0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 60'0 60'0 60'0
60'0 80'0 80'0 80'0 80'0 80'0 L0'0 ¿0'0 ¿0'0 L0'0

90'0 00'666- 00'666- 90'0 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- rr'0 ir'O rr'0 rr'0 rr'0 rr'0 0r'0
0r'0 0r'0 0r'0 0r'0 0r'0 0t'0 0r'0 0r'0 60'0 60'0
60'0 60'0 80'0 80'0 80'0 80'0 80'0 80'0 ¿0'0 ¿0'0

¿0'0 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- Zr'0 rr'0 rI'0 ir'O ri'O ir'O rr'0 rr'0 rI'0
0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 0r'0 0t'0 0r.0 60.0
60'0 ó0'0 60'0 60'0 80'0 80'0 80'0 80'0 80'0 80.0

¿0'0 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666"
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- OO'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- Zr'0
7,1'O U'O II'O II'O II'O II'O II'O II'O II'O z1'0



VEI

00'666- ffi'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
w'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- ç0'0 ç0'0 0o'666-
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 00'666-
00'666- ç0'0 ç0'0 ç0'0 00'666- 00'666- r0'0 Þ0'0 Þ0'0 r0'0
þ0'0 Þ0'0 r0'0 Þ0'0 r0'0 ç0'0 ç0'0 90'0 90'0 ¿0'0

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- @',666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- N',666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- ç0'0 ç0'0 ç0'0
ç0'0 ç0'0 00'666- m'666- 00'666- 00'666- 00'666- ç0'0 ç0.0 ç0.0
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- r0'0 Þ0'0 r0.0 r0.0
r0'0 Þ0'0 r0'0 Þ0'0 r0'0 ç0'0 ç0'0 90'0 90.0 ¿0.0

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00.666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- t0'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- r0'0 r0'0 ro'0 ç0'0 ç0'0 ç0.0 ç0.0
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- ç0'0 ç0'0
ç0'0 ç0'0 00'666- 00'666- S0'0 ç0'0 ç0'0 Þ0.0 r0'0 Þ0.0
r0'0 r.0'0 r0'0 r0'0 r0'0 ç0'0 ç0'0 90.0 90.0 00.666-

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00.666- 00.666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- ffi'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 0o'666-

00'666- 00'666- ç0'0 Þ0'0 t0'0 r0'0 ç0'0 ç0.0 ç0.0 ç0.0
ç0'0 00'666- 00'666- m'666- 00'666- 00'666- O0'666- 00'666- 00'666- 00'666-
m'666- ç0'0 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- ç0'0 00'666-
00'666- 00'666- 00'666- W'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00'666- 00.666- 00.666- 00.666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 0o'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
m'666- 00'666- 00'666- 00'666- ç0'0 00'666- 00'666- ç0'0 00'666- 00'666-
ç0'0 s0'0 ç0'0 Þ0'0 þ0'0 Þ0'0 ç0'0 ç0.0 ç0.0 ç0.0

ç0'0 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-

00'666- ffi'666- 00'666- 00'666- 00'666- 00'666- 00.666- 00.666-
00'666- 00'666- 00'666- 00'666- 00',666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 0o'666- 00'666-

00'666- 00'666- 00'666- ç0'0 ç0'0 ç0'0 ç0'0 ç0.0 ç0.0 ç0'0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 90.0 ç0'0 ç0'0 ç0.0

ç0'0 ç0'0 ç0'0 00'666- ç0'0 m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00.666- 00.666- 00.666- 00.666_
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00.666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00.666-

80'0 ¿0'0 ¿0'0 90'0 ç0'0 ç0.0 ç0.0 ç0.0 ç0'0 ç0.0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0.0 ç0.0 ç0.0 ç0.0 ç0.0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00.666- 00'666- 00.666- 00.666_



çil

00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 001600- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- W666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
ç0'0 ç0'0 00'666- 00'666- 00'666- 00'666- W'66- 00'666- m'666- ç0'0
ç0'0 ç0'0 00'666- ç0'0 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- W666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- ç0'0 ç0'0

00'666- ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0
ç0'0 ç0'0 ç0'0 ç0'0 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00',666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- W'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- ç0'0 ç0'0 ç0'0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 r.0'0

r0'0 r0'0 r0'0 ç0'0 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- OO'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- ç0'0 ç0'0 ç0'0 ç0'0 ç0'0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 Þ0'0 r0'0

þ0'0 þ0'0 ro'0 00'666- 00'666- 00'666- m'666- 00'666- 90'0 00'666-
00'666- m'666- 00'666- W666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- 00'666- ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 00.666- ç0.0
ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 r0'0 r0.0 Þ0.0
þ0'0 r0'0 r0'0 r0'0 ç0'0 ç0'0 90'0 90'0 90.0 ¿0'0

00'666- m'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00.666-
00'666- æ'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- æ'666- 00'666- 00'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- m'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-
00'666- 00'666- 00'666- 00'666- 00'666- m'666- 00'666- 00'666- 00'666- 00'666-

00'666- ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0'0 ç0.0 00'666- 00.666-
00'666- ç0'0 m'666- 00'666- 00'666- ç0'0 Þ0'0 ù0'0 r0'0 r0'0
t0'0 ro'0 rû'0 t0'0 ç0'0 ç0'0 90'0 90'0 90'0 ¿0.0




