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"The real basis for the use of 3-S1gma limits on. control
charts for variables in industrial quality control is exper-
ience that when closer limits, such as 2-sigma, are used, the
control chart often gives indication of assignable causes

of variation that simply cannot be found, whereas when 3-sigma
limits are used and p01nts fall out of control, a diligent
search will usually disclose the assignable causes of var-

iation.” - E. L. Grant

"If the model for the change in process conditions is
more complex, it may be essential to do a detailed cost
analysis .... = E. S. Page

"

These two senteﬁces.state conciéely'the problemithis paper explored,

All the recent work in this area gives rather detailed explanations for

.methods'of general comparison of inspection schemes and'not for detailed

e A

studies of costs involved for particular cases. It is the writer's

contention that optiﬁum process control using a)controllchart'fdr
variébleszcan be ;tfained,through an.economicvstudy and design.

This paper proposes a prdcédure'fbr deté;mining, through simula-
tion, the multiple'of sigmé that should be used to maintain the current

~control of a process. This is done by minimizing the cost of thé oper-

o

ation of the control chart program and any in@ome'loss which may accrue

from the interaction of the causal variables. The process is subjected.

to four typical causes of mean variation and the criterion to be used

*

as a b@sis‘for establishing these values of sigma will be the maximiz-

ation of long run net income for the process. | .

s
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?ﬁiggorical'Background . . R u .'_» .

During the last quarter century the control'chart technique has

been employed with considerable success in statistical control of

industrial proceSses. The principal type of control chart for’process

1nspection is \bas1ca11y that suggested by Shewhart (1) with various =
modifications that have been made since the or1g1na1 scheme was proposed |
Originallythe&charts’werefurnished with what came to be cailed,"control
Iines", so that whéh»any point fell outside these lines, action of some
sort was required by the user. Simply then,,the samples themseivesh

were classified-asﬁbeing good or bad. The good points, those falling
within the control 11nes, suggested that the process should continue
W1thout 1nterrupt10n or any special action The bad points demanded

SOme kind of’corrective action. For the successful operation of such

£

a process 1nspection scheme the cr1t1ca1 de0151on'was that of the position

~at which the control lines should be placed once the sample size was de-

termined. The'positions most frequently chosen were the "three-sigma

limits." For example, if it were decided to control the mean dimension

»of a process at some target Value W, the lines were then drawn at

w+3.0 g for samples of size n. Placing the lines at these positions -

Vn

'meant that if the process mean remained unchanged the probability that

the sample mean of n observations would fall outside the eontrol 11nes

and cause action to be taken would be 509274 so that action would be
taken unneCessarily about'once'in,every 370 times.

‘While the contribution of Shewhart's charts has been vital to the

R

development and satisfactory control of production methods, his original

work caused a fresh approach to be taken in considering the sort of




| 'measﬁrés that‘ohé;should use forfasSessing the statistical properties

- ,sizé,of sampies to be taken and the frequency of taking them. These
'failing to detect departures from product specifications and, on the
" other hand, the alternate disadvantage of searching for a "false alarm”

cause, where the process has by"chance produced a bad sample.

‘the statistical properties of process inspection schemes and the measures

 one should use in their assessment of them. In essence they felt that

| the inspection rule being used. From this distribution a detailed

~ study of the costs involved could be made in any particular case.

. &
-supplies the average amount produced before action:'is taken, as’presefibed
- the process is sampled is constant,“this will be proportional to the -

modificationand,~a§ suggested by Page (3), is now called the Average

Run Length (A.R.L.). Barnard (4) and Ewan (5) and Kemp (6) have taken

of process inspection schemes. There was consideration of not only the
V 4 ' , ;o

nuhber of times action was unnecéssarilY'taken but the effect'of_the

considerations were compared against the disadvantages and costs of

In 1950, Aroian and Levene (2) undertook.a new consideration of

if there is an abrupt change in the quality of the product or in the

departure from specification we need to know the distribution of the

amount produced by the procéss before the deterioration is noticed by

However, for a general cogpariSon they decided somethingArather simpler -

was preferable as a measurement criteria.and called this function the

?average stoppage épacing number'' or A.S.S.N. &(2). This function
by the inspection scheme, so that, for example, if the rate at which

qurage number of items sampled before the action is taken.

The name'suggested‘by Aroian and LeVene has undergone a slight

o

.




,,,,,

* -

~'theoA.R.L. tobé'the»average number of'samples taken before action is -

'”-dehanded. Of. course if the unitsoare'sampled singly thg'two are ident-

~ical and if each sample containsrﬁbre'than oné’unit they différ,

The inspection scheme, to be effeotive, should have the ability to
call attention quickly to any deferioration of proouct quaiity considered
as serious by the user whether it be a rapid and large deterioration of
‘quality or a SIight ohange that is constantly inoreasing, hoﬁever'slowly.
Aqslightideterioration of quality on a Shewhart Chart is_bortrayed by

- a soqﬁence of points deoarting consistently from the'target value but

~“often insufficiently extreme to fall outside the action lines. This

@

bfought,about suggested modifications to the charts in which warning

lines would be placed at limits closer to the target value, with the

additjonal rule that if some "K out of the last N points fall between
“thevwarning and action lines, then an investigation would be demanded.'(2)
This schemevpresenfed smaller values of the A.R.L. function than was

- previously attainable by the Shewhart scheme. (7)

Other modifications -with an eye toward the best choice of rule and

positions of the control.lines were presented by Moore (8), Weiler (9),

~ (10), (11) and Roberts (12).

Moore'adOptedothé rﬁié,as sugéestedby WEiier’of,stopping production VVVVV
Whon a spopifiedenumber ofﬁméans in succession feif over thercontrol - '; 
;imits”set’up forthesohemé. He then varied the poSition,of a singlef
control-liﬁe with the number of suCCpssive,meansdecided upon. The
" method odoptodtﬁas.to make fhe average number of samples drawn before a

\

‘stoppage occurred the same whatever the number of successive means being

used.




Roberts cdﬁcerned”himself:witgrthestatistical properties of tests o  _ R

'cbmposéd of the Standard;controllchért testsupplementéd by one dr moreA
fests for runs of points falling into_various zones into ﬁhich the
 confro1 chart has beeh partitioned.f The basic properties of the regﬁii;
5ént tésts,*called zone tests,.were thep illustrated graphicallj andAé'
procedure forydetefmining the properties’of many zone-tests of practical
interest there described. - | g o | | "'- |

- Then following Wald's introdudtioﬁ of seqﬁeﬁtial methods in hypo-

thesis testing (13), Page introduced a scheme whereby the actual posi-

tions of the points on the chart and not Just the classifications irto | B

which divisioh of the chart the pbint fell were taken into account. o /
/vThese were called Cumulative Sum Charts (14). | o ‘§§

The operatiqn of‘Cumulative sum charts is in practice very similar
toltyi'operatiggbof thg usual charts. The differénces lie in the type

of visual record made and the criteria for deciding to take action.

For examplé,‘if one wishes .to detect a positive shift in a process o ’

parameter, such as the mean, then the mean path of the sum

—

will pake”a-turn upwards if the process mean increases above k. .i2¥
negativéir;cremeﬂts,xi - k.< O,_aﬁd parts of the path pointing dow;-
wards will}give noindication'ﬁf aﬂ increase. When the path tends 
-dpwnwards, the;value of the process mean is satisfactory. .

Most of the work deve10ping this technique has been done in Greaf

Britain by Page, G. A, Barnard, K. W. Kemp, and P. L, Goldsmith . ~
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and H. Whitfield (15).

also found some useful applications,
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_uintfodnction to Problem

- "The real basis for the use of 3-sigma limits on control
- - charts for variables in industrial quality control is exper-
- | jence that where closer limits, such as 2-sigma, are used,
| ~ the control chart often gives indication of assignable causes
of variation that simply cannot be found, whereas when 3-s5igma ,
limits are used and points fall out of control, a diligent - .
search will usually disclose the assignable causes of varia- | :
tion." (17)

- n This sentence, by E. L. Grant, is typical of much that has been

~written concerning the placing of control iimits on control charts for
—~ - variables. Different poinfs of view abound. Some writers like H. Weiler,
W. D. Ewan and'K} w. Kemphave discussed various schemes for the‘optimum
positieh of control‘limits, paying more attention to particular manu-

: !
facturing process restrictions on sample sizes and sampling intervals |
L . | R >]

~ A Lt A Y bt e o ol 03 bt il d T M TP L

rather than strict adherence to a 3-sigma dogma.
Others like E. S. Page and G. A. Barnard and S. W. Roberts have

proposed completely new schemes like the Cunmulative Sum Charts and

T e [

~ Geometric Moving Average Charts respectively.

/

It is generallyéagreed, however, that a control chart is a device

RN

~ | | ‘
for describing a state of statistical control, attaining that state of

statistical control and finally judging whether that statistical control

] ...”‘??

has indeed been attéined{

The control chart describes statistical control in the following

way. If samples of a given size are taken from a process at approximately

regular intervals and some statis%ic of~the sample'is computed, because

it is a sample it will be Subject to sampling fluctuations. If there

- are no assignable causes present,then_the fluctuations will distribute

‘themselves in a definite statistical pattern. If enough samples are




8
" taken 'th'en it becomes possible to estimate the governing parametérs of
" these distributions. o

[E—

- If it is the goal of those mngginé t.he ‘process/ to ode.tect partic-
| ;lar patterns of pafameter fluctuations, then sample *valué’s of this ‘
parameter can be plotted .for a signinficant range of output and time apd
if these values all fall within the 1imits set“ by the rqanagérs thé;m it
can be ‘said that the process is in a state of statistical control at
that designatedlevel.

For example, if the popSlation being FSampled was considered a
normal population and the statistic computed was the mean of the sample
and the sample means conformed to a pattern of random variation withit}
the contrvolv 1_"imits, then the process would be Ju@ggd as being in control
at a level equal to the mean line onl the chart. 1If the data do not
conform to this pattern then departures from the 'pattern nge invest;- L
gated and assiénabie causes '""i:vracked down. If the cause is favorable,
an effort is made to extenuate the cause. If the cause is unfavorable
then an effort is made to eliminate it. In this way statistical control
is both attained and maintained.

Note that if no points f’all outside the éssigned control limits
and -i:here ié no further evidence of nonrandom fluctﬂaﬂons wi/thin the
limits, it does not mean that assignablé causes are not present. It
‘only mean»s-th.at statistically speaking you have made a favorable hypo-
thesis in assumingr\arldom chance causes are at ﬁrork in your process. and
| -1t wili be unprofitable to look for specific a.ésigr;?a«ble Causes of fluc-‘

poctt

tuation.




5/ '-_" : - N In general, however, tWovdifferent'points of view have developed

. with respect to the real baSis for setting limits on control charts for

variables.

The first point'of view as mentioned above, is one of exﬁ”rlence

for through exten51ve operation of variable control charts one strikes

J/

an economic balance between at least two kinds of possible errors that

L

the chart introduces. 1In one instance, the chart may signal for, action

to be initiated to detect the cause of condition that has driven the

process out of control. This cause may Oor may not be detectable If

1gnored however, the average net income of the process may deterlorate“

if indeed the cause ex1sts. Experience such as this has 1ed in general

tolthe use of 3-sigma limits. E | . (
The second point of view is a statistical on%# It prefers to

dlSCUSS the expected number of samples before one can expect to take

action if the un1versewbe;ng sampled does not change._;The prgpbnents

of this point of view have-frequently used 998'as the desired proba-

bility that any point will fall wWithin the control limlts so long as
the sample populat1on remains unchanged. Since 99.8% of the area under

the normal curve falls Within the limits X * 3.09 o this has been the

v .
-

~ cause of the limits on X charts being set Precisely at im# 3.09 0% as
f R opposed to X + 3.09402.
Quite s1mp1y then the proponents of the 3-sigma approach feel their
choice is Just1f1ed on the grounds that in the case of var1ab1es the

"samp11ng distr1but1on of a var1ab1e is frequently not known well enough

1

to compute probablllty limits and that 3-slgma limits have been found

to give good.results. 'They feel that the choice of limits on a proba-

T
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. For instance it would be almost imesSiblé to detect the difference be-

"would fall above the control limit by chance. The real basis seems to

. a control chart for variables can be attained through an economic study

10 -

L

¢ B o o
bility basis is a poor ‘one since the limit is chosen precisely by a

probability that really is uncertain, for in many industrial operations ~

the sampling is from populations that are unknown to those sampling.

tween the effects of probabilities of .0010 and .00135 that a point -

be experience over & long period of time where the operator feels that
the control limits provide a satisfactory basis for action.

Both points of view do, however, concur on the contention that if

the modeiwforighe change in process conditions is at all complex it may

be essential to do a detailed cost analysis. All the recent work such

as the ARL (defined earlier)nare done for general cdmpariSons of inSpec-
tion schemes and not fof detailed studies of costs involved for particular

cases. It is the writer's contention that optimuntprocess control using

and design. §

In 1956}.A. J. Duncan (18) establiéhed "a criterion that measures

appfoximateiyﬂthe average net income of a process under surveillance of | '},

- an X chart when the process is subject to random shifts in the process

T .

mean.' He assumed a quality control rule thét an assignable causé of

process error was looked for‘whénever a point fell outside the control

limits. The process was not shut down while the cause was searched for,
nor was the cost of ad justment or repair and/thewéost of bringing the

process back into a state of control after the assignable cauSe was

discovered charged fbjthe control chart programl




R R
§

" The. paper sought a theoretical basis for determining the sample
size, the interval between samples, and the control limits that would
‘yield appvroximately_maximum average net income. It also presented numer-.

~ 1cal examples of optimum designs to see how the variation in the various

risk and cost factors affected the optimum.
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" target line is set at X' and the control limits are taken as X'iZ(-.)

Statement of the Problenm

As explained in the previous"section, control charts used in
statisticaquuality control are esséntially qf two kinds;‘QhOse that

bring a process under control, and those that assist in maintaining

"control of a proéeSs.'"This paper will seek a procedure for determining,

'through simulatidn, the multiple of sigma that should be used to main-

v

tain current cdntrOIOf'a process.
The process Wiilvbe subjectéd to four typiEaI cauéal vériables.
These are .
(1) fA sustained linear shift occurring in the population mean,
““.(2) A probable step shift éccurring in the populétion mean,
; - (3) A change in the probability of a step shiff‘occurriﬁg in the
pbpulation mean, | | . | | g
— (4) A change occurring in the variance of'thefpopulation.
I§'§eems re;sonable to assume that the objectivevdf most business
énterprisés is the méXimization of long run net iﬁcbme. Based'onthis'
premise the criteribn'tb ﬁeused for estébliéhing these yalues'of

sigma will be the maximization of long run net income for the processv

3

~ by minimizing the COSt.ofthg operation of ' the control chart program

and any incomeflosnghiCh\mayraccrue from the interaction of the

causal variables.

On X charts used to maintain current control of a process, the

0"'

- | /n

-jWhéfe'x'_aﬁde' are the mean and standard deviation of the process

pophlation based on past experience. If a sample X falls outéide-the

control limits it is assumed that some change in the process average

e U P - 200Ut A 0 A U O U0 U g U U VSOOI P ORGSO s - S SOy SR U RO P U
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i‘has occurred and a search is initia;éa for the assignable cause of
this fluctuation in the mean. - N

A chance cause system may change in different ways. For example,

~

there may occur a suStained shift'in the,populatiOn average with constént

variance .

S

'ora?;ieady’tréndin.the population mean with a constant variance,

It will be assumed at“thé stirt that the process is in a state of
) , : © .
control and the control chart is used to detect a single assignable
cause that occurs as.prescribEd by the°causa1 variables. lSamples'of

N wiilgbe taken from the process every H hours and the i of the sample

recorded on an X chart. If a sample X falls outside the assigned control

“ -

'_Iimif»it will be assumed that some change in the process average has

occurred and a search will be'undertaken for the assignéble causé. I%

3

T
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'w111 be supposed that the rate of production is sufficiently high so

_that the p0351bi11ty of a step change occurring in the mean of the

\ | i
proceSs during sampling can be neglected. The process will be allowed

to continue in ope;ation during thersearCh for the ‘assignable cause and
the eostof adjnstment or repair and the cost of bringing the process
back to a state of control atter discovery of the cause will not be
charged aé;inst the control chart operation.

Other more complex rules exist that do not require action unless

two or more points in succession fall outside the control limits, or

'l

action is taken when ever unusual patterns oocur outside the limits.

The question of optimality as regards these rules will not be discussed
; | .

“here.

Finally the reSulting multiple of sigma that determines the ''least
cost" process operation will be expressed as a function of the above.

causal variables.
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.‘Exbérimenjal Procedure

This experiment‘required“the exaﬁinafion of the«effects&of'varying
four factors. In a‘ comﬁlete exploration of such a situation it is not
| 'vsuffiéient to vary oﬁe factOr at a tihe. Alllcombinatioms bf the dif-
ferent factor levels'must be examined in order to analyze the effect of
;each factor and the possible ways in which each factor may bé modified
.by the'variation of the others. iﬁ the analysis of the experimenta1 '
résults the effect of each factor can be determined'with.the same accur-
acy as if only one factor had been varied at a time, and the interaction
effécts.betWEen the factors can also be evaluated. If each factor were
t;;ted at two levels these requirements would be‘met‘by a factorial
experiment, in this case a 24-factoria1 experiment.

A program to simulate the operation of an X chart used to maintain
current control of a process was initiated. The ;( chart would be sub-
jected to the aformentioned input mean fiuctuations and the program
would accumulate the amount oflincome loss and cost associateé with
these fluctuations. After a:éample was taken and a'méah.calculated and

"plotted, based on the assumptions médé in the previbus section, the
‘control chart operation could find itself in any one of four distinct
Situations. ’ihese situations wouldebe,danrmined by a decision on
whether the proéess was or was not in a "state of Control-" It would
'havé to be determined at the earliest possible‘pointinﬂthe.operation
‘that an assignable cause of errof'be detected. When the mean of the
_sampled population reached this point the assignable causéfcould be

detected if an investigation were undertaken; however, only a sample




this sample would be stored in register 1. | c e

prbcess was in a state of control the cost associated with.this sample

‘previous ‘section the following model 'parameters were defined:

l L

16

point outside the control limit could initiate this investigation. It
was decided to use one standard deviation as this "out of control™ point.
Thefefore if the last sample point fell below the control limit

and the process was in a state of control, the cost associated with

If the last sample point fell outside a control limit and the

would be stored in register 2.

When the last sample point fell inside the control limit but the ° |
brocess was considered out of control the cost would be stored in

register 4.

Finally, when the last sample point fell outside the control limit

‘and the process was.considered out of control the subsequent costs were

pith

placed in register 3.

To attach specific charges to cover all the s-'assumptions made in the

@, Model Parame ters |

/

"N - sample size

T,

{

E - the rate at which the time between the taking of a sample and
the plotting df a point on 'i:he X chart increases with the
Samp'1e~ size,

Total Delay = EN

D - the average time taken to find the ‘assignable’ cause after a
point plotted on the control chart falls outside the control

chart.
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" T - the cost per occasion of looking for an assignable cause when

none exists.

W’é'the average cost per occasion of finding the asSignable.cause -

when it exists.

H - sampling intefval.v' "_ o | | | ?f
B = the cost pef sample'oi sampling and plotting that is indeten—’ ' o
dent of the sample size.
C -wthe cost per unit ef sampling;,testing and computation that is

k

related to the sample size. The relationship is assuhed to be

linear.

These parameters would then be subjected to the four mean fluctua-

tions listed below S - .A : | e

XNCR - A sustained linear shift is occurring in the mean of the » 0
process population. The amount of this shift is (XNCR):-o"'.

VALT . - Tﬁere%;s a probability of a step shift occurring in the |
mean of the process population. The amount of the'step :
shift, if it oceurs; is (VALT).o'.

PRdB7— The value ef the probability of a step shift occurring in

- ) *the mean of the precess population. | |

SDEV—_'Thé value of the standard deviation (c') of tﬁe“proeesgg i; ,.a i/ )

pepulation being sampled.
To e€3tablish the control limit for each operationallrun of the

control chart the model variable Z was established

Z - The control ehart’limits\for the X chart were placed at

. G' L . e T e ) Ll e e e

X'+2 (=) | _
\/ n - | | . ‘ - . / ' 1
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 There remained the prdblem of deciding{on the calculation of the

rate of loss in income that was attributed to the assignable cause of

1error} These values were derived from the assumption that the rate,of 

~ production is constant and the specification limits fall at X' +3 0",

"characteristic is normally distributed and that the loss-rate is propor-

When the mean of the process shifts by 2 o' the loss-rate was arbitrarily

given the value $100 per hour. It was also assumed that the quality

tional to the increase in the percentage of defective items.

"This means that register liwould accumﬁlatedthe cost-of sampling
plus.the loss-rate ;pecific to its céndition..

- Register 2 wogld alSohaccumulate the»sampling and'loss-rate‘cosfs‘
but would also store all 'false alarm"‘COsts (T) aé defined above in

the model variables.

Register 4 would store loss-rates and sampling costs for undetected

&

out of control conditions. .

Finally, registerYS would accumulate loss-rates and sampling costs

as the other registers do but would include the cost of looking for the
assignable cause (W) and the addifional loss rate levied during the
search.

Likely numerical values were chosen for the model parameters as

- follows

E = .05 hours pér unit per samﬁle
"D - 2 hours
T - $50

W - $25 B

e

e




| 3 T T SRR ;ié»w B v
'; '  Gﬁ;¥ $.50'per sample‘    t;'ﬁ
= . ¢-8$.10 per unit - .
- ; . The levels chosen for the.meanAfluctuations were: )

o -, XNCR (1) - .01 o'
XNCR (2) - .03 ¢!
_ PROB (1) - .01

PROB (2) - .05

CVALIT (1) - .3 o' -

VALT (2) - .6 o' ) SRR I
SDEV (1) - .50 L .
SDEV (2) - 1.00 o , Y ” S

It was decided that Z would run from .75 to 3.50 in increments of .25 ' é@i

) and that there would be 5 runs made for every value of Z. ‘A rep1ication
~ would be performed for a reliable‘estimate‘of efrgr variance.
~When all 32 runs were fompleted a fegression analysis will be_
pérformed on each of fhe resulting data plots to find the value of Z
thet allowed the minimum cost for thé run.
)'.J An analysis of vafiance will élso be pefformedéén'these Zmin Vglues
” _th\ﬁncover.all main effgctg and interactions‘founq significént at the<ﬁj
»f‘S%ﬂievel (4.49: valﬁenof F f0r¢1 :,1,¢2 =.16);‘ Finally, a linear
réspénsé'surface will be fittedfb these_values of Z . t;;ough a
R | f regres§ion’ana1ysis to discover the best possible method of fit th#t” B
;i_‘allowed forsatisfactory;extrapoiatién for interﬁediate values 6f the’
fdur mean flﬁctuations'in the'future.A
),
L - ﬁ ,j e :
)




Sample Model Calculations

The following is the der1vat1on of the expre381on used to calculate . 'E
_ o . . 1
e R ] B S
-7 the loss in income experienced fhrough a shift in the process mean As
explained earlier the process be1ng sampled was con51dered a normal

population. The specifications of the process were set at u.i_3 o

“where

| R T process mean

O - standard deviation of the process

Y

This means that if the process was considered in a state of control

one could expect the percentage of defective prodUct to be

: # o et L (X-A)Z * 3 XA)
 w)e  Tdt ey,
o | 4 | | AT 3T

Shifting to the standard normal distribution this becomes .

-3 2. | 2. B - | g
1 t ’ |

: - .. V_Z_ e d.t ', \/_ﬁ: e ldt 0027 27 /(> .

If the mean of the process shifts and the amount of the shift is

expressed in terms of standard deviations of the process the percent

P
defective then becomes

S Ay e (/ulw) A x4Q+Aw) - |
. i Ty . ' a
me‘ ..0’ >dx+ﬁ ez( ’ >dx

- O

AATET

‘Where A1= number of standard deviations shift in the process mean

- To discover how thlS has affected the 11m1ts when evaluating this

'integralvlet | | |
“h L X - (b + A o)

0]
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L ' 21 )
- then ‘-
iJ i x=0t+u+Ao T
° o | N -. 3
dx = o dt - B .' N
theﬁ the limits become .
8 whgn | ‘
X = =-oe - ;
t =~
when | b .h
‘ Xx=Ww-30
. t=p-30-p=-Aoc
.‘ = -3 O‘.- Ao - | X ;
and when “ i
X = oo
| t = oo o ' - - | F

i

-\iiherefore~in(terms of the standard normal distribution the percent-

/ L )

age defective becomes

~S-AT -
IFUR ‘%‘z‘ 4 i v |
VZW’ 63 Cite '+- Vzn~ 63 '; (it, -
- - - |

In this problem the loss in income was based on a 2 O change in
. the brocess mean and the amount of income loss established at $100 per
hour while this Shift~Was inveffect, The quality characteristic was

assumed normal and any subsequent 10Ss in income Was proportional to

the increase ih defective material over and above the norma1 expected

-amount.
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o
1¢'  5> . i  '*This méant that when the mean shifted to2o0 the~percent defective

‘became

-5 oo .
e {2 S R o
T e 1d-t V-%—T € }dt = A58(C = 15.8¢6 7o

- | 4

This indicates a percentage increase in defective material of

15.866% - .27% = 15.596%

since the percentage change in defective material was considered pro-
‘bortional to the $100 cost per hour levied on the process. The propor- |
| . tiomality constant of future calculations became | . ]

k = $100/15.596

The problem remained how to calculate the loss when the mean could

change in anyone of two possible paths.

 Path 1 . | IAST MEAN VALUE
| ' | + SUSTAINED TREND
INCREMENT

" IAST MEAN
VALUE

8 : | i | . ,f

[—— SAMPLING INTERVAL —| _
Path 2 o o ~ 1AST MEAN VALUE
B | o | + SUSTAINED TREND INCRE-

MENT

- /+ STEP INCREMENT

f . ; .
. . . v

f P .- ORI " . ¢ o~ : T B

9 s i ' (R -
: .
. . . ) :
- . .
- E "

le—— SAMPLING INTERVAL —] o




It was found that an accurate estimate could be.obtained if the

N .l,hour sampling interval was divided in two 30 minute intervals and the
cost calculations made as shown below

Path 1 | . " 1AST MEAN VALUE
| | | - + SUSTAINED TREND INCREMENT

le——— SAMPLING INTERVAL 2l | ‘
! ' ;

~ Path 2 | B IAST MEAN VALUE , |
| - | o | | + SUSTAINED TREND INCREMENT ]
i o + STEP INCREME 1
P je———— SAMPLING INTERVAL — — |
.+ . The final general expression for calculating the income loss for any, = - ] ;J

path became

I (((((1. - P)100)-.27)100)/15.596) . I
where P = value fr%m

oy

standard normal tables'to éstabliSh percent

4

&

change in defective material dependent upon latest

value of mean.

. s
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B Experimental Results
- -mThé&brogram.éimulations.were run on fhevIBM.IGZO and'IBM.1410
computers. . | .
‘Fbr purposes of 111ust¥ation'a typical simulation-runfor'the'sét
of céusa} variables |
XNCR = .03 c’."'.» | - -
PROB = ,01 |

VALT .6 O'

"SDEV = 1.00

is displayed in Figures 1 and 2. These figures list the cost associ-
ated with each value of Z as it progresses from .75 to 3.5. They also

‘f?fﬁ show the value of the control limit expressed in terms of standard

- - deviations of the distribution of the sample means, the actual dis-

placement*path of the mean (solid line) and the sample averages taken

. L4 . *@a [N
from the parent population. ~

/

Figure 3 illustrates a plot of these cost values and the associ-
'_é.f"" - ated least squares curves together with pertinent analysis»information.
, | 1he b 5€. o 4 v ‘

Also indicated is the value ofthhat‘determinesithe position of the

S

' ‘ /
- control limit for a "'least cost' control chart operation for the tested

‘_éausal vafiahies.‘i~
Thesimﬁiation'values‘for;the 32 runs (1 fﬁn forveach of 24Acomf
e bihatibns plus l,replication)zafe,listed inAAppendix i.
The results from the initial regreséion analysis are located-ih
:.Appendix II. “ o N
= Ny

'_*'The values of Z that detérmine the least cost position for the

- control limit are presented in experimental factorial form in Figure 4.

g R R e s s T T T
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TARGET VALUE S : Z = .75 , | . Z =1.50 IR R

g* " °  CONTROL LIMIT = .335 | \ ~ CONTROL LIMIT = .738 S
L , | - RUN TOTAL = $1224.15 - - - RUN TOTAL = $771.19 : - |

poete!

"‘1 o

2 =1.00 e - | Z = 1.75 SR S
R CONTROL LIMIT = .447 | CONTROL LIMIT = .782
| ~ RUN TOTAL = $1149.12 | . 'RUN TOTAL = $67’7. 17 ' P
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| - Z =1.25 | z=200 -
. | o | CONTROL LIMIT = .559 e CONTROL LIMIT = .894
B | RUN TOTAL = $738.50 o o RUN TOTAL = $709.16
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Z =2.25

CONTROL LIMIT = 1.00

RUN TOTAL = $494.81

R
! SRS
o o
| . e
It [
, »_';
— ; RN ( .
. e i
! L
h 3 ’ | Y
' i Ayvl
‘ \ T
- ’.A Lw
,“ . Tl

Z2 =3.00
CONTROL 'LIMIT = 1.34 S

)

Z oandtyg

Z =2.50

CONTROL LIMIT = 1.11

Z '= 3.25
CONTROL LIMIT 1.45

RUN TOTAL = $395.60

RUN TOTAL = $401.17

'0S°€ OL §2°Z WOMI Z-NN¥ NOILVIANIS TvOIJAL

Z =2.75

CONTROL LIMIT = 1.23

RUN TOTAL = $319.91

-

T |
Z = 3.50 R
CONTROL LIMIT = 1.56
_RUN TOTAL = $426.47
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:REGRESSﬁON EQUATION ‘ | L e
COST = 1873.08 - 967.87 x + 154.82 x R

2

/

 REGRESSION CURVE FOR TYPICAL SIMUIATION RUN

fomrristyein

R Figure 3

/

1.00

Z

XNCB = .'oao'v
VALT = .60"

min

-3.10
| |
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XKCR - TREND SHIFT IN

AN

b= -

XRCR(1) = 010" ) XE’@@D = ,080"

—— — s prr e ey ey IS R T

PROPABILITY

3.818

3.506 | 3.472

i |
M!G - 3.662 §| AVG - 3.346

T it e van o e D oot ot—s ~n A

2 772

3.942

3.357

3 578

- 3.271

AVG - 3.425 [ AVG - 3.477

4AVG - 3.735 ,AV@ - 3.141

S5 . TRUE MEAN OF ALL TRIALS

b= 3.4895

ve o "~ Figure 4




' Analysis of Results

A morelthorouéh_appreCiation of cost action in the operation of

';-_ -J _  a control chart can be gained from Figures 5 and 6 which depict the .’(

s , : R

cost path for a typical simulation.
Figure 5 shows the accumulation of costs in Register 1 (defined T

earlier) while Figure § shows thé accumulated costs in Register 2

.;J - ~~ (also defined earlier).

-

‘For the smallef‘values of Z the most prominent cost is thatf;f
'lodking for an assignable cause“of process error where nqne exists (T).
This cost‘appears early and often for the smaller values of X and
since it is one of the more expensive items it keeps~the‘overa11.cost
‘curve high in this area. - | ‘ | SO - |

As Z moves toward larger values the overall cost plots show the
gradual diminuation of thé "false alafm" costs and the increasing values,

_ " though they are still relatively small compared to the earlier costs,

associated with an increase in the production of deféctive matérial} -

The paths of accumulated costs for Registers 1 and 2 show this

brocess action. = Both registers retain their quadratic shape but as Z

moves toward larger values Register 1 rises higher and higher‘for'the

/

Samanumber of samples whilé RegiSter 2 gradually loses its influence.

Then as Z reacheé its largest values Régister 4 begins to influence

"the“COSt path sincé the amount of defective material reaChes‘appreciable-'

M_heights and_the path begins to rise even higher. -This action is also

displayed in Figures 1 and 2.
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“Figure 7 shows the results of an analysis of variance pe»rfdrmed.,‘_

~ on the Z ., values of Figure 4. Note that in the figure =~ .

min
A = XNCR .
| / | ~ B=PROB - 'A _
C = VALT
. - D =:SDEV

For 1 and 16 degrees of freedom the 5% value of F is 4.49. A
mean square based on 1 degree of freedom is thus significant at the
5% level if it is as great as

4,49 x 139902. = 628049.

*° The analysis of variance shows that Factors.A and C are significant

at‘t'he 5% level. Interactions AD, BC, ABC, ABD and BCD are also signif-

~ icant at the 5% level while interactions BD, CD and ABCD are significant
~at the 1% level as well (8.53 x 139902. = 1193364.).

Note, 'however, that if the analysis of variance indicates, as it

_.does here, that while interaction AD is significant and.ma;in-effect D |
1s noit, we _cannot conclude that D has no effect. The existence of AD "
means that both A and D affect the response but not independently. The -
- ‘non-existence of D simplymeans that D affects the ’.respon;'se in different

"ways‘ at the various levels 4of A and that when i,tsj.effect is averaged |

over the values of A used in the exp,erliment the average effect is

- .small. In quoting the effect of D it is thus necessary Ito‘;stat_e' also .-

- the level of A, and vice versa.
- To find the main effect of a factor, say A, we average the response

_correspondingj to all treatments g:dntaining the higher level of A and do

the same for all treatments containing the lower level of A,

o




33

| MEAN
| SOURCE OF VARIATION SQUARES FREEDOM SQUARE
| m— e . - ‘ +
‘Main Effect A 933661. 1 933661.
| B 70125. 1 70125.
c 968136. 1 968135.
D 6161. 1 6161.
Two Factor Interactions AB 288421. | 1 288421.
AC 488567 . 1 488567 .
) AD 952200. 1 952200.
BC 954272 1 954272.
- 'BD 1234020. 1 1234020.
CD 1382784. 1 1382784.
Three Factor Interactions ABC 685033 . 1 685033.
- ABD 1019592 1 1019592,
ACD 547058. 1 547058 .
BCD |.  781250. 1 781250.
Four Factor Interactions ABCD 1575313. 1 © 1575313.
Sum 11886593 . 16 - |
. - _7
" Residual 2238435, 15 139902 f |
Total zsozs. || B
— i - 1 N |
ANALYSIS OF VARIANCE OF FIGURE 4 | S |
Figure 7 £
; bl
&
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1)

T

T"Fbr‘example,referring to Figure 4 we,hsve:'~
lhverage“response.at;higher level of A
= 1/16 (2.880 +r3,167 + 3.818 + 3.506 + 2.772 + 3.942
+3.578 +3.271 + 3.096 + 2.987 + 3.220 + 3.472
v o+ 3;138 + 3.298 + 3.369 + 3.584) =:3.518
‘Similarly the average response at the lower level of A = 3.661
'These}points are then subtracted to detérmine‘the.nmin effect of
'A. The sign of the difference denoting the path of the main effect.
Intenection effects are»defined in a sinilar manner. For e#ample,
the intet-actionvbetween.A and B Adenoted‘AB,is defined}as one-half of
the dlfference between the effect of A when B is at the h1gher level,
and the effect of A when B is at the lower level. All the main effects

and interactions are shown plotted in Figures 8 and 9. These plots

illustrate the strong interaction between the probability and standard
deviation chosen (BDf?es well as the interaction between the step
increment and the standard deviation (CD). On the other hand, while
the trend increment interacts with the standard deviation’QND)_rather

significantly as does the probability of a step increment and the amount

- of the step 1ncrement (E&{che reactions are in no way as sign1f1cant

as the others.

: In the final analysis however ‘having 1nferred from a factorial
'fiexperiment that some comolnations of input process variables prot1de
»greaterresu1t1ng effects than otherSL it remains to estlmate as prec1se1y
as p0531b1e what response can be expected for the other comblnatlons

of 1nputs as yet untried. Toward this end a regression analysis (SCRAP)~

- {29) was performed on the factors and interactions considered signifi-
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- Figure 4.

’ "cant by;thewanalySis of variance.'4An0ther.regreésiOn analysis (STRAP)

' (20) was performed on the entire set of factors and interactions included

Zin\thé analysis ?f variance be they conSidered Significant*or not. ”;N//k“\
The regression.analysis for the significant factors only produced
the équatioh: | |
| | Z . = 2..96 - 26.35A + .17C + 50.07AD - 17‘.493_c + 46.4331)"'

min
4+ .31CD + 5124.29ABC - 2813.63ABD - 79.72BCD

Coefficient of Multiple Correlation, R2 = .6516

'_The interaction ABCD was not included in Ehis‘analysis sinée thé -
wbrogfam'was not equipped to handle variables of this Sizé.
The regression.analysis for the entire set of factors and inter—
Jactions produced
” Z . .= 3.04v+ 31.56A + 31.43B + .71C - 5488.71AB - 155.88AC

min
— 153-17BC - 27.47BD + 19791.32ABC + 5026.28ABD + 118.70ACD

+ 150.94BCD - 19887 .94ABCD
Coefficient of Multiple Correlation,_Rz'= .97386

&’

Both surfaces were evaluated at the expefimehtal levels and the

| resultg are noted beldwf The actual input levels can be found from

are,
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3024 o311
3662 3.38
3357 - 3.19
3.a25 ©  3.39
3.042 . 3.4
13.346 . 3.56
- 3218 . 3.4
o 3.477 . 3.02
3.390 . 3.11
'3.689 o ~3.60
3.269 . 3.50
'3.725 - 3.91
. . 3.m0 3.5
© 3.341 / - 2.76
5.697 | Lo *w5u05

. 3.141 - 3.75

These data_show a more favorable response from the

d

R o
- stﬁRp |

" ANALYSIS

- RESULTS

3

3.

5.

3

response surface than from the SCRAP response surface.

.22

22

44

H

.55
.99
.38
.24
.44
.29 -
17
.31
.66
.04

.31 X

68

.14

STRAP_generated |

For further'comparisons Appendix III shows some extrapolations of

~ these surfaces for various values of causal variables.
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e ' general cost path would be parabolic in nature with "false

: 1] 1}"-The'cost!ofjloOking for a cause of mean”variation-When'ﬁone exists -

(T)»is'the primary factorfin de@ermihing'thé path of thé cost_purve

for smalier'values of Z. The-COst of locéting a cause of mean

variation when it can bé detected (W) with ?he accompanying’cost/

of increased defective méteria].determines the path‘of the cost-ﬁ 
: curve for the larger vélues'of Z.

a. It is reasonable to assume that T will usually be higher than

W, but if both tend to be small so will the value of Z in' The

in

'converse is also true. If T and W rise proportionately, so

=y

does Zmin'

+® . .

b. This conclusion confirmed a preliminary intuitiogithat the
alarm”" cost dominating the accumulated:costs for small values
of Z. Then as Z took on larger values the costs of increased
amounts ofxéeféctive material would be a prime factor in raising

the cost path once some minimum cost was achieved. o

2. IfTis large, w?{ie W is perhaps 50% offr, and the cost of defec-
tive material is not excessive, it may be‘ecoﬁbmically feasible to

" run an i chart with a Z

qq V2lue greater than the specification

imposed on the process.
‘a. This becomes possible because the cost of looking for the cause

of some mean variation can become so excessive as to permit

A’ . small*départures'in,quality from the aSsigned specification

conditions.
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o b. Thisehigher value of Z~i is Justifled in this experiment be-

min

.icause of the dlstribut10n of the quality characterlstlc of the

process output. Small shifts in the meaa'resulted in only a

small buildup of defective material costs. This normal build-}

up of costs becomes serious only in a process that accepts

very little defective material. However, if this were so, it

seems improbable that'an_i chart would.be used to control the

N

process. | ~ | -

.c. For example, in cases where a specification is placed at X + 2¢"
and small shifts in the process mean seriously affect the per-
centage defective the control chart would most likeiy be supple-

mented by a 100% inspection for attributes or some other attri-

bute samﬁling plan.

t.

As the value of the sustained linear shift and the step shift in

&

the process mean increase, so may the value of Zmin'

If the false alarm cost (T) dominates the selection of the zmin

value, as it did in this experiment, then the'eontrol chart seeks

- a higher control limit value to escape its consequences.

e’ -
= g:.w
~

- The‘analysis.of variance showed that the standard deviation of the
‘process populat1on 1nteracted strongly with all the levels of the

remalnlng 1nput factors The paths of the interact1ons however

also var1ed with the size of the standard deV1at1on
a. For the 2 factor interactions, when thefstandard deviation

was at its'smallervalue, an increas@sin each of the other

T S N O T B S i i ¢ TR A S S A e,

_____
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variables drove up the value of Z . , While the higher level

”of the standard'deviation scarcely affected the Z,in Value.

In the 3 factor interactions, however, the higher level of

standard deviation began to drive down the value of Z _ .

min

This points to a rather critical situation when one is dealing

with distributions in which the shift in the standard deviation

is toward smaller values. Care must be taken to insure as

precise an estimate of process mean variation as possible.

Small errors in the estimation of'these variables can lead to

large errors in the selection of Zmin'

S. In this experiment the levels of the factors were widely spaced.
Further experimental work at intermediate levels is necessary to

establish patterns of interaction.

When an interaction is large, the corresponding main effects do

not convey as much meaning as they could have. (21) In the

N

/

present example then, it is of no great advantage to know that

W

on the avéfdge (i.e., averaged over all levels of the other

variables), the sustained linear trend changes at its lower

level. The existence of these large interactions means that
the effect of one factor is ‘markedly dependent on the level of

the other. - .

Some interaction, ﬁowever,vis expected by the véry nature of

N,

 the'experiment and one should not be dismayed by this. The

input factors have an additive effect on system response and
this additive effect is heightened.even further as the variance

of the sampled distribution decreases.
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| RECOMMENDATIONS FOR FUTURE STUDY
é _743, o - 1.,.As mentioned in the conclusion, further simulation should be 
é} accomplished on intermediate values of all the causal variables
3 S » ;g
| used in the present model to ascertain the path of Z ; between
1 , | - - min
i St . " the values chosen for the experiment.
; 2. 'A.study'of-an existing process under the maintenance of an X chart i
g ‘should bé undertaken to define all costs of operation and losses
? in income. A simulation model could be designed and past X plots
~ used as inputs to the model. A cost comparison between the present
limit values and the va1ues found through simulation might then
prove profitable.
3. A comparison of the economic feasibility of Cumulative Sum Charts

as opposed to Control Charts with a single control limit and Control‘

Charts with warning lines should be investigated using the same

criterion as those employed in this paper.

4. If there is a cyclic nature to the i plots of a process then a
gtddy should be attempted to completely design through simulation,

the sample size, the sampling interval and control limit of a |

Control Chart operation;'
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RUN_TOTALS-SAMPLES

RUN AVE,

RUN 1
XNCR = .0lc°
PROB = .01
VALT = .30¢"
SDEV = 1.00
Z=.7 |
2101.46 .. 72
3616.41 = 100
3366.41 100
2215.14 70
2070.72 70
RUN AVE, 2674.03
Z =1.00 |
1377 . 40 46
1937.17 70
2439. 06 72
2511.33 70
3016.41 100
RUN AVE.  2256.28
Z =1.25
2707.94 - - 70
1703 .59 70
2816.41 100
2666.41 100
2037.89 71
RUN AVE.. 2386.45
Z =1.50
- 1427.60 .40
-~ 2180.60 101
2172.44 70
1128.80' 70
1835.77 71
RUN AVE, 1749.11
- 4 =1.75 |
1 1966.41 100
- 425.25 40
1201, 68 71
944.50 70
1636.22 70
RUN AVE., 1234.82
Z =2.00 o
1856.87 79
1566.41 100
-~ 804.68 60
1845.81 102
1375.16 98
1489.79

APPENDIX 1

RUN TOTALS-SAMPIES

Z =2.25 |
1216.41 100
1616.41 100
990.69 71
1566.41 - 100
1576.68 104
RUN AVE, 1393.33
Z = 2.50 |
851.03 70
585,24 66
976,22 70
400. 59 47
344,21 71
RUN AVE, 631.46
Z =2.75
- 1043.07 108
- 578.80 70
1161.06 103
835.89 74
916.41 100
RUN AVE, 907.05
= 3,00
- 366.71 73
175.75 45
880,92 101
761.99 71
' 856.88 100
RUN AVE, 608,42
Z =3.25
678.17 77
1059 . 07 106
330.91 47
934.43 76
699. 16 72
RUN AVE. 660.35
Z =3.50
291.26 51
1155.39 125
458.64 88
510.60 73
725,87 107
RUN 2 |
XNCR = .01c"'
PROB = .01

VALT = .3g"

SDEV = .50

RUN TOTALS-SAMPLES .

Z = .75
1535.29

597,91
1735, 29
1835.29
1985, 29
RUN AVE.
Z = 1,00

11535.29

1685.29
737.18
1635.29
092.85

" RUN AVE,

Z =1.25
487.29
368.95
1635.29
388.93
478.54

" RUN AVE,

Z = 1,50
1167.03
337.29

“1085.29
- 1100. 77
'~ 1385.29

RUN AVE,

2 =1.75

378.54
1235.29
1085.29

o81. 18

885.29

50

22

50

53

58
1537.81

50
95

20
48

20

1237.18

v
20
26
50
23
- 26
671.81

52
20
50
51
50
1015. 14

20
50
47
23

26

RUN AVE. 833.12

Z = 2.00

' 885.29
885.29
885.29

. 252,24

412.34
RUN AVE,

' Z =2.25

620.23
400.77
635.29
226.62

S0

- 50
a0
- 31
42

664.09

20

51

o0

j 25

:




(

 RUN TOTALS-SAMPLES - RUN TOTALS~SAMPLES - RUN TOTALS-SAMPLES ;
"970.73 55 Z=1.00 | . 367.78 69 f |
RUN AVE. 570.73 ' 932.99 40 - 432.99 .40 :
Z = 2.50 1298.75 40 _ - 709.02 44 §
450,77 51 1052.54 49 -  238.59 48 . f
- 205.63 24 11467.29 45 744.55 44 |
240.31 21 994 . 14 47 RUN AVE, 498.19
. 535.29 50 RUN AVE. 1149.15 Z =3.00
1 485.29 50 Z = 1.25 : 118.24 10
RUN AVE, 383.46 2616. 41 100 1035.40 - 113
Z =2.75 | 1641. 03 72 325.05 60
600.77 51 - 2916.41 105 1016. 41 '100
376.32 39 1534.28 10 '569.01 42
365.20 23 - 2816.41 103 RUN AVE. 612.83
518.52 49 RUN AVE, 2304.92 Z = 3.25 |
~ 485.29 50 Z = 1.50 o 861.06 103
"RUN AVE., 469.22 2316.41 100 877.66 109
Z =3.00 1273 .12 40 125.12° 42
. 244,01 26 238.21 18 926.91 63
©..265.40 38 2116.41 100 596 . 40 85
137.90 29 1732.41 - 44 RUN AVE. 677.43
. 300.77 51 RUN AVE., 1335.32 Z = 3.50
- 385.29 50 Z = 1.75 1946.18 116
RUN AVE. 266.68 1830.92 101 544 .20 30
Z =3.25 1000.29 40 711.06 103
775.66 67 1795.81 102 524 .86 90
534,06 48 2551. 88 99 448.95 41
266. 08 26 1284.44 40 RUN AVE. 635.05
560.94 57 RUN AVE, 1692.67 |
554.99 59 Z=2,00 - RUN 4 T
RUN AVE, 538.35 398. 44 40 XNCR = .01c' R
Z =3.50 / - 570.16 62 PROB = .01 : b
808.90 68 - 332.41 44 VALT = .60°
256.69 23 624 .68 40 'SDEV = ,
663 .19 65 1595.81 102 Z = .75 .
490.37 56 "RUN AVE, 704.30 1535.29 50
528,56 60 Z = 2.25 \ 706. 00 22
‘RUN AVE, 549.54 1080, 92 101 1735.29 50
- - 442.83 - 16 1835.29 53 -
RUN 3 i 1693 . 07 108 - '1985.29 . 58
XNCR = .0lg’ 1114.89 = 92 ~RUN AVE, 1559.43
PROB = .01 1216.41 100 Z =1.00
VALT = .60’ RUN AVE, 1109.63 1535.29 50
SDEV = 1.00 Z = 2.50 o 1685.29 55
Z = .75 1316. 41 100 167.30 - 8
. 2141.03 72 307. 13 57 - 1635.29 53
©3616.41 100 1411. 06 103 432.79 19
3366.41 100 - 1166.41 100 ‘RUN AVE. 1091.20
- 1596.72 58 375.72 54 - Z = 1.25
1867.78 69 RUN'AVE., 915.35 511.38 28
RUN AVE, 2517.68 Z=2.75 694.26 31




1635.29
490,23
376.23

RUN AVE.

Z = 1.50

- 1317.03
- 232.79

1217.03

- 1080.77

1235.29
RUN AVE,
7 = 1.75
282,79
1335.29

'1135.29

143.74

- .9335.29
"RUN AVE,

Z = 2,00
885.29
935.29
884.09
602.61
586 .63
RUN AVE,

Z =2,25

87.18
600,77

700.77

886 .63

- 835.29

RUN AVE.

2 = 2.50

550. 77
341.46
- 193.66
650.77

435.29

RUN AVE.
Z =2.75
600.77
769.34
91.10

735.29

190.23

- RUN AVE,
Z =3.00

335.29
240,23
588.58

= A&

" RUN TOTALS~-SAMPIES

50
20

16

741.48

52

19

. 92
ol

50
1010.59

19

50

90

13

45
766,48

50

55
53
39
42

778.79

.
51
51
42
50

622.13

o1

15

o1l
50
434.36

48
2

50

20

477.35

50
20
44

26

1392.87

"~ RUN TOTALS-SAMPLES

271,92 29
300.77 51
RUN AVE, 347.36
Z =3.25 o
-.335.29 50
775.66 67
698. 14 47
- 230.09 15
" 410.94 57
RUN AVE., 490.03
Z =3.50
317.03 52
410,94 57
331,14 . 34
351,98 - 54
401,98 54
RUN AVE, 362.62
"RUN 5
XNCR = .01lc'!
PROB = .05
VALT = .30"
- SDEV = 1.00
- Z = .75
2035.01 - 5
 413.69 15
113.96 38
1993. 41 65’
2508. 06 79
RUN AVE, 1612.83
Z =1.00 |
1674.30 60
2554,25 67
1142.6 36
1755.6 40
" 554,08 10
RUN AVE. 1536.20
Z = 1,25 “
1427.35 61
2068.42 68
607.20 19
1409, 02 65
. 983.16 58 _
- RUN AVE, '1299.03
Z =150 '
1303.92 34
330.08 16
1292.21 ¢ 41
1328.13 65

82 -

£

o

" RUN TOTALS-SAMPLES

"RUN AVE,
Z =1.75
1121.95

458.65

1200.24

689.91

267.49
RUN AVE.
Z = 2,00

298.79

766.41
292.48

- 1473.56

1080.10
RUN AVE,
Z = 2.25
454,10

1 641.48

330.52
415.21
845.85
RUN AVE

4 = 2.50

944.50
719.76
384.33
526.82
565.48
RUN AVE,
Z =2.75

244,40

- 178.30
453.32
571.67
220.27

RUN AVE,

Z =3.00
474,48

- 576.50
217.45
'400.75
363.24

RUN AVE,

Z =3.25 .

327.00
250,98
262.22
749.23
683.86
RUN AVE,

937.43

1129. 45

40

41

- 40

41

29
747.65

24
40
43

40
784,27

40

70
28

67

70
40
44
o7
| 30
548. 18

19
24

73

63
19
333.60

61
45
26

35

406 . 49

34

Y




 RUN TOTALS-SAMP

LES

539.32

. Z = 3.50
. 847.22 72
- 306.89 27
302.00 41
. 269.53 48
. 349.28 77
RUN AVE. 414.99
RUN 6 |
XNCR = ,01c'
"PROB = .05
VALT = .30'
SDEV = .50
Z =.,75
603,51 20
. 1155. 00 37
- 355.67 10
1086, 42 19
502.75 23
RUN AVE., 740.68
Z = 1.00
770.23 20
1105.00 37
781.18 20
1635.29 |, 50
575.18 21
RUN AVE., 973.38
Z =1,25
1239.32 44
- 453.51 20
. 696.67 21
~976.32 39
- 511.55 18
RUN AVE, 775.48
2 = 1.50 -
. 59.70 20
. 292.41
402 .24 31
- 144,93 .2
1135.29 . 50
RUN AVE, 426.92
4 = 1.75
- 714,12 18
278.54 20
- 1051.23 48
246.52 '8
. 418.11 20
RUN AVE. 541.71
.4 = 2,00 |

44

* RUN TOTALS-SAMPLES

426.49 21
- 512.34 42
 346.88 14
757.89 20
RUN AVE, 5186.59
Z =2.25 N
169.90 12
243,25 11 °
138.93 . 20
527.78 21
768,52 49
RUN AVE. 369.68
Z =2,50 |
368.39 22
532.97 46
502,83 .- 20
635.29 50
306.46 11
RUN AVE. 469.19
=2.75
280,05 13 -
551.23 48
218.11 20
115.05 21
192.41 8 .
RUN AVE. 271.37
Z =3.00
. 423.34 21
311.09 23
195.45 7
355.16 43
251,41 15
RUN AVE. 307.29
Z =3.25
462.97 26
367.85 44
238,95 = 25
216.24 = 36
226.49 21
"RUN AVE. 302.50
Z =3.50
285.29 50
839.87 - 29
193.30 15
643.56 37
178.13 8

RUN AVE. 428.03

RUN 7

.~ XNCR = .O0lg"'

' RUN TOTALS-SAMPLES

‘PROB = .05

VALT = .60c'

SDEV = 1.00
Z=.75 | |
1484.28 40

. 827.79 22
331.45 - 10
1583.64 . 37
1902.63 41

RUN AVE., 1225.96
Z =1.00

816.18 25
2202.86 79
994,14 47
" 930.25 29
1061.41 - 51

RUN AVE, 1200.97
Z =1.25 *

~ 405.70 18
~ 332.14 23
1562.63 36
141.86 | 2
1035.92 56
RUN AVE. 695.66
Z =1.50
923.38 28
716.05 52
. 228.44 8
1244.78 40
704,27 36
RUN AVE., 763.39
Z =1.75
411.41 - 51
- 305.05 14
- 1098.51 27
281.45 10
932.77 26
RUN AVE. 605.84
Z = 2.00
1195.12 - 41
734.94 44
202.04 - 8
302.59 46
449.20 19
RUN AVE. 576.79
- Z =2,25 o
316.05 52
264.10 .13
809.34 40

436.84 29

s




RUN TOTALS-SAMPILES

|  47

RUN TOTALS-SAMPLES

- 7389.57
RUN AVE,

Z = 2.50

- 131.45
203.73

232,29
- 176.73

194.79
RUN AVE.

A=2,75

- 791,16

382.99
910.71

277.76

455, 81
RUN AVE.
Z =3.00

412,60

128. 02
220.11
235.92
719. 14
RUN AVE,

4 =3.25

129. 12
152. 04
356. 12
- 840. 16
230.50
RUN AVE,

Z =3.50

136. 55
219.96
275.62
151.88
166.32

- RUN AVE,

RUN 8
XNCR =
PROB = .
VALT =
SDEV = .
Z = ,75
243 .74
1738.58
103.56
103.56
203.56
RUN AVE,

32

443.18

310
19

24

46
- 15
193.20

563,69
28

38

56 -

a1
343.17

40

68
45

20

281. 59

24

14

22

5]
188.89

.0lo"

05

.60'

50

13

44

5

-9

8

478 .60

11

Z = 1.00
1399.64
514.36
- 87.18
'1585.29
157 .99
RUN AVE,
A =1.25
172 .22
11535.29
771.92
1598. 14
193 .74
. RUN AVE,
Z = 1.50
376.23
1235.29
87.18 "
299.64
99,28
RUN AVE,

A =175

175. 64
134.14
99.28

544.26

- 87.18

- RUN AVE,
Z = 2,00
112.93

' 735.29

o 134. 14

182.58

176 .23
RUN AVE,
A =2.25

- - 1162.68
~146.06
- 99.28

132.58

917.03
RUN AVE,

14
23
1
50

6

- 548.89

50
29
47
854.27

16
50

14
419.53

18

31

208.11

. 5o’

11
16
268.24

52
11

52
411.53

Z =2.50

87.18
138.05
788. 14
145.81
139.88

" RUN AVE,
Z =2,75

12
51

- 259.82

A:J%'rﬂ

. "L’,
o

~ HUN TOTALS-SAMPLES

s

S

819.12

34

95, 13 3
~ 264.36 23
103.56 5
199.27 8
117.99 3
"RUN AVE, 156.07
Z =3.00 |
240. 23 20
152.51 5
470.73 55
"""" 164 . 88 11
155.76 15
RUN AVE, 236.83
Z2 =3.25 |
139. 88 7
557.72 45
146. 06 4
247. 41 17
- 788. 14 51
RUN AVE, 375.85
Z =3.50 -
151.95 9
183 .09 6
139. 88 7
619.34 48
358.61 16
RUN AVE, 290.58
RUN 9
- XNCR = .030"'
~ PROB = .01 )
VAIT = .30°
SDEV = 1.00
Z = ,75
969. 12 34
'1319.-12 34
952,77 24
1169. 12 34
-1169.12 34
RUN AVE, - 1115.85
7 = 1.00
- 1169. 12 34
1119.12 °
1069. 12 34
1119. 12 34
1108.69 34
RUN AVE, 1117.04
2 = 1.25 |
919.12 34

34




/ 7'

'RUN TOTALS-SAMPLES

958. 64 44

- 723 . 43 25
- 920,06 25
~ 690.87 - 24
- RUN AVE, 814.52
Z = 1.50 f
619,12 34
605, 03 25
581.82 24
986.41 35
383 .04 25
_RUN AVE, 635.09
Z=1.75 |
669.12 34
719.12 34
786.41 35
569.12 34
928. 16 35
RUN AVE, 734.39
Z =2.00 o
919.12 , 34
~ 586.41 35
- 824.88 - 37
547.76 24
604 .98 36
RUN AVE, 696.63 -
4 = 2.25 |
~ 554.98 - 36
704.98 36
519,12 - 34
536.41 35 °
536.41 - 35
RUN AVE, 570.38
Z = 2.50 :
331.82 24
307.58 31
492,00 26
254,98 36
~ 574.88 37
'RUN AVE. 392.25
. Z=2.75 |
624.88 37
343.39 = 24
469.12 34
469.03 39
.. 269.12 34
RUN AVE, 435.11
Z = 3.00 i
458.30 27
319.12 34

48

 RUN TOTALS-SAMPIES

-269.12 34
369.12 34
RUN AVE. 394.86 '
Z =3.25 -
304,98 36
328.10 22
419,12 34
276.80 32
336.41 35
RUN AVE. 333.09
Z =3.50
- 427,45 36-
642.36 43
179.31 27
274,88 37
393,44 40
RUN AVE, 383.49
RUN 10
XNCR = ,03¢"'
PROB = .01
,VALT = .30
SDEV = .50
Z =.75
487.50 17
587.50 17
737.50 17
687.50 17
298.48 7 .
RUN AVE. 559.70
Z =1.00 |
- 558,02 18
487.50 17
437.50 17
637.50 17
587.50 17
RUN AVE, 541.61
Z =1.25 |
487.50 17
587.50 16
537.50 19
537.50 18
637.50 17
RUN AVE. 557.50
- Z =.1.50
~408.02 18
- 387.50 17
337.50 17
~ 387.50 17
439,73 17

" RUN_TOTALS-SAMPLES

RUN AVE.

Z = 1.75

287.50
487.50
287.50
- 337.50
214,57
RUN AVE,
Z = 2,00
308, 02
269.00
281,54
80. 96
387.50
RUN AVE,

Z = 2.25

237.50
237.50
237.50
210.17
116.05
RUN AVE,
Z = 2,50
258, 02
408. 02
237.50
187.50
308.60
RUN AVE,

2 =2.75

288 .96
208.39
258. 02
308.39
238.96
RUN AVE,

Z =3700

187.50
137.50
323.60
104.48
231.54
RUN AVE,

208.39
258.39
238.96
258. 02
217.26

RUN AVE, 236.21

196.92
Z =3.25

392.05.

17

17
17
17

| 7
322.92

18

19

17
265.41

17
17
17

11

207.74

18
18
17
17

9

279.93

21

18
20
21
260. 55

17

17

9
19

20

20
21
18

15

20




.'*g'

RUN TOTALS=$MMPLES

' Z =3.25

- 49_.

" RUN TOTALS-SAMPLES

433.80

34

34
35

34

633.72

35
34

35

37
14

. 664.21

35
- 34
34
36
35

583.21

35
26
34
9
34
352 14

37
35

35

15
34
330.18

36

37

14

.16ff
34

251.97

- 34

36

13
329.71

35

~ 669.12
2@@,39 20 719.12
- 258.39 20 786.41
238.96 = 21 569.12
258,02 - 18 RUN AVE,
. 217.26 - 15 Z =2.00
RUN AVE. 236.21 646.25
Z = 3.50 ., sl9.12
~ 187.50 17 7 586.41
406.83. 24  824.88
273.60 22 -344.40
456.30 - 25 RUN AVE,
288.96 21 Z = 2.25
RUN AVE. 322.64 - 536.41
- - | 519.12
RUN 11 519.12
XNCR = .030" 604.98
PROB = .01 736.41
VALT = .60" RUN AVE,
. SDEV = 1.00 Z = 2.50
o zZ=.7% 536.41
- 969.12 34 237.31
1319.12 34 \/ 369.12
711.92 14 198.73
1019.12 - 34 419.12
-1269.12 34 - RUN AVE,
RUN AVE. 1057.68 Z = 2.75
Z =1.00 - |  274.88
1369.12 - 34 . 436.41
1069.12 34 386.41
1169.12 34  184.06
1169.12 34 369.12
© 1119.12 34 RUN AVE.
"RUN AVE. 1179.12 Z = 3.00
Z =1.25 - ~ 354.98
-~ 371.89 14 274.88
- 969.12 34 1 137.49
767.30 - 31 173.35
615.04 28 - 319.12
917.30 = 31 ~ RUN AVE.
RUN AVE. 728.14 . Z =3.25
'Z=150 7.~ 558.64
- 1019.12 . 34 269,12
-1019.12 34 269.12.
. 671.17 14 '°304.98
. 479.21 15 246.69
- 986.41 35 . RUN.AVE
, RUN AVE. 835.01 = ' Z =3.50
S Z =1.75 . 254.98
- 424.79 25

44
34

- 36

13

- 304.98 36
3520@6 -33
- 304.98 36
RUN AVE. 330.28
RUN 12 -
~ XNCR = .030"
PROB = .01
VALT = .60 LI |
SDEV = .50

Z=.7

487.50 17
587.50 17
737.50 17
687.50 17
178.76 4
RUN AVE. 535.76
Z = 1.00 fi
587.50 17
437.50 17
- 558.02 18
" 537.50 17
637.50 17
RUN AVE. 551.61
Z‘= 1.25 4
537.50 17
637.50 17
537.50 17 ,
487.50 17
537.50 17
- RUN AVE. 547.50
Z = 1.50
408.02 18
437.50 17
408,02 18
481.54 19
643.69 15
'RUN AVE. 475.76 _f
% =175
287.50 17
487.50 17 -

- 337.50 17'

- 93,12 1
RUN AVE. 298.63
Z =2.00 |

- 317-41 ‘{9_ ‘

'\:358.02 ‘184

474.64
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. RUN TOTALS-SAMPLES

387.50 17
RUN AVE, 363.82
Z =2.25
237.50 17
237.50 17
237.50 17
142.99 3
493.69 15
RUN AVE. 269.84
" Z =2.50
258,02 18
408.02 18
237.50 17
187.50 - 17
93.12 1
RUN AVE. 236.83
zZ=2.75 .
506.30 25
356.83 24
258,02 18
308.39 20
238.96 21
RUN AVE. '333.71
Z = 3.00 .
- 187.50 17
~ 137.50 L7
323.60 22
272.11 9
. 231.54 19
RUN AVE. 230.45
- Z=3.25
- 208.39 20
258.39 20
238.96 21
258, 02 18 T
342.08 14
RUN AVE. 261.17
Z = 3.50 o
208.02 18
406.83 24
- 273.60 22
 456.30 25
288.96 21

RUN AVE. 326.75

- RUN 13

XNCR = ,030"'
PROB = .05

VALT = .30"'
SDEV = 1.00

'RUN TOTALS-SAMPLES

- Z= .75
781 .82 24
1290. 47 . 33
- 382.31 - 14
620.06 15
620.45 24
- RUN AVE. 739.03
2= 1,00
1062.12 34
- 787.74 24
997.76 24
1069 .12 34
916.23 . 28
RUN AVE., 968.00
- Z=1.25
1036 .41 35
844,14 25
670.25 - 24
1019.12 34
664 .74 23
RUN AVE. 846.94
Z = 1.50 |
557 .11 29
482 . 31 14
454 .32 27
422,11 14
619.12 34
"RUN AVE. 507.00
- Z2=1.75
695.21 22 -
470.25 24
869.12 34
209 . 49 14
316.69 15
" RUN AVE. 512.16
Z =2.00
519.12 34
373.01 25
 .576.72 28
329.03 29
- 269.48 ‘15 -
RUN AVE., 413.48
Z =2.25 |
454, 07 24
306.17 12
718, 58 25
165. 28 14
. 586.41 35
" RUN AVE. 446.11
Z=2.50

'RUN_TOTALS-SAMPLES

19

- 305.03 25
266,14 20
~ 546.21 38
184. 36 14
420.96 26
- RUN AVE. 344.55
Z =2.75 -
484,98 36
323.95 16
195.68 - 24
579.57 37
. 447.76 24
- RUN AVE. 400.39
" Z = 3,00 .
112.28 . 16
218.17 - 16
158.39 17
262.99 - 23
219.12 . 34
RUN AVE. 194.19
7 = 3.25
. 407.87 24
338.63 26
336.41 35
344.97 25
319.12 34
RUN AVE. 349.40
Z = 3.50 |
313.29 26
558.64 44
227.23 28
252,29 24
239.59
RUN'AVE.;\318.21'
RUN 14
XNCR = .033"
PROB = .05
VALT = .30
SDEV = .50
z2=.75
348.35 13
587.50 17
587.50 17
502.77 10
240,98 7
- RUN AVE. 453.42
Z =1.00 °
. - 254,84 7
414,57 7

i

e —



:RUN'TUmNLS-SAMPLES

280.96
487 .30
. 236 ¢ 90

"RUN AVE.

S Z=1.25
= 7 437.50
| ~ 587.50

- 587.50

240.98

: . - RUN AVE.
- - Z=1.50
[ | 537.50
: - 387.50
- 487.50
£ \ 487.50
: 266. 05
. RUN AVE,
g Z=1.75
. '387.50
i 508. 02
§ 181.17
198.35
; 514.43
: RUN AVE.
: Z = 2.00
: 1258.02
: 337.50
? 314 43
G 317.78
] -169.00
. RUN AVE.
! 2= 2.25
; 167.78
: 140.98
: 154.84
1 281.54
: : - 80.96
. ~ _RUN AVE,
A Z = 2.50
i - $147.39
. 358.02
~ 258.02
. 557.82
220. 33
RUN AVE.
Z = 2.75
188,73
. 258,02
.7 308.02
' B

1 122.10 -

8
17

334.96
17
17

. ../J” 17 .

7
7

395.12

17

17
17

17
, 11
433.22

17
18
12
13
16
357. 90

‘18
17
16

14
g
- 279.35

14
7

-

19

18
- 18

19

13
308.32

- 15

18
18 - .

51

, { ’

"RUN'TOTALS SAMPLES

764.43

- 110.17

RUN AVE e R
Z = 3.00

135.09

- 98.48
- 323.60
.. 356.83

169.37

RUN AVE.
Z = 3.25

401.04

- 237.50

273.60
406.14
126.27
RUN AVE

. Z = 3.50

158.60

189.73
90.98

316.50
396.38

. 8

XNCR =

~ PROB =

VALT =
SDEV =
Z = .75
293. 58
1169.12
784.66
384.19
432.69

"RUN 15

16

7 .

226.08

8.

7

22

24
10

216.68

15

17
22
11

9

288.91

9
15

7
-9
20

.00 "'

.05

.60 "
1.00

RUN AVE.
Z = 1.00

502.23
592,42

1069.12

537.49

666.77

RUN AVE.
Z = 1,25
- 969,12
- 1173.78
- 1036.41

253.72
263.15

~ RUN AVE.

739.24

1

14
34

14

10
14
612,85

23

15

34

14
673.61

34
. 34

. 35

14

14

886,41

 RUN TOTALS-SAMPLES

Z = 1.50

310.87

182.69
232.69

- 461.92
RUN AVE.

Z =1.75
371.03 .
592.45

273.82

98,09
'1019.12
RUN AVE.
Z =2.00

471.76
163.16
143.58

" 636.41

164.32

RUN AVE.
Z = 2.25

206.71
163.15
604.98

82.69
153.72

'RUN AVE,
Z = 2,50

504.98
160.87

- 424.09

384.06
314.18

RUN AVE.
Z = 2.75
235.41
173.82

216.77
496 .21
130.86

" RUN AVE.
Z =3.00

126.80
367.68

459,51

- 330.88
242,42

RUN AVE.
= 3.25

/

15
35

14
14
14

.13
16
20
.2
34

470.91

23

14

14
35

17

315.85

7

14

36
14
14

242,25

- 36

15

13

15

16
357.64

11

20
14

38 -

1o
250.62

17
34

17

- 15
305. 46




LG

;o

52

' 366.31

387.50

" 254,98

: RUN 'romusasgmws

304,08 36
318.99 12
334.27 13
36
139.58 16
RUN AVE, 270.57
Z =3.50
230,26 16
- 418.28 24
184,19 10
~290.54 19
152.23 23
RUN AVE, 255.10
RUN 16
XNCR = .030"'
PROB = .05
VALT = .60"
SDEV = .5
Z = .75
524, 64 13
587 .50 17
' 587.50 17
640.75 10
RUN AVE, 516.83
. Z = 1.00
1143.21 5
1 143.21 5
243 .21 5
692.08 14
487,50 17
"RUN AVE, 341.85
Z =1.25 .
159.17 6
- 93.12 1
437.50 17
' 587.50 17
~ 587.50 17
RUN AVE, 372.96
' Z =1.50 -
- 193.21 5 -
- 267.41 9
- 537.50 17
- 387.50 .17
~ 487.50 - 17
RUN AVE, 374.63
"2 =1.75 |
437.50 17
11
17 .

508. 02
344,21

~ RUN AVE,
% =2.00
374.64

682.55
' 258,02

 337.50

532.55

RUN AVE.

Z = 2,25
442,08
128.76
570. 44
198.56
128.76

RUN AVE.

= 2.50
281.54
294.21
- 93.12

127,77
358.02
RUN AVE,

Z =2.75

208. 02
769.63
344.21
482,85
258.02
RUN AVE,
z =3.00
323.60
294.21
187.08
178.23
240.75
RUN AVE,

Z =3.25

456.30

356.83

128.76

294,21

362.75

RUN AVE,
4 =3.50

406.30
209.24

 198.56

289.45

"]RUN'TOTALS«SAMPLES
| | 18

12

- 408.71

,13 
16

18

17

16
437.05

14

4

18

6
4
293.72

19
12
1

2
g

230.94

19
12
16

18

412.48

22

12

10

244.78

" RUN_TOTALS-SAMPLES

. 187.08 4
RUN AVE, 258.13
REPLICATION RUNS
RUN 1
XNCR = .01lc"
PROB = .01
VALT = 030";
z =.7%
4066.41 - 100
.2108.91 73
2786.79 70
3716.42 100
3556, 42 100
~RUN AVE, 3248.99
Z =1.00 »
1462.18 51
3416.42 100
1807.87 70
1674.53 74
2205.92 67 —~
RUN AVE, 2113.38
Z =1.25
1109.64 40
2182.26 70
1873.39 70
1408.69 70
2616.42 = 100
RUN AVE. 1838.08
Z =1.50
2077.48 70
- 1388.82 72
- --2616.42 100
2193 .88 72
11220.72 70
- RUN AVE, 1899.46
'z =17
887.77 70 |
. 2216.42 100
- 1358.07 79 1
2216.42 100
'RUN AVE. -1621.95
Z =2.00 |
- 870.72" 70
1073.39 69
1716.42 100
1451.03 70




1566.42
~ RUW AVE. 1335.60
. Z2=2.25 -
- 951,22 o7y
1580.92 . 101
1430.93 101
824.99 60 -
1366.42 100 -
RUN AVE, 1230.90
Z =2,50
995.81 102
497.62 70
962.78 71
- 748.01 88
1195.81 102
RUN AVE, 880.01
Z =2.75
 710.15 43
- 152.43 40
- 1053.75 71
- 632.01 - 60
961,06 103
RUN AVE, 701.88
Z =3.00
887.74 74
570, 45 - 70
570.95 90
911.06 . 103
688.78 . 76
RUN AVE, 725.80
- Z=3.25
377.90 76
743.97 80
563 .86 74
730.93 101
358.20 72
RUN AVE., 554.97
. Z=3.50
o 680.93 101
. 624.85 7
- 380.76 - 58
~ 695.81 102
~ 666.04 76
~ RUN AVE. 609.68
RUN 2
_-XNCR = .0l1¢'
PROB = .01 -
VALT = .30’
SDEV = .50

" ' RUN TOTALS-SAMPLES

1535.29

- 1585.29

1149.77

1 2085.29
- 1835.29
"~ RUN AVE,
Z = 1,00

1885.29

 '1685.29

1685.29

- 931.89
- 787.19
RUN AVE.
7 = 1.25

1385.29

- 1185.29

1285.29
1385.29
1405.43

RUN AVE.
Z = 1.50

402,24

1267.04

1285.29
435.66

1235.29
RUN AVE,
Z = 1,75

1100.78
503.19
770,23

546.20 _

374.83

RUN AVE,
Zz =2.00

228,55
875.52
800.78

542.85

685.29
'RUN AVE.
Z =2,25

- 639.40
750.78
755.44
585.29
685.29

. RUN AVE,
Z = 2,50

50

50

50

1638.19

-850

50
50
- 21
20

1394.99

50 o

50
50
50
51

1329.32

31
52
50

35

S50
925.11
51
20
20
34
20

659.05

20
- 43
o1

.20

50
626. 60

45
51

51
50

51
683.24

41
50

384.33

'RUN_TOTALS-SAMPLES " RUN TOTALS-SAMP
Z=.15 - 785

- 174.95 27
- 685.29 50
. 684.09 53
~ 120.65 24
: - Bl7.04 52
~ RUN AVE, 436.41 -
- 570,73 55
- 302,68 = 21
- 137.81 29
~ 485.29 - 50
- 550,78 ‘51
- RUN AVE, 409.48
2 =3.00
423.63 23
567 . 04 - 52
1435.29 50
- 534.09 53
- 316.91 - 23
RUN AVE, 455.39
' Z =3.25 .
1420.73 55
610.94 57
355.86 39
400.78 - 51
~ 231.88 - 21
RUN AVE, 404.04
Z =3.50 _
248.15 22
350.78 - 51
451,98 54 .
254.20 - 27
350.78 51
RUN AVE,. 331.18
RUN 3 |
XNCR = .01c"
PROB = .05
.~ VALT = 3¢
SDEV = 1.00
Z = .75 -
785,67 4
- 2115.14 70
960.15 29
11252.92 37
- 666.55 = 27
~ RUN AVE, 1162.08 -
Z = 1,00 |
3666.41 - 100
10

TR st
el T




" RUN TOTALS-SAMPLES

" 54

318.66

~2010.35 61
1179.39 41
1252.81 @ 40

"RUN AVE, 1698.66
Z = 1,25 o
876.83 37
1076.42 40
~ 750.48 40
1524 .85 69
909 .76 41
 RUN AVE. 1027.67
Z =1.50
1058.04 37
1412.10 40
846.38 42
" 391.55 32
1881.68 70
RUN AVE, 1117.95
Z =1.75 .

612, 42 53
1294.72 51
1189.29 36
1360.79 40
268.32 13
RUN AVE, 945.11
Z =2.00 |

* 1163.78 71

845,93 58
315.01 23
753.37 52

- 574.49 40
RUN AVE, 730.52
Z = 2.25

107. 62 18

514,57 48

559, 64 40
251,18 44

513.85 " 58
RUN AVE, 389.37

2 =250 -

367.45

652.99 40
793.26 59
- 476.77 60
297.91 18
RUN AVE., 517.68
Z =2.75 |

518.66 57
238.38 41

18

252.76

~ RUN TOTALS-SAMPLES

64

352.87 46
369.90 44
RUN AVE, 371.69
. Z =3,00
211,29 42
471,03 57
326.33 47
-458.37 41
706.72 48
RUN AVE, 434,75
" Z =3.25
640.81 ' 65
130.81 12
573.16 65
385.68 46
707.18 42
RUN AVE, 487 51
Z.=3.50
- 387.31 34
582,05
553.41 65
316.21, 37
327.58 39
RUN AVE, 433.31
RUN 4
XNCR = .0lc'
PROB = ,05
VALT = .30
SDEV = .50
Z = .75 |
536.07 18
998,19 20
1935.29 50
1165.41 - 38
- 99.25 3
RUN AVE, 946.84
Z = 1.00 o
- 687.91 29
1005.01 37
724,95 27
626.49 21
'383.09 - 13 -
‘RUN AVE. 685.50
Z =125 |
1618 88 46
476,77 11
518.95 26
--857.90 20
23

. _RUN TOTALS-SAMPLES

 howam,
. Z = 1.50

807.90

- 812.34

209.70
93.30
453.51

"RUN AVE,
4 = 1,75

351.70
199,56
'350.35
868.88
324.95

~ RUN AVE,

Z = 2.00

' 237.91

'149.25
411.47

750,78

296.27
RUN AVE.
Z = 2.25

346.90

816.42

318.89

211.05

702.84
RUN AVE,
Z = 2.50

143.30

185.02

625.14

275.19
275.50

RUN AVE,

= 2.75
109.56
414.13
320.22

- 475,52

219.01

’ | RUN AVEO
- Z = 3.00
"~ 306.358

108.27

752.04

225.22
361.10

RUN AVE,

350.64

745,05

20
42
20

21
20

475.35

16

20
8
46
27
419.09

29

3 .
.30
51
26
369.13

20
47
10
28
20
479,22

21
10
52
35

300. 83

22

18

12

43

- 29
307.69

22

5..

32
27
23




" RUN TOTALS-SAMPLES

RUN TOTALS-SAMPLES

55

]

J

RUN TOTALS-SAMPLES

RUN AVE. 296,56

‘RUN 5

RUN AVE, 2221.23
Z = 1.00
3416.42 3100

671.93 41

Z = 3.25 |
491,82 32
- 2908.69 21
. 289.32 44
195,61 20
1125.19 21
~ RUN AVE. 280.13

Z = 3.50
- 315.32 29
533.01 = 21
201,97 31 -
216.24 36
216, 24 36

R

XNCR = .0lc"'

PROB.= ,01

VALT = .60"°

SDEV = 1.00

Z = .75 |

871.63 41

" 3466.42 100
- 1844.78 40

3716.42 100

1206.92 50

1091.25 57
1302.34 59
1200,01 41
3116.42 100
RUN AVE. 2025.29
Z = 1.25
11400,01 41
2316.42 100
© 965.43 66
2716.42 100

- 3016.42 - - 100
"~ RUN AVE. 2082.94: -
Z =1.50 -
- 711.42 - 51
1005.61 41
. 2530.93 101
2366.42 . 100
448,29 48
~ RUN AVE, 1412.53
- Z=1.75 |

1995 81

- 656,89
~ 1637.68

1031.81

661.08

- 649.00-

439.26
311.42

1861.06

RUN AVE.
Z = 2.25
1098 . 96

- 496.29
" 1316.42

541.09
1466 .42

- RUN AVE.

Z = 2.50
928.93
816.82
121,63

1130.93
964 .30

RUN AVE,

7 = 2.75
1230,93

144,14
1061.06
- 237.91
285 .92

- RUN AVE.

7= 3,00
450,00

1942.69
- 611.94
. 960,69
- 170.58
- RUN AVE,
4 = 3.25

716,42
642.69
191.73

428,70

978.72
RUN AVE,

- Z = 3.50
- 793.07

232.99

792.52

102
40
91
41-

RUN AVE. 1198.78
7 = 2,00

38
40
40
S5l
103
784,36

41

66

100

40

100
983.84

43
87
41

‘101
41

101

47

103
57

56

591,99

41

105
43

109

50

627.18

100

105 -

49

41

110
591.65

1080

40

T400.02 = 44
938,58 112
 676.68 104

" RUN AVE. 610,07

'RUN 6

XNCR = .010°
PROB = ,0Y
VALT - % 6 0'." |
SDEV = .50 |
Z = .75 -t
91.10 %?, | |
312.14 1 \Z//. |
1735. 29 50 T
91,10 2 |
332,59 11
RUN AVE., 512,44
Z = 1,00
791.47 26
2048 .14 47
1535. 29 50
167.31 |
1735.29 50
RUN AVE, 1255,50
Z =1.25 |
1485, 29 50
153.56 5
1585.29 50
1335.29 50
103.56 5

RUN AVE. 932,60
Z =1.50" .
1085.29 -~ 80

1285, 29 50
451,24 27
1185, 29 50
1285.29 - 50

RUN AVE. 1058.48
2 =1.75

391,47 -~ 26
- 885.29 50
835.29 50
162,14 - 16
. 836.64 42
RUN AVE, 622.17
Z = 2,00
785.29 - 50
800.78 51
177.31 . 10

" 1235.20 . 50

8.




,,,4, _. e
H .

RUN TOTALS-SAMPLES

"~ RUN TOTALS-SAMPLES

835.29 50
RUN AVE., 766,79
- Z.= 2,25 o
885.29 50
421.93 29
800,77 51
817 .04 52
©1214.41 54
 RUN AVE, 827.89
2. = 2,50 ﬁ
751,99 54
103.56 5
255,22 22
635.29 50
- 6006178 51
- RUN AVE. 469.37
2=2.75
552.61 39
517 .04 52
567.04 - 59
617 .04 52
347.60 30
RUN AVE. 520,27
Z=3.00
440, 37 56
634,09 53
400,78 51
500,78 51
448 .09 40
RUN AVE., 484.82
Z = 3.25
251 . 24 27
. 482.46 58
520.73 55
- 528,56 60
534,09 53
RUN AVE. 463.42
Z = 3.50
372.42 37
294 , 27 .31
555.00 - 59
384,09 53
. 232,09 25
RUN AVE. 367.37
RUN 7
-~ XNCR = .01y
PROB = .05
VALT 5 460"
"SDEV = 1.00

Z= 0?75

134657

1925.00
483.79

1240.12

447 .28
RUN AVE.
Z =1.00

707.45
1596.76
278.02
870.81
1605,12
RUN AVE.
Z = 1.25
1438.64

750,34

235.81
540,12

- 926,56

RUN AVE,

Z =1,50

184,93

1114.99

657.20
999.00
480.80
RUN AVE,
Z =1.75
432.41
1048.77
1146.76
1488.69
439,39
RUN AVE,
Z = 2,00
507,42
385,01
312,74

. 1198.96

978,79
'RUN AVE,
2 =2,25

- 351.69

, 181,70 .

806.92

557.20

449,00

" RUN AVE,

Z = 2.50

30
76
22

46

11

1088.55

30

39

9
53

40
1011, 63

37
19
9
46

787 .29

17

32
30
40
33
687.39

44

38
39
42
43
910.21

40
21
12
41
40

676,59

14

32

30

40
469.30

39

16

" RUN TOTALS-SAMPLES

-44

et

6

- -415.44 35
125.12 42
. 748.77 - 38
. 469,74 30
7 -619.63 41
- RUN AVE, 475,74
zZ =2,75
247.03 10
200,02
270,82 53
290,94 8
634.29 40
RUN AVE. 328,62
Z = 3,00 ~
299,00 40
333.17 25
233.79 22
341,09 40
317.26 14
RUN AVE, 304,86
Z =3.25
552.08 33
335.66 44
235.14 59
220.86 23
263, 27 29
RUN AVE, 321.40
Z = 3.50 o
297.93 26
213. 26 20
598,81 45
783.42 ‘65
533,72 55
RUN AVE, 485.43
RUN 8
XNCR = .0lo'
PROB = .05
- VALT = .60¢g'
SDEV = .50
Z = .75
. 232.59 11
1 901.24 27
388,06 12
362.14 16
157.99
RUN AVE. 408.40
Z =1.00 -
1877.58 46
95,14 3




" RUN TOTALS-SAMPLES

117.31
691.46
99,28

. RUN AVE.

Z = 1.25

1052.61
149, 28

1450.78

112,57

325.64

"RUN AVE,

Z = 1.50
264,36
193.74
325.64
103.56
232.80

RUN AVE,

Z =1.75
141,10
112.57

1077.58
451,24
371.93

RUN AVE.

Z = 2.00

91.10

576.16

87.19
521,93

767,04

373.05

B N Y S L Y T ST o e s S Ty
PRI B S P RE RO LA r ey ”
: ) ) s

" RUN AVE

ad = 2.25
i62.14
- 107,99

" -977.58

123.21
112.57
RUN AVE.

- Z = 2.50

241.47
149,28
268.13
247.96
128.59
RUN AVE.
Z =2.75
1128.59
812.69

226.90

8
26
4

39

4

51
7

18

618.18

23

13

18

19

224 .02

g N

46
27

29

430 .88

29 -

52
24

368.06

5
" 52
19

" RUN TOTALS-SAMPLES

~ RUN AVE, 1087.44

Z =1.50
- 769.12° 34
- 886,41 35
643.29 26
919.12 34
1119.12 34
RUN AVE, 867.41
Z =1.75 |
736.41 35
786.41 35
- 373.02 25
719.12 34
555.73 24

RUN AVE, 634,14
Z = 2,00

- 270.26 24
636.41 35
586.41 35
619.12 34
479,04 29

RUN AVE, 518.25
Z = 2.25

“v“57 “_‘
RUN TOTALS-SAMPLES
226,90 19
394.39 - 35
- 214.36 23
" RUN AVE. 355.39
Z = 3.00 |
145,81 '8
171.70 12
227 .78 6
- 237.83 =
498.96 41
RUN AVE., '256.42
Z =3.25 |
395.14 29
164 .89 11
155.77 15
617 .49 - 4
425.85 31
RUN AVE, 351.83
Z = 3.50 o
269,39 19
195.89 11
233.05 24
486 .64 492
- 134.15 6
- RUN AVE. 261.82
RUN 9
_ XNCR = »-(636' '
PROB = .01
VALT = .30»":
SDEV = 1,00
Z = .75
- 1286.41 35
1219.12 34
1219.12 34
865.76 24
1269.12 34
RUN AVE. 1171.91
Z = 1.00 |
- 1019.12 7
- 936.41 - 35
- 899.63 24
573.55 24 -
969,12 34
RUN AVE, 879.67
Z=1,25
. 1069.12 34
919,12 34
-1060.69 25 ..
1269.12 34
- 1119.12 34

624.88 37
- 504.98 36
536,41 35
404 .98 36
524,88 37
~ RUN AVE. 519.23
- 2=2.50 |
370,07 . 25
~336.41 35
569,12 - 34
619,12 . 34
369.12 - 34
RUN AVE, 452,77
Z =275
286.41 - 35
604,98 36
266.74 26
123.55 = 24
424,88 - 37
RUN AVE. 341.31
'Z=3.00 -
354.98 36
424,88 37
469.04 39
. 254.98 36
- 569.51 41 -

RUN AVE. 414.68




S EL ST L R

(

' RUN TOTALS-SAMPLES

" " RUN TOTALS-SAMPIES  RUN TOTALS-SAMPLES
. Z =3.25 R 387.50 17
- 361.65 38 487,50 17
218,87 31 408 .02 18
1 396,21 - 38 531.54 19
- 369.12 34 RUN AVE, 444,52
t - - . . 369,03 39 Z =2,00 o
S . RUN AVE, 342,98 - 116.06 11
I  Z =3.50 3 458,02 18
{ 240,07 30 331.54 . 19
.o 346,22 38 | 237.50 17
o - 236.41 35 408 .02 18
~ 347.05 33 RUN AVE. 310,23
205,41 25 Z =2,25
RUN AVE, 275.03 - 387.50 . 17
o | 231.54 19
RUN 10 187.50 17
XNCR = .03g" 160,17 7
PROB = .01 281. 54 19
VALT = .3¢’ RUN AVE, 249.65
SDEV = .50 Z = 2,50
- Z =.75 | 258 .39 20
- 687.50 17 331,54 19
737.50 17 287..50 17
| 219.00 8 308.02 18
¢ L7 272,10 7 237,50 17
” 487.50 . 17 "RUN AVE, 284.59
RUN AVE. 480.72 Z = 2,75
Z = 1,00, 150,70 12
341.13 9 ! 331.54 19
737.50 17 187.50 17
637.50 17 187.50 17
- 698.35 13 - 187.50 17
587 .50 1T RUN AVE, 208.95
RUN AVE. 600.40 Z = 3,00
Z =1.25 137.50 17
537.50 17 208, 40 20
' 437.50 17 104,49 9
122,10 7 231,54 19
637.50 17 1 308.40 20
558,02 18 RUN AVE, 198,07
- RUN AVE, 458.53 Z=3.25 A
2 = 1,50 o 204,21 9
o 337.50 17 181.54 19 -
. | ) - 437,50 17 181.54 19
| 387.50 17 406 . 84 24
. 387.50 17" 187.50 17
. | 260,17 - 7 RUN AVE, 232.32
§J . RUNAVE. 362.04 Z = 3.50 |
1 o ' Z =175 | 208,02 18
% 408,02 18 122,10 7
- ~- 181.54 19

1 420.26

24

25

1 208.02 18
308.40 20
RUN AVE, 205.62
“RUN 11
XNCR = ,03¢'
PROB = .05
VALT = .30’
SDEV = 1.00
Z =.,75
1001.30 24
947.76 24
993, 29 26
1002.77 24
773.55 24
RUN AVE, 943.74
Z =1.00
778.27 24
678.27 24
721.45 20
760.93 24
- 710.93 24
RUN AVE., 729.97
Z =1,25
904,07 24
415,76 24
1019.12 34
782,28 23
617.89 14
RUN AVE, 747.83
Z = 1.50
755,19 24
857.58 31
554,33 27
685.10 o4
433.80 14
RUN AVE, 657.20
Z =175
430,88 24
477,23 22
647.76
560.69
404,33 27
RUN AVE, 504.18
Z = 2,00
320,07 .
961.65 38
268,73 24
24




E]
1 ! |
. 59 L
| |
RUN TOTALS-SAMPLES RUN TOTALS-SAMPLES  RUN TOTALS-SAMPLES .
572.65 23 787.50 17 ~ 116.06 1
RUN AVE, 508.67 5987.50 17 - 308.40 20
Z =2.25 . '366.06 - 11 - 176.28 9
410.87 | 24 - 254.84 7. - 258.40 20
341.80 14 - 348.48 7 RUN AVE. 250.26
585.41 35 RUN AVE. . 468.89 Z =2.75
619. 12 34 ) Z =1.00 " 137. 50 17
389.06 29 587.50 17 264,84 7
RUN AVE, 475.45 - 232,24 7 281.54 19
' Z =2.50 f | 404.84 7 258. 40 20
322.12 14 '348.35 13 140.99 7
383.06 25 787.50 17 RUN AVE. 216.65
357.2; 32 RUN AVE, 472,09 7 = 3.00 o
123.55 24 Z = 1.25 131.18 12
285.10 - 24 ©'290.99 7 187.50 17
RUN AVE, 294.24 364.84 7 142.99 10
Z = 2.75 | 587.50 17 217.79 14
183.79 14) " 487.50 17 - 208.02 18
436. 41 35 387.50 17 RUN AVE, 177.50
347.51 19 RUN AVE. 423,67 7 = 3.25
233.04 25 Z = 1.50 148.48 . 7
470.07 25 310.17 7 183.70 11
RUN AVE., 334.17 448.35 13 . 137.50 17
Z =3.00 487.50 17 189. 85 13
215.27 22 337.50 17 . 456, 84 24
269.12 34 - 260.17 7 RUN AVE., 223.27
- 250.65 28 RUN AVE. 368.74 7 = 3.50 |
378.19 - 29 Z = 1.75 | . 170.33 13
261.99 22  673.19 18 ~ 137.50 17
RUN AVE., 275.04 92.62 8 349.17 19
4 =3.25 | 266.06 11 181.54 19
~199.78 23 110.17 -7 1 696.60 11
- 1i84.61 20 160.17 7 RUN AVE. 307.03
505.67 33 RUN AVE. 260.44 | |
150. 14 24 Z = 2.00 | RUN 13
280.79 .29 358.02 18 XNCR =.03G'
RUN AVE. 264.2 337.50 17 FROB = .01 -
Z =3.50 132.24 7 VALT = .65"
~189.93 25 187.50 17 SDEV = 1.00
;;;;;; 206.14 -~ 24 - 198.55 11 7 = .75 |
629.88 39 " RUN AVE, 242.77 113. 15 14
- 419.51 41 Z =225 1219.12 34
439.85 .25 102.77 10 1269.12 . 34
| R " 314.44 16 1269 12 34
RUN 12 144.85 4 - 600.76 14
XNCR = .03c" 358.02 18 ~ RUN AVE, 954.26
PROB = .05 189.85 13 7 =1.00 ”
VALT = .3¢' - RUN AVE, 221.99 1269. 12 134
SDEV = .5 | Z = 2.50 | 1019. 12 " 34
Z = .75 17

392.17

1069.12 . 34

e




| 60
-  RUN TOTALS-SAMPLES - RUN TOTALS-SAMPLES = RUN TOTALS-SAMPLES
N 1219.12 34 319.12 34  Z =1.50
| 1018, 12 34 ' RUNAVE. 409.15  487.50 17
g ~ | ~ RUN AVE, 1119.12 = 2z = 3,00 . 487.50 17
. A - Z=1.25 ‘ - 182.61 - 19 - 103.84 -2
L !  675.13 14  225.35 27 - 587.50 ' 17
~4 919. 12 - 34 | 354.98 36 . 287.50 17 -
J: 969.12 34 319.12 = 34 - RUN AVE, 390.77 T
f 919.12 34 | 419.51 = 41 Z=17 - - 7
. - 1069.12 34 RUN AVE. 300.32 508 . 02 - 18 _‘
[ " RUN AVE, 910.32 %2 =3.25 | 558.02 18
Z = 1.50 | 174.79 25 487.50 17 -
237.49 14 ~ 346.22 . 38 . 381.54 19
819.12 34 254,98 36 .~ 437.50 17
465 .64 19 443 .48 34 - RUN AVE. 474.52
410.46 22 '~ 233.09 21 ' Z =2,0
g 819.12 34 . Z =3.50 o | 178.77 4
RUN AVE. 550.37 . 346.22 38 | ' 258.02 18
Z = 1.78 - : 180.27 . 16 . 508. 02 18
¢ 736.41 35 421.56 21 ~ 458.40 - 20
| -~ 819.12 - 34 444.79 21~ 358,02 18
1 619.12 34+ 409.51 34 ~ RUN AVE. 352.25
516.77 14 RUN AVE. 360.47 Z = 2,25
769.12 34 | - 308.02 ~ 18
RUN AVE, 692.11 = RUN 14 ) 287.50 17
Z =2.00 ~ XNCR = .030' ~ 624.87 17
1696.22 38 PROB = .01 A 237.50 17
586.41 35 VALT - ,Go! | - 287.50 17
669.12 34 - SDEV = .50 RUN AVE, 349,08
559.51 31 . Z = .75 S Z =2,50 «~
'519.12 34 637.50 17 ~ 181.54 19
RUN AVE, 606.08 - 687.50 17 258.02 = 18 , g
Z =22 737.50 17 237 .50 17 I
359.12 = 34 209,18 6  258.40 20 o |
586.41 35 - 787.50 17 | 196.14 . 8 I Y o
- 619.12 34 RUN AVE, 611.84 - RUN AVE, 226.32
. w 469.12 = 34 . 2 =1.60 187.50 . 17 ]
| e 519.12 34 587.50 17 412,76 23 :
RUN AVE. 512.58 587.50 - 17 1103. 84 2
Z = 2.50 S 487.50 17 ~ .137.50 17
~ 386.41 35 " 637.50 17 331.54 19 AR
113.15 14 ~ 687.50 17 RUNAVE, 23463 |
o o - 1€3.12 24 -~ RUN AVE, 597.50 Z = 3.00 | e |
410,12 34 - Z=1.25 23296 - 21 |
574.88 - 37 ' 165,69 - 3 181.54 - 19 ’ B
E RUN AVE. 331.34 408.02 18 ' 308.40 20
- f Z = 2.75 . 587.50. - 17 - 443.69 = 15 -
o . - 369.12 34 487.50 17 181.54 19-
L 574,88 37 . 337.50 17 RUN AVE, 270.83
- 396.21 3 RUN AVE. 397.24 = = g7 =3.25. .
¢ - 386.41 35 | - | ‘
y |




E RUN TOTALS- SAMPLES . RUN TOTALS-SAMPLES RUN TOTALS-SAMPLES
- 208.02 18  207.84 8 . 165.86 16
. 308.40 - = 20 . .804,98 36 - 358.48 26
.- 208.40 20 : '321.76. 23 _ RUN AVE. 343.26 -~
¥ 158.02 18 RUN AVE. 481.23 | L i
- - . 258.40  — 20 Z =2.00 | ~ 'RUN 16
. . RUN AVE. .228.25 - 122.30 18 ~  XNCR = .03
E . Z=3.50 456.59 14 PROB = .05
273.60 22 354.79 15 | VALT = .600"
373.60 22 350.76 14 | SDEV = .50
' 137.50 17 | 171.90 . 14 . Z=.75 ~
115.69 3 ~ RUN AVE. 291.27 737.50 17
237.50 17 . Z=2.25 159.18 6
RUN AVE. 227.58 - 375.13 14 , 153.84 - 2
I | 334,94 10 -~ 93.12 1
RUN 15 | . 356,59 14 =~ 537.50 17
XNCR = .030"' - 619. 12)/ 34 ~ RUN AVE. 336.23
PROB = .05 | - 469.12 34 2 =1.00
VALT = .60c' =~ RUN AVE. 430.98  544.22 - 12
SDEV =1.00 - 7 = 2.50 - 587.50 17
Z = | 210.60 26 487.50 .17
532. 21 98.09 2 1 537.50 17
500. 17 530.37 .29 | 687.50 17
293.58 14 - 269.12 34 ° Z=1.25
550.97 17~ 316.77 14 246.14 8
- 663.12 24 | RUN AVE. 284.99 632.55 16
RUN AVE. 508.25 Z =2.75 | 159.18 6
Z = 1.00 N 94,43 16 ~_737.50 17
. . 479.99 14 , 209.48 17  537.50 17
1152.66- 3: | 149.01 16 ) RUN AVE. 462.58
1119.12 34 - 376.13 14 Z = 1.50
874.99 25 409.51 34 .,  444.21 - 12
| - ~288.18 7 RUN AVE. 247.51 159.77 4
| - RUN AVE. 782.95 Z = 3.00 R 226.77 7
| S 0. 2=1.25 . 246.86 11 437.50 17
! L, . _‘ 789,81 15 | 224.79 25 - 267.42
e - R69.12 © . 34 - 311.92 14 RUN AVE. 307.13
) 458 .04 18 . .930.37 - 29 m Z =1.75 |
600,71 ZT - 336.25 20 \ 178.77 a4
253.72 11 RUN AVE, 270.04 674.87 17
"RUN AVE. 594.28 . Z=3.25 - 487.50 17
Z=1.50 | ~ 386.41 35 _ -193.22 B
2 s 244,32 19 128,77
.45 LI 218,06 - 15 T~RU\ AVE. 332.6
16 . 260.93 22 | =2.00 , |
20 . 671.08 23 - 143.22 o 5
10 " RUN AVE. 356.16 337.50 17
5.1 7 =3.50 < o 387.50 17
S 609.15 24 719.63 19
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325.3 277.82 10 -~ 437.50 17

38 304.98 = 36 " RUN AVE. 405.07
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Sy i

' RUN TOTALS-SAMPLES

Z =2.25

127.77

- .337.50

670.44
- 337.50
159.18

Z =2.50

245.34
366.31
187.08
328.84
208. 02
RUN AVE.
Z =2.75
158. 02

' 226'.'"77‘
'158;02 :
217.41

291,22
RUN AVE.
Z = 3.00
1 432.55
- 731.60

406.31

233.58

~ 474.87
RUN AVE.
Z = 3.25

266.31

~ 208.40

©159.18

461.65

482.55
RUN AVE.
Z = 3.50

143.21
'281.54
1 208.40

. 143.22

342.09

" RUN AVE.

4

223.69

- 2
17

18

17
6
326.48

0

18

267.12 -
18
1R

12

210.89

16
4
25

r~y

]

455.78

11

20
e

26

16

315.62

0

‘19
20

~ .

)

14
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- COSTS = 3896.57 - 1749.30Z + 229,192° = =

. XNCR = .0l¢’, PROB = .01, VALT = .30', SDEV = .50

XNCR = .0lc" PROB = .01, VALT = .30', SDEV = 1,00 .

i

' Z . = 3818
min

Coéff, of Mult. Corr., R? - .9274

A

. COSTS ='2296.18 - 1295.81Z + 225.362% | | I

s -

- COSTS = 3233.63 - 1478.05Z + 206. 567

Lol

XNCR = .0l¢', PROB

'XNGR = .0l0', PROB = .05, VALT .30', SDEV

Z = 2.880
min ' |

Coeff. of Mult. Corr., R? - . 8534

XNCR = .0lc', PROB = .01, VALT = .60, SDEV = 1.00
S
Z . =3.578
- - min | o
| 2
Coetf. of Mult. Corr., R = .6910

‘@3(51 .
i

\,.

XNCR = .0lc', PROB = .01, VALT = .60', SDEV = .50 o

COSTS = 960.07 - 522.69Z + 94,2772

2 =92.779
min

Coeff. of Mult. Corr., R = .8819

.05, VAIT = 30", SDEV'= 1.00 - .,

COSTS = 2645.18 - 13977 + 216.0722 &

,Zmin'=,3;220-

Coeff. of Mult. Corr., RZ = 9700 e

i
3 I
o )

‘J

COSTS = 1300.74--7619.82Z + 100. 112 | I T =

2. =3.09

min

.. ‘Coeffq- of Mult. Cor»r.', Rz' ='.--.7‘5.62 '

# i . . . - o o - Y e e o L

LN

a
e S s rtae Rt e g ne




~ XNCR = .01¢", PROB = .05, VALT = .60", SDEV =1.00 -

' COSTS = 1836.60 - 928.64Z + 137.81%Z
Z . =3.369 -
~ Coeff. of Mult. Corr., R = .8739

o

XNC‘R = .010', PROB = .05, VALT = .60, SDEV = . 50- I R |

COSTS = 934.02 - 454.32% + 77.392°%

7. =3.138
o , min _ , |

.Coeff;-aofi Mult. Corr.: Rz =, -4288 -

XNCR = .03¢', PROB = .01, VALT = .30", SDEV = 1.00

'COSTS = 1608.04 - 702.28Z + 08.762° -

Z = 3.555 = S . IR

A | Coeff. of Mult.//Corr.", R = .9269

XNCR = .030', PROB = .01 VALT = .3c', SDEV = .50 ,

; | 9
COSTS = 960.04 - 522.67Z + 94.27Z

Z = 2,772
min

| 2
Coeff. of Mult. Corr., R = .8819

.-~ - XNCR = .03¢', PROB = .01 VALT = .60, SDEV =1.00

‘ / f' " | 1 S o .
COSTS = 1619.16 -70397Z + 91'.8322 T -

A | zmin = 3.833 - . |
e Coeff. of Mult. Corr., R = ,9029 '~ LT e e o

XNCR = .030', PROB = .01, VALT = .60', SDEV = .50
© 'COSTS = 867.89 - 403.45Z + 68.202Z° S e

Zmin =2.958. | o Cee c .

~ Coeff. of Mult Corr., R%- 8184
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~ Coeff. of Mult. Corr., R

ENCR = .080", PROB = .05; VALT = .30, SDEV = 1.00

- COST8 = 1299.96 ~ 590.24Z + 86.98%

-

min 3 ‘393,

.8032

~ XNCR = .030', PROB = .05, VALT = .30"', SDEV = .50

’ . |
"

 COSTS = 584.91 - 207.05Z + 30.902%
Z . =3.351
. =3.35I
R . | 9
Coeff. of Mult. Corr., R = .6230

. XNCR = .03¢', PROB =.05, VALT = .60', SDEV = 1,00
COSTS = 1023.65 - 462.89% + 69.972°

zmiil =3.310

Coeff. of Mult. Corr., R = .7899
| 3

al

© XNCR = .030', PROB = .05, VALT = .60', SDEV

COSTS = 516.87 - 100.55Z + 9.087Z2

J o \ C Tl

Zmin = 5.534

Coeff. of Mult. Corr., R = .4249

.50

REPLI CAT} ON RUN

w

_ENCR = .01¢", PROB = .01, VALT = .30, SDEV = 1,00

2 | .

] COSTS = 4283.60 - 2099.39Z + 299.277Z°> e et

- Z =3.506 &
- min S |

- Coeff. of Mult. Corr. : rZ = 0406 ~ - o a - Y




Coeff . of Mult. Corr.'*,'_ R2 = .9633

e

~ XNCR = .0lc", PROB =*.01, VALT = .30', SDEV =.50 - . - -

2

COSTS = 2568.73 - 1386.227 + 218.882° P

‘min

. XNCR = .0lc', PROB = .01, VALT .60', SDEV = 1.00

Coeff. of Mult. Corr., R

' COSTS = 2177.43 - 1024.57Z + 147.54Z

. COSTS = 1562.13 - 670.79Z + 93.57Z°

Coeff. of M‘u"lt'.‘ Corr. ,._R'2

XNCR = .0l0', PROB = .05, VALT = .60", SDEV = 1.00

Coeff. of Mult. Corr., R

COSTS = 3582.35 - 1833.68Z + 280.28Z"

Zpin = 3-271 | T

v |
L] 9463

XNCR = .0lc', PROB = .01, VALT = .60', SDEV = .50

3

- COSTS = 1811.99 -~ 723.35Z + 91.75Z2 . - J

Z =3.94 L ‘
- min 943 - - B

2 |
= .8469

XNCR = .01c', PROB = .05, VALT .30', SDEV = 1.00
, |

z ., =3.472

Coeff. of Mult. Corr., R =.7996 o S

XNCR = .0lc', PROB = .05, VALT .30 , SDEV = .50 _ .,
COSTS = 1354.74 - 709.92Z + 118.8472

'z = 2.987
min -

i,

—

Coeff. foMult. Corr. , RZ - .9014 o

N

Zpyn = 3.584
| 2

P ;
VT R kT
Pm




 XNR = 010", PROB = .05, VAIT =

. COSTS = 689.07 - 245.66% + 37.24222

~ COSTS = 749.94 - 281.47Z + 35.072°

. XNCR = .030', PROB = .01, VALT = .6g', SDEV = 1.00

XNCR = .03c','PROB = .01, VALT = .60', SDEV

Coeff. of Mult. Corr., R

—

'6.0."_'! SDEV = ;50 ‘ g - _:‘f:‘.}:‘ S

e

Coeff. of Mult. Corr., R = ,4036 :

/

mm = '.(BG', PROB: ;01, VAIT = ..3_0'3, smv - 1.00 E *

2

COSTS = 1647.01 - 710.92%Z + 92.972° S o

Z . =3.823
min |

. Coeff. of Mult. Corr., R" = ,9219 S L

XNCR = .030', PROB = .01, VALT = .30"', SDEV = .50
, R

| = 4,01
zmin 4

-

Coeff. of Mult. Corr., R = .8496

2

COSTS = 1540.84 ~ 682.77Z + 94.37%

Zmin - 3.617 -

Coeff. of Mult. Corr., R = .87B4

.50
s .

 COSTS =-839.99 - 342.75Z + 47.86% - ]

/ - ,
Z - =3.580 o | o
min T e _ o

m = '(BO'V' y PROB‘\ = .'05, A'VALT = .30"_, SDEEV = 1,.0l0 -
COSTS = 1347.91 ~ 632732 + .96. 1822
zmin = 3._28:0? | |
| :C_Q_e»ff. -of Mult. "Corr_.,- R2~= ,9426

g = e e

e o




~ XNGR = .030', PROB = .05, VALT .30', SDEV = .50 SRR

.. " COSTS = 793.40 - 425.08Z + 78,452

 Coeff. of Mult. Corr., R = .6095

" Coeff. of Mult. Corr., R® = ,8981

| COSTS = 954.78 - 437.67Z + 73.65%

COSTS = 509.89 - 94,78Z + 8,087Z

Sy - ) . = o ey SRR Lt G e . R

2

Z., =2.709 |

 XNCR = .030', PROB = .05, VAIT = .60', SDEV = 1.00 .-

Z - = 2.971
min

XNCR = .03c', PROB = .05, VALT = .60', SDEV = .50 °

Y A = 5,863
- min | . o
Coeff. of Mult. Corr., R = .2725
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