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ABSTRACT 

The Cumulative Data Statistics (CUDS) program was written 
in FORTRAN IV for an IBM System/360-195 to statistically analyze 
volume calibrations for the accountability tanks'at the Savannah 
River Plant. The management of nuclear materials requires 
accurate measurement data and a knowledge of the uncertainty 
associated with the measurements (weighing, sampling, analyzing, 
and converting instrument readings to volume). The program offers 
optimum flexibility in processing and listing discrete data, 
thus providing a valuable tool for calculating liquid tank 
inventories. 
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INTRODUCTION 

The management of nuclear materials requires accurate 
measurement data and a knowledge of the uncertainty associated 
with the measurements, including random and systematic errors. 
It is assumed that knowledge of an existing bias, its direction, 
and magnitude is applied to the data before the measurements are 
reported. Measurements include weighing, sampling, analyzing, 
and converting instrument readings to volume in accordance with 
a calibration equation. 

Many of the materials accounted for in the Nuclear Materials 
Management System at the Savannah River Plant are measured in 
solution. The accurate measurement of the volume of solution 
and the assessment of the uncertainty associated with that volume 
measurement are important parts of the total measurement. 

Calibration data are obtained for various transfer and 
storage tanks used for accounting of material. Because many of 
the tanks are not of single vertical cross-sectional dimensions 
[e.g., coils are installed in and displace liquid only in the 
lower portion of the tank (Figure 1)], volume calibrations are 
more appropriate, and each such tank calibration is subdivided 
into appropriate sections of constant vertical cross section. 
Each section is treated statistically as if it were a separate 
tank, and the equations developed are applied only to the 
appropriate section. If a transition region exists at the juncti on 
of tile sections of the tank, a gap is left in the data to <;over 
t:" transi tion--the equations are not solved for their intersection. 

The Cumulative Data Statistics (CUDS) computer program was 
wri tten to convert the raw data associated with a tank calibration 
and to analyze the data using the cumulative data statistics 
method. The output includes the best estimate of the calibration 
equation, the estimates of the random error and the three separate 
systematic errors, and details that are useful in identifying 
maverick data points. The application of the output from the 
CUDS computer program is described on page 26. 
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SALIENT POINTS 

The computer code for Savannah River Plant purposes is 
programmed to process a maximum of 9 sets of calibration data. 
Each set may contain a maximum of 250 data points comprising a 
maximum of 5 subsets. The input cards within a set need not 
be sequential because the computer code orders the data correctly 
prior to processing. The ability to define subsets and the use 
of variable formatting for decimal precision permit optimum 
flexibility in obtaining desired output. 

If desired, an instrument factor constant may be used to 
convert the data before analysis to provide results for use 
with a replacement instrument of different type, make, or range 
for routine operation other than the instrument used for the 
calibration. This presumes the uncertainty in the calibration 
correlation between the instrument used for the tank calibration 
and the substitute instrument to be small (or negligible) compared 
to the uncertainty in the tank calibration. This is usually 
the case, because the cross-calibration between instruments may 
be treated by normal independent data techniques, which give 
lower uncertainties than the cumulative data method required 
of the tank calibration data. 

The data for each subset of each calibration run are 
treated according to the cumulative data statistics methods 
of J. Mandell as restated by R. J. Jones. 2 The systematic 
and random error variances are computed from the equations 
derived by C. G. Hough.' 

The raw data are cumulated and each data point is converted 
to volume and standard instrument reading before being treated 
statistically. Data points that make unusually large contribu
tions to the total variance are flagged as either "suspect" or 
"maverick" depending on the magnitude of the contribution. If 
either end point for a subset exceeds the maverick test value, 
that point is deleted and the calculation is redone without it. 
This is repeated as often as necessary until neither end-point 
contribution exceeds the maverick criterion. Interior or imbedded 
mavericks are not deleted; they are merely flagged. 

Bartlett's test is performed on the residual variance data 
to detect unusually good or poor runs before combining the data 
from the different runs to obtain the best representation of the 
calibration. Fisher's test is performed on the combined data 
to detect significant differences in slopes of the individual 
calibration curves. 
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Considerable effort is expended in preparing to calibrate 
a tank and collecting the data, especially for the remote 
(nonaccessible) tanks. In addition, plant operations may have 
to be interrupted for a few days to collect the data; therefore, 
overall effort is reduced if a greater number of data points 
are obtained than may prove necessary as opposed to having to 
reschedule the work. Therefore, provision is made to treat the 
data using the cumulative data points incrementing by 1, 2, 3, 
or 4. Incrementing by 1 treats each data point, incrementing 
by 2 treats every second data pOint, etc. All possibilities 
are investigated, e.g., incrementing by 3 treats data points 
1, 4, 7, etc., points 2, 5, 8, etc., and points 3, 6, 9, etc. 
This permits an after-the-fact choice of the optimum number and 
location of data points to establish a lower residual variance 
and a sufficient level of confidence. 

- 8 -



EQUATIONS USED IN THE PROGRAM 

The equations used in the CUDS program are described below 
and are written using the acronyms illustrated in the Appendix. 

Conversion of Raw Input Data 

Equations 1-3 are used to convert the raw input data to 
standard values. The raw data are usually in calibration readings 
for X (normally a manometer) and weight units for Y. X values 
are corrected for density of the manometer fluid and the calibra
tion fluid at their respective temperatures, and Y values are 
converted to cumulative volume: 

y. 
1 

(1) 

where 
y. 

1 

YI . 
J 

corrected cumulative volume of Y for the ith point 

measured incremental addition of weight or volume of Y 
between the (j - l)th and the jth point 

SV 

N 

X' 1 

where 

standard value (conversion constant between YI and Y 
at standard conditions, e.g., liters/pound at 4°C) 

correction to standard value of calibrating fluid at 
fluid temperature at time of measurement 

total number of data points in a set 

Xi corrected value of X (calibration instrument reading) 
at the ith point. 

Xli measured value of X for the ith point 

(2) 

DMi correction to measuring instrument (density of manometer 
fluid, etc.) at temperature of the instrument 

DTi correction to standard value of calibrating fluid at 
fluid temperature at time of measurement 

N total number of data points in a set 
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where 

Ri corrected reading expected from a substitute or 
replacement instrument 

(3) 

Xi corrected value of X (calibration instrument reading) 
at the ith point 

IF conversion factor (substitute instrument to calibration 
instrument at standard conditions) 

N total number of data points in a set 

Calculation of Cumulative Statistics 

Equations 4-10 are used to calculate the slope and intercept 
of the straight line representing the data, the residual random 
variance, the variance of the slope, the variance of the intercept, 
and the covariance of the slope and intercept based on cumulative 
data. 

A 

B 

where 

(Xnn) (YL) - (XL) (Ynn) 
Xnn - XL 

A alpha parameter for a subset 

B beta parameter for a subset 

XL first X value of a subset 

Xnn last X value of a subset 

YL first Y value of a subset 

Ynn last Y value of a subset 

( 4) 

(5) 

RV = ~ ((,-B_(X.=.i _-_X..=i...:.-n.:.:;um;::..)_-_(Y-=io...----'Y 1=_· -.:.:;nu=mc...:.) )_2) ( 1 \ 

i=L+num (Xi - Xi-num) JCNT - 1/ 

RV random residual variance 

B = beta parameter (Equation 5) 

L subscript of first X and Y values of a subset 

nn subscript of last X and Y values of a subset 
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num incremental value defined to a subset, e.g., L = 1, 
nn = 7, num = 2. This would permit processing the 1st, 
3rd, 5th, and 7th X and Y variables of a subset 

JCNT = number of pairs of X,Y data points processed from a subset 

RV B V = .,.,-~c....,,-
Xnn - XL 

where 

BV = beta variance for a subset 

RV = random residual variance (Equation 6) 

XL = first X value of a subset 

Xnn last X value of a subset 

ABC = 

where 

ABC alpha-beta covariance of a subset 

RV -random residual variance (Equation 6) 

XL = first X value of a subset 

Xnn last X value of a subset 

AV 

where 

AV 

RV 

XL 

Xnn 

= 

= 

(RV) (XL) (Xnn) 
Xnn - XL 

alpha variance of a subset 

random residual variance (Equation 6) 

first X value of a subset 

last X value of a subset 

F = JCNT - 1 

where 

F = degrees of freedom of a subset 

JCNT = number of X or Y values processed from a subset 
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[B(Xi - Xi-num) - (Yi - y i _num)]2 

(Xi. - Xi-num) 

1 < i ~ nn (11) 

where 

lCVi = individual contribution 

B beta parameter for a subset (Equation 5) 

Xi z individual X value of a subset 

Yi individual Y value of a subset 

nn subscript of last X and Y value of a subset 

num incremental value defined to a subset, e.g., L = 1, 
nn = 7, num = 2. This would permi t processing the 
1st, 3rd, 5th, and 7th X and Y variables of a subset 

Equations 12-23 are used if and only if a nonzero value is 
entered in Column 72 of the subset and decision card (Figure 5), 
and the number of calibration runs is greater than one. Equation 12 
calculates Bartlett's test for homogeneity ~f the residual random 
variances for each subset from multiple calibration runs. 

CCS 

where 

(

kilo ) 
~ LDFi 
1=1 

(

kilo 
In VA - t; LDFi 

CCS corrected chi square 

In ZULUi ) 

(12) 

LOF degrees of freedom for individual residual variance 
of the subsets 

In natural log 
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VA average residual variance (Equation 13) 

ZULU individual residual variances of the subsets 

kilo number of calibration runs processed 

Equation 13 calculates the statistically weighted average 
residual variance for each subset. 

kilo 

~ LDFi ZULUi 
i=l 

VA = 
kilo 

I LDFi 

i=l 

where 

VA = average residual variance 

LDF = degrees of freedom for individual residual variance 
of the subsets 

ZULU individual residual variance of the subsets 

kilo number of calibration runs processed 

(13) 

Equations 14-17 calculate the average value for Xl, XN, Yl, 
and YN for each subset, and assume that the Xl, Yl values do not 
differ significantly among runs. 

XIB (14) 

XNB (15) 
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YlB = (~lO Yli)/kilO 

1=1 

YNB 
(

kilo ) 
~ YN i Ikilo 

1=1 

where 

XIB average value of all Xl's 

Xl first X value of each subset 

XNB average value of all Xn's 

XN = last X value of each subset 

YlB average value for all Yl's 

Yl = first Y value of each subset 

YNB = average Y value for all Yn' s ' 

YN last Y value of each subset 

kilo = number of calibration runs to be processed 

Equation 18 calculates the F ratio of between slope to 
within slope variance for each subset. 

~ (
kilo ) (kilO )' ) 

FR = kilo .L BVXi 2 - .z= BVXi' 

1= 1 1=1 

where 

FR = F test ratio 

(XNS - XIS) 
VA(kilo - 1) 

SVX beta value of each subset (Equation 5) 

XIS = average value for all Xl's (Equation 14) 

XNB average value for all XN's (Equation 15) 

kilo number of calibration runs processed 

VA average residual variance 
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If the F test ratio for the subset is smaller than the value 
kilo 

of P = 0.10 for the values of ~ LDFi and (kilo - 1), average 

i=l 

statistics are calculated by Equations 19-23. 

ALP 

where 

(XNB) (YlB) - (X1B) (YNB) 
XNB - XIB 

ALP alpha average 

BET 

where 

YNB - YlB 
XNB - X1B 

BET = beta average 

BVA VA 
(XNB - X1B) kilo 

where 

BVA beta variance average 

VA = average residual variance (Equation 13) 

ABCA (-VA) (X1B) 
(XNB - Xl B) kilo 

where 

ABCA alpha-beta covariance average 

AVA 

where 

(VA) (XlB) (XNB) 
(XNB - X1B)kilo 

AVA alpha variance average 
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DESCRIPTION OF THE PROGRAM 

CUDS was written in FORTRAN IV for an IBM System/360-l95 
using card input. The flowchart is shown in Figure 2, and the 
FORTRAN listing is given in the Appendix. 

The CUDS program permits considerable user flexibility in 
obtaining desired data processing and output. This is accomplished 
by allowing the user to define to the computer code the conver
sion constants, data card sequence numbers, subset ranges, a 
subset sample selection code, required decimal precision, units 
of measure, and an equation default code. 

Program Input 

Program input includes two cards containing chi square and 
F test probability points (Figure 3). These ~alues are used 
with Equations 12 and 18 to accept or reject the hypothesis 
that the individual slope variances are homogeneous, and between 
slope to within slope variances are also homogeneous. 

A title card (Figure 4) is used to enter the title of 
ea~h set of calibration data and the date the data were obtained. 
A conversion constant (Columns 41-47) may be entered if needed 
to correct the raw data to corrected data. If this field is 
left blank or zero, the program sets the conversion constant 
equal to 'I' to prevent multiplication by zero. The units of 
measure (pounds, inches, percent, etc) and the desired number 
of decimal places for each unit output are required input by 
the user. No default options are available for these fields. 
An instrument factor constant may be entered if readings are 
desired from a replacement instrument (perhaps used for routine 
operation) of different type, make, or range other than the 
instrument used for the calibration. If such a constant is 
entered, the program prints statistics based on the calibration 
instrument and also for the converted (replacement) instrument 
va.1ues. If such a constant is not entered, the program prints 
statistics based only on the calibration instrument readings. 

A subset and decision card (Figure 5) is used to divide 
each set of calibration data into subsets, to define the sample 
to be processed from each subset, to specify whether multiple 
runs are to be averaged, and to enter the decision value for 
determining which variables are to be discarded as maverick 
data points. 
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The option code (Column 71) is used to define the sample 
to be processed from each subset and permits using every data 
point, or every second, third, or fourth data point starting with 
the first, second, third, or fourth data point for a maximum of 
10 combinations within a subset. The option codes are 0, I, 2, 
3, or 4 (Figure 6). A numeric default code greater than zero 
entered in Column 72 causes the multiple sets for a calibration 
to be averaged. 

Individual data cards (Figure 7) follow the subset and 
decision card. Each data card must have its sequence number 
entered in Columns 51-53 because the program uses this number 
to order the data. As a result, the data cards may be submitted 
for processing in any order as long as they remain in the same 
set and the last data card is followed by a card with a '1' in 
Column 80. 

Program Output 

The following output listings are examples obtained from 
typical inventory tanks. 

• Raw input data converted to corrected data in the standard 
units desired (Figure 8). 

• Statistics based on the calibration instrument readings 
(Figure 9). 

• Statistics based on a replacement instrument (Figure 10). 
This list will not be printed if an instrument factor 
conversion constant has not been entered on the title card. 

• The weighted average variance for all calibration runs on 
a tank and the average values for the calibration equation 
and the average variances (Figure 11). These statistics 
will not be printed if the calibration sets are less than 
two or the default option code (Column 72, Figure 5) is 
zero or blank. 

The correct deck setup for processing the CUDS program is 
shown in Figure 12. 
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2 1 2 3 2 3 4 

3 4 4 5 6 5 6 7 8 

5 6 7 8 9 9 10 11 12 

7 8 10 11 12 13 14 15 16 

The first row of eaah matrix denotes the starting variabte 
and each cotumn. denotes the inarementat vatue in each subset. 

-

X· , 
Value 

0'011"". 
• 

.-J 
---LL-1---"-

• 
• , 

, , 
, ! 

· 
, ! 

~ 
, ! 

· · 

FIGURE 6 

1; JUMBilil 

DT-i 
Value 

11'81" 18 2. , " , 
· LLLL.L~--L 

• 
LL : 

• 
• , 
• 

, , , , 
, , 
, . 
• 

· .LLLLl 

• , 

Subset Sample 

OSR 21-] 

DM" 
Value 

U2.82.7U2. ~03' U3S3 . os •• 

· ~ · 
• 
· ~ 

! , , 
,~ 

, ! 
, , 
, , 

~ 

, , 
L 

, 
· · 

Defi niti on 

R 
U 

S8 
8080,2119 

FIGURE 7 Data Card 

- 21 -

"'AGE 

I I ! I 



8.3-H TANK CALI BRA TI ON RUN iH 9/1.1171 

C(~PUTER RUN ON 03/16113 AT 08 HRS 13 MIN 

DATA CDNVERSION 

R-VALUE X-VALUE V-VALUE 

1 O. 1.33 458.08 

2 O. 2.75 685.55 

3 O. 4.14 913.01 

4 O. 5.'::;3 11'<1.39 

5 O. 6.il9 1368.86 

6 O. 8.28 1~96.33 

7 o. 9.68 182.3.80 

8 O. H.01 2051.20 

9 o. 12.37 2278.27 

10 O. 13.61 2485.69 

H o. 14.94 2712.24 

12 o. 16.27 2939.71 

13 O. 17.75 3107.63 

14 o. 19.08 339!>.10 

15 O. 20 ... 2 362Z.57 

16 O. 21.&4 3850.49 

17 O. 23.20 4071l."1 

18 O. 24.56 4306.34 

19 O. 25.86 4534.26 

20 O. 27.2& H61.13 

21 O. 28.70 4989.19 

.:2 O • 30.00 5216.66 

23 O. 31.39 5'0 .. 3.67 

2'0 O. 32.84 5671.60 

25 o. 3'0.17 :'898.01 

FIGURE 8 Data Convers ion 
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CUMuLATIVE STATISTICS 

CLMPlJTER ~ ... IN ON 03/16/73 AT 08 HRS 13 MIN 

d.3-H TANK CALIBRATION RUN 11 9111171 

CALCULATION # S, 1ST SECTION, STARTING WITH THE 2ND VARIABLE AND INCREMENTING BY 4 

fIRST X It'CCHES 

LAST X 68.29 I ~CHES 

ALPHA 

BETA 

RESIDUAL VARIANCE 

6ETA VARIANCE 

ALPHA-8ETA COVARIANCE 

ALPHA 'VARI ANC.E 

DEGREES Of fREEDOM 12 

x- 'VALUE 

8.28 

10 l3.tll 

19.08 

18 24.56 

L2 30.00 

26 35.46 

30 40.68 

38 

42 

40 

50 68 • .2.9 

Y-VALUE 

1596.33 

2".85 .. 69 

33~5.10 

H06.34 

5216.06 

6126.53 

7036.40 

7946.27 

9766.92 

10017.10 

11588. C3 

228.0911 

166.3485 

41.1850 

0.6375 

-1.7533 

119.7302 

NUMERATOR 
SIGN 

NEGATIVE 

NEGATi VE 

NEGATIVE 

NEGATlIJE 

NEGATIVE 

NEb-AT I 'liE 

NEGATIVE 

NEGATI VE 

NEGATlVE 

LITERS 

FIRST Y 

LAST Y 

LiTERS I INCHES 

INDII/IDUAL 
CCNTRISUTION 

15.0642 

1.39u7 

0.0467 

0.02,,3 

5.3290 

0.5397 

8.1718 

43.1413 

2.4.578 

0.1196 

38.1682 

ICV/RV 

0.361 

0.033 

0.001 

0.128 

0.013 

0.196 

1.032 

0.059 

0.003 

0.913 

685.55 liTERS 

11588.03 liTERS 

fLAGGED 
VARIABLES FACTOR 

HAl/fRICK 3 .. 50 

FIGURE 9 Statistics Based on Actual Converted Instrument Reading 
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CuMULATJVE STATJSTJCS 

CC~FuTEK RUN ON 03/16/13 AT OS HRS 13 MJ~ 

8.3-H TANK CALJ8RATION RUN j~ 9/20/71 

CALCulATION i 1, 2ND SECTIaN, STARTING WITH fNE 1ST VARIA8lE AND INCREMENTING ay 

FJRST R '4. PERCEN fIRST Y 12908.32 LITERS 

LAST Y 20861.91 LITERS LAST R 150. PERCEN 

ALPHA 

8ETA 

RESJDUAl VARIANCE 

6ETA VARIANCE 

ALPHA-BETA CO~ARJANCE 

ALPHA ~ARJANCE 

DEGREES OF FREEDOM 25 

41 

44 

4. 

4. 

4' 
5" 

51 

52 

54 

50 

51 

5. 

5' 

• 0 

01 

02 

03 

04 

65 

R-VALuE 

96. 

9 •• 

101. 

103. 

10!). 

108. 

110. 

112. 

ll"t. 

116. 

123. 

125. 

128. 

130. 

132. 

134. 

136. 

139 • 

141. 

143. 

145. 

148. 

150. 

Y-VALUE 

1322t.30 

13546.11 

138t4. OS 

14182.53 

14!)OO.91 

14d1a.49 

15131.39 

15455.37 

15173.35 

16094.53 

16130.03 

11048.53 

17361.37 

11685.81 

18004.24 

183,,1.17 

18c4().ob 

Hl958.19 

19215.12 

19595.C1 

19913.05 

20.231.94 

205'*9.47 

20667.91 

142.1355 LITERS / PERCEN 

1.l84.30c,*, 

2'*'.1198 

-2323.657.2 

348548.5759 

Jtt.l::lVIDUAL 
COl\'TRJBUT ION 

56B.1459 

3787.61.22 

Sta.1459 

58.3.1578 

S83.1578 

3S.52.0!ll77 

S1Ii9.5.ti13 

568. H59 

568.1459 

t8l.l345 

3952.0977 

568.1 .. 59 

SE3.lSla 

38(15.5961 

553.0182 

599.2351 

553 .. 0782 

3951.3719 

615 .. 2056 

Sod. 1459 

599.2351 

3951.3119 

5.3.7578 

NUHERAT~k 

SIGN 

NEGATI~E 

NEGATl VE 

NEGATl VE 

NEGATI ~E 

NEGATl VE 

NEGATI VE 

NEGAHVE 

NEGATl VE 

NEGATl ~E 

NEGATIVE 

NEGATI VE 

NEGATl VE 

NEGAT J VE 

NEGATIVE 

NEGATIVE 

NeGATIVE 

NEGATI VE 

NEGA.TlVE 

NEGATIVE 

fLAGIiED 
ICV/R-V VARJAaLES 

0 ... 10 

0.422 

2.855 

O.~33 

O.''tl(j 

0.492 

2.8!1S 

0.433 

0.,*,2.2 

2.801 

0 .. 421 

0.400 

0 .. 433 

0.,*,00 

2.s5,* 

0.444 

0.'*'22 

SU!2PcCT 

SUSPf(. T 

SUSPE(;.T 

SuSPECT 

SuSPECT 

FA(;TOR 

2.30 

2.30 

2.30 

FIGURE 10 Statistics Based on Replacement Instrument Reading 
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fARTLETT5 TEST uSING 'X' VALUES 

CGMPUTER RUN ON 03/16/73 AT 06 HRS 13 HIN 

** SECTlON 1 •• CORRECTED CHI S"UARE PROBAblllTV GREATER THAN P 

f-TEST BETWEEN TO WITHIN SlCPES = 

CORRECTED CHI S"UARE 1.0681 

DE~REfS CF FK~EOOM = 50 

2 .. 1357 

•• SETWEEN SLOPES VARIANCE GREATER THAN wITHIN SLOPES VARIANCE wITH 

PROBABILITY LES5 THAN P = 0.10 ** 

0.10 

*. SECTlON Z ... CORRECTED CHI SQUARE PR05A6ILITY LESS THAN OR EQuAL Tv P 0.05 

F-TEST BET~EEN TO WITHIN SLOPES = 

CORRECTED CHI SQUARE Z8.3'03 

DEGREES OF FREEOO~ = 31 

2 .. 4119 

•• BETwEEN SLOPES VARIANCE GREATER THAN WITHIN SLOPES VARIANCE WITH 

PROBABilITY LESS THAN P = O.iv •• 

FIGURE 11 Bartlett's Test Using Instrument Readings 

II' 
r End of Set I 

l Doto Cards 

! Subset and Decision Cord 

l Title Cord 

l End of Set I 

l Data Cards 

l Subset ond Decision Card 

( Title Cmd 

! F Test ProbabIlity Points 

( Chi Square Probability Points 

I 

CUDS 

Program Deck. 

FIGURE 12 Program Deck 
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USING THE PROGRAM OUTPUT 

Calibration equations are simply a restatement of the values 
of alpha and beta for each section of the tank: 

Volume = Cl + S~ ~ (24) 

where L is the lowest accepted value of X for that section, and 
~ is the highest accepted value of X for that section. Equation 
24 should not be used outside the range of data used in the 
correlation. Although the intersections of the calibration 
equations for the adjacent sections of the ,tank can be calculated 
from the simultaneous solution of the equations, the value should 
be used only to confirm the location of the junction between 
sections indicated by the blueprint. The transition from one 
section of tank to another is seldom sharP; therefore, operation 
with liquid levels in the transition region should be avoided 
because of the inability to assess the volume and the uncertainty 
associated with an estimate of the volume in that region. 

The uncertainty associated with a volume calculated from 
the calibration equation for a section of tank is composed of 
two components: systematic and random errors. 

The variance associated with the systematic and the random 
errors for the section of tank containing 'the liquid surface 
must be combined before extracting the square root to determine 
the uncertainty of the volume. The systematic variance is given 
by 

= (alpha variance) + (2) (X) (alpha-beta covariance) 
+ (X) 2 (beta variance) 

The random variance is given by 

V(~)R = (X) (random variance) 

and the uncertainty of the volume measurement is 

Uncertainty = ±t VV(~)S + V(~)R 

(25) 

(26) 

(27) 

where t is the value of Student's t at the desired confidence level. 
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APPENDIX - FORTRAN Listing 

COMPILER OPTIONS - NAME= MAIN.OPT=OO.LINECNT=5B.SllE=OOOOK. 
SDURCE,EBCOIC,LIST,NODECK.lJAD,MAP,NOEOIT,IO,NOXREF 

C THE CUMULATIVE DATA STATISTICS ICUDSI PROGRAM WAS WRITTEN TO 1 
C STATISTICALLY ANALYZE CALIBRATION DATA OBTAINED FROM SAVANNAH 2 
C RIVER PLANT INVENTORY TANKS. THE FOLLOWING LIST INCLUDES A 3 
C DEFINITION OF EACH ACRONYM DEFINED TO THE PROGRAM. 4 
C 5 
C 6 
C OM AND DT ARE VARIABLES USED TO CONVERT XI AND YI VALUES TO 7 
C CORREC TEO VALUES. 8 
C Xl AND YI ARE RAW INPUT DATA POINTS. 9 
C • IF' IS AN INSTRUMENT FACTOR CONSTANT USED TO CALCULATE 'R' VALUES 10 
C R VALUES ARE OBTAINED BY DIVIDING XIII BY 'IF'. 11 
C X AND Y ARE CORRECTED XI AND YI VALJES. 12 
C 0 IS A CUMULATIVE TOTAL OF YI'S. 13 
C SV IS A CONVERSION CONSTANT USED IN CALCJLATING YIJ'SI. 14 
C A - CALCULATED ALPHA PARAMETER. I> 
C B - CALCULATED BETA PARAMETER. 16 
C RV - CALCULATED RANDOM VARIANCE PARAMETER. 17 
C ICV - CALCULATED INDIVIDUAL CONTRIBUTION PARAMETER. IS 
C ABC - CALCULATED ALPHA-BETA COVARIANCE PARAMETER. 19 
C CLASS - DATA STATEMENT USED TO DENOTE ARIT~METIC SloN OF ICV 20 
C NUMERATOR BEFORE SQUARING. 21 
C BB - NUMERATOR OF ICV EQUATION. 22 
C ICRV - INDIVIDUAL CONTRIBUTION DIVIDED BY RANDOM VARIANCE. lJ 
C BV - CALCULATED BETA VARIANCE PARAMETER. 24 
C AV - CALCULATED ALPHA VARIANCE PARA~ETER. 25 
C GRADE - LEVEL OF ICRV SIGNIFICANCE. 20 
C SIGN - CLASSIII.I=I.2 27 
C CODe - GRADE( [),1=1,3 28 
C DA - OM VALUE READ FROM INPUT CARD. 29 
C DB - DT VALUE READ FROM INPUT CARD. 30 
C YA - VI VALUE READ FROM INPUJ CARD. 31 
C XB - XI VALUE READ FROM INPUT CARD. 32 
C ZULU - THE INDIVIOUAL SUBSET RANDOM VARIANCES FOR x VALUES. 33 
C VA - AVERAGE RANDOM VARI ANCE. 34 
C CCS - CORRECTED CHI SQUARE. 35 
C TBIRD - SUMMATION OF IDEGREES OF FREEDOM FOR SUBSET VARIANCES 36 
C MULTIPLIED BY NATURAL LOG OF SUBSET VARIANCESI. 37 
C JBIRD - SUMMATION OF II DIVIDED BY INDIVIDUAL SUBSET DEGREES OF 3B 
C FREEDOM I. 39 
C BULU - THE INDIVIDUAL SUBSET RANDOM VARIANCES FOR 'R' VALUES. 4D 
CLOG - DENOMINATOR OF BARTLETTS' TEST EQUATION. 41 
C Xl - THE FIRST 'X' VALUE OF EACH SUBSET. 42 
C XN - THE LAST 'X' VALUE OF EACH SUBSET. 43 
C VI - THE FIRST 'V' VALUE OF EACH SUBSET USING 'X' VAlUES. 44 
C YN - THE LAST 'V' VALUE Of EACH SUdSET USING 'X' VALUES. 45 
C Rl - THE FIRST IR' VALUE OF EACH SUSSET. 46 
C RN - THE LAST 'R' VALUE OF EAC~ SUBSET. 47 
C Y2 - THE FIRST 'Y' VALUE OF EACH SUBSET USING 'R' VAlUES. 48 
C YM - THE LAST 'V' VALUE Of EACH SUBSET USING 'R' VALUES. 49 
C KILO - TOTAL NUMBER OF SETS TO BE PROCESSED. 50 
C NK - TOTAL NUMBER OF SUBSETS PER SET. 51 
C MIKE - TOTAL NUMBER OF SETS USING AN 'IF' CUNVERSION CONSTANT. 52 
C 15UM - ANY ONE DIGIT NON ZERO NUMBER DENOTING MULTIPLE RJNS ARE TO 53 
C BE AVERAGED. 54 
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2 

3 

5 
& 
1 
8 
9 

II 

12 

13 

1~ 

15 

16 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 

C 

C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 
C 

C 

LTD - SET EQUAL TO '1' IF ISU~ GREATER T~AN ZERO AND PERMITS 
MULTIPLE RUNS TO BE AVERAGED. 
ALP - ALPHA AVERAGE 
BET - BETA AVERAGE. 
BVA - BETA VARIANCE AVERAGE. 
ABCA - ALPHA BETA COVARIANCE AVERAGE. 
AVA - ALPHA VARIANCE AVERAGE. 

REAL *8 X(Z50),XI(250J,OT(Z50),YIZ50),YI(250),DM(250).R(Z50',IF.O, 
lS~,A.B.RV,[CV(250),ABCtCLASS'2)/' NEGATIVE'/,BB(Z50),ICRV(Z 
250),BV,AV,GRAOE())/' SUSPECTMAVE~ICK·I,caDEtSIGN.YAtXBtOA, 
30B.lULU(9,5 •• VA,CCS,TSIRO,JBIRO.LOG,8ULU(9.S),Xl(9,S),XNC9,S),Yl(9 
4,5J,VN'9,5J,Rl(9,5),RNt9.5)tY2'9,5)fY~(9.5) 

REAL *8 XIB,XNH,Y1S,YNB,RIB,RNS,Y2B,YMB,BVXt9,5J,BVR(9,S),BV2,fR,A 
lLP,BET,8VA,ASCA,AVA 

REAL *4 ABlE'S)/' 1ST 2ND 3RD .TH 5TH'/,FOX,BOX,BEE/' 
1.2) 

REAL 04 TROBI9,21 
INTEGER *2 F,LOF(9.S"IDF(9,5) 
INTEGER *4 LX,LR,LY,RX 
DIMENSION XWlll',XXI41I,XYI51I,XlI18' 

'I,PROB(9 

EQUIVALENCE IXWI1"FTI11', IXXI1',llI11I, IXYIlI,lZI11I, IXZI1I,FS 
11111 

LOGICAL 01 XUI61,YUI61,RUI61,TITLEI40l,IFMTI51,IFMRll1,FTl41l,lll1 
1631,l2lZ251,FSI121,CATI81,DDI9l,TTI81,SLKI41/' 'I 

DATA FS/'(lHO,T2,14,T8.F9.0,T2o.F9.0,T45.F12.0,Tl1,A8,T69,F6.3,T10 
18,A8,T121,F4.Z}",CAT/' A4F4.Z'/ 

DATA FT/'CIHO,T2,[3,TZ3.flO.O,T51,FlO.Q,T91,FlO.O)'/.lfMT/'01234" 

DATA 11/'(lHO,T27,lHF1RST X,T35,flO.3,T48,6Al,T79.1HFl~ST Y,T87,Fl 
lO.3,T99,6AIIIT21,6HLAST X,T35,FIO.3,T48,bAl,T19,6HLAST Y,T81.FIO.3 
2,T99,6AIIITZl,5HAlPHA,T50,F15.4,T68,6Al)'/,IFMR/'02468RX'/ 

DATA l2/'tlHO,T27,4HBETA,T50,F15.4,T68,6Al.T75,lH/,T11,6A11 IT21,17 
IHRESIDUAl VARIANCE,T50,F15.41IT21,13HBETA VARIANCE,T50,F15.41/T21, 
2Z1HALPHA-BETA COVARIANCE,T50,F15.41IT21,14HALPHA VARIANCE,T50,F15. 
34/IT21,18HOEGREES OF FREEDOH,T46,13I'/ 

READ CHI SQUARE PROBA81LITY TABLE. 

READ (5.94) '(PR06(I,J) ,1=1.9).J=1.Z. 

READ F TEST PROBABILITY TABLE. 

READ 15,941 IITROBII,Jlolzl,9I,J=loZI 
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55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
61 
68 
69 
70 
11 
12 
13 
14 
15 
1& 
11 
18 
19 
80 
81 
82 
83 
84 
85 
86 
81 
88 
89 
90 
91 
92 
93 
94 
95 
96 
91 
98 
99 

100 
101 
102 
103 
104 
105 
106 
101 
108 
109 
110 



11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 

32 
33 
34 

3' 
31 

39 
40 
41 
42 
43 
44 
45 
46 
41 
49 
50 

52 
53 
54 
55 
56 
51 
58 
59 

60 
61 
62 

C 
C 

1 
2 
C 
C 
C 
3 

C 
C 
C 

C 

C 
C 

C 
C 
C 

INITIALIZE DATA SET COUNTERS AND DATA TABLES TO ZERO. 

LTO;O 
MIKE=O 
KILO;D 
00 2 1;1.9 
DO 1 J: 1,5 
XlCI.JI;D. 
XNII.JI=D. 
YlCI.JI;D. 
YNII.JI;D. 
RlII.JI;D. 
RNII.JI=D. 
Y211.JI=D. 
YM(l.J)=O. 
CONTINUE 
CONTINUE 

READ TITLE CARD AND INCREMENT DATA SET COUNTERS BY '1'. 

READ '5,95, ENO-=84) TITLE, $\1,14,1'10, MY, XU, YLJ, RU, IX, I V, I R., IF 
KILO=KILO+! 
IF IIF.NE.D.I HIKE=HIKE+1 

READ SUBSET ANO DECISION CARD. 

READ (5,96) Nl,Ml,N2,M2,N3,M3.N4.M4,N5,M5,Sl,S2,LF,ISUM 
If IISUM.EO.OI LTD;I 

0=0. 
NN=O 
Ll=O 
NK=1 
NX=IX+l 
NY=[Y+l 
NR=lR+l 
JX=NX 
IF IIX.LT.IYI JX=NY 
RX-=NR 
IF I IR.LT.IV I RX;NY 

CALL CDATEIDD.TTI 
ODI7I=BLKIlI 
DDI8I-BLKI21 
DDI91=BLKI31 
TTl 51;BLK 111 
TTI61=BLKI21 
TTIlI;BLKI3I 
TTI81=BLKI41 

READ DATA CARDS. 

004 1-1.250 
READ (S,91,ERR=4,ENO=S) YA,XB,OA,DB,N,LC 
IF ILC.EO.ll GO TO 5 
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III 
ll2 
113 
ll4 
liS 
lib 
117 
116 
119 
120 
121 
122 
123 
124 
125 
126 
III 
126 
129 
130 
131 
132 
133 
134 
135 
136 
131 
136 
139 
140 
141 
142 
143 
144 
145 
146 
141 
148 
149 
150 
151 
152 
153 
154 
155 
156 
151 
158 
159 
160 
161 
1~2 

163 
164 
165 
166 



64 
65 
66 
67 
68 
69 

7J 
12 
73 
74 
75 

76 
77 

78 
79 
80 
81 
83 
64 
85 
87 
88 
89 
90 
91 
92 
93 
94 
95 
97 
98 
99 

10J 
101 
102 

103 
104 

105 
106 
107 
108 
109 

110 

C 
5 

6 

7 
C 

C 
C 
C 

6 

9 

C 
C 
C 

10 
C 
C 

C 
C 
11 
C 

YIINI=YA 
XIINI=X8 
OTlNI=DA 
OMINI=08 
NN=NN+l 
CONTINUE 

IF ISl.GE.S21 GO TO 6 
GO TO 7 
WRITE 16,98) T(TlE,M,HD,MY,OO,TT 
GO TO 3 
CONT INUE 

WRITE 16,991 TITLE,M,MU,MY.DD,TT 
WRITE 16.100) 

EQUATIONS I THRU 3. 

00 10 J=l,NN 
XIJI=XIIJI*IOMIJI/OTIJII 
RIJI=O. 
IF IIF.EQ.OI GO TO 8 
RIJ1=XIJ1/IF 
O=O+YII Jl 
IF ISV.EQ.O.OOI SV=I.DO 
YIJI=ISV*Ol/OTIJI 
LX=X(J'*llO**IX'+.500 
XIJl=LX/II0.DO**IX) 
LR=RIJI*II0**IRI+.5DO 
RIJI=LR/II0.DO**IR) 
LY=YIJ1*(lO**IY)+.5DO 
YIJ1=LY/IIO.OO**IYI 
Ll=Ll+l 
IF ILI.NE.26l GO TO 9 
WRITE 16,99) TITLE,H,MD,HY,OD,TT 
Ll=O 
CONTINUE 
FTI201=IFMTlNRl 
FTl301=IFHTlNX) 
FTl40)=IFHT\NYI 

PRINT RAW DATA CONVERSIONS. 

WRITE 16,FTI J,RIJI,XIJI,YIJI 
CONT INUE 

NUl=1 
NUHB=O 
JJ=NI 
NN=Ml 
NUH=l 

KEY=l 
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167 
168 
169 
170 
171 
172 
173 
174 
175 
lIb 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202· 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 



C DETERMI NE SUBSET AND INCREMENT VALUES. 223 
C 224 

III IF ILF.EQ.OI GO TO 12 225 
113 IF IlF.EQ.21 GO TO 21 226 
115 If (IF.EQ.31 GO TO 23 221 
111 IF (IF.EQ.41 GO TO 26 228 
119 IF IlF.EQ.l.AND.NUl.EQ.l1 GO TO 30 229 
121 GO TO 40 230 
122 12 iF (Lf.EQ.O.AND.NUl.EQ.ll N.~"'=l 231 
L24 IF (LF.EQ.O.ANO.NUZ.EQ.l) GG TO 30 232 
L26 If (LF.EQ.0.ANO.NUZ.NE.21 GO TO 13 233 
128 NUM=2 2)4 
129 GU TO 30 235 
130 13 IF (IF.EQ.0.AND.NUl.NE.31 GO TO 14 236 
132 KEY=2 231 
133 JJ=JJ+l 238 
134 GO TO 30 239 
135 14 IF IlF.EQ.0.ANO.NUZ.NE.41 GO TO 15 240 
137 NUM=3 241 
138 GO TO 30 242 
139 15 IF (IF.EQ.0.ANO.NUZ.NE.51 GO TO 16 2 .. 3 
141 KEY=2 244 
142 JJ=JJ+ 1 245 
143 GO TO 30 246 
144 16 IF CLF.EQ.O.AND.NUl.NE.b) GO TO 11 241 
146 KEY=) 248 
141 JJ=JJ+2 2't9 
148 GO TO 30 250 
14~ 11 IF (IF.EQ.0.AND.NUl.NE.71 GO TO 18 251 
151 NUM=4 252 
152 GO TO 30 253 
L53 18 IF (IF.EQ.0.AND.NUl.NE.81 GO To 19 254 
155 KEY=2 25'> 
ISO JJ=JJ+l 25& 
151 GO TO 30 251 
15~ 19 IF (IF.EQ.0.ANO.NUl.NE.91 Gil TO 20 25d 
L60 KEY=3 259 
161 JJ:JJ .. Z 260 
162 GO TO 30 261 
163 20 IF IlF.EU.0.ANO.NUZ.NE.l01 GO TO 40 262 
165 KEY=4 263 
166 JJ=JJ+3 264 
167 GO TO 30 265 
168 21 IF (IF.EQ.2.ANO.NUl.NE.l1 GO TO 22 266 
110 NUM=2 261 
111 GO TO 30 268 
112 22 IF (IF.EQ.2.ANO.NUZ.NE.21 GO TO 40 269 
114 KEY=2 210 
115 JJ=JJ+l 211 
L16 GO TO 30 272 
171 2) IF (IF.EQ.3.ANO.NUI.NE.ll GO TO 24 213 
119 NUM=3 274 
180 GO TO 30 275 

181 24 IF Ilf.EQ.3.ANO.NUZ.NE.21 GO TO 25 276 
183 KEY=2 211 
184 JJ=JJ+l 278 
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~,.-

185 
186 
IBd 
189 
190 
191 
193 
194 
[ Y5 
[97 

[98 
199 
200 
202 
203 
204 
205 
201 
208 
209 
210 

211 
212 
213 
214 
215 
216 
211 
218 
2[9 
220 
221 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
231 
238 
239 
24) 
241 
242 
243 

20 

28 

29 

30 

c 
c 
C 
31 

32 

GO TO 30 
IF lLF.EQ.3.ANO.NUl.NE.31 GO TO 40 
KfY=3 
JJ=JJ+Z 
Gu TO 30 
IF lLF.EQ.4.ANO.NUl.NE.ll GO TO 21 
NU~=4 

GO TO 30 
IF (LF.EQ_4_A~D.NUZ.NE.Z) GO TO 28 
KEY=2 
JJ=JJ+l 
GO TO 30 
IF lLF.EQ.4.AND.NUl.NE.)1 GO TO 29 
KEY=) 
JJ=JJ+2 
GU TO 30 
IF lLF.EQ.4.ANO.NUl.NE.41 GO TO 40 
KfY=4 
JJ=JJ+3 
L=JJ 
DU 31 t:;:l,NN.NUH 

EQUATIONS 4 THRU II. 

CONTI NUE 
NN=I-NUM 
A=IIXINNI*YILII-IX1LI*VINNIII/IXINNI-XILII 
8= IY INN I-YILl II I X INN I-XI LlI 
BVXlKILO,NK)=B 
JCNT=O 
K=JJ+NUH 
RV=O. 
0032 l=K,NN,NUM 
JCNT=JCNT +1 
IF ((XI II-XIl-NUMll.EQ.O.1 GO TO 32 
1 C V I I I = I B * I Xl 11- X tl-NUMI 1- I Y I [ I -Y I 1- NUM II I **211 X I Il-X I I-NUM II 
RV=ICV(I) ... RV 
CONTI NUE 
RV=RV/JCNT 
lUlU(KILO,NK)=RV 
BV=RVI I XI NNI-XIL II 
ABC=-RV*XILI/IXINNI-XILII 
AV=RV*XILI*XINNI/IXINNI-XILII 
F=JCNT 
LDF(KILD,NK)=F 
NUMB=NUM8+l 
BOX=ABLEI KEYI 
FOX=ABLEI NKI 
wRITE (6,101) DD,TT,TITLE,M,MD,My,NUHB,FOX,SDX,NUM 
lllI81=lfMRl71 
l1l281=lfMTlNXI 
l1l601=lfMTlNYI 
l1l821=lfMR111 
ZlI92l= IfMTlNX I 
lII1231=lfMTINYI 
ZII1541=lfMRIJXI 
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219 
280 
281 
282 
28) 
284 
285 
260 
281 
286 
289 
290 
291 
292 
293 
294 
295 
296 
291 
298 
299 
300 
301 
302 
303 
304 
305 
306 
301 
30B 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 



244 
245 
246 
241 
248 
249 

250 
251 

252 
253 
254 
255 
256 
257 
259 
261 
262 
264 
265 
266 
268 
210 
272 
213 
274 
215 
217 
279 
280 
281 
282 
283 
284 
286 
288 
289 
290 
291 
292 
293 
294 
295 
296 

291 
298 
299 

C 
C 
C 

c 
C 
C 

c 

33 

35 

36 

37 

c 
C 
C 

38 

PRINT RESULT OF EQUATION 4. 

WRITE (b,ZI' XlJJJ,XU,YIJJ),YU,X(NN),XU,Y(NNJ ,YU,A,YU 
I21251=IFMRIJXI 
I21851=IFMRIJXI 
IZlllll=IFMRIJXI 
IZI151l=IFMRIJXI 
IZI1901=IFI4RIJXI 

PRINT RESULTS OF EQUATIONS 5 THRU 10. 

WRITE (6,l2) 6,YU,XU,RV,BV,A8C,AV,F 
WR[TE [6,10Z1 

l2=0 
LT=15 
DO 38 [:K,NN,NUM 
BBII'=B*IXII'-XII-l"-IYII'-YII-lll 
SIGN=ClASSIlI 
IF IB8Ill.LT.0.l SIGN=CLASSIZI 
IF ((X(lI-XII-lll.EQ.O.1 GO TO 38 
ICRVI (l-ICVII IIRV 
IF {lCRVI Il.l T.SZI GO TO 33 
CODE=GRADEI31 
GO TO 34 
IF IICRV[[I.GE.Sll CODE=GRAOEIZI 
IF IICRVIII.lT.SII CODE=GRADEll1 
IF IICRVIII.lT.SI1 CODE=GRADEll1 
CONTINUE 
12=l2+1 
IT=lT-l 
IF IlT.EQ.Ol GO TO 35 
IF IL2.NE.261 GO TO 36 
WRITE (6,103) DOrfT 
l2=0 
CONTINUE 
K8=5 
8[RD=S2 
IF (lCRV[Il.lT.S21 BIRD=Sl 
[F I ICRVI Il.GE.Sll GO TO 37 
8[RO=BEE 
KB=l 
FSI181=IFMTINXI 
FSIZ71=IFMTlNYI 
FSI371=IFMRIJXl 
FSI6al=CATlKBl 
FS I 691=CAT IKBHl 
F S170 I =CA T( KB +21 
FSI711=CATlKB+31 

PR[NT RESULT OF EQUAT[ON 11. 

WRITE 16,FSI I,XI[I,YIIl,[CVIIl,SIGN,ICRV(lI.COOE,8IRD 
CONTINUE 
NUZ=NUZ+l 
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335 
336 
331 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
351 
358 
359 
36u 
361 
362 
363 
364 
365 
366 
361 
308 
369 
37U 
371 
372 
373 
374 
375 
376 
317 
378 
319 
380 
381 
382 
383 
304 
385 
386 
387 
388 
389 
390 



300 JK=K 391 
C 392 
C DELETE HAYERIC~ END PO INT YARIAUE. 393 
C 394 

301 IF IICRYIJKJ.LT.S2.AND.ICRYINNJ.LT.S2J GO TO 41 395 
303 IF IICRYIJKJ.GE.S2.ANO.ICRYINNJ.GE.S2J GO TO 39 396 
305 IF IICRYIJKJ.GE.S2J JJ-=J J+NUM 397 
307 IF IICRYINNJ.GE.S2J NN=NN-NUM 39B 

309 NUI=NUl-I 399 
3LO GO TO 30 400 
311 39 IF IICRYIJKJ.GT.ICRYINNJJ JJ=JJ+NUM 401 
313 IF IICRYIJKJ.LE.ICRYI~NJJ NN::cNN-NUM 402 

315 NUI=NUI-I 403 

316 GO TO 30 404 
317 40 XIIKILO.NKJ=XIJJJ 40~ 

31B XNIKILO.NKJ=XINNJ 406 
319 YIIKILO.NKJ=YIJJJ 407 
320 YNIKILO.NKJ=YINNJ 408 
321 NK=NK+l 409 

322 NUHB=O 410 

323 NUl=1 411 
324 IF INK.EQ.6J GO TO 47 412 

32b 41 GO TO (42,43.44.45,46),NK 413 

327 42 JJ=N 1 414 

328 NN=HI 415 

329 GO TO II 416 
330' 43 IF IN2.LT.lJ GO TO 47 417 

332 JJ=N2 418 

333 NN=H2 419 

334 GO TO II 420 

335 44 IF IN3.LT .lJ GO TO 47 421 

337 JJ=N3 422 

33B NN=H3 423 

339 GO TO II 424 

340 45 IF IN4.LT.lJ GO TO 47 425 

342 JJ=N4 426 

343 NN=H4 427 

344 GO TO II 428 

345 46 IF IN5.LT.lJ GO TO 47 429 

347 JJ=N5 430 

348 NN=H5 431 

349 GO TO II 432 

350 47 IF IIF.EQ.O. J GO TO 3 433 

352 NK=l 434 

353 NUM6=O 435 

354 NUl=1 436 

355 JJ=NI 437 

35b NN=Ml 438 

357 NUH=I 439 

358 4B KEY=I 440 
C, 441 

C DETERMINE SUBSET AND I NCREHENT VALUES. 442 

C 443 

359 IF I LF. EQ.OI GO TO 49 444 

301 IF lLF.EQ.2J GO TO 58 445 

363 IF lLF.EQ.3J GO TO 60 446 
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365 IF ILF.EQ.41 GO TO 63 447 
367 IF ILF.EQ.l.AND.NUZ.EQ.l1 GO TO 67 448 
369 GO TO 71 449 
370 49 IF ILF.EQ.0.ANO.NUZ.EQ.l1 NUH= 1 450 
372 If ILF.EQ.0.ANO.NUl.EQ.l1 GO TO 07 451 
374 If ILf.EQ.0.AND.NUl.NE.21 GO TO 50 452 
376 NUH=2 453 
371 GO TO 61 454 
316 50 IF ILF.EQ.0.AND.NUl.NE.31 GO TO 51 455 
380 KEY:2 456 
381 JJ::.:JJ+l 457 
362 GO TO 61 458 
383 51 IF ILF.EQ.0.AND.NUl.NE.41 GO TO 52 459 
365 NUM=3 460 
386 GO TO 67 461 
387 52 IF ILF.EQ.0.AND.NUl.NE.51 GO TO 53 462 
389 KEY=2 463 
390 JJ=JJ+l 464 
391 GO TO 67 465 
392 53 If ILF.EQ.0.AND.NUl.NE.61 GO TO 54 460 
394 KEY=3 467 
395 JJ=JJ+2 468 
396 GO TO 67 469 
397 54 IF ILF.EQ.0.AND.NUl.NE.71 GO TO 55 47<l 
399 NUM:4 471 
400 GO TO 61 472 
401 55 IF ILF.EQ.0.AND.NUl.NE.81 GO TO 56 413 
403 KEY=2 474 
404 JJ=JJ +1 475 
405 GO TO 61 416 
406 56 IF ILF.EQ.0.ANO.NUl.NE.91 GO TO 57 477 
408 KEY=3 478 
409 JJ=JJ+2 479 
410 GO TO 67 480 
411 51 IF I NUl.NEolO I GO TO 71 481 
413 KEY=4 462 
414 JJ=JJ+3 483 
415 GO TO 67 484 
416 56 IF ILF.EQ.2.AND.NUl.NE.l1 GO TO 59 485 
418 JJ=JJ+2 486 
419 NUH=2 487 
420 GO TO 67 488 
421 59 IF I NUl.NE.lI GO TO 71 489 
423 KEY=2 490 
424 JJ=J J+l 491 
425 GO TO 67 492 
426 60 IF ILF.EQ.3.AND.NUI.NE.11 GO TO 61 493 
428 NUM=3 494 
429 GO TO 61 495 
430 61 IF ILF.EQ.3.AND.NUl.NE.21 GO TO 62 496 
432 KEY=2 497 
433 JJ=JJ+l 498 
434 GO TO 67 499 
435 62 IF I NUl.NE.31 GO TO 71 500 
437 KEY=3 501 
436 JJ=JJ+2 502 
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439 
44J 
442 
443 
444 
446 
447 
448 
449 
451 
452 
453 
454 
456 
457 
458 
45. 
460 
461 

462 
463 
464 
465 
466 
467 
468 
469 
470 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 

493 

63 

64 

65 

66 

67 

68 

C 
C 
C 

69 

c 
C 
C 

GO TO 67 
IF tLF.EO.4.AND.NUl.NE.l1 GO TO 64 
NUM=4 
GO TO 67 
IF ILF.EO.4.AND.NUZ.NE.21 GO TO 65 
KEY=2 
JJ=JJ+l 
GO TO 67 
IF tlF.EQ.4.ANO.NUZ.NE.31 GO TO 66 
KEY=3 
.JJ=JJ+l 
GO TO 61 
IF tlF.EQ.4.AND.NUZ.NE.41 GO TO 17 
KEY=4 
JJ=JJ+3 
l=JJ 
00 68 l-=L,NN,NUM 
CONTI NUE 
NN-I-NUM 

EQUATIONS 4 THRU 11. 

A=ttRtNNI*YIlll-IRIll*VINNIII/IRINNI-RILII 
8=IYINNI-YILl IItRINNI-RILlI 
BVR(HIKE,NK)=B 
JCNT=O 
R V=O. 
K=JJ+NUM 
DO 69 I=K,NN,NUM 
JCNT=JCNT+l 
IF IIRtll-RII-NUMII.EQ.O.I GO TO 69 
I cv I I I = I B * I R I II-R II-NUM I 1- I Y I II-Y II-NUM II 1**2" R I Il-R I I-NUM II 
RV=ICVIII+RV 
CONTINUE 
R V=RV/JCNT 
BUlUIMIKE.NKI=RV 
BV=RV/IRINNI-RllII 
ABC=-RV*RIlI/IRINNI-RtLII 
AV=RV*RIlI*RINNI/IRINNI-Rllll 
F=JCNT 
IDFIMIKE,NKI=F 
NUMB=NUMB+l 
BOX=ABlEIKEYl 
FOX=ABlEI NKI 
WRITE (6.101) DD,TT,TITLE,M,MO,My,NUH8,FOX,BuX,NUM 
lit 181=IF"RI61 
l1(281= IFMTlNRI 
lit601=IFHTlNYl 
l1l821=IFMR161 
lll92I=IFMTlNRI 
lI11231=IFMTINYI 
ZlI1541=IFMRIRXI 

PRINT RESULT OF EQUATION 4. 

WRITE (b,Zll R(JJ),RU,V(JJ),YU,R(NN),RU,YINNJ,YU,A,yU 
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503 
504 
505 
506 
507 
50B 
509 
510 
511 
512 
513 
514 
515 
516 
517 
51B 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
531 
53" 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
551 
558 



494 
495 
496 
497 
498 

499 
SOD 
501 
502 
503 
504 
505 
506 
508 
510 
511 
513 
514 
515 
517 
519 
520 
521 
522 
524 
526 
527 
528 
529 
530 
531 
533 
535 
536 
537 
538 
539 
540 
541 
542 
543 

544 
545 
546 
547 

548 
550 

C 
C 
C 

70 

71 

72 

73 

74 

c 
c 
C 

75 

C 
C 
C 

l21251=IFI4RIRXI 
I21 85 1= IFMRIRXI 
l211171~IFMRIRXI 

I21 1571~1 FMRI RXI 
Z2(l901=IFHRIRXI 

PRINT RESULTS OF EQUATIONS 5 THRU 10. 

WRITE C6,l2j 6,YU,RU,RV,8V,ABC,AV,F 
INRI TE 16,104) 
L2=0 
LT=l5 
DO 75 I=K,NN,NUM 
B8111=B*IRIII-RII-III-IYIII-YII-111 
SIGN=CLASSIII 
IF IBBIII.Ll.O.I SIGN=CLASSlll 
IF IIRIII-RII-lll.EQ.O.1 GO TO 75 
ICRVIII=ICVIII/RV 
IF IICRVIII.LT.S21 GO TO 70 
COOE=GRAOEI31 
GO TO 71 
IF IICRVIII.GE.SlI COOE=GRAOEI21 
IF IICRVIII.LT.SII COOE=GRAOEIU 
CONTI NUE 
L2=L2+ 1 
LT=LT-l 
IF ILT.EQ.OI GO TO 72 
IF IL2.NE.261 GO TO 73 
WRiTE 16.1051 OO.TT 
L2=0 
CONTINUE 
KB=5 
B IRO=S2 
IF I ICRVIII.LT.S21 BIRO=SI 
IF IICRVIII.GE.SII GO TO 74 
KB=I 
BIRO=BEE 
FSll81=IFMTlNRI 
FSI271=IFMTlNYI 
FSI371=IFMRIRXI 
FSI681=CATlKB I 
FSI691=CATlKB+1I 
F S(70 I =CA TlKB +21 
FSI711=CATlKB+31 

PRINT RESULT OF EYUATION II. 

WRITE C6,FS) [,RClJ,Y(I),[Cy((),SlGN,ICRV([),COOE,BIRO 
CONTINUE 
NUl=Nlll+l 
JK=K 

DELETE MAVERICK END POINT VARIABLE. 

IF IICRVIJKI.LT.S2.ANO.ICRVINNI.LT.SZI GO TO 78 
IF IICRVIJKI.GE.SZ.ANO.ICRVINNI.GE.S21 GJ TO 76 
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559 
560 
561 
5.2 
563 
564 
565 
566 
561 
568 
569 
570 
571 
512 
573 
574 
575 
576 
517 
578 
579 
580 
581 
582 
583 
584 
?d5 
5Bb 
587 
583 
589 
590 
591 
592 
593 
5'4 
595 
5% 
597 
598 
599 
600 
601 
002 
603 
604 
60~ 

606 
607 
608 
609 
610 
6il 
612 
613 
614 



552 IF IICRVIJKI.GE.S21 JJ=JJ+NUM 615 

554 IF IICRVINNI.GE.S21 NN=NN-NUM 616 

556 NUl=NUl-l 617 

557 GO TO 61 618 

558 16 IF IICRVIJKI.GT.ICRVINNII JJ=JJ+NUM 619 

560 IF I I CRVI JKI. LE. I CRVINNII NN=NN-NUM 620 

562 NUl=NUl-I a2l 
563 GO TO 61 622 

564 11 Kl(MIKE,NK)~RIJJ' 023 

565 RNIHIKE,NKI=RINNI 624 

566 Y21MIKE,NKI=YIJJI 625 

567 YMIMIKE,NKJ=YCNNJ 626 

568 NK=NK+l 621 

569 NUMB=O 628 

510 NUl=1 629 

571 IF INK.EQ.61 GO TO 3 630 

573 18 GO TO (19,80,61,82,83) ,NK 631 

574 79 JJ=Nl 632 

575 NN=Hl 633 

516 GO TO 48 634 

517 80 IF IN2.LT.1I GO TO 3 635 

579 JJ=N2 636 

580 NN=MZ 637 

581 GO TO 48 638 

582 81 IF IN3.LT .11 GO TO 3 639 

584 JJ=N3 640 

585 NN=M3 641 

586 GO TO 48 642 

581 82 IF I N4.LT.1I GO TO 3 643 

589 JJ=N4 644 

590 NN=H4 64~ 

591 GO TO 48 b4<> 

592 83 IF I N5.Li.1I GO TO 3 647 

5.94 JJ=N5 648 

595 NN=H5 649 

596 GO TO 48 650 

C 651 

C IF MULTIPLE RUNS ARE TC BE AVERAGED IEQuATIONS 12 THRU 231 • . 652 

C 653 

591 84 IF IKILO.LE.l.0R.LTD.EQ.l1 GO TO 93 654 

599 NK=NK-l 655 

600 WRITE 16,1061 00, TT 656 

601 DO 88 J=l,NK 651 

602 VA=O. 658 

603 IPH=O 659 

604 TBIRO=O. 66J 

605 JBIRD=O. 661 

606 BV=O. 662 

601 BV2=O. 663 

608 00 85 l=l,KILO 664 

609 VA=VA+(LDFCI,J)*IULU([,J») 665 

610 IPH=IPH+LOFII,J) 666 

611 TBIRD=TBIRO+ILDFII,JI*OLDGIZULUII,JIII 661 

612 JBIRD=JBIRD+I I.DO/LOFI I, JII 668 

613 BV=6VX«(,J'·*Z+8V 669 

614 BV2=BV2+BVXI(,J) 610 
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615 
61b 
b17 
618 
61. 
620 
621 
622 
623 
62' 
625 
626 
627 
628 
62. 
630 
631 
632 
633 
63~ 

635 
636 
637 
638 
639 

6~0 

642 
64. 

646 
648 
649 

650 
b 51 

652 
654 
655 
656 
651 
658 
65. 
660 
661 
662 
663 

85 

86 

C 
C 
C 

C 
C 
C 
C 
a7 
88 
C 
C 
C 
C 

CONTINUE 
VA=VA/IPH 
XIB=O. 
XNB=O. 
YlB=O. 
YNB=O. 
DO 66 I =1 ,-KILO 
XIB::XIB+XUI,J) 
XN8= XNB +XN( I ,J J 
YIB=YIB+Yl(I,JJ 
YNS= YNB+YNII, J) 
CONTI NUE 
XIB=XIB/KILO 
XN8=XNB/K ILO 
Y18=YlB/KILO 
YN8= YNB/K ILO 
ALP=IIXNB*YIB)-IX18*YNB)I/IXNB-XlSI 
BET= I YNB-YIB I I I XNB- XIS I 
BVA=VA/IIXNB-XlSI'KILOI 
ABCA= I-VA *XIB I" I XNB--X IB I *KILO) 
AVA=IVA*XIB'XNBI/IIXNB-XIBI'KILOI 
BV2=BV 2**2 
F R=I I I K I LO'SV I-BV2) /I K ILO*IKI LO-II I I *1 I I XN8-X lSI *K ILO I/VA I 
LOG=1.DD>lll.DD/13.0D*IKILD-llll*IJBIRO-11.0D/IPHIII 
CCS=IIIPH*OLDGIVAII-TBIROI/lOG 

PRINT CALCULATED 'F' TEST AND CORRECTED CHI SQUARE VALUES. 

IF ICCS.LT.PRD8IKILO-l,l11 WRITE 16,ID91 J,FR,CCSoIPH 
IF (CCS.GE.PROS(KILQ-l,Z)) WRITE (6,108) J,FR,CCS,IPH 
IF ICCS.GE.PROBIKILD-I,II.AND.CCS.LT.PROBIKILO-l,211 WRITE (6,1011 

1 J,FR,CCS,IPH 
IF (FR.LE.TROBIKILD-I,211 GO TO 87 
WRITE 160llDI 
GO TO 88 

PRINT RESULTS OF EQUATIONS 14, 15, 19, 13, 22, Ib, 17. 20, 21, 
AND 23. 

WRITE (6,111) XlS,YlB,ALP,VA,ABCA,XNB,YNS,BET,BVA,AVA 
CONTINUE 

IF MULTIPLE RUNS ARE TO BE AVERAGED FOR 'R' VARIABLES IEQUATIONS 
12 THRU 241. 

IF IMIKE.LE.I.OR.IF.EQ.D.I GU TO 93 
WRITE (6,112) DOrTT 
00 92 J""I,NK 
VA=O. 
I PH=D 
TBIRO=O. 
JBIRO-=O. 
BV=O. 
BVl=D. 
0089 I=I,MIKE 
VA=VAH IDFI I, JI*BUlUII,J II 
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611 
612 
613 
614 
615 
b 16 
611 
670 
b 19 
680 
681 
b82 
683 
684 
6", 
686 
6d7 
bda 
689 
690 
6n 
692 
693 
694 
695 
6Yb 
6Y/ 
6':HI 
bY9 
100 
701 
102 
703 
704 
105 
100 
707 
708 
709 
710 
111 
112 
113 
114 
115 
116 
117 
718 
119 
120 
121 
12< 
123 
724 
12'> 
726 



:"6ft. 
,65 
,66 
,61 
;'68 
,69 
:,10 
111 
, 12 
)73 
)74 
:, 75 
') 76 
,77 
,78 
.19 
,80 
.81 
,82 
)83 
,84 
,85 
;86 
,87 
>88 
;89 
.90 
,91 
.92 
')93 

.94 

.96 

.98 

'00 
r02 
'03 

r04 
r05 
706 
707 

708 

709 
rIO 
711 
712 
713 

IPH=IPH+lOF(l,Jl 
TBIRO=TBIRO+IIOFII,JI*OlOGIBUlUII,JIII 
JBIRD=JBIRD+( 1.DO/IOF( I, J) J 
BV=6VRlI,J)··l+BV 
BV2=BV2+BVR(J ,J) 

89 CONTi NUE 
VA=VAIIPH 
RlS=O. 
RNB=O. 
Y28=O. 
YMB=O. 
00 90 1=I,MIKE 
R 1B=R16+R l( I ,J) 
RNB=RNB+RN( I, J) 
YlB=Y2B+Y2( I, J) 
YMB=YMB+YM( I, J) 

90 CONTi NUE 

C 

R1t3=R18/MIKE 
RNB=RNS/ MIKE 
Y2S=Y2S/l4IKE 
YMS=YHB/MIKE 
AlP=IIRNS*Y2BI-IRIB*YMBII/IRNB-R1BI 
SET=IYMB-Y2BI/IRNB-RIBI 
BVA=VA/IIRNB-RlSI*MIKEI 
A8CA=I-VA*RIBI/IIRNB-R1BI*MIKEI 
AVA=IVA*RIB*RNBI/IIRNB-RIBI*HIKEI 
B'V2=BVl.·Z 
FR=I I I HI KE*SV I-SV2111 HI KE*I HI KE-llll* I IIRNB-R I BI*M IK E l/VA I 
lOG=I.DO+III.OO/I3.00*IHIKE-IIII*IJdIRD-II.DO/IPHIII 
CCS=IIIPH*OlOGIVAII-TBIROI/lOG 

C PRINT CALCULATED 'F' TEST AND CORRECTED CHI SQUARE VALUES. 
C 

IF ICCS.LT.PROBIMIKE-I.11l WRITE 16.1091 J,FR,CCS.IPH 
IF ICCS.GE.PROBIMIKE-l,211 WRITE 16,1081 J,FR,CCS.IPH 
IF ICCS.GE.PR03IHIKE-I,II.AND.CCS.lT.PROBIHIKE-I,211 WRITE 16,1011 

1 J,FR,CCS,IPH 
IF IFR.lE.TROBIMIKE-I,211 GU TO 91 
wRITE 16.1101 
GO TO 92 

C 
C PRINT RESULTS OF EQUATIONS 14, 15, 19, 13, 22, 16, 11, 20, 21, 
C AND 23. 
C 
91 WRITE (6,1131 R1B,YZ8,ALP,VA,ABCA,RNB,YMB,BET,BVA,AVA 
92 CONTiNUE 
9' CONTINUE 

STOP 
C 

STOP 
C 
94 FORHAT 118F4.21 
95 FORMAT (40Al,F1.5,]12,6Al,bAl,6Al,3Il,F6.5) 
96 FORMAT (lOI3,T13,2F4.2,T11,211) 
97 FORMAT (FS.Z,F6.Z,2FIO.6,T51,t3,T80,IIJ 
98 FORMAT (lHl,T38,40Al,T88,12,t/',IZ,'I'.121ITft.1,'COHPUTER RUN ON',t 
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121 
128 
129 
130 
131 
132 
133 
13. 
135 
13& 
131 
138 
139 
14Q 
141 
142 
143 
144 
14;; 
146 
141 
148 
149 
150 
151 
752 
153 
154 
155 
15& 
151 
158 
159 
160 
161 
162 
163 
164 
10' 
16& 
161 
768 
169 
110 
111 
11Z 
113 
114 
115 
116 
117 
118 
119 
780 
181 
782 



114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

711 

128 

129 

lX,2Al,'/',2Al,'/',5Al,'AT ',2A1,' HRS',2X,2Al,' MIN'IIIIIIIIIII14 
2Al,T32,'SUSPECT TEST VALUE IS GREATER THAN OR EQUAL TO MAVERICK TE 
35T VALUE') 

99 FORMAT IIHl,T36,40Al,T88,IZ,'/',12,·",121IT47,·COMPUTER RUN ON',I 
11X,2Al,'/',2Al,'/',5Al,'AT ',2Al,' HRS',2X,2Al,' MIN',4All 

100 FORHAT (lHO,TS9,'OATA CONVERSION'/IT21,'R-VAlUE',T61,'X-VAlUe',T95 
i,'Y-VAlUE') 

101 FORMAT IlHl,T56, 'CUMULATIVE STATI STlCS'/lT47, 'COMPUTER RUN ON' ,lX, 
12Al,'" ,2Al,'I' ,5Al ,'AT • ,2Al.· HRS ',2A1,' HIN',4AIIIT38.40Al,1 
288,12,'/',[2. '/',121IT26,'CALCUlATION j',13,' ,',A4,' SECTION, STAR 
3TING WITH THE',A4,t VARIABLE AND INCREMENTING BY ',121 

102 FORMAT IIHO,T48,'INOIVIOUAl',T10,'NUMERATOR',TI09,'FLAGGEO'/T11,' X 
I-VAlUe',T29,'Y-VALUE',T47,'CONTRI6UTION',T73,'SlGN',T90,'ICV/RV',T 
2107,'VARIABLES',T120,'FACTOR') 

103 fORMAT (lHl,T47,'COMPUTER RUN ON',lX,ZA1,'I',2Al,'I',5Al,'AT ',2A 
11,' HRS ',2Al,' MIN',4A11/T~8,·INOIVIOUAL',T70,·NUMERATOR'.TI09,· 
2 FLAGGED'I T 11, 'x-v ALUE' • f2_9,' Y-VALUE' , T4 7,' CONTR I Bun ON' ,T13,' SIGN' 
3,T90,'ICV/RV',TIOl,'VARIABlES',T120,'FACrOR') 

10~ FORMAT (lHO,T48,'INOIVIOUAL',T70,'NUMERATOR',TI09,'FLAGGEO'/T11,'R 
I-VALUE',T29,'Y-VAlUE',T47,'CONTRJ8UTION',T73,'SIGN',T90,'ICV/RV',T 
2101,' VARIABLES', T 120,' FACTOR') 

105 FORHAT (lHl,T41,'COHPUTER RUN ON',IX,2Al,'I',2Al,'I',5Al,'AT ',2A 
11,' HRS ',2Al,' MIN',4AIIIT48,' INDIVIDUAL' ,T10,'NUMERATOR' ,TlI.19,' 
2FLAGGEO'/Tll,'R-VALUE',T29,'Y-VALUE',T41,'CONTRIBUTION',T13,'SIGN' 
3,T90,'[CV/RV',TI07,'VARIABlES',T120,'FACTOR') 

106 FORMAT (lHl,T50,'SARTlETTS TEST USING "X'~ VAlUES'//T43,'COMPUTER 
1 RUN ON',lX,2A1,'I',2Al,'I',5A1,'AT ',2Al,' HRS·,ZX,2Al,' MIN',4A 
2 ll) 

107 FORMAT (lHO,T35,'** SECTION ',II,' **',4X,'CORRECTEO CHI SQUARE PR 
10ijABIliTY lESS THAN OR EQUAL TO P = O.lO'ffTll,'F-TEST BETWEEN TO 
ZwITHIN SL3PES = ',FIO.4,5X,'CORRECTED CHI SQUARE = ·,FIO.4,5X,'OEG 
3REES OF FREEOOM = ',14f) 

108 FORMAT (lHO,T35,· •• SECTION' ,11,' **',4X,'CORRECTEO CHI SQUARE PR 
10BABIliTY lESS THAN OR EQUAL TO P = O.05'ffTll,'F-TEST BETWEEN TO 
2WITHIN SLOPES = ',FIO.4,5X,·CORRECTEO CHI SQUARE = ',FI0.4,5X,'UEG 
3REES OF FREEOOM = ',14f) 

109 FORMAT (lHO,T35,'** SECTIGN ',II,' **'.4X,'CORRECTEO CHI SQUARE PR 
lOBABIllTY GREATER THAN P = O.lO'IITl4,'F-TEST BETwEEN TO wIT~iIN SL 
20PES = ',FI0.4,5X,'CORRECTED CHI SQL.lARE = ' .• ,FIO.4,5X,'UEGREES lJF F 
)REEOOM = ',14/) 

110 FORMAT 11HO,T16,' •• BETWEEN SLOPES VARIANCE GREATER THAN WITHIN 5L 
lOPES VARIANCE WITH PROBAB1LITY lESS THAN P = 0.10 •• ') 

111 FORMAT (lHO,T2,'XI-BAR ',FI0.4,2X,'Vl-8AR ',FIO.4,T40,'ALPHA AVERA 
IGE ',flO.4,T66,'RANDOM VARIANCe AVERAGE',F9.4,Tl00,'A-fi COVARIANCE 
Z AVERAGE ',FIO.41ITZ,·XN-BAR ',FIO.4,T21,'YN-BAR. ',FIO.4,T41, '!lETA 
3 AVERAGE ',FlO.4,T66,'SETA VARIANCE AVERAGE ',FIO.4,TI00,'ALPHA VA 
4RIANCE AVERAGE ',F10.4ff) 

112 FORMAT (lHl,T50,'BARTLETTS TEST USI~G "R" VAlUES'/IT43,'COMPUTER 
1 RUN ON',lX,ZAl,·/',2A.l,'I',SAl,'AT '.2Al,' HRS',2X,2Al,' MIN',4A 
2lf) 

113 FORMAT lIHO,T2,'RI-BAR ',FI0.4,'YI-BAR ',FIO.4,T40,'ALPHA AVERAGE 
l',FIO.4,T66,'RANDOM VARIANCE AVERAGE',F9.4,T100,'A-B COVARIANCE AV 
lERAGE ',FI0.41IT2,'RN-BAR ',FIO.4,T21,'YN-BAR ',FIO.4,T41,'tiETA AV 
3ERAGE ',FIO.4,T66,'BETA VARIANCE AVERAGE ',FlO.4,TlOQ,'ALPHA VARIA 
4NCE AVERAGE ',F10.4ff) 

END 
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1B3 
184 
785 
786 
IB7 
188 
789 
190 
791 
792 
793 
194 
795 
796 
797 
198 
799 
BOO 
801 
802 
B03 
804 
805 
806 
801 
B08 
809 
810 
8ll 
812 
813 
814 
815 
016 
817 
alB 
B19 
820 
821 
822 
823 
824 
815 
826 
827 
828 
B29 
830 
831 
832 
833 
834 
835 
836 
837 
838 




