6L 3864
| DP-1121

AEC RESEARCH AND DEVELOPMENT REPORT

ASP - Anavsis oF Synteerics Procram
FOR QUALITY CONTROL DATA

L. V. BAILEY
L. M. ARNETT

SRL
RECORD CoPpy

QUAONT

REG.

Savannah River Laboratory
Aiken, South Carolina



LEGAL NOTICE

This report was prepared a an accouni of Governmant sponaored Work. Nolther the United
States, nor the Commlesion, BOT Any peTaen aciing on behs!l of the Commisaion:

A. Makes any warcinly of Feprepeniation, expressed or implied, with respact to the accu-
racy, complatenssa, or usefulness of 1he laformetion contained in this report, or thii the use
ol any nformation, apparsius, method, of process diaclossd in this repori may fiot infrings
privatsiy owperd Tights; or

B. Assumen any linbilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, of process disclosed (n this report.

As used in the wbove, ‘‘person acting cu bebalf of the Commiamion’” Includes any em-
ployes or contrmctor of the Commission, or employse of such confractor, to the extent thit
such employes or contracior of the Comminaion, or employee of such coniractor prepares.
dlaseminkies, or providen accens to, any informatlon pursuant 1o hls amployment or contract
with the Commisalan, or his employment with auch contractor.

Printed in the United States of America
‘ Available from
Clearinghouse for Federal Scientific and Technical Information
National Bureau of Standards, U. 8. Department of Commerce
Springfield, Virginia 22151
Price: Printed Copy $3.00; Microfiche $0.65



(LEEy

DP-1127

Mathematics and Computers
{TID-4500)

ASP - Anarvsis of Synthetics Procram
FOR QUALITY CONTROL DATA

by

I, V. Balley
L. M. Arnett

Approved by

J. E. Sulch, Research Manager
Applied Mathematles Division

January 1968

E.l. DU PONT DE NEMOURS & COMPANY
SAVANNAH RIVER LABORATORY
AIKEN, S. C. 29801

CONTRACT AT(07-2)-1 WITH THE
UNITED STATES ATOMIC ENERGY COMMISSION




ABSTRACT

The computer program, ASP, which calcu-
lates blas, precision, and other statistics of
analytical methods, was written 1n FORTRAN IV
for use on the IBM System/360-65. The Savannah
River Plant laboratories use ASP monthly and
quarterly to evaluate and to report the blas
and precision of analyses lmportant to process
control and accountability.
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ASP . Anarvsis ofF SynTherics Procram
FOR QUALITY CONTROL DATA

INTRODUCTION

Detailed knowledge of the reproducibllity and accuracy of
chemical and isotoplc analyses 1s essentlal for process control
and materials accountability. The analytical gquallty control
program at the Savannah River Plant was designed to provide
continual control cver both the accuracy and the precision of
analytical values reported by the various laboratorles. Computer
processing of the data greatly facllitates prompt and accurate
statlstical analysis and reports.

SUMMARY

The computer program, ASP, 1s used to calculate and to
prepare reports of statistics covering quality contrel data con-
gisting of analytical results of synthetic samples with values
knewn to supervision, but not to the analyst. Calculated sta-
tistics include (1) the average known value, (2) the average
determined value, (3) the average blas, (4) the average range in
replicate determinations, (%) the precision, (6) the control
limits (95% confidence interval), (7) the normality of data,

(8) the statistical significance of the calculated blas, and (9)
the statlstiecal significance of changes in blas and precision
from previous pericds. Summary repcrts for specified combina-
tions of analyses are presented, as well as detalled sorted
listlngs for each analysis.

The program produces updated identifilcatlor and statlstices
on cards for input to subsequent problems. The program processes
current data in the followlng manner. Each determined value is
the mean of duplicate analyses and thus each value hag an asso-
clated range. All of the statistles are calculated first for
the set of determined values that 1ncludes only the initially
determined values, i.e., all repeated values are ocmltted. The
maximum number of values that can be deleted from the statlstical
analyses 1s calculated as a function of the number of determina-
tions. The individual determined values are compared wilth the
value corresponding to a 5% confldence level in the t-distributicn,
and the value wilth the largest deviation 1s deleted 1f 1t exceeds
the value in the t-distribution. If the analysls were repeated
and if both the value and range of the repeated determination are
less than the value in the t-distributicn, the repeated value 1g
substituted for the deleted value. All of the statistics are
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then recalculated. This routine 1s repeated until the maximum
number of values are deleted or until all values are within the
95% confidence limits. The retained values are then ordered by
the magnitude of the bilas, and the conformity to normality is
determined by the c¢hi-square test. Preclsion and control limits
are caleulated for 65% confidence limits in the t-dlstribution.
The difference between the calculated bias and zero is tested for
significance. Previous statistics are compared with current
caleculated statistlcs. The F-table (5% level) 18 used to deter-
mine significance of changes in variance, and the t-distribution
(5% level) 1s used tc determine significance of blas and signif-
jeance of changes 1in blas.




DISCUSSION

DESCRIFTION OF THE QUALITY CONTROL PROGRAM USED BY THE SAVANNAH
RIVER PLANT LABORATORIES

Synthetic samples, simllar to production samples, are
analyzed as part of the quallty control program. Standard values
are established for these synthetic samples, either by preparing
them from weighed amounts of materlal or by analyzing selected
productlion samples under carefully controlled conditions. These
synthetic samples are submitted along with routine production
samples to perscnnel analyzing production samples. The supervisor
records the result of the analysis and plots the value on a con-
trel c¢hart. If the value exceeds control limits, the sample is
again submitted for analysis. The repeated value 18 recorded
and pletted; 1f 1t also exceeds control limits, the supervisor
takes action 1ntended to correct the condition responsible for
out-of-1imit results. All types of analyses at the several con-
centrations requlired for process control or accountabillty are
ineluded in this program. Blas corrections, submitted each month
to the Production Department, are used for materlals aceounta-
bilify. Computer processing greatly facllltates the preparation
of prompt reports that condense the large volume of data and
meet the requirement for accurate statistical analysis of each
unique type of analysis. The computer program, ASP, provides
accurate mathematical analysis and prompt summary and detailed
reports for management and laboratory personnel.

EQUATIONS USED IN COMPUTER PROGRAM

" Standard formulas are used to calculate arithmetic means and
unblased estimates of varilances and standard deviations.

Glven a set of data,
Xq3 i=12, 3, ...N

the arithmetlc mean 1s




the estimate of varlance is

and the estimate of standard deviation is \/sZ .

The maximum number of deletions 1sD = .05N +\/(.05)(.95)N,
truncated to an integer. This formula for D is the expected
number of errconecus analyses plus one standard deviation gilven
that the population contains 5% erronecus analyses. Thils formula
is chosen arbitrarily and has the merit of easy application.
Given that the sample contailns 5% erroneous analyses, the proba-
bility that there are D erronecus analyses in a sample of slze N
1s always equal to or greater than ©.16. This lower limit on
the probabillity 1s approached as N approaches infinity. 1In the
region of usual application, the probabillties are higher. For
example, in the region D =1 for 21 > N > 7, the probabllity
that the sample contains at least one erronecus analysis starts
at 0.34 and rises to 0.64, At the point D = 2 for N = 21, the
probabillty that the sample contalns at least two erronecus
analyses 1s 0.28.

The mean and estlimated standard deviation are calculated for
the initial set of determinations. The value, x4, deviating most
from the arithmetic mean 1s compared with the t-distribution.

If
x, - X
> t.os

for the corresponding degrees of freedom, and the number of values
previously deleted 1s less than the maximum permissible number of
deletions, then x4 is deleted. If the value were repeated and

the t-value of the repeated value is less than £ ps, then the
repeated value is included and the mean and standard devliaticon
are recalculated. This routine is contlnued untll the maximum
number of deletions 1s reached or until all values have t; < t os-

The average blas 1s the average determined value minus the
average knocwn value.
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The precision (95% confidence interval) equals (t os)(S),
where &, gs 1s the value from the t-distributicn for P = .05, and
m {degrees of freedom) = N-1. If m > 30, then the precision
is 2.042 3. '

The control limits are X = precision.

The significance of the BIAS is determined by the comparison
of the cbserved

_ (B Vv

t{BIAS) 5

with t os. If t{BIAS) < t os for m degrees of freedom, then
BIAS is not slgnificant; otherwise, the BIAS 1s signifilcant.

The silgnificance of a change in the BIAS 1is caleculated 1n a
gimllar manner from the followlng formula:

BIAS, - BIAS,

\J/ mS;% + meS.2\ /1 o1

my + ms Nl N2
where the subscripts designate the %twe biases belng compared.
The degrees of freedom are

t{BIAS, - BIAS,) =

I

my N, -1
and
m2=N2‘l
The difference is considered significant 1f for m degrees of
freedom (m, + mz),

t(BIAS; - BIASz) > b,os

Significant changes in the precision of the analyses are detected
by comparing the ratics of variances to values in the F-distri-
bution.

%
o

o
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By definition

where 8,% > 8,2,

If the observed ratio of varlances, F, exceeds F for 5%
probabllity corresponding to m; and m, degrees of freedom, the
two variances are considered to be signiflecantly different and
thus the precision has changed significantly.

_ Each set of N retalned determined values for which a mean,
X, and an estimated standard deviation, 3, are calculated 1s
tested for normality. The chi-square test l1a applied 1In the
following manner. By definition

XE = ;‘, (OF1 - EF1)®
1=1 EFy
where
OFi = observed number of values in the 1th group
and
EFy = expected number of values in the 1th group

The observed values retalned in the statistlcal analysis are
ordered from the smallest x; to the largest Xy and divided into

K groups equal to N/S truncated to the nearest integer. However,
K 18 never allowed to exceed 30 even though N exceeds 150, This
set of observed values 1s compared with a ncrmal distribution

that 1s arbltrarily augmented in the tails to partlally compensate
for the values that may have been deleted from the original set

of values. The total number of values in the augmented dlstril-
bution 1s

. -UJ_O"I"T 2 2
Np = N + X f exp (— u_e_) du + exp(— EQ—)du
\IQW o o UNU+§
where x - X
U. = i
1 o




The boundaries of the ranges that include expected numbers of
values equal to NT/K are obtained by integrating the normal dis-
tributicn with mean, X, and standard deviation, o. The last
group 1s combined with the previous group so as to avoid having
any group with less than flve expected values. The chi-square
is then calculated and compared with tabulated values. If the
chi-sguare exceeds the value corresponding to a probabllity cf
0.05, the hypothesis of normality is rejected. The degrees of
freedom are equal to the number of groups minus two.

DESCRIPTION OF QUTPUT AND INPUT FOR COMPUTER PROGRAM

OUTFUT

Printed Reports (See Appendix B for examples of repcrts)

Each analysis and specified groups of analyses are ldentlifiled
alphabetically. For ease in interpreting results, statistlcs are
reported to six significant digits or less with three decimal
places multiplied by the power of 10 exponent requested for the
analysis. The following reports are issued:

e A statistical summary of specifled combinations of analyses
including alphabetic ldentification of each analysis, average
standard value, average biae [arithmetic amount!, current
and previous bias as percent of the average reported value,
current and previous precision {95% confidence interval)
as percent of the average reported value, statistical sig-
nificance of bias, and statistical significance of changes
in bias and precision.

e Control limits for bias and for range In replicate determina-
tions for the specified combinations of analyses.

e Tor each analysis the caleulated statistie, a listing of
data in bias sequence with indication as to whether the
data were included or deleted from calculations, and
results of the chi-square analysis.

Punched Cards

Updated alphabetic ldentification cards and calculated sta-
tistiecs are punched for use as input data for future analyses.
After the initial run of the program, control alphabetic and
compariscon cards are punched manually only if new analyses are
added.

- 11 -




INPUT

Input consists of the following types of cards:
e Alphabetic identiflcatlion of type of analysis and sample
ldentification
e Previous quarterly statistics
e Previous monthly statistics
e Alphabetic identification of area or report groupings

e (Current analytlcal results submitted for statistical analysls

Alphabetic Identification of Analysis

There should be a card for each unique type of analysis,
since the alphabetic identification is the only printed identi-
fication for the analysls. These cards are updated and punched
by the program. After initial preparation, 1t 1s unnecessary to
keypunch cards as input for the next processing unless changes
are dezsired or unless new analyses are added.

Previcus Quarterly Statistics

These cards are punched by the program when results from
more than 31 days are analyzed, and are retained as input for
the next run of the program.

Previous Monthly Statistics

These cards are punched by the program when monthly statls-
tics are calculated, and are used as input for the next month
for comparison.

Report or Area Alphabetic JTdentification

There are exactly nine of these cards. The alphabetic
identification shown on the card will be printed for each report
grouping. These cards are punched by the program.

Current Data Cards

Cards containing the current data are punched for each run
of the program.

- 12 -




APPENDIX A - Flow Diagram of ASP
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SPECIAL PRODUCTS, PU~238

ANALYSIS AND METHOD

PLUTON LM,
PLUTONILM,
PLUTONTLM,

TTA EXT.
TTA EXT.

GRUSS ALPHA

SPECIFIC GRAVITY, F,D.

NEPTUNILM,
NEPTUN FyM,
NEPTUNTLM,
NEPTUNTUM ,

TIQA-TYA
TIOA-TTA
TIOA~-TFA
TIOA-TTA

ACID, PFENOL

EXT.
EXT.
EXT.
EXT.

APPENDIX B - Output Examples

CUALITY CUNTROL CATA - ANALYSES OF SYNTHETIC SAMPLES
TECHNIC AL SERVICES SELTTIUN - LABQRATORIES DIVISION

SAMPLE
IDENTIF.

PUREX SYNTHETFICS, PL-239%

ANALYSLS AND METHOD

ANALYSES FROK

6-29=66 THROUGH 9-29-66

PERCENT AVERAGE

CORR, STANCARD
UNIT CF AT VALUE
MEASURE SOURCE DEGITS EXP
D/ ¥/ML 44620 5
C/NIHL 1.740 L]
D/K/ML 1.680 9
SP. GR. 12.812 -1
OfMiML 5.0 51740 3
D/MIML t4.940 3
O/rIML 2350 &
BivsML 5.0 2.990 ]
NURMALITY 4. 640

AVERAGE B1AS

ARITHMETIC
AMOUNT PERCENT OF R.V.
CIGITS EXP PREY.
C.0k1 5 6.8
-C.075 [} =34
-0.03} 9 T8
-C.021 -1 -1.90
~Q.185 3 ~5.6
-0.564 3 =3.6
-C.051 o =Zel
J0.019 & 2.9
0.050 2.5

B1AS

CURR .

0.2
=45
=19

=0.9
-3.3
~440
222

[+1%.]

1.1

QUALITY CONTROL CATA - ANALYSES OF SYMTHETIC SAMPLES
TECHNICAL SERVICES SECTION — LABORATORIES CIVISION

ANALYSES FROM 6-30-66 THROUGH 9-28-6&

3
C

SAMPLE UNIT OF
IDENTIF. HMEASURE

PLUTONIUM, GROSS AEPHA 8.1
PLUTONIUM, GROSS ALPHA 9.8
PLUTONILM, GROSS ALPHA (=5
RATID OF PUFURANIUM 8.1
SPECIFIC GRAVITY, FuD.  Hul
URAN 1UMy CALCULATED Bal
URAN [UM, FLUDROPHO TOM. 15,7
ACIE, CONDUCTOMETRE 8.1
ACIDs DXALATE c-5

D/ M ML
D/F/HL
D/MIML
DAM/ML / G/L
5P. GR,

GrL

G/L
NORMALITY

NORMALITY

ERCENT
ORR.
AT
SOURCE

ocoon
“ n e
Cc o oCoo

0.0

a.0

CONTROL LIMITS FOR REPURTED VALUE

ADD TD STANDARD VALUE

AVERAGE
BIGITS

0.028
0.029
0. 1€l
0.084%
-4.450
-0.342
-0.121
0.005

0.037

MINIMUM

EXF DIGITS EXP DIGITS

T -0.264
B ~C.028
9 C.021
4 -0.627
-6  =$.077
0 -8.266
-3 -0.950
0 0,042
o -0.126

14 -

0@ -

HA XIHUN

0.320 7
0.085 a
0.300 9
0.795 4
0.077 ~1
5.502 0
a.7T08 -3
0.051 9
0.201 ]

PRECISION

{95 PERCENT

cn

PRE¥. CURR.

16.9
18.2
“Ba%
2.1
12.4
a3
Se
4a8

6.3

0.0%3
0. 032
0. 082
D.477
0.0

0.0

0.101

0.022

0. 950

lée6
15.4
4.9
3.1
18.3

32
6.8

W@~

=1

-3

BIAS SIGNF SIGNF

SIGNF. DI
DIFF, 1
FROM O 81

W)
YES
YES
YES
NG

YES
YES

YES

MAX L MUM

0.238
04095
0.149
1.21%
0.0

0.0

D347
0.057

Ga 142

FFa

DIFF.

N TN
AS PRECSN

YES

NO
YES

NQ

CONTROL LIMITS FOR RANGE
AVERAGE

EXP DIGIYS EXP DIGITS EXP

0@ -

-1

ND
NG
BETTER

WORSE
ADRSE
WORSE
NO
WORSE

NO



QUALITY CONTROL DATA - ANALYSES OF SYNTHETIC SAMPLES
TECHNICAL SEAVICES SECTLON = LABORATORIES DIVISION

ANALYSES FROM 7T— 566 THROUGH 9-19=é6

PUREX SYNTHETICEs PU-239

PLUTON{UM, GROSS ALPHA -5 D/M/ML
DIGITS EXP

AVEARAGE STANDARD VWALUE = 5,780 9
AVERAGE REPORTED VALUE = 5.941 9 .
AVERAGE B1AS = 0.161 9 PERCENT CF AV, R.V, = 2.702
PRECISION (9% P.C. Cululd= 0.139% 9 PERCENT OF AV, R.V. = 2.341
CONTROL LIMITS FOR BiAS

MINIMUM = 0.021 9

MAKIMUN = 0.360 9
AV. RANBE IN QUPLICATES = 0.062 9
MAX4 COMTR. LIMITLRANGE = 0,147 2

SAMPLE STANDARC REPURTED RANGE N BIAS (R.vVa=5TD.VAL.L)
DATE LOG REPEAT VALUE VALUE DUPLICATES ARITH. AMOUNT PERCENT T=V¥ALUE INCLUDED IN

M DA YR SHIFT NUMBER CODE DIGETS EXP ODIGITS EXP ODIGITS EXP DIGI¥S EXP OF R.V. BIAS RANGE CALCULATIGNS

T T-66 G 031412 2 5.780 9 5.600 9 0.2710 9 =0.189 9 =3.2 =5.1 5.0 NO-REPEAT
8-18-6& G 031496 0 5.780 kl 5.770 ? 0.100 e -g,0l1c F w042 =246 0.9 NO-R. V.
T-25-6¢ E 031443 z 5.780 9 5.780 9 0.070 9 0.0 9 0.0 =24 0.2 NO~REPEAT
T-20-66 G 031454 0 5.780 9 5.830 9 0.110 4 0. 050 9 0.9 -1.7 1.2 YES
9-12-64 4 034545 0 5.780 9 5.840 9 0.040 9 0.060 9 1.0 ~1.5 “0.5 YES
T- t-64 G G31412 L 5.780 9 5.850 9 0.300 9 0.07¢ 9 1.2 ~l.4 5.8 NO-RANGE
&~ 25-564 E 034911 [} 5.780 2 5.850 9 G .090 9 0.070 9 1.2 ~laé Ca ¥ YES
B~ 4-6§ E 031467 2 5.780 9 5.850 9 0.030 9 0.070 9 l.2 -l.4 “G.8 NQ-REPEAT
9- 1-64 F 0349256 0 5.780 9 5.880 9 0.010 9 0.100 9 1.7 -0.9 -1.3 YES
T-t8-64 G 031432 o] 5.7B0 9 5.880 9 0.080 9 0. 100 9 1.7 =~0.% C. 4 YES
8-29-6¢ G 0349i8 a] 5.780 9 5.900 9 0.050 9 0.120 9 240 =0.6 ~0a3 YES
T-2t-64 F 031440 2 5.7HO 9 5.900 9 0.060 9 0.120 9 240 ~0e6 ~0.1 NO-REPEAT
8- B-66 G 031474 0 5.7B0 9 5.900 9 0.110 9 0.120 9 2.0 =0.86 1.2 YES
9 B-66 G 036949 Q 5.780 9 5,910 9 0.070 9 0. 130 9 2.2 -0.5 0.2 YES
T-25-64 E 031443 1 5.780 9 5.940 9 0.060 9 G.160 9 2.7 -0.0 =0.1 YES
9-19-64 G 034360 2 5.780 9 S.940 9 0.120 9 0. 160 9 2.7 —0.0 1l.% NO-REPEAT
3-11-64 F 031482 2 5.78G 9 5.950 9 0.060 2 0. 170 9 2.9 0.1 -0.1 NO-REPEAT
T~21-6& F 031440 1 5.780 9 5.960 9 0.080 9 0.180 9 3.0 0.3 0u & YES
8= 1-64 F 031459 1 5.780 9 $.960 9 D.010 9 0.180 9 3.0 0.3 =1.3 YES
T~1l-64 F Q31417 2 5. 780 9 5.960 9 0.120 9 0.180 El 3.0 O3 1.4 NG-REPEAT
T~14-664 £ 031425 1 5.780 9 5.980 g 0.010 9 0. 200 9 3.3 0.6 -1.2 ¥YES
T-11-6¢ F 031417 1 5.780 9 5.980 9 0.030 E 4. 200 9 3.3 0.6 =0.8 YES
4-22-66 F 034903 1 5.780 9 5.980 9 0.07%0 9 0.200 9 3.3 Ga6 0.2 YES
8- 4-6& E 031467 11 5.780 9 5,990 g 0.070 3 0.210 9 3.5 0.7 0.2 YES

. 8- L-464 F 031459 2 5.780 9 5.990 g D.l10 2 0.210 9 3,5 GaT 1.2 NO-REPEAT
9- 5-6& E 034929 1 5.780 9 6.000 k4 0.070 9 4.220 9 3.7 0.9 0.2 YES
B-11-6é F Q31482 1 5.780 9 6.010 9 g.020 9 d.230 e, 3.8 L.0 -1.0 YES
82264 F 03249Q3 2 5.780 9 6.020 g 0.010 9 0. 240 9 4.0 1.2 -l.3 NO-REPEAT
T~ 5«66 +E Q31401 1 $. T80 2 5.020 9 0170 9 0.240 9 4.0 1.2 2.6 YES
9= 5-66 E 034929 2 5.780 9 6.040 9 0.170 9 0. 260 9 443 1.5 2.6 NO-REPEAT
T~ 5-6é E 031401 2 3.780 9 6040 EJ 0,050 9 0.260 9 403 1.5 =0s3 NO-REPEAT
9-19-64 o 034960 1 5.780 g 64060 9 0.030 9 0.280 9 4.6 1.8 =0.8 YES
T-14-64% ‘E 031425 2 5,780 e 6200 9 0,110 9 0.420 9 6.8 3.9 l.2 NG-REPEAY

COMPARISON OF OBSERYED AND THEORETICAL FREQUENCIES

UPPER RANGE OBSERVED THEORETICAL PERCENT
OIGITS EXP FREQUENCY FREQUENCY DIFFERENCE
04100 9 10,0 6e5 53.5
04130 9 40 Q 5.3 “26.8
0dle0 9 2.0 52 =bl.%
Qi200 L TuO Ta3 5.t
04420 9 i10.0 8.5 17.6

NO SIGN{F. DIFF, FROM NORMAL DISTRIBUTION
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