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Disclaimer

The views and opinions described in this presentation do not
necessarily reflect the views and opinions of the United States
Government, or any agency thereof, including the Department of
Defense, Department of Energy, Sandia National Labs, or USNA.
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Thermoluminescent
Dosimeters (TLDs)

CaF2 chips doped
with manganese.

Electrons drop down
when heated,
releasing the

photons and glow.

Electrons jump to
higher energy states
due to radiation and
remain trapped.

A reader heats the
chips and records
the light emitted,
translates to dose.



Data
20 years worth of TLD readings (221,045
individual readings)

Microsoft Access Database

Text Files

Excel Files

4 Machines

19 Batches

15464 283.61328125 700.1953125 17792 202.1484375 780.1953125

15414 285.56640625 700.1953125 17766 204.1015625 700.1953125

14953 208.0078125 700.1953125 17586 206.0546875 700.1953125

14829 289.47265625 700.1953125 17833 208.0078125 780.1953125

14782 211.9140625 780.1953125 17853 209.9609375 700.1953125

14612 213.8671875 780.1953125 17433 211.9140625 700.1953125

14619 215.8203125 780.1953125 17139 213.8671875 700.1953125

14426 217.7734375 780.1953125 17370 215.8203125 700.1953125

14430 219.7265625 780.1953125 17566 217.7734375 700.1953125

14313 221.6796875 780.1953125 16962 219.7265625 700.1953125

14924 223.14453125 700.1953125 17509 221.6796875 700.1953125

14928 225.5859375 780.1953125 17629 223.6328125 700.1953125

15388 227.5390625 780.1953125 17673 225.5859375 700.1953125

15842 229.4921875 700.1953125 17591 228.02734375 700.1953125

16656 231.4453125 700.1953125
18089 229.98046875 700.1953125

17239 233.3984375 780.1953125
18880 231.4453125 700.1953125

18417 235.3515625 700.1953125
19296 233.3984375 700.1953125

19820 237.3046875 700.1953125
20245 235.83984375 700.1953125

20921 239.2578125 780.1953125
21491 237.79296875 700.1953125

23142 241.2109375 780.1953125
23532 239.74609375 700.1953125

24407 241.69921875 700.1953125
24843 243.65234375 700.1953125

26336 243.65234375 700.1953125
27462 245.1171875 700.1953125

30471 247.0703125 700.1953125
28881 245.60546875 700.1953125

31760 247.55859375 700.1953125
33389 249.51171875 700.1953125

34708 249.51171875 700.1953125
37120 251.46484375 700.1953125

37664 251.46484375 700.1953125
41466 253.41796875 700.1953125

41906 253.41796875 700.1953125
46924 255.37109375 700.1953125

46557 255.37109375 700.1953125
51948 257.32421875 700.1953125

51967 257.32421875 700.1953125
57823 259.27734375 700.1953125

57998 259.27734375 708.1953125
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DM Barcodes
Record

Calib
RunNo StarMate - StartTime - StopDate StopTime - Reader Batch NumTLDs StartNum Comments - SesMonlOM Copy Of Record

5/17/2019 13:53 5/17/2019 115306 40 4029331-40293:
DailyChecks

11076 5/17/2019 13:53 5/17/2019 13:53 07 40 l 32 1 4029182-40292:
El Facilities 11075 5/17/2019 13:12 5/17/2019 13:12 06 40 4 3 4029325-40293:

ProgVer
-

11075 5/17/2019 13:12 5/17/2019 13:12 06 40 6 1 4029325-40293:

ReaderLog

-
11075 5/17/2019 13:12 5/17/2019 13:12 07 40 32 1 4029151-40291:

Readers
11074 5/17/2019 12:15 5/17/2019 12:15 07 40 32 1 4029119-40291:

111074 5/17/2019 12:15 5/17/2019 12:15 06 40 6 4029319-40293:

11073 5/17/2019 11:06 5/17/2019 11:06 06 40 6 1 4029313-40293:
Sessions 11073 5/17/2019 11:06 5/17/2019 11:06 07 40 32 1 4029087-40291:

TestBarcodes 2184 3/21/2019 14:24 3/21/2019 15:35 06 40 4 1 9.884E+1 Gy(Ct

TLDTypes

-
2184 3/21/2019 14:24 3/21/2019 15:35 07 40 4 1 9.884E+1 Gy(Ci

:] rrp, 11072 5/16/2019 1.5:49 5/16/2019 15:49 06 40 6 1 4029307-40293:

UserLevels -11072 5/16/2019 15:49 5/16/2019 15:49 07 40 32 1 4029055-40290:

13:07 07 1811071 5/16/2019 13:07 5/16/2019 40 14_ 4029023-40298
M Users 11071 5/16/2019 13:07 5/16/2019 13:07 06 40 6 1 4029301-402931-

11071 5/16/2019 13:07 5/16/2019 13:07 07 40 32 1 4029023-40290:

Controls 5/4/2019 8:39 5/4/2019 12:39 07 40 8 1 4018830-40188:

78 5/4/2019 8:39 5/4/2019 12:39 07 40 20 26201 4026201-40262:

8 5/4/2019 13:00 5/5/2019 4:00 06 40 64 26221 4026221-402627



Questions
1. Fading Effect

2. Statistics on Readings (Control Chart)

3. Distribution of Readings





Methodology
Queried for "check" in comments

Rec o rd

e - 1 StopTirne - Reader Batch NurnTLDs StartNurn Cornrnents

/2014 13:42 03 33 1S 1 TLDs # 1-5: 0914-112S

/2014 13:42 03 33 H 1

f2014 12:37 03 33 2 39 High Dose 204

/2014 12:37 03 33 2 39 High Dose 204

/2014 10:00 03 33 2 37 Low Dose 142

/2013 13:45 03 33 3 1 Reader Checks, 10.00 krad

f2014 12:19 03 33 4 13 Case B

f2014 10:49 03 33 4 9 Case B

f2014 10:14 03 33 4 5 Case B

12014 9:43 03 33 4 1 Case B

f2014 14:23 03 33 4 1 Stack, #13 (4 ea.)

/2014 14:23 03 33 4 1 Stack, #13 (4 ea.)

f2014 14:23 03 33 48 1 Stack, #1-12 (4 ea.)

/2014 14:23 03 33 3 13 TLDs # 13,14,15

/2014 9:50 03 33 8 1

12014 11:30 03 33 8 1

/2014 10:15 03 33 2 35 Low Dose 142

/2013 13:45 03 33 3 1 Reader Checks, 10.00 krad



Methodology
Removed dose not —10kRad

Removed non-reader checks
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functional check
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Methodology
Unusual TLD numbers (>8)

DailyChecks

ate - StopTirne - Reader Batch NurnTLDs r'er

13/2009 14:10 03 30 96 1

L1/2016 3614:06 01 1

13/2012 11:56 01 32 3 1

01 113/2012 11:.56 32 3

13/2012 11:56 01 32 3 1

13/2012 illi1:5601 1=321
13/2012 11:5.6 103 32 3 1

13/2012 11:56 03 32 3

13/2012 11:56 03 32 3 1

13/2012 11:56 03 32 3

StartNurn



Methodology
Python to combine MS Access SQL
with text files

Entries Omitted if corresponding text
file not found

New Access database with individual
readings

\I File Edit Selection View Go Debug Terminal Help DailyChedintegrals.py - Visual Studio Code [Administrator]

O • DalyCheddrtegrals.tv F Extension:Python

c 0 Users0 huasu > Desktop 0 DailyCheddntegrals 0 • Dailyaectintegrals.py

1 # coding: utf 8 .

2

pppp 3 Created on Mon May 20 10:53:51 2019

4

5 @author: huasu

6 --"

7 import pyodbc

8 import os

9 from datetime import date

10

11 def findWord(text, index):

12 text = text.strip()

13 spaceIndex = text.find(" ")

14 if spaceIndex ==-1:

15 spaceIndex = len(text)

16 if index == 1:

17 return text[:spaceIndex]

18 else:l

19 return findWord(text[spaceIndex:], index-1)

20

21 def dateToDays(datel, date2):

22

23 yearl = 0

24 month]. = 0

25 dayl

26 year2 = 0

27 month2 = 0

28 day2 = e

29

30 yearl = int(datel[-41)

31 if len(datel) == 14:

32 dayl = int(datel[-9:-7])

33 month]. = int(date1[:2])

34 if len(datel) == 12:

35 dayi = int(datel[-8:-7])

36 monthl = int(date1[:1])

37 if len(date1) == 13:

38 yearl int(datel[-4:])

39 if int(datel[-9]) > 0:

40 dayl = int(datel[-9:-7])

41 month1 = int(datel[:1])

42 else:

43 dayl = int(date1[-8:-7])

44 monthl = int(datel[:2])

45



Methodology
Removed entries with obvious errors

Order of magnitude errors

AartDate StopDate - daysElapsed Batch Reader expectedDo - Dose -1 Integral

6/1S/2007 6/18/2007 25 99 4 100 5488000000 5072851617

6/18/2007 6/18/2007' 25 55 4 100 5164000000 4773288588

8/17/2015 8/17/2015 115 99 4 98.83 512600000 464954956

7/23/2012 7/23/2012 143 99 2 100 471000000 426129001

7/23/2012 7/23/2012 143 99 2 100 468100000 423525284

7/23/2012 7/23/2012 143 55 2 100 449300000 406500171

7/23/2012 7/23/2012 143 99 2 100 447100000 404489918

3/13/2013 3/13/2013 29 55 2 1015 435500000 401809488

3/13/2013 3/13/2013 29 99 2 1015 417700000 385461492

3/13/2013 3/13/2013 29 55 2 1015 336100000 355275750

3/13/2013 3/13/2013 29 99 2 100.5 370900000 342217321,



Methodology
Used R to analyze data

6043 individual daily checks

(9 batches, 4 machines)

RStutlic

File fdit Code View Pkas Session Build Debug Profile Took Help

• • •,61161. • - tvld.
• Dm medels_Neemene

4/M0 I A

36 plot(lm)
37 booccm(In)
38
39 4log Normalized Integral, not full
40 new= log(v12)
41 la - 1.(nat-Mitas.factor(V)3)
42 sumwary(11)
43 plot(v5,new,xlab-"oays Elapsee,ylab,tog Normalized Integral-, col - ifelse(v) = 1, •gri
44 abline(lm, col - "green")
45 abline(coef - c(lmEcoefficients[1],l8$coefficients[3], lmscoefficients[2]), col -
4 ablfne(cpef-c(lpdcpefficients[1]41mScoefficients(5], Imicoefficients(2)), col - .purplt
47
6 
 abline(coef - c(1mEcoefficients[1]+l8$coefficients[4], lmscoefficients[2]), col -

48 plot(lm)
49
50 malized integral, full
51 lm = l8(v12-v5.as.factor(V)))

sunnary(In)

141 
plot v5,v12,xlak,"oays Elapsed.,ylab -"Normalized integral", col - ifelse(v7 1,'green'
abline hi, col - "green")
abline coef = c(lmScoefficients[1]olmScoefficients[37, lmicoefficients[2]olmicoefficient,
abline coef - c(lmEcoefficients[1]+l8Scoefficients[4], lmscoefficients[2],l8Scoefficient,

5- abline coef c(lmScoefficients[1]+lmlcoeFficients[5], lmScoefficients[2]olmicoefficient!
plot In

53 boxfox lm
60
61 - - zed Integral, full
62 new = log 412)
63 lm - lm new -vs•as.factor(0)))
64 summary In,
65 plot v5,newl,xlab-"Days Elapsee,ylab,tog Normalized Integral", col - ifelse(v7 1,lgri
66 abline lm, col - "green")
67 abline coef - c(lmEcoefficients[1]+l8Ecoefficients[3], lmScoefficients[2]-08Scoefficientn
68 abline(coef - c(lmScoefficients[1]+le$Coefficients[4], lm5coefficients[2]..lnicoefficientn
69 abline(coef - c(lmEcoefficients[1]+l8Ecoefficients[5], lmScoefficients[2].l8icoefficientn
70 plot(lm)
71

l (Top iww•

• Run la

_ -
•0 Source =

Terminal ldts

onmowntucono.nowcwiryoecn

call:
lm(formula - new - v5 • as.factor(V)))

Residuals:
min 10 Median 31/ max

-0.35204 -0.05387 0.00740 0.06107 0.28812

coefficients:
Estimate std. Error t value Pr(vItl)

(Intercept) 1.5070+01 3.619e-03 4163.688 < 2e-16 •••
v5 -1.478e-04 3.078e-05 -4.802 1.61e-06 me.
as.factor(07)2 -8.226e-02 6.895e-03 -11.931 < 2e-16
as.factor(v7)3 -1.11.3e,083 4.276e-03 -260.249 < 2e-16 •••
as.factor(07)4 -2.968e-01 2.176e-02 -13.641 < 2e-16 ee.
v5:as.factor(v7)2 -2.850e-04 7.713e-05 -3.69S mann •••
v5:as.factor(v7)3 -8.791e-05 3.656e-05 -2.405 0.016218 •
v5:as.factor(v7)4 -1.083e-03 1.521e-04 -7.122 1.19e-12 •••

signif. codes: 0  

Residual standard error: 0.08955 on 6035 degrees of freedom
multiple R-sguared: 0.9715, Adjusted R-squared: 0.9714
F-statistic: 2.937er04 on 7 and 6035 OF, p -value: < 2.2e-16
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•

Dim Plots Padages Help Wooer

• 6.0 116rOad - •

num [1:6043] 15 15 15 14.9 15 ...
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Days Elapsed R2 = 0.9548

Integral = 31996703 — 47894(Days Elapsed) — 25373815(Machine2) — 232943793(Machine3) — 113465308(Machine4)
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Days Elapsed R2 = 0.9637

Normalized Integral = 3512000 — 390.6(Days Elapsed) — 334000(Machine2) — 2345000(Machine3) — 1167000(Machine4)
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Normalized Integral Davs Elapsed

= 3522000 — 499.6(Days Elapsed) — 773.8(Days Elapsed)(Machine2) + 260.7(Days Elapsed)(Machine3) — 2072(Days Elapsed)(Machine4)
— 290900(Machine2) — 2369000(Machine3) — 943400(Machine4)

300 400

R2 = 0.9641
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Theoretical Quantiles
im(V12 - V5 + as_factor(V7))
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Problem

Residuals Not Normal

Linear Model Incorrect
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log-Likelihood

-18000 -17000 -16000 -15000 -14000 -13000 -12000
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Days Elapsed R2 = 0.9712

Log(N ormalized Integral) = 15.08 — 0.0002335(Days Elapsed) — 0.1022(Machine2) — 1.121(Machine3) — 0.4115(Machine4)
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Log (Normalized Integral) Days Elapsed

= 15.07 — 0.0001478(Days Elapsed) — 0.000285(Days Elapsed)(Machine2) + 0.0000891(Days Elapsed)(Machine3)
— 0.001083(Days Elapsed)(Machine4) — 0.08226(Machine2) — 1.113(Machine3) — 0.2968(Machine4)

R2 = 0.9715



Conclusions
Observed Fading effect

Likely exponential

Recommended Formula:

R(t) = Roe-0.0002335(0 , where t is in days



Daily Check Control
Chart



All

machine 1

machine 2

machine 3

machine 4

-3sigma

0.838026

0.849305

0.808.63g

0.847507

0.62201S

Results

Norrnalized Dose

-1sigma mean +1sigma

0.959451 1.020164 1.0g0g77

0.97609 1.0394E3 1.102876

0.930359 419912195 1.0520g

0.959897 1.016092 1.072287

0.881989 1.008974 1.135959

+3sigma

1.202302

1.229661

1.1738.01

1.184677

1.3g993
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Past Research
• Not Normally Distributed

• Negatively Skewed
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ore-sasiple Kolmogorov-5mirnov test

data: V1C
= 0.072122. p-value < 2.Ze-16

alternative hypothesis: two-sided

Anderson-Darling normality test

data: v10
A = 27.223, p-value < 2.2e-16

skeloness(V10)
[1] -DA06713459

Results
Not Normally Distributed

No Negative Skew

Also not:

Lognormal

• Cauchy

• Logistic

• Weibull

> ks.test(1110, "pinorm", meanlog = 0.01817916, sdlog = 0.05989488)

One-sample Kolmogorov-Smirnov test

data: v10
o = 0.080911, p -value < 2.2e-16
alternative hypothesis: two-sided

> ks.test(v10, "pcauchy", location = 1.02014017, scale

one-sample molmogorov-smirnov test

data: v10
D = 0.063708, p -value < 2.2e-16
alternative hypothesis: two-sided

0.03203468)

• ks.test(1110, "pweibull", shape = 16.660814, scale = 1.048745 )

one-sample Kolmogorov-smirnov test

data: V10
D= 0.11903, p -value < 2.2e-16
alternative hypothesis: two-sided

> ks.test(v10, "plogis", location = 1.02015771, scale 0.03321825)

one-sample Kolmogorov-smirnov test

data: v10
D = 0.054938, p-value = 3.331e-16
alternative hypothesis: two-sided






