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Development of Graphical User Interface Status
Board and Control Rod Galibration Software in
Python for the Oregon State TRIGA Reactor
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Oregon State TRIGA Reactor A,

- 1 MW, MKII TRIGA

* In the previous year
operated 1579 hours,
producing 60 MWd

* 1,143 samples
irradiated in-pile

 Numerous customers
irradiation facilities
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status Board 2

CORE STATUS
DATE TEM ACTION
100772008 |66 LEU elements Jnitial criscality of LEU core
10142008 S0 LEU elements LEU Core #1

0X252010 Safe Channel Chambder Repiaced CIC with UIC

19152011 Fission Chamber Replaced FC
04012013 Rabbit Terminus Rplcd Al terminus w/ TYSS
110172013  Reflector cutage PNew refiector instaled

V2015 ‘S‘CWM Replaced UIC

[121672016 [Safe Channel Chamber  Replaced UIC

THERMAL COLUMN ROTATING RACK
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Python and Tkinter R

* Free

« Large user base
 Modules added as needed
« Object oriented

Tkinter
numpy

Pmw
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74 Oregon State TRIGA Reactor Status Board

SAVE

G17
Am-Be
Source

G28
@ FRED

11610

F28
11620

Empty Empty

Enoiy G1
mpty
Empty

Irradliation IJ’S.:"A K/Y/Z | RxTopCave | CoreStatus Edit
Facilities IRacks Racks | & Storage Pits| & Motes | Core Map
- - =

B1 CICIT

B-1 CLICIT# 2 -~ |IR# [NEiL3

F20 CLICIT

F-20 CLICIT# 3 -~ |IR# 2Ll

“HA

F121CIT

F-12ICIT# 2 ~|IR# ‘17—120

Rotating Rack

LS1-1IR# LS2-1IR#
LS3-IR# LS4-1IR#
LSS-IR# LS6-1IR#

Thermal Column

TC1-1IR# TC2-1IR#
TC3-IR# TC4-IR#

TCS5-IR# TC6-1IR#
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SAVE Irradliati T/S/A )I(Y.-"Z Rx Top Cave | Core Status Edit
Faciliti:l Racks '.acks & Storage Pits | & Notes | Core Map
|
G17 T Rack
Am-Be
Source T1: Empty — ‘ - = ‘ IR#
T2: CLICIT 4‘ 2 4‘ IR #
T3: Empty — ‘ - - ‘ IR#
5 Rack
S1: Empty — ‘ - - ‘ IR# S4: Empty — | - - ‘ IR#
S2: CLICIT — ‘ 4 - ‘ IR# 17-070 SS- Empty — | - - ‘ IR#
15;33 $3:  Empty — ‘ - ‘ IR # $6:  Empty — | - ‘ IR #
=]
Antimony Rack
Al A2 A3
D17
1610 Upper Large — | IR# |17-906 Upper Empty — | IR# Upper Empty — | IR#
Lower Empty — | IR# Lower Empty — | IR# Lower Empty — | IR#
Empty
E28 Ad Large A5 Ab
Upper Upper Empty — | IR# Upper Empty — | IR#
Empr Erot Lower Empty — | IR# Lower Empty — | IR# Lower Empty — | IR#
’ mpty

e Gl

Empty

Empty
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SAVE

G17
Am-Be
Source

Empty

Empty

G2

11610

Empty

G1

Empty

F28
11620

Irradiaticn
Facilities

X Rack

X1:

X6:

X7

X10:

X11:

X12:

X13:

X14:

X15:

X16:

X17:

X18:

X19:

X20:

T.-"S/L
Racli

KIY/IZ
Racks

Top Cave
torage Pits

Empty —
Fuel
|
CR
CLICIT ﬂ
1CIT
Rabbit _‘
=
Empty
Al
Source ﬂ

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

M AR A

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

Core Status | Edit
& Notes | Core Map
¥ Rack
Y1: Empty —
Y2: Empty —
Y3: Empty —
Y4: Empty —
Y5: Empty —
Y6: Empty —
Y7: Empty —
YS: Empty —
Y9: Empty —
Y10: Empty —
Y11: Empty —
Y12: Empty —
Y13: Empty —
Y14: Empty —
Y15: Empty —
Yle6: Empty —
Y17: Empty —
Y18: Empty —
Y19: Empty —
Y20: Empty —

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

7 Rack

Z1:

Z10:

Z11:

712:

713:

Z14:

1

h

M A

Z16:

717:

Z18:

719:

Z20:

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

Empty —

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:

ID:
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SAVE Irradiation | T/S/A | X/Y RxTop Cave | Core Status Edit
Facilities Racks Rac & Storage Pits Motes | Core Map
- -
Rx Top Cave SP1 sP2 SP3
17-897 Things Other stuff More things

| Stuff

ci0

11632 @

SP4 SP5

Even more stuff Nothing Interesting

D17
11610

F28
11620

Empty Empty

G2

G1

Empty

Empty
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SAVE

1]
11632
=]

D17
11610

F28
11620

Empty Empty

G2

G1

Empty

Empty

T/S/A
Racks

KIY/IZ
Racks

Irradiaticn

i
Rx Top Cay
Facilities j:

& Storage

Core 5i
Date

10/7/2008
10/14/2008
3/25/2010
11/15/2011
4/1/2013
11/1/2013
11/10/2015
12/16/2016
10/21/2017
10/28/2018

Core Status | IEdit

& Notes

C're Map

Item

66 LEU Elements

90 LEU Elements

Safe Channel Chamber
Fission Chamber
Rabbit Terminus
Reflector Qutage

Safe Channel Chamber
Safe Channel Chamber
Status Board

TRTR

Action
Initial Criticality of LEU Core
LEU Core #1
Replaced CIC with UIC
Replaced FC
Replaced Al terminus w/ TV/SS
New Reflector Installed
Replaced UIC
Replaced UIC
Finally got it to work

Presented on Status Board
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SAVE Irradiation | T/S/A | X/Y/Z | RxTopCave | Core Statl
Facilities Racks Racks | & Storage Pits| & Notel
Al Al — | ID: |Al Plug D14 Fuel — | ID: 11612
G17 G B1 CLICIT — |ID:[17-788|2 D15  Fuel —i|ID: 11606
Am-Be
Source B2  Fuel —|ID:[11600 D16 Fuel —|ID: (11608
B3 m D: 11573 D17 Fuel —i|ID: 11610
Ref
B4 CR D: 11630 | IFE D18 Fuel —|ID: 11604
B5 e D: 11617 El Fuel — | ID:|11609
ICIT
B6 Rabbit  |D:|11574 E2  Fuel —|ID:[11555
Empty
1 Al D: 11619 E3  Fuel —|ID:|11605
ca | Seuree In[11618 B4 Fuel — |ID:|11603
[—8
C3  Fuel —|ID:|11616 E5  Fuel —|ID:|11550
4 CR —|ID Trans E6  Fuel —i|ID:[11551
C5  Fuel —|ID:[11615 E7  Fuel —|ID:|11549
C6  Fuel —i|ID:[11562 E8  Fuel —i|ID:[11548
C7  Fuel —|ID:(115361 ES  Fuel —|ID:|11541
C8  Fuel —|ID:|11560 E10  Fuel —|ID: 11543
C9 Fuel —|ID:[11572 E11  Fuel —|ID:[11545
Cl0 CR — |ID:|11632 |Reg E12 Fuel — |ID:[11576
C11  Fuel —|ID:[11570 E13  Fuel —i|ID:[11547
C12  Fuel — |ID:[11599 E14  Fuel —|ID: 11583
D1 CR  —|ID:[11633 |Safe E15  Fuel —i|ID:|11546
By D2 Fuel — |ID:[115% E16  Fuel — [ID:[11581
11610
D3 Fuel —|ID: 11571 E17  Fuel —i|ID:[11579
D4 Fuel —|ID:|11395 E18  Fuel —|ID:|11544
D5  Fuel — |ID:|11597 E19 Fuel —|ID:(11582
F28 D&  Fuel —|ID:(11598 E20  Fuel —|ID:[11542
11620
D7 Fuel — |ID:|11594 E21  Fuel — |ID:[11577
D8 Fuel —|ID:[11557 E22  Fuel —i|ID:[11580
Empty D9 Fuel — |ID:|11559 E23 Fuel — |ID:[11575
by Empty
- D10 CR  — | ID:|11634 |Shim E24  Fuel —i|ID:(11540
Empty Gl
b D11 Fuel — | ID:|11558 F1 Empty — | ID: Empty
Empty
012 Fuel — | ID:|11613 F2 Empty — | ID: Empty
D13 Fuel — |ID:|11611 F3  Fuel —|ID:[11589

F4

Fuel —

F5

F6

Fuel

F7

Fuel

F8

Fuel

F9

Fuel
F10  Fuel

F11

F12 I1CIT

F13

Fuel

F14

Fuel —
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F15

F16

=]
i,
L
=]

F17

-
.
L
=]

F18

Fuel —

F19  Fuel

A

F20 CLICIT

L

F21

Fuel

F22

Fuel

F23

Fuel

F24

Fuel —

F25

Fuel —

F26  Fuel —

F27

Fuel —

F28 Fuel —

F29

Fuel

F30

Fuel

G1

CREEREERELL

G2 Rabbit

Il

=

G3

Empty

Ref

L

Ref

L

D:

O

[}

[

[}

D:

o

D:

D

D:

O

[}

D:

o

D:

D

D:

O

[}

[

[}

D:

o

D:

D

D:

O

[}

11581

11590

11587

11592

11593

11602

11614

11556

17-120)2

11563

11584

11585

:|[RE-33

:|RE-27

11568

11568

17-980 |3

11552

11565

11567

11554

11623

11621

11622

11620

11625

11627

:|RE-04

:|RE-4D

Empty

Rabbit

Empty

G6 Ref —|ID
G7 Ref —|ID
G&8 Ref —|ID
G9 Ref —|ID
G0 Ref —|ID
G11  Fuel — |ID:
G12  Fuel —|ID:
G13  Fuel — |ID:
G14  Fuel —|ID:
G15 Fuel — |ID:
Gl Ref —|ID
G17 Source — | ID:
G138 Ref —|ID
G19 Ref —|ID
G20 Ref —|ID
G21 Ref —|ID
G22 Ref —|ID
G23  Fuel —|ID:
G24  Fuel — |ID:
G25 Fuel —|ID:
G26  Fuel —|ID:
G27 Fuel —|ID:
G258 Ref —|ID
G239 Ref —|ID
G30 Ref —|ID
G31 Ref —|ID
G32 Ref —|ID
G33 Ref —|ID
G34 Ref —|ID
G35 Ref —|ID
G336 Ref —|ID

:|RE-28

:|RE-18

:|RE-14

:|RE-13

:|RE-09

11586

11578

11624

11564

11626

:|RE-38

Am-Be|Source

: |RE-22

:|RE-23

:|[RE-11

:|RE-21

:|RE-36

11553

11601

11607

11566

11588

: |RE-03

:|RE-32

:|RE-12

:|RE-03

:|RE-16

: |RE-31

: |RE-20

:|RE-17

: |RE-35
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status Board File Details {15 Collge of Engineering

A B C D
. . 1 |A1 Al Al Pl
¢ Framework |n .py flle 2 Bl e 17-72@ 2
3 B2 Fuel 11600
1 1 4 B3 Fuel 11573
« Data saved in .csv file IR
6 BS Fuel 11617
7 B6 Fuel 11574
. 9 C2 Fuel 11618
« 560 lines of code (old status board e e e
. - . 12 C5 Fuel 11615
was 10,000+ lines in separate files) B Rl e
14 C7 Fuel 11561
15 C8 Fuel 11560
P 16 C9 Fuel 11572
v P python (32 bit) (2) 0% : 7.0 MB : OMB/s  0Mbps 0% 17]C10 CR 11632 Reg
P python (32 bit) 0% 0 63me | omes 0 Mbps 0% e C11 Fuel 11570
. I I 19 C12 Fuel 11599
B Console Window Host 0% L[}.? MB ) 0 MEB/s 0 Mbps 0%
——_— 20 D1 CR 11633 Safe
& QOS5TR_Status Board 1/27/2017 449 PM  Python File 22 KB
B | Status_Board_Data 10/28/2018 1:41 PM Microsoft Excel C... b KB 19
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Pertubation Theory Y oo

r

No control

)

k= 04H

¢(z)

Source: Nuclear Reactor Analysis [Duderstadt & Hamilton]
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Control Rod Calibration Procedure &5,

« Four B,C control rods calibrated annually

« "Rod Pull” Method:

- Achieve criticality at 15W with 3 control rods, range up to 1kW

- Withdraw rod being calibrated, establish positive period

- Linear channel timer measures time (ms) to go from 200W-800W
- Repeat until rod fully withdrawn (then repeat for other rods)

- Spline interpolation of data points

P = PoetD L T)=t/In(P/P,)

6
l* Bi
=R L THID)

22
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Control Rod Calibration Program ~ &cinsns,

« Python 2.7 with TkInter module
(Same as Status Board)

“7& OSTR Control Rod Calibration

Select

Control Rod: Plot Results

Pull Starting Ending Rise Reactor
Number [] Position [%] Position [ %] Time [ms] Period [1/5]

1 0.0 - -—- 0.0 Mext \

Integral
Reactivity [$]

Reactivity [5]

23
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Control Rod Calibration Program ~ &cisuns,

“7& OSTR Control Rod Calibration — [] X
Select
Control Rod: Mot Results
Pull m Ending Rise Reactor . Integral
Number [#] Satety Posion ] Time[ms] Peiod[ifg TMYB] o riyIS]
7 Regulatlng | | - — 1.7 MNext |
1 0.0 20.0 35400.0 25.54 0.24 0.24
2 20.0 35.0 25200.0 18.18 0.29 0.53
3 35.0 55.7 16700.0 12.05 0.36 0.89
4 55.7 724 18450.0 13.31 0.34 1.23
5 724 89.0 24201.0 17.46 0.3 1.53
b 89.0 100.0 56203.0 40.54 0.18 1.7

24
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« Integral rod worth plot A B
. .csv file with %/Ap data 502 50.1 $ 1.51
Transient 503 502 $ 1.51
504 503 § 1.52
- 505  50.4 $ 1.52
5201 506) 505 $ 1.52
s .. 507 50.6 S 1.53
i 508] 507 $ 1.53
g1 509 50.8 $ 1.54
o 510 50.9 $ 1.54
511  51.0 § 1.55
T e 512 51.1 $ 1.55

Percentage Withdrawn [%]
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« Name of control rod / date performed

A O5TR_Rod_Cal 7/31/2018 7.57 PM  Python File 8 KB
L] OSTR_Rod_Cal.spec 772472017 11.3T A SPEC File 1 KB
=l Regulating Integral Rod Worth Curve 772572017 2:50 PM PNG File 169 KB
@ Requlating Rod Calibration 7 25 2017 772572017 2:51 PM Microsoft Excel Co... 36 KB
=l Safety Integral Rod Worth Curve 77252017 2:45 PM PNG File 181 KB
@ Safety Rod Calibration 7 25 2017 77252017 2:45 PM Microsoft Excel Co... 36 KB
A setup 772472007 11:28 A Python File 1 KB
=] Shim Integral Rod Worth Curve 772572017 2:48 PM PMNG File 158 KB
@ Shim Rod Calibration 7 25 2017 772572017 2:48 PM Microsoft Excel Co.. 36 KB
= Transient Integral Rod Worth Curve 772572017 2:28 PM PMNG File 161 KB

@ Transient Rod Calibration 7 25 2017 772572017 2:28 PM Microsoft Excel Co.. 36 KB
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Questions? Thank you!



