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Presenters

= Clive Townsend (Purdue University)
— PUR-1 Reactor Supervisor
— PUR-1 Upgrade Project Manager
— clive@purdue.edu

= Robert Ammon (Curtiss-Wright Nuclear)
— Director of Products and System Integration
— PUR-1 Upgrade System Engineer
— rammon@curtisswright.com
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= \ery exciting time at Purdue Nuclear Engineering
= College of Engineering — Unprecedented growth

= Complete renovation of lab space to better comply with
ADA Standards

= Power Uprate of PUR-1
= Reactor Protection and Control System Upgrade
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= |rradiations

= Neutron Activation Analysis

= Equipment Testing

= Benchmarking Reactor Codes
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Teaching

» Undergraduate and Graduate Lab Courses
= Approach To Critical
= Subcritical Multiplication
= Rod Worth By Positive Period
= Fermi Age

= Operations and Reactor Administration
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Indiana’s only nuclear reactor
Over 1500 people toured PUR-1 in 2015

Three non-nuclear courses have reactor visits as
part of the syllabus

High school visits
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= 1960 - Initial design work and proposal to build facility
= 1962 - First criticality of PUR-1

= 1968 — First License renewal

= 1988 — Second License renewal

= 2007 — HEU to LEU fuel conversion completed

= 2015 - Proposals Submitted for Console Upgrade

= 2016 - Third License Renewal with power uprate

= 2016 — Reactor Protection and Control System SAT
= 2017 - Expected Digital I&C Final Installation
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Laboratory Director - Robert Bean

Reactor Supervisor — Clive Townsend
Electronics Technician — David Storz

Various graduate and undergraduate students




Facility Layout
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Expanding Lab Space
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Materials Test Reactor (MTR) — Pool Type
Built by Lockheed Nuclear Products

10 kW design level (Possible in future to expand)
Licensed at 1 kW in 1962

Entered timely renewal of license in 2008

Power uprate to design level (10kW) approved by

the US NRC in 2016
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Fuel Summary

= Flat Plate Type Fuel by BWXT Technologies
= Fuel Material

= Low Enriched Uranium (19.75% 23°U)

» U,Si, — Al
= Plates are 7cm X 64 cm

= Standard Element has up to14 fuel elements per
assembly

= 16 Total Assemblies
PURDUE




= Two Shim Safety Rods
= Boron-Stainless Steel

= Total calculated worth —5.8% Ak/k

= Operating Speed — 4.4 inches /min
» One Regulating Rod

= 304 Stainless Steel

= Total Worth —0.47 % Ak /k

= Operating Speed - 17.7 inches/min

PURDUE



Current Nuclear Instrumentation

= Startup Channel
= Fission Chamber
= Range: 1 cps to 10* cps

= Log-N Channel

= Compensated lonization Chamber
= Range: 10* to 10%n/cm?sec

= Linear Channel

* BF; lon Chamber

= Range: 10* to 101%n/cm?sec
= Safety Channel

= Compensated lonization Chamber
. = Range: 1073 to 150 % Power
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Neutron Flux-1kW

* Average thermal flux in fuel region:
1.2 X 1010 —— (10! Expected)

cm?sec

» Maximum thermal flux in fuel region:
2.1 x 1010 —.

cm?sec

* Drop Tubes
0.5 in: 1.55 x 101"

n

cm?sec
n

3.0 in: 4.88 x 107

cm?sec

PURDUE



Safety Limits per Technical Specification Amendment #13

= Limiting Safety System Setting of 12 kW

Safety Limit of Fuel and Clad Temperature - 530 °C

No Explosives
Very low reactivity worth

= Movable or unsecured experiments - 0.003 Ak /k

= Secured experiments - 0.004 Ak /k
Sealed samples easiest to approve
Limited to 1 R/hr upon removal
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Summer 2015 - Solicitation of bids

Fall 2015 - Bid awarded to Mirion Technologies

Spring 2016 — Functional Requirements Specifications
Document Complete

Summer 2016 — Software and Hardware Design Locked
August 29 — Factory Acceptance Testing (Idaho Falls, ID)
September 16 — Delivery to Purdue

September 30 — Final System Staging

December 21 — Site Acceptance Testing

2017 - Final Reactor Integration
PURDUE



PUR-1Reactor Upgrade

= Like-for-like performance
= 4 Channels Remain
= Exact replication of interlocks and other functionality
= Replacement of detectors by same type
= No voting of channels to increase licensability
= |solated workstations to mitigate cyber risk

= Complete replacement of controls and instrumentation to
ensure compatibility

= SCRAM capability in all major subsystems
PURDUE



PUR-1Reactor Upgrade

= 10 CFR 50.59 Review not practical or likely to result
In positive outcome

= Communicate early and often with the NRC

= Understand regulatory stance when making design
decisions

= Deviate as little as possible from current design
= Comprehensive License Amendment Request

= ...while avoiding operability traps
PURDUE
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PUR-1Reactor Upgrade

Mirion Channels RTP 3000 TAS PLC
(DGK, DWK, DAK)

Manual Scram Dell Computer
Workstation
Radiation Area
Monitors
Continuous Air
Monitor
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Neutron Flux Monitoring Equipment

= Channel #1 (Startup Range)
— Mirion Fission Chamber Detector
— Mirion TKV 23 Pre Amplifier
— Mirion DWK 250 Wide Range Channel
= Channel #2 (Intermediate Range)
— Mirion Compensated lon Chamber Detector
— Mirion NV 102 Pre Amplifier
— Mirion DAK 250-g Log N and Period Channel
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Neutron Flux Monitoring Equipment

= Channel #3 (Power)
— Mirion Uncompensated lon Chamber Detector
— Mirion NV 102 Pre Amplifier
— Mirion DAK 250-g Linear Power Channel

= Channel #4 (Safety)
— Mirion Uncompensated lon Chamber Detector
— Mirion DGK 250 Linear Power Channel
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Neutron Flux Monitoring Equipment

]
Channel 1 DWK 250 main electronic rack MGP_Hs:B
Startup / Wide Range NHZ5 NZ2 .
det. voltage —, Dtk [—p, - safaty > e.g. RMS signalli
HV monitorg. 0ta10V e TR | t &0 RS signallo
HNE37
el
TKV 23| puises =
9 NI 21 |m-:r’aa| B~ Enear count rate
ot disar.
— Bl
issi preamp. et
fission chamber AC signal_— oINAZ3 u2 . Enear it
T Camgball o Campbed sgnal
& [P _comsaior [U1
test test
| 1:100 mnge switch NB22 ], 4Dbit |_m..7‘
decoder conirol
[decoder [ppcp| | ~Fen
logasithm. iunmm 1to1e10
“up/down”™ /_E} wide range " MWLD RTP 3000
enable 2 analog
NB21 | i
dii by NZ 12 NT 64
Tl chsange rate 4t020mA| -333eltodelis
= 5 3820302 pp 3p00
NN 53 o =1  reacior period:
Power Supply B “Ms..=..3s
Vs = 115 / 230 VAC
1L NB 28
8x DPDT)| period trip: Ts.
S-BUS BoEPY e (1.429 e-1 1/s)
- = retays 4 alarms f. RTP 3000
NB 21 <2¢cps  (BO1.1)
NB 21 Nz 12 adptia al Brelays|  chg.over period: <15s (BO1.2)
B o | | S ams | — 3 & period <125 (BO1.3)
R changa ma fromd test & fault BOL. p >1eficps  (BO1.5)
calcuision T BO1Y B system test
et L] B0 annel fault (to RTP 3000)
e LA
(Keys) -======""— i A ! L] = system fault
board control loop Rnlols chg. over (to RTP 3000)
MIRION . ] . 2016-06-29 DBR,fZ-,ﬁ,
™ |MIRION | BWK 250: Purdue Digital Wide-Range Channel - Block Diagram | piooo®er2iedl = -

30 | February 6, 2017 | © Curtiss-Wright




Reactor Control System Equipment

= RTP 3000 TAS I/O Equipment
— 4-20 mA Current Inputs
— 0-10 VDC Voltage Inputs
— 0-10 VDC Voltage Outputs
— 24 VDC Dl inputs
— 24 VDC DO outputs
= Reactor Operator Console Display Workstation
— Dell Precision Tower 5810 workstation
— Dual 19 inch display monitors
— R*TIME Server V 14.1
— R*TIME Viewer V 4.10
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Reactor Control System Equipment

= Control Rod Magnet Power Supply
— Acopian Constant Current Supply
— 30 mA nominal
= Miscellaneous
— Interposing Relays
— 24 VDC Power Supply

— Wiring Terminations
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Plant Server System Equipment

= Canary Data Diode
= Plant Server System
— Dell Precision Tower 5810

— Cisco Network Switch
— HP Printer
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External System Equipment

= UPS
— One for Reactor Protection System
— One for Reactor Control System
= Makeup Water Instrumentation
— Makeup Water Temperature (Pool and Process Equipment)

— Conductivity (Pool and Process Equipment)
= HVAC Controls
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External System Equipment (cont.)

= Radiation Area Monitors (3)
— Reactor Pool
— Makeup Process Equipment
— Operator Console

= Continuous Air Monitor

= Environmental Monitor

— Negative Air Pressure Monitor
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PUR-1Reactor Upgrade

= Response time to facility parameter changes less
than 50 milliseconds

= Any bad signal will be set automatically to the most
conservative value

= Any off-normal equipment causes Reactor SCRAM

= Power (Linear Channel Reading) and Period always
visible to operator

PURDUE



PUR-1Reactor Upgrade

= Workstation Logins protected at same level as
console keyswitch

= External media restricted to facility personnel
= Plant Server System for secondary display use

= No external network access to Reactor Control
System (data diode between RCS and PSS)

PURDUE



PUR-1Reactor Upgrade

= Capability to directly enter final rod height
= Automatic rod drop timing calculations

= Ability to plant up to 12 facility parameters on up to 4
simultaneous screens

= Custom live data analysis by experimenters

= Ability to present large variability of values
depending on tour level

= Display data on facility screens for exterior viewing
PURDUE



PUR-1Reactor Upgrade
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PUR-1Reactor Upgrade

@ R*TIME Data Viewer - [DRIVEPOSITIONIND.DIS] - x
Eil& Edit View Display Viewer Security Window Help

@%@ ][5 J DRIVEPOSITIONIND @ jamindication drivepositioni magpwrctrl | msgsummary summary tabgrpix |
T | _7112/16

Drive Position Indication

COARSE
INSERT

TARGET

Point: SDZTIME Description: SYSTEM TIME Units: TIME USER: R*X SSERVER: PURT NUN



PUR-1Reactor Upgrade

[ R*TIME Data Viewer - [ANNUN_TEST RESET.DIS]
E\Ir: Edit View Display Viewer Security Window Help

Bl B g W& 7] [ANNUN_TEST RESET | ®|| _ jemindicetion | annun test res magpwrctrl

msgsummary | summary tabgrplx |

T 711216
| 16:41:24 |

RAM SCRAM
OFF

Workstation
Health
OFF

Power Setback
OFF

Annunciator Test and Reset

Channel Fault
OFF

Manual SCRAM
OFF

Period Setback
OFF

RESET

DAS Trouble
OFF

Power SCRAM
OFF

Servo Control
Setback
OFF

CAM SCRAM
OFF

Period SCRAM
OFF

Withdraw
Interlock
OFF

Test Indicator
NORMAL

USER: R*X SSERVER: PUR1 NUN



PUR-1Reactor Upgrade

@ R*TIME Data Viewer - [ANNUNCIATOR.DIS] - X
Eile Edit View Display Viewer Security Window Help

2| | g W& 1] [annuncistor <] ®| _ jamindication | annuncistor magpwretl | msgsummary summary tobgrptx |
712116

16:46:10

Annunciator

NFD #1 NFD #2 NFD #2 High NFD #3 NFD #4
Test Indicator Test Indicator Voltage PS Alm Test Indicator Test Indicator
NORMAL NORMAL ALARM NORMAL NORMAL

NFD #1 NFD #2 NFD #3 NFD #4
Fault Indicator Fault Indicator Fault Indicator Fault Indicator
NORMAL NORMAL NORMAL NORMAL

NFD #1 NFD #2 NFD #2 NFD #3 NFD #4
Period SCRAM Period SCRAM Power SCRAM Power SCRAM Power SCRAM
NORMAL NORMAL NORMAL NORMAL NORMAL

Power Setback Period Setback
NORMAL NORMAL
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Site Acceptance Testing

= Parallel Installation with Existing System
— Mirion detectors in the Reactor Pool in new canisters

— Mirion electronics connected to Reactor Control System (RCS) and Mirion
detectors

— Control Rod Magnet Power controlled from existing system only
— RCS connected to external systems
* New RAMs
« New CAM
« New Makeup Water Sensors
 New Environmental Sensors
» Existing Rod Drive Controls
= New cables switched with existing system
» Existing Rod Drive Position Sensors
= New cables switched with existing system
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Site Acceptance Testing

= Final Installation
— After NRC approval of License Amendment Request (LAR)
— Removal of existing system control console equipment cabinets
— Gut and retain existing operator console frame
— Installation of new equipment cabinets

— Transfer of RPCS from temporary racks to new equipment cabinets and
operator console frame

— Transfer in pool detectors to final location
— Final installation SAT tests

 Mirion neutron equipment calibration
« RCS Control Rod Movement
* RCS Control Rod SCRAM Timing
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Temporary Installation

\

e ———N

¥

47 | February 6,2017 | © Curtiss-Wright



Complete renovation of lab space ...

= Major Building Modifications occurring at the same time as Parallel
System Installation and SAT

— Heating and Cooling system complete replacement

— Fire protection system complete replacement

— Electrical power distribution complete replacement

— Building reorganization (removal of lots of walls and addition of lots of walls)
— Significant exterior window additions
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The Team ...

54 | February 6, 2017 | © Curtiss-Wright



Questions?

CURTISS -
WRIGH'T

Clive Townsend

Robert Ammon

https://lengineering.purdue.edu/NE/research/facilities/reactor/index_html
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