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PS5 Outline RESNQ

&= Design of Target #11

&= Target Incident

& PIE (visual & metallurgical)
&= Possible Failure Scenario

&= Improved Design of Target #13
&= Performance of Target #13
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(73 Symptons of the Incident RESNQ
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== Disassembly and Visual PIE (May 2017) q‘ SINQ
e = -
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extractionin rows 18, 19, 20

n-radiography of
the tube from row O:

Black spot:
probably hydrogen-
deposition from p-beam
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CFD simulation by S. Jollet (PSl)

LLead Cross Section & Heat Removal
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(= PIE: Electron Probe Microanalysis JING
(carried out by Y. Dai/PSI)

Micrographs showing different hydride structures

EPMA inspections at different positions of

a 3mm slice cut from a sample from row 19
(0° postion is arbitrary)

Row 1 (~18dpa)

500 1im

partially melted Zr surfaces => rod experienced
extremely high temperatures [T, (Zr) = 1845°C] Page 8
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(= Conclusions from PIE RESNQ

1. Breaking of the empty tubes in the front row and the following intrusion
of liquid Pb into them indicates a very violent process had happened
— or at least a process where strong forces were involved

2. «Normal» irradiation-induced hardening was detected suggesting that
the tube material was getting brittle. In addition, hydrogen embrittlement
was observed which could have promoted crack formation

3. In the central zone of target-11 (high p- and n-flux), the Zircaloy tubes
experienced very high temperatures during the incident which resulted in
partial melting of the Zircaloy tubes and mixing with lead
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o == Most Likely Failure Scenario RESNQ
(Hypothesis)

June 23, 2016, brief overfocussing of p-beam = cracking of one Cannelloni

weakened by a combination of irradiation-induced embrittlement and a large
number of thermal cycles (approx. 10°)

2. High temperatures promoted additional invasion of hydrides in crack region
causing further embrittlement
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(25 Target #12 Operation RESNQ

As target-12 was nearly finished by the time of the failure, it was

decided to use it, although it was nearly identical with target-11
* Interstices between rods were optimized in order to con-
centrate the main coolant flow through the center region

Special limitations were applied in agreement with the authorities:
* Max. proton charge was limited to 5.0Ah (2/3 of T-11)
* Max. current density was limited to 30pA/cm? (40pA/cm?)

* Max. no. of thermal cycles caused by UCN-TS were limited
to 29k (2/3 of what T-11 had experienced)

* Periodic radiologic analyses of target cooling water

* Use of additional p-beam diagnostics
(see talk by D. Reggiani, Tu 14:50)

* Thoroughly monitoring of dose rate in target cooling loop
* «Soft Kick-back» after UCN pulse \I_r—

Target-11 failure caused 4 months of unintentional shutdown
(restart November 1, 2016)
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(= Design Improvements of Target #13 ~ &NQ
«Mark V»

Replacement of 33 Cannelloni rods in «hot zone» by solid Zircaloy rods

Target temperatures above 300°C
from CFD simulation @ nominal
current of 1500pA
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(CFD simul. by S. Jollet)
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(= Design Improvements of Target #13 ~ &NQ
- continued -

better flow distribution & unique beam positioning system
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(<=1} First Year of Experience with Target #13 %Qs'&

< 10% calculated reduction in neutron yield as compared to T-11

calculated neutron flux (with MCNPG6.1) ,
Gold foil measurements agreed

arget # Target #13 with calculation within
measuring accuracy

T-11: 9.71E-3 n/(cm?2-p)
T-13: 8.85E-3 n/(cm?2-p)

In T-13 the peak of the neutron production rate
moves up due to the lower density Zircaloy rods

(all calculations performed M. Wohlmuther)
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SINQ

Monitoring of Heat Deposition
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RS Long Term SINQ Availability SINQ
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(== Wir schaffen Wissen — heute fiir morgen

Thank you for your
attention

... and thanks to my
co-authors:

e J. Welte

Y. Dai
S. Jollet
M. WohIimuther
A. lvanov
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