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Outline of Topics

e Where reliability data originate
* Report on non-water coolants



Categories of Reliability Data

The most valid data come from field
experiences

The next most valuable data come from
testing components

+. Expert opinion data can be useful

* Inference and prediction techniques are
plentiful

Field experience data are sparse
in magnetic fusion

« Fusion does not have a driving force to
rigorously collect these data as fission does

» Data bases are large investments

* Tokamaks currently record some data
— DIII-D, P. Petersen, 14th SOFE, p. 776
— TFTR, R. Camp’s trouble report database
- JT-60U, K. Arakawa, 13th SOFE, p. 1072



Data inference is widely used

Analysts use known experience data to
approximate failure rates of different or new
equipment |
— based on MIL STD 756

This is a widely used technique

Inference and prediction techniques have
uncertainties

There are many pitfalls in using these data

The IEA Data Base activity 1s
promising

The International Energy Agency has a task
on constructing a failure rate data base

Analysts from the US, EU, and Japan are
meeting on March 22-26 to share data and
reach consensus on data values for use in
fusion safety work

The task has been slow due to tight budgets
and more pressing tasks (e.g., ITER)



- An R&M data report for non-
water coolants is near completion

« INEEL/EXT-99-00144 (draft) gives
suggested failure rates and repair times for
cooling system components |

— liquid metals, helium, molten salts, & organics
— piping, pumps, valves, hx’s, instruments

» Most of the failure rates are based on
operating experience of fission components

No quantitative experience for thin
film cooling under fusion conditions

exists ‘
* DOE has some experience with open flow

water cooled heat exchangers and molten
salt film cooled solar power receivers

* NASA has studied water film heat exchange
for spacecraft cooling systems

o The chemical industry has used vessel
cooling by film flow

» Film cooling is feasible, perhaps efficient



Film cooling feasibility issues

* Introduce coolant without damage to
nozzles or other means of introduction

Flow separation from surfaces

Hydraulic jump and flow starvation
Non-uniform surface tension effects
MHD instability

Collection of coolant back into piping

Representative failure rate data
for the cooling loop

Liquid metal Molten salt

Component failure rate  Error factor failure rate  Error factor
Centrifugal 5SE-05/h 10 9E-05/h 10
pump, fail to

run

EM pump, 1E-05/h 10

fail to run

Motor 1E-03/d 5 9E-03/d 5
operated

valve, fail

to open



Representative repair time data
for the cooling loop

Liquid

metal upper  Molten salt upper
Component repair time bound  repair time bound
Centrifugal 40 h 400 h 40 h 400 h
pump, fail to :
run
EM pump, 40 h 400 h - -
fail to run
Motor 24h 3,000 h 24 h 3,000 h
operated
valve, fail

~ to open
p——
Conclusions

- Fusion safety analysts typically use
inference to obtain quantification data.

e The IEA activity may provide a consensus
data base for future safety work.

» Fission reactors have successfully used non-
water coolants; with proper precautions,
fusion can also use these coolants safely.

——’



