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Safety Issues to be Addressed

» How many protection barriers are required on a reasonable safety
basis? _

» [For a He-cooled ceramic breeder blanket with a He/steam heat
exchanger (to drive a steam power cycle), a break in the steam
generator (SG) pipe coup}e\q ith a break in the blanket coolant channel

can lead to over-pressurization of the module and possible Be/steam
reaction. Must the module be designed to take the steam pressure (with
the penalty of thicker walls) or is it sufficient to assume that ihe coolant
channels in the blanket are a sufficient barrier to take the pressure
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How many protection barriers are required
on a reasonable safety basis?

> The adopted ITER confinement concept is based on the safety concept termed
Defense in Depth, in which multiple passive and active measures are used to
confine radioactive inventories

> A passive measure is the use of physical confinement barriers (such as double
walled vacuum vessel (VV), guard pipgs, room walls, etc)

> An active measure is the use of safety systems to isolate or remedy a failure,

such as isolation valves, detritiation systems, etc _/
> The number of barriers will depend o zard (tritium, structure activation

products, FW/divertor erosion dust, coolant activation products, etc) of
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Schematic of ITER Confinement Barriers
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How many protection barriers are required
on areasonable safety basis? (cont.)

» ITER EDA adopted two confinement barriers, a strong
primary barrier (failure probability < 10~ per challenge and
a leak rate of 1%/day at a ts%s:gn limit pressure of 500 kPa)
and a weak secondary barrier (failure prob_b|l|ty < 101 per

challenge and a leak rate of 20% day at a design pressure
limit of 200 kPa) to confine t ium and ctiv

ation
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How many protection barriers are required
on areasonable safety basis? (cont.)

» The 500 kPa design pressure for the ITER EDA primary barrier was
established by several criterion one of which was the pressure
produced by an in-vessel loss-of-coolant accident (LOCA)

Peak pressure, even wittﬁsre&we suppression system, ~400 kPa

The re-design of the pressure suppression system for ITER FEAT,
based on results from ITERMroup experiments and f

ahalyse owered thi iterion to 200 kPa

rec
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How many protection barriers are required
on areasonable safety basis? (cont.)
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How many protection barriers are required
on areasonable safety basis? (cont.)

European Power Plant Conceptual Study (PPCS) Helium Cooled
FW/Blanket (BL) Concept

» PHTS helium pressure (8 MPa) handled
~during LOCA in this design by subdividing

W/BL into nine toroidal cooling loops
segmented to minimize helium inventory),
SW rupture disks to relieve pressure to
an expansion volume {

Fig. 1 — Maodel B Helium Cooled
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How many protection barriers are required
on areasonable safety basis? (cont.)

How Well Does This Confinement Concept Work?

» ENEA Report, “Safety Analysis of the PPCS FW/BL Helium Cooled with the
ATHENA Code,” F. Mattioda, P. Meloni, M. Poli

Analyzed pump seizure in a single loop, leading to FW melt by continued
plasma power operation, two coolant channels fail producing an in-vessel
LOCA, rupture disk to expansion volume (EV) opens, and flow into EV gives a
final pressure of ~140 kPa (could be a DBA because these two failures, the
pump seizure ~10-3/yr plus plasma shutdown systeméa'ﬁure ~10-3/demand,
gives ~ 10°%/yr for this accident) . |

A Report, “ECART Analysis of an In-vessel Break in the First Wall of the Powe
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How many protection barriers are required
on areasonable safety basis? (cont.)

How Well Does This Confinement Concept Work?

> To be fair, S. Paci showed that allowing for uptake in EV walls reduced the T,
release to 50 g => 39 mSv (an assumptlon not applicable to HTO), and down
to 30 g if air detritation system (ADS) is activated => 23 mSv

> S. Paci also gave results for EV leak rates of 1%/day and 10%/day
» This raises the question of W&b ate is an upper limit for a confinement
building (adopted approach for fusion and next generation fission) ?
Typical PWR fission contammen&u“gg:ﬂhave leak rates of ~1.5%/day at

45- 60 pS|g and a free volume of ~ 57,0
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What Does This Mean to ARIES Compact
Stellarator Blankets

» Base on limited resources we would like to rely on ITER results and analyze only
a select few events, that is those accidents we think will be worst case accidents
(as per ARIES-AT)

» Usually confinement bypass accidents (i.e. an accident that is postulated to fail
the primary confinement barrier and bypass the remaining barriers) are those
worst case accidents, which | eathRIES-CS will need at least two confinement
barriers to rely on ITER results

» A helium cooled blanket design represents a particularly difficult design to

develop a safety case for, becaus nfinement strategy similar to that of the
PPCS design means that an in-vessel LOCA (an anticipated event) Fould be a
having a single confinement (weak or stron

worst case accident due to onl
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Must a helium cooled module be designed to
take the secondary cycle steam pressure?

> If the desired safety goal for a SG tube failure accident is low hydrogen generation
then it must be demonstrated that the module fails in a manner that does not lead
to the failure of the Be multiplying zone at the anticipated accident temperatures

» We may be dealing with a DBA since this accident would only require two failures,
the steam generator (SG) tube break (frequency ~ 10-?/yr) coupled with the failure
of the pressure relief valve for the\PHTS (frequency ~ 10-3/demand) giving a
frequency of 10-%/yr for this accident

» But this accident could be put into a%tegory by agdaﬁg a redundant relief
valve (or rupture disk) on the helium si e SG

> In addltlon the amount of Be |n the largest bInket mod

ule of the Euroean PPCS
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Is it acceptable to have a water-cooled shield in
combination with a LiPb blanket?
» Safety issue is the hydrogen and heat produced by the chemical reaction

between the Li in the LiPb and any water that comes into contact with the
LiPb

Li+H,0 :>L|OH+1H +204kJ: T <450°C
2Li+H,0= Li o\l\isakJ T >450°C

» Experiments have shown that tWt of hydroge/ n generated is

strongly dependent on the contact mo / f
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Is it acceptable to have a water-cooled shield in
combination with a LiPb blanket? (cont.)

Possible accident scenario of concern

> A divertor tube breaks, jetting water into plasma causing a
rapid bootstrap current quench

» The combination\at miced eddy currents in the blanket
and the water jet quenching the FW fails the blanket

» LiPb pours |nto the VV 8 dformsap}

t the bott?m of

mmu'u-uuu | e Ialned 'Al A
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Is it acceptable to have a water-cooled shield in
combination with a LiPb blanket? (cont.)

D. W. Jeppson and C. Savatteri BLAST Experiment (1991)
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Is it acceptable to have a water-cooled shield in
combination with a LiPb blanket? (cont.)

» Even higher Li oxidation fractions can occur for more violent injection
scenarios, as evidenced by University of Wisconsin Experiments
conducted by L. S. Nelson (UWFDM-1031, 1996)
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Is it acceptable to have a water-cooled shield in
combination with a LiPb blanket? Maybe Not

» Summary table from L. S. Nelson (UWFDM-1031)

Table 3. Comparisons of Hydrogen Generated and Lithium Removed During Three Different Sets of Experiments in Which Molten
§3a/o Pb-17afo Li at 600°C Interacted with Liquid Water

No. H; Generated/Wt. Alloy

g
:
E‘

Alloy  mmoles H; Generated (mmole) {mmaole/g) Lithium Removed (%)
_Experiment No. °C) (2) ofLi Ap ms OH __ Ap ms O Ap  ms OH_
Bm L1l 60 44.0 4437  B.05 - - 0183 - - 36.3 - -
{1863y  L12 60 38.0 3832 107 —— —_— 0282 - —- 55.8 — -
L14 &0 49.0 49.42 12.6 e - 0.257 -—-- -—- 51.0 - ——mn
L2l &0 41.0 4135 B.76 —— —-- 0214 - -—-- 42.4 e man
L22 &l 50 3530 111 —_— — 037 - - P - —
10.24 0.251 49.7
+1.837 +H0.053 +10.6
Hermog 16 &0 47.0 4740 T.01 e s 0.149 - -—-- 3.58 anan —
(1987 17 &0 56.3 56.78  6.48 e - 0115 - === 2282 aeem -
20 a0 39.8 40.14  7.47 ---- - (L188  --- 37.22 = -
21 T0 67.9 6848 697 --a- B 0.103 20.36 - --
22 a0 51.3 51.74 484 0094 e 18.71 .
20 a0 259 26,12 694 0.268 = 53.14 -
30 70 19.0 19.16  &.12 anaa 0322 - 6388 -—-
42 60 35.5 3580 Kok .- ——ae 0.245 - 43 —
43 &0 32.8 3308 640 - e 0195 - .69 -
6.768 0.187
11.039 HLOTY
This Work B-39-1  27.9 119,57  120.6 -- 337 45.3 0.282 5.9 75.0
B-50-1 274 116.59 117.6 42.0 . 1.5
B-451 610 11591 1169 - 29.3
B-52-1 59.6 122,42 1235 ---- 344
34.85
+5.27

SN~—
Experimental Technigues: A p = pressure measurements; ms = quadrupole mass spectrometry; and OH™ = acid-base titration of hydroxyl ion.
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Safety issues associated with an external
vacuum vessel and mitigating solutions.

» For a LM blanket, a rupture would lead to a spill of hot liquid which when
touching the coils could lead to over-pressurization as He gets vaporized
Siegfried suggests possibly draining LM from VV, but an analysis
would have to be perfo\me o demonstrate that the LM doesn’t
freeze or that the coils don’t quench

» Also, for LM blanket a possiblw is with tMcing of the coill if coil
guenches .-




“Q
Idaho National Engineering and Environmental Laboratory — _I..ﬁEL

Summary

> We should try for at least two confinement barriers, an easily achievable goal
for low vapor pressure coolants

> If the module can not be designed to accommodate the secondary steam
pressure in a helium cooled blanke design, then at least the region containing
the beryllium should be design% to withstand this pressure and brevent

propagation of other module failures ’/
> Large quantities of hydrogen coulpc%?b_enerated for a LiPb blanket in
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