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: Fina] design has been compTeted for a 1 gpm sod1um sampTing Toop -
"uwhich wiTT W1thdraw a continuous stream conta1n1ng fa11ed fuel in
”',soTutlon from the prlmary circu1t of the Sodium Loop Safety Fac111ty.

";ABreeder reactor fuels are tested to destruct1on in the prxmary Toop

| 'jlrwhen inserted 1nto the Eng1neer1ng Test Reactor at INEL Provisions
"ﬂ:; for dra1n1ng contam1nated sodium to: the pr1mary Toop perm1ts a d1s- :
= connect of the samp11ng Toop after each test The sampTung Toop

""fwill contain a dehayed neutron monitor Tocated remoteTy from the test

‘.thuels being irradiated trans1t time w111 be 125 at rated fTow

Fisswon products carried 1n sodlum solut1on w111 em1t deTayed neutrons B

'<primar11y of groups 2 and 3 (T 225 and Gs) in the monwtor and

'l';dprov1de a deT1vered efficxency of 7% for aTT deTayed groups.
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’ An on- line sodium samp11ng system (OLSS) is be1ng 1nsta11ed in the
Sod1um Loop Safety Fac111ty (SLSF) at INEL. .OLSS will prOV1de real t1me . |
'f detection of fa11ed fuel p1ns v1a f1ss1on products depos1tod in the '
sodium. SLSE. noy_1n 1ts f1fth test_1n ‘the Engineering Test Reactor
¢ (ETR}, permits faiiéd fuel testing.Uhder simulated LMFBR transient .~
| conditiohs(1). The OLSS Toop. will withdraw a éamb]e stream from the
” SLSF brtmaryblobp,.and transpbrt it,thrdugh'a delayed_neutrqh monitor
(DNM). The. oxide controi and thdication §ystem is a sub]oop of OLSS

used to purify the OLSS and SLSF_sodfum;'

A diéghah showing the OLSS systEm.and its'interface with thé SLSF
'._4loop.is shown in Figuhe i he normal samp]ing mode is shown. An e1ectro-..
magnet1c (EM) pump provides a nom1na1 OLSS sodium flowrate of .05 ka/s

(1 gpm) w1thAde1ayed neutron.precursors in solution and transports,them
to the bNM in «;lzvseconds, The DMM cohsists'of'thé sodium chamber, lead

shiéldihg, a mdderatqr'qhd an‘ari‘ay_'bf_BF3 détettqr tubes.

- Onstartup, OLSS ‘sodium is 1oaded_ffoh a told tank. During the
.f,pré-test’bhase;"thefoLés/SLsr sodiun invehtdfy'is purified with a

" "”conventional co]d trap and the pur1ty ver1f1ed w1th a, p1ugg1ng indi-

"1=cator.; Aftej;the exper1ment the contam1nated sodlum 1s dra1ned to the -
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. . contamlnated sod1um. o P

shed w1th fresh sodium from the ho1d tank As a safety

*feature, a sh1c1dcd dra1n tank provides a1ternate d1sposa1 for OLSS

Fo]1ow1ng each SLSF test and. dra1n1ng of OLSS, the SLSF 100p con-

"l; taining the test train is removed vert1ca11y into a sh1e1ded transport
3cask Th1s requ1res remote remova] of the “p1nch-off section” of the

o OLSS suctlon and d1scharge 11nes as shown on F1gure 1 k Disconnect is ‘

accomp11shed by a_remote]y_operated severing tool. Thé reactor bio-

ogical shielding is then removed allowing routine maintenance on the

OLSS and the reactor.

’tPrincipai design parameters for the sampling system are shown in

h-Tab]e 1. Space constraints under'the:shieiding rcquired a compact

o des1gn with components arranged in a vent11ated enc]osure. “The re-

quirement to operate the SLSF loop cover gas at a minimum pressure of

“,70 kPa (10 ps1a) to s1mu1ate current LHFBR des1gn, imposes a constraint

' . on samp11ng system pressure drop to the pump intet to prevent cavita-
'-vt1on.v Samp11ng system pressure drop to the pump suction vs. f1ow rate
:1s shown 1n F1gure 2 a]ong w1th requ1red cover gas. pressure. After
s ;j' reactor scram cover gas pressure will drop to 55 kPa (7 8 ps1a), for
'f:~'this cond1t1on the flow rate is decreased to .025 kg/s (0.5 gpm) A

?design margu1>4 psi 1s ava11ab1e for ‘cover gas pressure control over

he des1gn flow range.:“va K




TABLE 1. OLSS DESIGN PARMMETERS

Sodium temperature . 500°K - 900°K  400°F - 1200°F
~ Nominal flow rate at AP .05 Kg/s at 100 kPa 1 gpm at 15 psid
_'EM‘pump flow rate and héad ;30 kg/s‘af-ZSOkaa.IG’gpm at .37 psid_ ~
Cover gas pressure. range 70 - 300 kPa: , io - 45 psia
Tubing, 316 stainless steel  13.um diam. 0.5 inch dian.

‘ The sodium will transport dé]ayed neutron precdrsors in soIUtion; a
significént fraction of these neutrons will be emitted while in the DNM.
The trahsit\time,'t, of sodium from the failed fuel location to the DNM

as well as the residence time in the DNM relate to efficiency of delayed

neutron detection. . w u. f. TIY Yoot Tl lwiicln it

" The rate at which delayed neutrons are born is the negativé of the . -

precursor decay rate:
N,=_.>‘ No'e | S ('l)

- where:

t = time (sec) ) '
A= precuréor decay constant (sec;]i

N, = number of brecursors at time zero -

f = delayed neutron birth rate at time t. .
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The number of delayed neutrons released in the DNM dur1ng res1dence

let 1s g1ven by 1ntegrating equat1on (l) between the l1m1ts of t and

=

N_= N eME (1 - e (@)
_5’s . The ith gr0up-of delayed neutrons represents 8 /B of all delayed
“>neUtronS‘emitted5 Def1ne f; to be the fraction of the ith group which

~ is released in the DNM.

A L L (IS LU B

The fract1on of delayed neutrons released in the DM by all groups

’1s g1ven by the sum:

. f.:=ﬁz ; é%;- ; 8; et (1 - it (4
The values of A and B represent average values for U02~Pu0? fuel
' 6 groups of delayed neutrons( ). The trans1t time 1n the primary .
. oop from the fa1led~fuel-to the sampling system suct1on line is l.sfs
t ‘the. pr1mary loop nom1nal flow rate, 7.8 ka/s. To illustrate~the'
”effect of sampl1ng system flow rate on the delayed neutron detect1on

'ciency, equatlon (4) 1s plotted vS. sampl1ng system trans1t t1me B

'»t‘);yn_Figure z The nom1nal sampl1ng system flow rate 05 kg/s




'-(1 gpm) w111 dellver 7% of de1ayed neutrons to the DNM compared to the . 7
max1mum of 8.5% observed at 15 kg/s (3 gpm) The magor contr1butors _ S

are delayed groups two and three.

'CONCLUSION

Prcdlcted performance of OLSS for LMFBR fue1s sqfety tests in SLSF '
assures adequate marg1n for constra1nts such as plenum pressure, pump

cavitation, Toop pressure drop and optimum transit time to,the delayed

neutron monitor.
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Percent of delayed neutrons released in DNM -

Flow rate in sampling system

op 3 2 15 1.0 0.75 0.5 GPM - 1030°F
[ ] { . | [ ] []
I~ { 1 1 1
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9 7 T | | |
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. Note:
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