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ABSTKACT

The Breached Fuel Tcsl. Kaci 1 i ly (HKTK) is a inn 1 I i purpo.se e x p e r j -
iiiciit.il facility, dcs i >_• i: t • 11 lo provide tin1 capal) i I i Ly to conduct and
monitor safety and fuel heli.ivior exper i HUT i L s under move severe conditions
than previously a]lowed in KBK-Ii. The faci1ity consists of an outer
thimhle assenilily with an internal instrument stalk which cxtomls i rom
the reactor floor through the primary tank cover to the top of the core.
Coolant from a hreached element test is directed upward to the instrument
train above the core. The liKTK has the capability to measure J'Jow,
temperature, particle size distribution ami deposition, and delayed
neutron levels lor breach s i tc characterization. This paper describes
tlie design, the instrumentation, the. operational safety concerns and the
i n j t ia I. exper imenfs .

INTRODUCTION

The primary goal of LNKBK fuel designers is to provide fuel element
and subassemhIy designs which can operate for extended periods without
significant deterioration, i.e., breaching. In I he event of breaching,
it is still, desirable to be able to operate those elements for signiii-
t.ml Limes without compromizing safety. The competing requirements of
breeding, high burnup, and intact element design tend to reduce reliabil-
ity and increase the probability of breaching. The objectives tlien of
the test programs arc? to provide the basic design data and demonstrate



L li <• b e n i g n h e h a v i u r i>J I I I C . K hcil e l e m e n t ipi1 r;i L i <• • 11 , .is v. • -1 J a s p r o v i d e
i II I o r m a L i o n nil tlic d e g r e e ol t'diiL.'iiiij n<it H I of t lie ( o o l a n t a n d p r i m a l y
s y s t e m c o m p o n e n t : ; f o l l o w i n g e l e m e n t r u p t u r e . T h e l a t t e r a r e a h a s '.,iy,~
i i i l i c i i i L s.'ilelv ( o u o l ,i L i 'ins in U i e e v e n t o I .'i p r i m a r y s y s t e m s o d i u m l i r e
a n d ;i d i r e c L ini|).ieL o n tlie s;ile m a i n t e n a n c e oi p i . m l c o m p o n e n t s .

T h e I'FTF lias b e e n d e s i g n e d t o a l l o w t e s t i n g o f s e v e r Iy b r e a c h e d
e l e m e n t s a n d p r o v i d e r ; I " ; i in o r p o r a i . . i o n of a d e p o s i t i o n s a m p l e r e x p e r i -
m e n t t o o b t a i n r e p r e s e n t a t i v e h o t l e g s a m p l e s ol d e b r i s v . h i e h m i g h t b e
r e l e a s e d J roni d e f e c t e d f u e l . 'file s a m p l e r d e p o s i t s p r o v i d e a b a s i s t o
d e t e r m i n e t h e m a g n i t u d e , n a t u r e a n d d e p o s i t i o n b e h a v i o r ol r e l e a s e d
f o n t a i n i n a L i o n . C o r r e l a t i o n ol b r e a c h e d luel. b e h a v i o r a n d c o n tain i 11.11 i o n
dal.a wit.li lil'TI' d i a g n o s t i c d a t a w i l l c o n t r i b u t e * t o t h e s u p p o r t o f v i a b l e
f n e J d e s i g n s .

DKSCKIIT10N OK Till-; FACILITY

T h e F.I'K-I I H F T F is an i ii-rearl or s a l e t y and fuel b e h a v i o r test
lacilit.y d e s i g n e d to c o n d u c t .iml m o n i L o r b r e a c h e d luel e x p e r i m e n t s u n d e r
m o r e s e v e r e c o n d i t i o n s than p r e v i o u s l y al lowed. Kuele<l e x p e r imen ts a r c
p o s i t i o n e d iii-corf" w h i l e d e p o s i t i o n s a m p l e s a r e c o n t a i n e d a b o v e c o r e .
I list riiincnta t i < i; for contioJ and diagnosl i c p u r p o s e s is p r o v i d e d . T h e
lo c a t i o n of the W T F in the KI'K-ll is i.bown in F i g u r e I. T h e a s s e m b l y
is i n s e r t e d t h r o u g h the r o t a t i n g pliiK in •' c o n v e r t e d control rod lo c a t i o n
and e x t e n d s t h r o u g h the r e a c t o r v e s s e l c o v e r to the tup <j\ the c o r e
w h e r e it m a t e s w i t h an in-c o r e experimeiit. I n s t r u m e n t leads a r e routed
i n t e r n a l l y to the terminal box on top ol the f a c i l i t y . T h e e n t i r e
d e v i c e is 7. <J m (26 J'tJ Icnj;.

T h e f a c i l i t y i:; m a d e up ol an o u t e r , d o u b l e - w a l l e d t h i m b l e a s s e m b l y ,
O'J.f) HUM (2.5 in.) in d i a m e t e r . It c o n t a i n s an inner i us t rumen t s t a l k
a n d a d e l a y e d n e u t r o n d e t e c t o r in an u p p e r d r y w e l l . F i g u r e I I s h o w s the
d e t a i l s of the f a c i l i t y and t h e i r r e l a t i o n s h i p to the i n - c o r e e x p e r i m e n t .
T h e inte.rnaj i n s t r u m e n t s t a l k c o n t a i n s the d e p o s i t i o n s a m p l e r e x p e r i m e n t ,
t e m p e r a til re s e n s o r s and two I 1 ometer.-; hi m e a s u r e total M o w and d e p o s i -
t i o n s a m p l e r f l o w . A n a d d i t i o n a l l l o w m e t e r a m i t e m p e r a t u r e s e n s o r s a r e
located in the t h i m b J e a s s e m b l y b e l o w the i n s t r u m e n t s t a l k . T h e e n t i r e
f a c i l i t y is lowered to m a t e w i t h the i n - c o r e t e s t . Limit s w i t c h e s a r c
in c o r p o r a t e d to i n d i c a t e p r o p e r p o s i t i o n i n g and in a d v e r t e n t b i n d i n g
b e t w e e n the test and t h i m b l e a s s e m b l y . T h e r e a r e a total of live c h r o m -
aliimeJ theriiu o u p 1 es p r o v i d e d to m o n i t o r s o d i u m temperature:; at the in! t
(o u t l e t of le s t a s s e m b l y ) and a b o v e t he u p p e r I 1 o w m e t e r and at the
lo c a t i o n of the n e u t r o n d e t e c t o r . In a d d i t i o n , s o d i u m leak d e t e c t o r s
( c o n t a c t t y p e ) a r e p r o v i d e d in the d e t e c t o r d r y w e l I a n d t e r m i n a l b o x .

P r i m a r y coolant, flow is d i r e c t e d u p w a r d from I he i n - c o r e t e s t p a s t
the lower i'J o w m c l e r s to the d e p o s i t i o n s a m p l e r a n d pas t the u p p e r
fIowineters. C o n t i n u i n g u p w a r d , t he c o o l a n t f l o w s in an inner annul us to



Figure I . Schematic of Liu? BFTF in F.BK-lf
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the ile layed-neiit. roil detector drywel.1 lo iled at a,|i elfvalion of 457 mm, ••
>,(!8 in), f rojii the hot t om';of Lhe rotating plug. After passing LhenDN
detector, the flow is rcvorr.cd arid flows down the outer annulus back to
the upper plenum of the reactor vessel. The flownieters are.arranged to
measure the i.oLal flow as well as the flow/split in the deposition
sampler.

The flow meters a re of the eddy current -,ype and have a range from
6.3 x 10 Ln 1.28 1/s (1 to 20 gpin). They have been calibrated for use
at temperalucs up to 538°C (1000°i').

The delayed neutron detector is a 'A^-'[j fission chamber having a
fissile loading of 312.3 mg as "->"<, plated on stainless steel anodes.
It measures 25.4 mm dia. x .377.8 mm in length (1 x 14.9 in.) and is
designed to operate at temperatures up to 550°C (IO25°K). The measured
sensitivity Lo thermal neulrons is 0.36 ± 0.04 cps/ny. The detector is
surrounded by 1015 shielding to reduce the background from core neutrons.
The gamma signal at the detector i\\ic to core and capture events is
insignificant. A Monte Carlo calculation of the detector sensitivity
using tht; Morse Code [l|, indicates a signal-to-noise ratio of about 50
Lo I, depending on the source of delayed neutrons. The source strength
at Lhe detector is/a liinclion of the breach site parameters (size of
breach etc.) and the facility flow rate;

The deposition sampler is shown in Figure III. "lit1 sampler is, a
replaceable unit located in the f'FTF above the reactor vessel cover. ]t
guides the effluent from a fue. I .assembly containing breached fuel elements
through two concentric (low paths. The outer annular path directs part
of Liu.' H o w (higher velocity) across lest deposition surfaces of various
compositions and surface finishes. The parallel inner I low path (lower
velocity) directs Lhe remaining flow through a sinlerefJ 216 stainless
steeJ filter with nominal pore size of 10 |.ini to retain part iciil ate.s.
The /low rates and temperatures in the sampler are monitored using the
permanent instrumentation in BPTF. There are a Lota I. of 40 /leposi tion
rings in the unit made1 of 304SS, 3 I 6SS, nickel and Inconei 718. Surface
finishes vary from 1 x 10 to 1.27 x 10 "mill (4 to 500 |J in.) rms.
Provision is also made to vary the flow area around each of several
deposition surfaces to gather data on velocity affects on particle
deposition. The entire sampler is removable for analysis.

SAFETY ANALYSIS

' Because of the uniqueness -of, tht) facility and the potential for
conducting ..experiments with grossly defected fuel, a more than routine
safety»analysis of the faci1ity and its operation was performed. Of
major concern is the potential for flow blockage, gas entrainnifent in the
JSF'JT '<iue!J to test "ia i lure, and the coolability of the test under ]oss-of-
flow conditions. Overall system contamination, while not a direct
safety probleint, was also a consideration. J Analysis of t'lie above events
established design criteria for the facility. ") :

6
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Figure I I I . The BFTF Deposition S.unglcr rj



FIG. 3:BfTFf lSpPOSITION SAMPLER7
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t a l p i u s t o flie c o v e r j^as ( o r s.niipi .tag tind a n . ; i l y s i s . u

was ' t r ) ins i d e r e dS o d i u m c o n t a m i n a t i o n w a s ' t S u i s i d e r e d i if l - jg- l i l (i I = -p - rov i o u s e x p e r i e n c e
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l o l j o w i n g c l a d d f i i , ' ! ; ' b r o a c h i s l ' ! 7 C s . " O t . l j o r l i s s i o n p r o ( l i i ( L s , s u c h a s 15a •
a n d Z r , a | i j > e a r t o p l a l c o u l a n d b o l i . i V O J S^riui I a r I y l o a c t i v a t e d s t a i n l e s s
s t e e l c o r r o s i o n p r o d u c t s . " T h e ' " ! ' C s i=s v c f y e l f e c t j v e I y r e m o v e d a n d
(i__^ul r o I I e d ' ' ^ y t h e ; j j r a p l i i t e n n c l i d o ' U i = ' a p . 1 (Jld i . i i e . ,! ,s a I s<> " ' r e m o v e d b y , t h e
t r a ' p , b u t i A l e s s o l a p r o b l e m d u o t o i t , ^ s h o r t b a l l - l i f e . O t h e r i n i p u r i - . :
t i e s a r e c o n V u ' o l l e d by ' " t h e c o l d t r a p . - , '" I " *.- '"'•"
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t h e o r d e r o l 1 < \ \ g ' " " ! ' " p e r g m - N . ' i . ~ •:-I!.!* t i n s w o r e u n i l o i x m l y d i s L r i b i i t c d j
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S y s t e m c o n t a i n i n a l . i o n , w h i f e n o t a d i r e c t , t h r e a t t o = t h e p u b l i c , i s
i m p o r t a n t f r o m , , a m a i n t e n a n c e a n d , o p e r a t i o n s v i e w p o i n t . T o d a t e , I b>"
KUCi i i ) r b g r a i n h a s n o t a d d e d s i g n i f i c a n t l y ^ ' l o t h e ; l e v e l s o f c o n t a m i n a n t s .

» -, " "liXI'IiimiKNTAJa-PROGRAM V

The experimental program centcjVs around three experiments; the
f i r s t , cles i gna ted XY- I j i s a I i s\3 i6n-produc:t, recoil source assembly
used to c a l i b r a t e tlu" delayed neutron detector and to compare r e su l t s '
with the ex i s t ing KlSR îl fuel-element-rupture-detector ; the second^
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