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To: D. C. Dtt.we 

P. tl. Jlarriott 

Subject: fi:OWIIW. CGIDlTIC8 OF THIE£ MIL[ JSlMD COR£ 

On A&wfl tz u. fndustr7 Aftisory aro.. (J~) requested.,.. f,......t Jlldidtl!ill;-.tt \ 
of tN .echante~l co.tdttfoa of the Tllrwe Ntle hllnd (TJU) core. u~nt a 
sequence of n•u revardtng core coo11ng pOstulated b,y ~ 1• Ute JA,. 
A sU..17 of U.t tnfor.Uc:e. as I undent.ood 1t fn:. 10U tn our telec:oa. 
ts prescated 1a Attact.ast A. Thh _, canv~ our Judgllllleftt for,_,. use 
in ~rhon to otMt-1 •. It has not ~ subjected to fndeptlldent. hat.ru1 
M~Yt•: J lee•• it to you to handleTt ICC:Ontf,.gly and to put tt 1a p1"0pet" 
pcrspeet1va. ·• 

Core Heatup. Vtth the H~t.ed and specula the nature· of t.be seqUIII'ICe of 
eveab postulated 1a Attact.att A. w ban SiiiPlY aswaed adeQuete c:colfnt 
(c:lad talperatvre at satur~tton) thi"'U9h 116 .. tnutn. follo.ed b)' coancthe 
coolf~ to superheated steat untfl quenching. Tbenaal radfaUws of per1pherel 
rods to the core bl,....l would be stgntftant for those rods. but tasfgntftcat 

cin:ulatton of ateaa wtthtn Usa ewe. Our jud~tl. unsup~rted by detatled 
c.alc:uTntGRs for tlli& auct sequenc:e. ts that the c:laddtng t..e~~PeNture ..auld • 
tnaeua to at least l600F Ullder Ute now condtttons postulated b7 lAG. ·-

" .. . .. 
... 

t . to tbe ~tnl reglma of tile core ucept tnufar as tt wuld abet n.tunl ·~ 

) POSS1bl)' htghlr. Assumtng a U•tted IIIOUnt of natural c:t rculatton of au. • 
tnstda the yn .. l. tNt. l.OMI'J" pcMered f"e9fu.s would be halted to st .. lar :. · :. ' 
tapeNtures • 

. . . .. 

0 



r . / · \:>trJCtly 1-'rlvate r ., • 

~Rod Perlorot10ft. A"'atnt a ,...;., tnte"'al pressu"' of COO pat at 20"Co 
. , f4!1.1hc calculnid r:oa fntema1 Pr1!UU~ at ~~f h ~JZO pst. Thfl ytelds a 
~ctad hoop stren of "'16,100 pst. 8ued on :ztrcaloy rvpture diU the rods 

would be expected. to balloon and ~rlonte at c1add1ng ~ratures tf "'150r1. 

8\s~ on General Clectrfc full·scale stngl•·bundle ECCS belt transf~ test 
d,t..J. the loatton of rod t..lloontng and perforatton .auld be upected to 
be 1111 thin • 6 1nches of the pqk t.alllperature ~ton of the l"'od~ tJMr loatt• 
on any ghen rod .oul d be rtnda wt~tn tl'lis ~e. 

A.ss~.a tng clad heatup ff"aa 600•r to ~&oo·F fn t• •tnutu and const.t 
t tsn;>erature t.Mreeftcr. and us1n9 t~ S.ter--Just rate equati on, tM clad •11 
cculd be eJC:>ecUd to be abOut 471 ox1d1tcd tn one-1\alf hour, ~bout 67'1 OJt1dhed 
1:1 O:"'e hour, and ful 11' oxt cS tzed fn about t-o hours . Thts calculltton constdars 
01'111' utemal ox1d.ation• the ext.tnt of o.. t~tton c1n ~ expect.N tQ neerl' 
double over a short length t n arees wflere the rods 1\ave balloone-d lnd per· 
f~rated, expostng 1n~er clad surfaces to an ox1d1z1ng env1~t. 

fuel ~ Bt11CX'nf_!!9. As noUd abon, fer the ~s eJtpertenc1ng tht ass..ed 
~~vated -:~rnure and pressures 1~C'd by the tre.r.c1ont, rod biltooni"9 
~:d be e.x~t.ed. The •x1- ugn1Wde of the expected balloon1~tg ..oulct 
!>c ...,lOC1. 1.e • • the rod 1nHtal C:1~U7" wtK.Jld be expected to double. (Thfs 
est iDeta 1~ based on Aiel 16·121 Ulil s..tfaty Rase.1rch Progn~~ . Qu.nurly PF"'gg"e'Ss 
R~oort July-S~ta:ber 1976) . S3$ed on ft.:ll bundle tt~ts conduct-ad !»y BE: &nd 
ot~rs. cophn'r ~lloon1ng l e&dtng t.o ut.enshe now blockage "'DUld not be 
ex~tcd; h~er. as st.aUd a!x>vt, the ballocning would be expected to be 
proferenthlly located wtt.ht n ~~ly a one•foot uc:t1on of the axt•l loattm~ 
of peak cl~ddfng ~rsture. 

Fuel Jfod Dtstort~on. We cannot c:~t on the poss1btHty of rod dhtortfc. ·· 
or &l¥tng curing the cere heatup bec.luu of cur unf•t11ar1 t,y w1 ttl the eo,... 
-..chantcal design . In G£ fu ll-sc:ale ECXS heat trtnsfer tecu. sc.. bowl~ of 
rods d1d occur at t.eaperawrn sen"l hundrt'd degr"fts la.er than pcstulat.M 
h~r-e. It should be noted thlt the fUel rods tn these usts had larger ouU1de 
d1-.eter and claddfng th1c:lcness than nu •s. The poutbtl1t1 of rod dbtortta 
shou ld be eons1c1ered. 

Clad Ellbr1ttlf!lllef'lt and Erfed of ~c:h!rtg. ~e to the clad hH~. stgnff1cant 
cuidition wuld bi upec:iid . The· br ttle behntor of stabtlhed alphe-phase · 
:1ree~~h• oxide .ould be up.eeted to result tn fn~t.tfon wufer quench 
condtt1ons. The 10Cfll 50.46 ox1dat1on 1 t•t t to prK1ude th1s c:ondtt1on h 
l1~ f01" LOCA applt~t1on . ML• has sug;nt.ed • 11•ft of 281 under slow q..eoc:h 
c:lndHfons. It should be noted U.t tn ~ exputaents dhcusud by NIL, 1111"1 
of the rods which..,.. f~ttAtct followinv c;uenc:tltng fatl~ durtng post-tast 
Nndl1ng. Post-~st handltng fatlure hu aho been e.xper1enced fn fuel rods 
subJ~ted to sf•tlar t..es~peratures tn tests perforwd by EGIG ldoho, be. 

The posutlatad ~t of claddtrt~J osfdatfon md earfttJeacnt, 1f prtSeftt 
togethtr w1th severe ro.t dhto2"tton, eoulcf hne resulted tn ~1~1 f•11.,.., 
of offecUd rods during the hMtup, qllenching. or subsequeftt prnsrr.w o,. 
Oow tnns1e1'1U. 
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Strictly Private • ,, 4 

• ATTACHDT A 

..__ 
J 

tlfU JUL£ ISU..Z CGIE HUTWa 
POSlVLATtD S£QUEICE t11 nons 

(bfentnu TeJecon DC Ofbrlre to PV flllrrfott. 4/12171. 1326 PST) 

T f 1111: After 
Event, Jlfh, . 

too 

l()()-116 

116 

116-146 
146 

1<6-176 

176 
176-195 
us-zoo 

200 

!.!!!! 
•A• pr1urr coolut pu~p~ t.ri,:Pid (•a• ~· hid belft trl~~<N 
prevfous11) 
Coolfng by bof11n; 1n subeooltd lfqufd and htgtt-densfty fraU. 
Denstty of flufd fn core M91ns to decrease rapfdty . Hot lee 
coolant taper1ture t>egtns to show superheat. 
Cooling b1 low cU!nst\)' frotft and (not ~h later) stau, 
~llfned spU:e tn core fluid density 
Ko n!t inflow or outf1ow of st.e. fn v~ssel (cooltng by n1tural 
ctrcul•tfon of staa. tnsfd1 vess1l) 
~ptd quenching 

Cooltng by bollf~ In subcooltd lfqutd and hfgh-denstey fro~ 
lrfe1' SKOnd heiWp 

Aapfd quendlfng 

niRE! MIL£ ISt.Aft'0-2 CORE HCATW: 
COR£ P~5UR[/11J£ HISTORY 

(Ref~ce Teleco., DC Dtt.ore to PV Narrtott. 4/lzm. 1C20 PST) 

T1• After Core Pressure 
Event, llt1n . I!SiSI 

60 . 1100 

75 1045 
eo lllD 

105 1000 
uo 800 
135 57o (1c.st) 
160 eoo 

i~. 
165 1050 ·\: 
180 uoo I '• 
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&sis: I~t.Ve..fi:,y-l:i. .:t) of . -t-1-77
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-
rr C ri<iJl ~d t:17( I 3-) · ~: · ·~ s 

{i) t7{ hrJ(, - ;!b.u eslth1d;L fo ~ave. 
ye/ea-se d.. z.s- - 4. o X/()'" L}r~ 
E~ttlw:f fc. . z. s - 1-. ~ c;;. cr--llz, o Y"C: If_ p . ~ . 

@ t~ ~ ~ ~~ 1-1-71 
~~ t;. ~ ~r-rl,o rxJt

{loat:J fS'}: /zaaap) @ /~Oo ff ~ /;;eJ;b/e.A t'~ t?t!S 4-1-71 ·. 
~LI~ ~ ~ ~-~t!) V.,(~ ... 

G) S::d:urdd ,ecs "! /t!JC~fs'J/zlkJ~ • . 
~ 1-1-7! e~ ~ ;z.s, • . o..~~o 
Y'XJt . 
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.\Tf ACIME~'T I -l 

CORE FLOW .BLOCKAGE ASSESS~IF~\'T 

FROM C:ORF. UEAT ML\.'JC£ 

D. C. Dit1110re 
4/13/:"9 

April 10, 1979 Rea.ctor Conditions: 
.-

tcorc: in • 2SOOF 

(with t wo TC's re:1ding below the core inlet 
3nd thus likely erroneous.) 

:-;;"'re ex i t .·~ :!SS.SoF 
l c.. ~.:-~ 8 • S°F) 

in 3nnul3r rc.-gion out~ide verr ..:er.tcr of 
core 

Qcorr - SHW 

Single loop - on~ p~~p core f!ow 1/8 - 1/~ x full core flow• (next pate) 

U~bloc~c.'C Core Heat Salan..:e · Sinclc Loop /Sintle P~~p 

3) 1/ g of full core flow 

<4:orc • ~~'.:oreCP .). tcore 

~ tcorc • Q,.,r,. 
Cp W:..;.e. 

b) 1/4 of full core flow 

.l tcore ~ 2. 20F 

Blocked Core (Current Condition) Heat Balance • SinRlc Loop/Sin~le Pu=p 

(Weare Cp 6. tcore) unblocked • (Weare Cp t.tcore) blocked 

Ill 
~locked 
Wcorcunblocked 

• (~ tcore>unblockcd 
~ tcore)blockcd 

( A t core)bloclted ..,S.S°F 

(A tc:ore)unblocked :-~-20f 

• 
; blocked 

A unblocked 

• .~ blocked 
A unblocked 

Range .11 - .24 
- ' ' - 76\ riow bloc:hse 

89 - 76\ c:ore block3ge ln peripheral rizlort 

Because of ~igh expectation that no~al single pump operation core flow is 

closer to 1/!1 of not111.3l four pump opcntion core flow, the expt-ctNJcSul't 

:· rl i i r, 
'· ...- '- I .J 
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AITACit'fEm" 14 Continued • 
is closer to 89\ . 

•A..,alys~5 by T, Jlott and MW indicate,.., l/8 of the nor.ul four p11111p flow throuch 
.. 

:he core under one pu=p operation, aost of the flow by-p~s~inc the core and 

flo-:!n t; in re\·crse r.10de in non-operational loop!\. 
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