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Post Olfice Box 480

- Enclosurc;

Metropolitan Edison Company

Middletown, Pennsylvania 17057

717 9444041
o”°

April 12, 1979
GQL 0509

Mr. Denwood Ross

Assistant- Director .

DlVlSlon of Reactor Safety

U. S. Nuclear Regulatory Commission
';Washlngton, D.C. 20555,

. Dbear Sir:

Three Mlle Island ‘-Nuclear utatlon Unlt 2 (THI 2)
) License No. DPR-73
Docket No. 50-320 '
Safety Analysxs Report for Tran51tlon to Natural Circulation (C-D)

Enclosed please find the Safety Analysis Report and prellmlnary
information for the proposed transition to long term natural -
circulation at TMI-2, as requested at the Commission Meeting of
April 9, "1979. .This report is current as of approximately April 9.
The analysis is significant in that it suggests a great deal of
flelelllty in placing the TMI 2 reactor in a natural circulation
mode. ~Additional analyses ‘are continuing to be performed which
willisdefine more specifically the proposed final end p01nt tempera-
ture and.pressure conditions as well as state points in the various
supporting plant systems. De&tail analyses and procedures on the
exact methods for achieving natural circulation are also in work.

As additional information becomes ava:.lable, we will supplement the
attachment as necessary.

It is our conc1u51on, from the data in the attachment, that long
term natural circulation is a viable way for placing the TMI-2 -

reactor into a long term stable condition, and the safest of the
various options available.
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""3.7 CORE THERMAL BEHAVIOR", G. A. MEYER/A. B. JACKSON, APRIL 10, I979.

"CRITERIA DURING ESTABLISHMENT OF NATURAL CIRCULATION," L. L. LOSH/
J. F. BURROW, APRIL 10, 1979.

"RELIABILITY AND UNCERTAINTY OF THERMOCOUPLES FOLLOWING LOSS OF
FEEDWATER TRANSIENT,' T. L. WILSON, APRIL 5, 1979.

"ACTION ITEM 143," J. T. WILLSE, APRIL 6, 1979.

"RESPONSE TO THERMOCOUPLE REQUEST," J. A. WEIMER, APRIL 5, 1979.
"REQUIRED FLOW FOR CORE COOLING,'" A. B. JACKSON, APRIL.IO, 1979.
"COOLDOWN PRESSURE," J. R. GLOUDEMANS, APRIL 10, 1979. '
"ADIABATIC HEATUP RATES;" J. H. JONEO, APRIL 10, 19I9,

"INCREASED T.C. READINGS DUE TO PROXIMITY OF FUEL PARTICULATES,"
P. J. HENNINGSON, APRIL 10, 1979.

"BOILING CONDITIONS IN CORB " J. A. WEIMER/R. L. HARNE " APRIL 1,
1979. '

"MINIMUM CORE FLOW - LONG TERM COOLING," G. A. MEYER, APRIL 4, 1978.
“CORE FLOW DISTRIBUTIN FOR ONE PUMP AND TWO PUMP OPERATIOV "

- R. M. HIATT, APRIL 10, 1979.

"CORE BYPASS FLOW FOR CORE BLOCKED AT TOP ONLY ** R. M. GRIBBLE,
APRIL 8, 1979,

"INCORE THERMOCOUPLE ERROR EVALUATION," J. A. WEIMER, APRIL 10, 1979.

""DISCREPANCY BETWEEN THERMOCOUPLES AND OUTLET RTD TEMPERATURE
MEASUREMENTS," T. L. WILSON, APRIL 9, 1979. '

OLYNX//MODEL FOR TMI-2 BLOCKAGE STUDY," R. M. HIATT, APRIL 10, 1979.
"DAMAGE MODEL - FLUIDIZED BED " P. J HENNINGSON, APRIL 10, 1979.

"ESTIMATE OF LOOSE CORE DEBRIS VOLUME (4/9/79 - ZOOO)J'CORE
CONDITION TASK FORCE, APRIL 9 1979

CoRE PRESSURE DPese 1R /I/A'Twézﬂ_ C/ﬂcmLAT/o,\/
¢ ALcUuLATION' RS BAeTELLS, Arer 9, 1977
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3.0 SAFETY EVALUATION INFORMATION FOR TRANSITION TO NATURAL'CIRCULATION -

. COOLING -

METROPOLITAN EDISON CO HAS EYALUATED THE VARIOUS STATES FOR MAINTAINING“ B

- THE TMI 2 REACTOR A LONG TERM COOLING MODE. WE HAVE PREPARED THE FOLLOWING
LEVALUATIONS WHICH DEMONSTRATE THAT THE REACTOR AND ASSOCIATED SYSTEMS CAN
':SAFELY UTILIZE RCS NATURAL CIRCULATIOV CORE COOLING WITH THE STEAM GENERATOR

'5(T;8ECONDARY SIDE IN'A SOLID FLOWING VATER CONDITIONS FOR HEAT REMOVAL. -

e -



. 3.1 DESCRIPTION OF. COOLING MODE

ATTACHMENT 1 TO THIS REPORT ENTITLED "A SUMMARY OF NATURAL CIRCULATION’~

l

fALTERNATIVES FOR LONG-TERM CORE COOLING AT TMI—2 "DESCRIBES THE "PROPOSED

-

4

METHOD FOR LONG TERM COOLING THE DOCUMENT CONTAINS DETAILED INFORMATION

'ON THE RECOMMENDED COOLING METHOD ALONG WITH DISCUSSIONS DOCUMENTING THE .

"-gSUPERIORITY OF THE RECOWMENDED MEIHOD OVER ALTERNATIVE CONSIDERATIONS.-

-~



B A EACRDR CONSTDERATIONS
coe METRDEOLiTAN ED'IECN"CD" HAS PREPARED DETAILED OPERATING INSTRUCTIONS
-  IN THE EVENT oF EQUIPMENT MALFUN(.TION. A LIST OF THESE PROCEDURES 1s PROVIDED
e 'IN AT'.[‘ACHMENT 2. THE BACKUP CO\ITI\IGENCIES PROVIDED BY THESE PROCEDUPES ASSURES
| _RAPID AND ACCURATE RESPONSE 0 EMERGENCY oR OFF NORMAL PLANT CONDITIONS._.-_-
3
| .
| 5 |
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:-.2,3 3 SYSTEM PERFORMANCE ANALYSIS IN NATURAL CIRCULATION |
...... " B&W HAS PERFORMED DEIAILED ANALYSES OF THE NATURAL CIRCULATION CONDITION -.
F"‘FOR THE RECOMIENDED MODE oF COOLIR THESE CALCULATIONS INCLUDE BOTH HAND

hCALCULATIONS AND THE DEVELOP\ENT OF COMPUTER CODES To- PREDICT TRANSITION SYSTEM.

| RESPONSES.. 'THE ANALYTICAL TECHNIOUES USED ARE DESCRIEED N ATTACEMENT 3. THESE
 _-TECHVIQUES HAVE BEEN BENCHMARKED AGAINST. NATURAL CIRCULATION DATA OBTAINED AT,
- DAVIS-BESSE 1. W ADDITION TEST WERE PERFORMED AT B&H'S ALLIANCE RESEARCH

| ,CENTER UHICE DEMONSTRATE THE . EXCELLENT COOLING CAPABILITIES USINC THE OTSG' S'
"'”TAIN THE, RECOMMENDED COOLING. “ODE THE RESULTS OF ‘THE ALLIANCE TESTINC ARE

DISCUSSED “IN DETAIL IN, ATTACHMENT 1...' | |

ATTACHMENTS 1,2 AND o DISCUSS THE POTENTIAL FOR" CORE BLOCKACE -~ AS_SHOWN

;IN FIGURE 2 OF ATTACHMENT 1; 2 XORE THAN ADEQUATE CORE FLOW WILL ERIST EOR THE.

 RANGE OF ESTIMATED BLOCRACE.f IN ADDITION, ACCEPTANCE CRITERIA HAVE BEEN E
"'PREPARED WHICH' WILL BE USED TO SAFELY TERMINATE THE TRANSITION TO THE NATURAL B

ﬂva}.;CIRCULATIOV MODE IF-NEEDED. & - - iﬁ _' | :' B
-  s THEREFORE METROPOLITAN EDISON COMPANY S. VIEU THAT DETAILED ANALYSES?A.f

- '}OF TRE TRANSITION TO 'THE NATURAL CIRCULATION MODE OF COOLING DEMONSTRATE THAT f:;“
- ;”HE RECOMMENDED COOLING MODE cax. uAINTAIN THE - CORE Eas A SAPE CONDITION.T IN,.{¥
- T}J*T:;ADDITION IN 'THE UNLIKELY EVENT THAT PROELEMS Do ARISE; ACCEPTANCE CRITERIA
| WILL ASSURE THAT THE TRANSITION OPERATION CAN BE SAPELY TERMINATED AND THE- PLANT -

- .RETURNED TO ITq ORIGINAL COOLING MODE.

ot



v3 ' CHECKPOINTS DURING THE TRAN‘SITION OPERATION TO. NATURAL CTRCULATION.
o  THE ACCEPTANCE CRITERTA FOR THE TRNASITION OPERATION ARE INCLUDED IN

ATTACHMENT 1 AND THE THERMOCOUPLE CRITERIA ARE INCLUDED IN ATTACHMENT 4.
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;[3 5 HYDROGEN EVALUATION

HETAL—WATER REACTIOV DU?‘\G THE INITIAL PHASES OF THE TMI—Z INCIDENT
GENERATED LARGE QUANTITIES OF HYDROGEN ON MARCH 28 1979 THIS HYDROGEN

'-FORMED A BUBBLE WHICH BECAME InAPPED IN THE HEAD OF THE REACTOR VESSEL 'THE .

L d
:

,'PARTIAL PRESSURE OF RYDRocEN IN THIS BUBBLE CAUSED THE REACTOR c00LANT TO *BECOME .
' SATURATED WITH RYDROGEN.. AFTER THE BULK OF 'THE BUBBLE WAS REMOVED ON APRIL 1,
. TRE COOLANT RENAINEU SATURATED UTTR 1300 To 1400 STD cc OF HYDROGEN PER KILO-
“GRAM OF - c00LANT., EXTENSIVE UECASSTNG OF “THE REACTOR COOLANT DURING THE 'TIME
'PERIOD ERON APRIL 2 TRROUGR APNIL 8 IS BELIEVED TO HAVE SIGVIFIPANTLY REDUCED
 THE COVCENTRATIOV OF DISSOLVED HYDROGEN.- HOWEVER, SOME HYDROGEN GAS. WAS BELIEVED
- TO HAVE BEEN TRAPPED ™ THE CO\TROL ROD DRIVE NECRANISMS (CRDNs) AND HAS. N0T
'“READILY DISSOLVED INTO THE! REACTOR COOLANT.; 80, ON APRIL 9TH THE- REACTOR
: c00LANT SYSTEM PRESSURE WAS CTCLED TO PROGRESSIVELY LOWER PRESSURES REACRING
A NINTNUU PRES SURE OF 411 PSIG THIS EXPANDED THE GAS TRAPPED ™ THE CONTROL |
-~ ROD ‘DRIVES AND ALLOWED IT TO BE ENTRAINED IN THE RC FLOW. THE Ac NOISE SIGNALS
oW “THE REACTOR COOLANT RRESSURE TRANSMTTTER CONFIRMED THAT BUBBLES WERE RELEAsED
-{EACR TIME “THE PRESSURE REACHED A NEw Low.. (BUBBLES APRARENTLY ALTERNATE THE
| “NDISESIGVAL ANU REDUCE THE PEAKrTO-PEAh FLUCTUATION) | THEREFORE IT IS CLEAR
ERTHAT, AT PRES:URES ABOVE 411 PSTG, THE GAS WILL BE COMPRESSED FAR: BACK INTO
'-TRE CRDMs AND THAT THE REACTOR COOLANT SATURATION PRESSURE IS BELOW 411 Rsxc.»'f
.-'SINCE THE SOLUBILITY OF HYDROGEN NTLL DECREASE As THE ‘TEMPERATURE. DECREASES
| NATURAL CIRCULATION MUST EE PEREORMED AT A PRESSURE SUEETCIENTET'AEOVE 411 PSIG
TO ASSURETRATANY DECREASE IN SOLUBILITY DUE To TEMPERATURE Is OFFSET- BY THE
;SOLUBILITY : Ef j l'f.”ﬁ*Vf ) '.l;fszEﬂ}f _':'f - INCREASE. 'DUE 10 -
| PRESSURE - IF THE MINIMUM TETET}AJURE EXPECTED DURING NATURAL CIRCULATION Is -
. .140°E AN OPERATING PRESSURE OF 500 PSIG OR GREATER WILL ASSURE THAT No BUBBLES.
\ . ARE 'FORMED,’ 'EVEN IF T 18 Assuwzn THAT REACTOR COOLANT IS PPESENTLY SATURATED ;
AT 411 PSIG.: ACTUALLY THE RLACTOR COOLANTS HYDROGEN SATURATION PRESSURE 15

EXPLCTED TQ'BE SIGNIFICAhTLY-BELOW 411 PSIG, BUT'IHISjW;LLZNOT BE ABLE TO BE



" PROVEN BY PRESSURE REDUCTIONS DUE TO NPSH LINITATIONS ON THE RC PUMPS. .IN-“
7.0RDER TO DETERMINE THE ACTUAL qATURATIO\I LIMIT PRESSURIZED REACTOR COOLANT

wSAMPLES WILL HAVE TO BE ANALYZED FOR DISSOLVED HYDROGEN.
o o y ; | '
- THE NET PRODUCTION OF RADIOLYTIG HYDROGEN OR OXYGEN 1S EXPECTED TO BE ZERO _AS

'LONG AS THE PARTIAL PRESSURE .OF HYDROCEN IN THE REACTOR COOLANT SYSTEN s KEPT o :

. IN THE RANGE OF 5. TO 15 PSI (REF 1)

f_ADDITIONAL EQUIPMENT 'IS. NEEDED TO ASSURE ADEQUATE RCS DECASSING CAPABILITY
TO REMOVE EVOUGH GAS FROM THE SYSTEM 'TO ASSURE EVENTUAL DEPRESSURIZA-:

TION FROM 600 PSIG TO ATHOSPHERIC PRESSURE UITHOUT INTERRUPTING COOLANT FLOW.

'REFERENCES - -
- 1;.'wAmtR“cobLANTfTEcHNonOCY*OF*POWER?REACTG&S BY PAUL COHEV GORDOV AND

BREACH SCIENCE PUBLISHERS OF NEW. YORK 1969 .




3.6 'PRESSURE—TEMPERATURE CONSIDERATIONS

o

;FERENCES:_ 1) J H. TAYLOR TO DISTRIBUTION, SAME SUBJECT 4/9/79 8 53 P.M.

. l
2) ' C.E. HARRIS TO-C.W. PRYOR, "P.T. LIMITS FOR LONG: TERM COOLING, "
- 4110779, 5: SO RM . o .

. ' -

IN RESPONSE TO REFERINCE l) THE FOLLOWING STATEMENT I8 PROVIDED AS INPUT TO

‘”'_'SECTION 3.8 OF THE'SUBJECT'SER. THIS INPUT IS BASED ON THE ANALYSIS RESULTS

-

"BASED ON FRACTURE MECHANICS ANALYSES OF “THE TTE—Z REACTOR VESSEL PRESSURE- :
: -STEHPERATURE LIMITS FOR LONG TLRM COOLING OPERATION HAVE BEEN ESTABLISHED. ;.A”-‘
..'iZITHE ANALYSES WERE CONDUCTED IN ACCORDANCE WITF APPENDIX G TO SECTION III OF
”.CASME CODE FOR ACCIDENT CONDITIONS. THE CALCULATIONS ARE APPLICABLE FOR FLAW

; -DEPTHS UP TO-ONE QUARTER OF THE REACTOR VESSEL THICKNESS AND SHOULD CONSERVATIVELY* -

'BOUND ANY FLANS WHICH MIGHT EXIST IN SERVICE. =

:'_THESE ANALYSE CONSIDERED A WORST CASE TRANSIENT ASSOCIATED WITH HPI SYSTEW

' OPERATION BY CONSERVATIVELY ASSUHING THAT NO MIXING OF HPI AND REACTOR COOLANT

: i;wNWATER OCCURS IN. THE INLET PIPING. FOR THIS CASE THE REACTOR VESSEL INLET

ATTACHMENT - - - =7 - o

' NOZZLE 18 THE GOVERNIVG WELD.:

”T?A_A PLOT OF THE ALLOWABLE PRESSURE~TE}EERATURE ENVELOPE IS ATTACHED.A THE SYSTEM
.;WILL BE COVTROLLED DURING LONG: TERM COOLING OPERATION TO ENSURE THAT THE '

”f'PRESSURE-TEMPERATURE RESTRICTIONS ARE NOT" VIOLATED." .
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3.7

,CORE MELT. CONSIDERATIOWS

UNDER THE CONDITIONS OF NATURAL- CIRCULATION THE CORE WILL BE SURROUNDED ‘
BY COLD- WATER 'NEAR lOO F.  THE POSSIBILITY OF CORE MELT IS CONSIDERED >

TO BE REMOTE UNDER TEESE CONDITIOVS WITH THE CURRENT oW DECAY HEAT

'RATE AND WITH APPROPRIATE MONITORING’OF INCORE THERMOCOUPLES THERE WILL
- BE SUFFICIENT EARLY RARNING SIGNALS TO PREVENT CORE DAMAGE.- ' '

'A DETAILED DISCUSSIO OF CORE MELTING POINT ASSESSMENT OF ORIGINAL

FUEL DAMAGE CONDITIO\S AND EARLY WARNING SIGNALS IS PROVIDED IN
ATTACHMENT. 5 .. BASED- UPON TEIS ASSESSEMENT AND THE USE OF DETAILED
ACCEPTANCE CRITERIA rOR THE TRANSITION TO NATURAL CIRCULATION IT. IS

,‘_METROPOLITAN EDISO\I conPAm s VIEW THAT NO PROBLEMS EXIST WITH RESPECT
- T0 THE POTENTIAL FOR CORE MELT. . T C : ' '




3.8

'CORE THERMAL BEHAVIOR

THE CORE THERMAL BEHAVIOR FOR VARIOUS - POTENTIAL MODES OF OPERATION Is-

' DISCUSSED IN ATTACHMENT 4. ATTACHMENT KA ALSO DISCUSSES THE USE OF

INCORE THERMOCOUPLES .CORE BLOCRAGE CONSIDERATIOVS THERMAL HYDRAULIC

: EVALUATION OF NATURAL CIRCULATIOV AND ANALYSIS OF. VARIOUS ALTERNATIVES.‘
BASED UPON- THE INFORNATION IN ATTACHMENT 4, METROPOLITAN EDISON COMPANY
-ZCONCLUDES THAT. THE "PLANT CAN BE SAFELY OPERATED IN THE "RECOMMENDED
TLONG TERM COOLING ‘MODE. . ' - .
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.. "TMI-2 CRITICALITY EVALUATION - %

. ..'. In'troduction oot N e e e .,.I.\.'.'."_'..

Evaluatlons of core subcr ticallty and potentlally crltlcal fuel conflgnratlons
o were begun: soon- -after the. TMI-Z incident. The ana1y51s covered-a broad: spectru:
“,'of fuel conflguratlons, ranging “from the: intact core’to’ homogeneous ‘solutions of -
e uranlum and- ‘water,-::Boron.concentrations; necessary. to maintain subcrltlcallty for..
thé various postulated configurations.were: determlned. ‘The- follow1ng is .ar - Lo .
;.descr:pt1on of the methods of analy51s and results frOm the crltlcallty evalnatvons.w~

rl;; Fuel in. Core Reglon

.:The analys1s for the various p0531b1e conflgu aLlons of fuel “in. the core" re:lon, .
was ‘divided .into two areas (1) fuel rods:intact and (2). succe531ve "slumcping..
of fuel pellers to an ultlmate slab of pellets.'j : L o

'.-lal,Fuel Rods Intact ."j- f"ugf; ;Zﬁﬂ “Ttﬁilfit

s PDQ—O? calculatlons were . perFormed for. the TMI—Z core. at- the core burnun on N
: __March 28; 1979 (88.3 EFPD) for several assumptlons at cold condltlons. ““The
",Zresults are Smearlzed in Table 1.. : : '

TABLE 1

Boron Requlrements for TWI 2 Core for Cold (70 F) Shutdown

‘Tenﬁerature: 9F'nx " Control R&déff.f ﬁeffl R Boron, ppm . . .. -
70 S0 A1l RedsOut o .95 YT 21850
- 70. l; . -All"Rods Out’~  ..99° - . -1795.
30 707 AlLRods In . - .95 . . 1705
70 Al Rods In. . .99 .. .1385.

’The boron concentratlons 1isted above are based upon the follow1ng assumptlon ,ﬁ_

as ‘Guide tubes, spacer grlds and claddlng remaln 1ntact.. The fuel is the
- nba31c structure as. orlglnally 1oaded 1nto the core: reglon. :

:b}eiNo credlt taken for Lumped Burnable P01son (LBP)
¢ 'Xenon fully decayed . L '

d;}'No credlt taken for Samarium bu1ldup 51nce shutdown, equ111br1um Samarlun
©._at hot: full power was’ assumed S .

: ~'e;l'An add1t1onal 1% AK/h was 1ncluded to prov1de a conservative predlctlon R
Coae : at 700F‘ - . . . :



ﬁ.'f' GThe values in Table 1 are po<s1b1y non-conservative for higher temperatures PO
' . because the core ‘has_a- positive moderator coeffic1ent of N + 8 x 10’4 AK/Y/ F L
'at 2100 ppm boron, for an, 1ntact core. L -““”f: . o
: ~Predicted keff values for the present temperature and boron conditions based o
C-an the above assumptions are- shown 1n Table 2. K ‘ e T

TABLE 2

Core Keff Values for Present Conditlons, 280 F and 2100 ppm

Tenmerature OF Boron, ppm Cohtroii"’fiods "'Kef'f.*' el
280+ 100~ AL Rods. Out 97 -
i 280 f: ::';;i 2100 i All Rods In. .' .92

% Predicted values from Table 1 u51ng a.+. 8 X 10 AK/K/ E moderator
3-coeff1c1ent at 2100 ppm boron. TR - _

7Fuel Pellets Sl 1ng

':;”:Criticality studies were performed for fuel pellets free from the cladding S

.. .-.dropping’ onto the spacer grids.a The ‘grids were " successively. assumed to’ fail L
' . resulting in: varlous slabs of" "slumped" fuel -atop-the-lower: fuel segments

~until ultimately one large slab of” all the fuel pellets rested atop the: lover:
gr1°'v$¢¥";a.- L =,.‘:-'v?' o Sl - ..,__ -w,* K :

e oot Semem et e m L B e stimreges e ae cmpeem
o ot T T T

”_'jKENO—IV ver51on 2 ut11121ng 123 g XSDRN cross—section sets were used for all o
E calculations.j."?j___ : , S

D T P TR T TR R

'fﬁ'The core. was: modeled in seven’ symmetric planes with t0p and botton reflector;fijfl
" but'infinite“in X,y. - Thus, a slab reactor. was calculated for 160°F mouerator; '
';temperature, 7900 psi.‘ (An ectra conservatism was the ‘top plane having 21

?;_assumed full. (21") pellét stack" heights surrounded by borated water. "This: :
:;’condition represented a U02/H20 volume ratio of +307. Subsequent calculations
" ‘assumied that”as the fuel ‘slunped ‘into, each .of ‘the :seven plates;-défined by -
ce the spacer.. grid i U02/H20 ~volume ratio of 0. 63 occurred ‘'within:the fuél. water '
Jooos ik mixture. o The assumed volume fraction-of-.63:is- based on measuyred .packing.
w77 fraction” data- at CNFP. ‘The calculations assumed BOL“isotoplcs, no-. control
L ;‘,rods, .no ‘LBPs, - no.fission’ products, no.- structural material, only borated
l-water’ and fuel pellets. A calculation was’ also made assuming. that all seven,

L B O R S o
. el .

Seirte airbin-anes i wa b

ibto be the average of the three fuel batches, ie 2 60 w/o U 235. w,;fJT

S For those conditions which produced a cr1t1ca1 system at the initial boron o

- contentration: '0£-.2100° ppm - (approx1mate level in RC: system);:the. boron was = = .

TR increased until a. suberitical’ array could be’ predlcted " The fuel~ arran"eleat~:
[ .forlthe Varlous cases 1s shown in. Figure 1 and the results are summarizeo kxv-

... Table 3 : . , . . . K . :

.

"‘inches of fuel as cpposed’to thé 16 -inch actual). ' The’'initial axial geometrvf?:'y

'Trplanes had slumped into one’ slab.” Fuel enrichment ‘for all cases: was assumed,._'“v



TABLE 3

Cr1tical1ty Calculatlons for Four "Slumped" Fuel Conflnuratlons in Core Reg;on

4000 - e o _}-v:-4sa-:*3~ it ;992. 004 - 1.003

An addltlonal KE\O calculaticn was. made for the more credlble s1tuat10n of

S e YA
C T + Case’l | . Case 2. . .. . Case 3 © 7 Case & -
i Boron,'ppm - (Grids-Intact)-- (2 Grlds Fail) (5 Grids Fa11) '(Total-Slump) :
'*if2160f;5~A- . 70.824 % .004 - - 1.016'% .005. - 1.062 + .004 - 1.078°%.004
3000 0 ee— ot .990 % oqam ©1.035 £ 5005 - 1.038'% .004
+ * .'00_5 .

:;the upper 3 grids., falllng and the. fuel slumplng atop the fourth grid, . For -b

fb_;its basic conflcuratlon.~ The:: array was assumed : inflnlte in x~y directionm.: .
.. The slumped fuel- pellets in: the 'upper ‘region was: assuned ‘to be packed in - the e

"most ‘optimum fuel/water ratio of fuel Volume fraction ="0.55,

'b;thls situation the fuel below the" rourth grid was assumed to: be stand:ng da

iWhereas, the standing- fuel pellets were assumed to be’ at" tnelr 1n1t1al volume':“

. The first case assumed. normal cell. pitch (1. 44 cm) ‘but: had" to use a larger:
- _pellet O. D. in the slunped’ region, to. produce the 0. 55 volume fractlon fuel

- Case:2 assumed the normal. pellet 0.D in’'the slumped reglon with.a eell pltch

TABLE 4

. L Crltlcalltz_Calculatlons for 3 Grlds Failing

T ease Cell Pitch  Boron,_ é‘px‘n—.'. -;_,_--T@E* ,-»l'-"? C U Re
S 1j“':= A4hem . -03000 5';-' 280" =, 1.000
2 cpelaziem 30000 28000 - 1019

'...';ffractlon ‘0of 0.307." Since the KENO code cannot calculdte .two mixtures of. fuel':Jﬁ
~ % with different cell pitch thé.iabove scéna¥io was. bounded by-two KENO .cases. . -

: . of 1.12 cerand . a- correspondlngly smaller ‘Ppellet 0.D." in the:lower: intact fuel-i.-
. rods. Floure 2 sboms the fuel conflguratlon and' Table 4 summnllzes tﬁe results

- Comparlng Case 2 above with the total slump Case 4 from Table 1 the slngle

’;slab is sllghtly nore reactnve. -

.- An assessment of the 1nherent conservatlsm and nonconservatlsm of the KEVO N

"b-studies (Tables 3 & 4) is plesented below. ,“.

‘i?No fuel depletlon con51dered Fuel depletlon w111 redu e K@~by5d& 42;57‘AK/K-h¥5

.3No radlal leakage considered Radlal leakage w1ll reduce Kw by A -3 O/ Ah/K;;Q

N6, credlt taken for Ag—In—Cd Control Rods.ild'

O

; The ‘total slump casé (slab) assumed a: Volume Fractlon of fuel equal to 0 63,
" the packnng fraction.. - However, ‘this is not necessarlly the optimum conflgura

0!1

:;for .criticality (Sectlon .. ). 1f the. most optimum. fuel/water ratio 1s fonned
' the C°ﬂf38urat10n may be more, reactxve by v 42, 5/ AK/R. S -

-------



1 3 Fuel Pellets - Sphere ;,fvd-~f::x

5,Ca1culations were performed to predlct the critlcallty for the" assumptlon that

- all the fuel- pellets collapse to. forn an . _op timum* ‘spherical c0nfigurat10n in.

* the 'reactor ‘'vessel plenum. . The multipllcatlon factor ‘for an infinite array
of non-depleted fuel.pellets in “the optimum’ water.ratio: for the core. average
enrlchment 2.6 w/o U-235 is. presented in Table 5. -Also- shown in Table 5

'is the expected leakage react1v1ty for the hypothetlcal sphere.

-.Parameter Study - Inflnite Media

EnrlCh.fUEHt TemP - F Boron s Ppm . "l Optimum VF Fuel me p Leakage
- wfo U235 f-~ . . L S - .
2.6 o 280 ' 2100 ' j. 0.52 __y--_,, 1.0¢ 091 —1 W7 AK/K'i

260 ': 280 .. . 3000 j w’ﬂ;'.:-‘0;63 S Liozss 1464, BKIR

.These data demonstrate that after subtractlng the fuel depletion react1V1ty
1 (~2.5%. AK/K) “and the’ expected leakage, a hypothet1ca1 ‘sphere ‘can-be- critical -
' at 2100 ppm’ but w1ll be subcritlcal at a boron concentratlon of 3000 ppm.~__4

Heterogeneous mlxtures of fuel and water in an. inflnlte array were analyzed
with the :NULIF code.: The" volume fraction of fuel fuel. partlcle 51ze, boron -

- concentrat:on, and temperature- were -varied. - The: calculatlons ‘were performed

for a fuel enrichment of 2.6 w/o- U-235, correspondlng to’ the- average fuel:

~ enrichment- in the core, No credlt ‘was- taken for fuel burnup oT - f1551on product
.<bU1ldup. A L L : : . o - R :

Figure 3 shows reactiv1tv as’ a. functlon of the uranlum volume fractlon for .

'h_several ‘boron concentratlons dnd 2° ‘different” temperatures. -The" optlmum fuel/

. -wateriratio:increases with increasing boron’ concentration. The-most: likely . -
"..fuel volume fraction for infact fuel pellets settling in a system ‘cavity has R
" been’ experlmentally determlned to be 63, - Flgure 4 shows ‘reactivity as.a- _
function of“fuel particle size: ‘for a. fuel” volume fraction’ of “.63... As: can be
‘seen: by compar1no Flgures 3 ‘and . 4, react1v1ty is much more’ sen51tive ‘to” the'
_4volume fraction. of uranium in ‘the - system than to: partlcle size. For -fuel~ _
* . volume fractlons in the range where K& ‘can be’ greater ‘than’1.0. with 2100 ppm'fs ,
A;boron in _the: system, 1ntact fuel: pellets unlformly dlstrlbuted in’ the system;;’:f»'
‘'were’ found ‘to.be more reactive ‘than. an .equal ‘amount’ of- fuel. dlspersed in e

smaller. sized- partlclcs of homogenoously mixed with the coolant: . Figure'5 . ' .-

“shows react1v1ty ‘as a_ functlon of -boron ‘concentration “for. uranzum volume -

. fractions : 0of .52 and .63 at. 280OF. - At lower boron concentrations, the, lower R
* - uranium volume fractions-are -nore reactlve, ‘at hlgher boron concentratlons,"'

the - larger uranlum ‘volune: fraotlons ‘are more reactlve.v Flgure 6 shows

freact1v1ty as a. ‘function’ of boron concentratlon for a uranium volume fractlonij;
'_.of 63 and 3 dlfferent partlcle 31zes.-;rl' SRR ST e e

All the above calculations were. perrormed ‘at 1000 p51a.. A dr0p in system '

7'pressure to 300 psia would be equlvalent toa 10°F rise in the moderator - =~
- temperature, For intact. pellots at a volume fractlon of - 63 the temperature

coefficient varles from =-.8 x 10‘4 Ap/°F at 2100 ppm-to =i5 x' 10'4 Ap/oF -
at 4000 ppm. “Thus“a_ drop in: jystem pressu e from 1000 p31a to 300 psxa would N

}?result in a sllght decrease ( 0 l/ in react1V1ty.
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" INTRODUCTION:

The TMI-2 long-term cooiing mode proposed by B&W utilizes RCS natural circ-
ulation'core cooling with the steam generator secondary side in a solid
flowing water condition for heat removal. Thia ultimate decay heat removai.
mede is aikey feature of the folloming proposed sequence of events to o

achieve a stabie; coid safe shdtdown condition at TMI-2.

Phase I: ' . Reduce RCS-temperature.to approximateiy 236°pry
' ' steaming the A O0TSG through the turbine bypass system .
with one RC pump running and RC pressure controlled.
to 'a value greater than the pump NPSH,osing the pressurizer

in a normal mode. .

Phase II: Witn' ;the A OTSG steaming, theg 0TSG (and closed secondary
o system yet to be installed) will be slowly" fllled solid- -
with water and a transition will be made to remove RCS -
'decay heat with the B OTSG solid. The X 0TSG will be
isolated and the RCS temperature will be reduced to
‘approximately 100°F w1th the B OTSG. Reactor coolant
flow and pressure conditions will remain the same as:

Phase I.

Phase III: '“The}2’OTSG (and:elosed secondary system to be installed)
' | .'will be fllIEd SOlld with water’ and a transitlon made .
? to remove RCS decay heat w1th both A and B steam i |
' 'generators flowing solid with 100°F feedwater. Reactor
-coolant flow and pressure conditlons w111 remain the

same as Phase I.



Alternate to - : . ‘
Phases II and III: The B OTSG will remain isolated and the A OTSG will

continue to remove RCS decay heat during the tramsition _
fron'a steaming-secondary at. 230°F to a solid-water CA~~7<
secondary at 100°F. This scheme would not utilize ‘

the B OTSG; however, the transition operation is

more difficult with respect to steam line water hammer

~and maintenanze of a stable RCS temperature and pressure.

Phase_IVi'- With the reactor'coolant system at apnroximately:IOOéF '
o o using normal RC pressure control and secondary side heat -
) removal with a solid system (between 3000 and 5000 gpm
at lOOOE); the reactor coolant pump will be tripped
- and natural circulatien eere cooling will commence.
'Acceptance criteria for core_cooling w111 be established
and long-term cooling of the core will be maintained

with natural circulation.

Phase V: . :With natural circulation for core cooling and a solid
seconda:ysystem for OTSG heat removal RC pressure can
be reduced to a minimum value required to maintaln.the

. . RCS-in.alsub—cooled condition. Our plan is to fill the

3 : » .primary.system solid, including the pressurizer, and
. maintain pressure control With a makeup pump designedln
- for sueh an application. To maintain a stable sub-cooled =

margin, we envision a long—tern RCS pressure between 20.

- and 50 psia.

" During the past week, analysis and testing has been underway at NPGD and"
.. the. Alliance Research Center to. define and understand.- the various alternatives

available for core heat removal with natural circulation._ ‘The analyses.were



B directed toward obtaining data to define an optimum long-term cooling mode.

Several of the important considerations include:

1. Core natural circulation'cooliﬁg,'for various core AP configuratioﬁs,

with one or two OTSG's in service.

2. 0TSG natural circulation cooling performance with various secondary side’
water flowrates to the unit through the main or auxiliary feedwater

nozzles.

‘3. Expected transient performance during the transition from forced to natural
circulation including specific acceptance criteria for the operator to

determine if adequate core cooling is achieved.



e e S e

SUMMARY

The preferred mode for natural circulation core cooling is to use both
0TSG's selid-on the'secondary'side; with a flowrate of 3000 gpm entering

the OTSG through the main feedwater nozzles and exitinglthe unit through

the steam outlet nozzles. .This mode will provide a maximum. core flowrate

(> 800,000 1b/hr), a minimum.core AT (< 30°F), and a minimum reactor coolant
average temperatnre-(< 120°F for 100°F 0TSG feedwater temperature). The
secondary side OTSG cooling is a table, forced convection mode, whlch
transfers all the prlmary system energy above a tube elevatlon of 30 feet,
thereby prov1ding a high column of cold. water for enhanc1ng the primary side
‘natural circulation. This mode provides a driving head similar to that

obtained with the OTSG steaming with a secondary side level at 30 feet.

The solid secondary side que of operation has a distinct advantage over a
steaming mode in thatka much lewer reactor coolant system temperature can be -
achieved. The solid configuration will result in an RCS temperature very
¢lose to the OTSG feedwater temperatute (approximately_looof); the steaming
mode‘of operation can only obtain RCS conditions equivalent to the.saturation'
temberathre at the lowest achievable steam pressure (approximately 230°F).

In addition, the use of the main noziies for -0TSG. feedwater addition has
been shown to'yield-a predictable and uniform primary system heat removal
.suitable-fpr natural circulation:. The use-ef'the'auxiliary nozzles for

0ISG feedwater. addition, with water exiting the main nozzles,.shou1d'alsd
remove the primary heat at an eleyated'point in the unit. Howeyer, the

flow distrlbutlon and unlformlty of cooling is uncertain.and the feedwater
flowrates are limited: by system de51gn and OTSG tube crossflow velocity.

~ concerns. In addition, major secondary plant modification would be requlred

to implement reverse flow through the OTSG main feedwater nozzlesﬁ"Testing‘

R



performed on the 19-tube steam generator at. the Alliance Research Center
‘confirms that feedwater addition through the main nozzles with water exitin"

the steam. outlet nozzles is' the preferable mode for natural c1rcu1at1on.

The advantage of using both steam generators instead of onlyfone is an
increase in the core natural circulation core flowrate of 10 to 20 percent.
and a decrease in the core outlet temperature of about 5°F. Extensive analysis
has been independently performed at NPGD to confirm that the difference’
between using-one or two 0TSG's is not'significant from a natural circulation

standpoint; one OTSG in service will provide adequate core cooling. We believe,

_— oo el pee | i

the need for heat exchanger redundancy in the long term. coollng mode, and the
ease of transitlon and operation with a solid water secondary for two OTSG's

versus one, makes operation w1th two loops a superior mode.

" The effect of a greater core resis stance on the: natural circulation cooling

. capabllity has been evaluated and -deemed-acceptable. . A .core. resistance

of 60 times the normal value has been assumed in the calculatlons, and the -
reported results are acceptable for either one or two steam.generators in
operation.- The difference betiween a normal core resistance and a -core .
resistance 60vtimes normal (indicatiné a significant blockage) is'a'factor S
of two in core flow and AT. This favorable result ls due to the'offSettingf

. effects of system resistance, flowrate, and temperature dlfference to sustain'.-

a stable natural c1rculation condition..

'Expected transient performance durlng the transition from forced prlmary
system flow to natural circulation is predlctable and. stable. From an 1nitial
_condition with the RC pump runnlng and primary and secondary temperature
5approx1mately 100° F, a stable natural c1rculat10n condltlon w1ll ‘be achieved .
within a half hour follow1ng the pump ‘trip. The. cold leg temperature will

decrease~slightly (due to the pump power loss) and remain stable at:about-

however, that Lhe uncertainty in ]ocal core conditions and cooling requirements,b

Vo



IOOOF; The'core.outlet“temperature will increase by about 20—30°F within
10 minutes and be observed on the-hot leg RID in less than 20 minutes.

During the first hour after the pump trip5 the reactor vessel heatup with

no primary system flow would only be 100°F.n Acceptance criteria during the
first,houfvof natural circulation will be provided to the operator and primary
system,pressute will be maintained to assure that the reactor core outlet _
temperafure rerains 100°F sub-cooled at all times. When the operator obsé:&es,
the increase in hot leg-témperature indication, a stable natural circulétion

condition will be confirmed. .



DISCUSSION

AC

1. Two loop bperation with both steam generatérs steaming at 230°F

Steady State ‘Analysis

The results of the steady state natural circulation analyses performed

to date are presentediin Table 1. TFour different reactor configurations

were evaluated'to determine the sensitivity of various conditions and-

assumptions on the natural circulation core flowrate and core temper-

ature drop The configurations studied include:

(20 psia) at a 30-foot secdndary side level (95% on operate range).

. This configuration is similar to that which has been tested on-the
Oconee Units and forms the basis for a considerable amount of
analysis at NPGD. . These cases have been used to provide a bench-
mark on the OTSG heat transfer_eharacteristies for development of
a'driving,head and for confirming RCS loop AP characteristics.'
Figﬁre l'illustrates the seneitivity'of the core natural circulation
flowrate with loop AT (the driving head-gain) and loop pressure -
drop-(the.driving'head'1oss)L The flowrate -will seek a stable.
natural circulation condition based upon the loop AP and the -
resultant core AT. The key to obtaining a maximum flowrate is. to .
remove the primary system heat (i €.y, change th ¢ to T.‘ ) at
as high an elevation as p0551b1e in the steam generator. Our : _

vtesting and analysis confirms that the primary heat is all trans-,
ferred above the liquid/steam interface (i.e., the level) on the

“-secondary side pf the OTSG.. .The calculational results presented :

' coneervatively aesnme that the primary system: temperature change-eh~"'
occurs as a step change ‘at the height of the O0TSG operate range

' 1eve1.



2.

The effect of increased“core AP has also been evaluated to determine

the core flowrate and teuperature drop‘sensitivity. The following

" types of analyses have been performed at NPGD to conclude that the

TMI-2 core resistance in its current configuration could be as high
as 60 times the nominal value, indicating a high degree of core

blockage:

"a.- Core AP calculations based upon a postulated core eonfiguration; D e

b. A comparison of RCS flow meter readings, w1th one pump running,

before and after the TMI—2 1ncident.

c. A conservative estimate of core flowrate .and pressure drop in
the‘currenr TMI-2 core configuratiou.using the actual decay
heat level and the difference between the cold 1eg'tempereture
and the core outlet temperature as determined by the core. outlet'

thermocouples [1.e., core flow = Qdecaz and AP = (core flow) ]

AT

:These analyses have proVided a range of oore AP velues which
have been included in the evaluations described in Table l
The effect of increased core AP on the natural c1rcu1ation
<flowrate is - illustrated on Figure 2 The analyses have shown
that the natural circulation flowrates are adequate with the

core in its current configuration.

‘Single loop operation with OTSG A'steaming at 23d°F'(20 psia)'at-
fa 30-foot -secondary side level-0TSG B isolated. " This configuration_ ‘

has been evaluated to prov1de a comparison of two 1oop versus
single loop operation. The 51ngle loop calculations confirm that

the net core flow will be lO to 20% less in thu;configuration than

'lwith both steam generators-in service.. The .resultant core AT will-.

-



1o

increase about 5°F (depending upon the decay heat level):and.is'still
acceptable for core cooling. These analyses were performed to confirm

an acceptable condition should an emergency situation require an

immediate transition to natural circulation prior to the planned

sequence to a solid stean generator secondary side.

Single loop operation with OTSG A in'a solid secondary,side mode
with water addition through the-main~feedwater-nozzles; ‘Steam
generator heat transfer analyses and testing have confirmed that a.
3000 gpm feedwater flowrate to the main feedwater nozzles will
provide. a primary to secondary heat transfer characteristic
similar to that achieved with the OTSG steaming with a 30-foot

water level. ..The majority of the heat removal: occurs above the

~30—£oot level in the OTSG with a 3ooo'g§ﬁ fiowrate. mIfmthe.flonrate.

is increased to 5000 gpm,.the'driving.bead for natural circulation

is further improved to about 35 feet. The calculational results

confirm that adequate natural circulatlon flow and core AT can '

be obtalned w1th a 51ngle steam generator operating in.a solid conditlon.
Additional analyses were performed in this configuration to determine
the;effect'of reduced corefdecay-heat levels. Tbese cases were run

at 2 and 3 MW to provide a comparison-with values of core flow

"and AT at 5 MW. As can be seen from Table 1,

~natura1 circulation core flowrate and core AT are both reduced for

lower decay heat values, and core cooling remains acceptable.

.Two loop operatlon with both steam generators in a solid secondary

mode with feedwater addition through main nozzles at 3000 gpm. .
This is the preferred mode for long—term coollng at TMI-2 and

the results are very similar to the two 0TSG's steamlng case.

‘Again, the solid flow1ng water secondary system at 3000 gpm‘lnduces



a high heat transfer interface in the 0TSG's and acceptable core

natural circulation cooling is achieved.

"The steady .state natural circulation analysis has resulted in the

following conclusions with regard to long-~term cooling at TMI-2:

1.

Adequate core cooling with natural circulation can be achieved with

either omne or two steam generators in- service. '

An increased core resistance due to.blockage decreases the natural
circulation flowrate and increases the core AT. However, it has

been éhown that acceptable core flow and AT can be maintained

with significant increases in the core resistance due to blockage. .-

" Adequate natural circiulation flowrate can Bé’achieved with_the
éteam-generator(s) in a steamiﬁg or solid mode if the efféctive.
heat transfer height is maintained at 30 feet or greatér qsing a
high level for steaming (30 fget)'ﬁr a high flowrate for solid
(3000 gpm). |

Adequate natural circulation cooling can be maintained at reduced

core decay heat levels.

. fid4'



Transieﬁt.Analysié-

The results of the forced flow trénsitibn_to natural circulation

cooling are presented in Figures 3 and 4. Transient analyses were
pérformed at core decay heat levels of 2 and 3 megawatts to better
understand the time dependent responsés_of core flowrdfe.and"témperéJjﬂﬁi
ature'change follpﬁing‘the loss of forced cooling. The bases for

the:analyses are as follows:

Core Power - 2 and .3 Megawatts

Reactor Coolant Pump Trip -at Time O . _ _ )
0TSG A Solid with 100°F Feedwater into the Main Nozzles at 3000 gpm
0TSG B Isolated '

Core Resistance Factor - 60

\

The transient responses of core flow énd temperature confirm that a
émaoth:tranéitidn to natural circulation is achievableé. Following the

loss of forced flow, the reactor vessel heatup S1owly'iﬁducés a tempefatﬁre
gradient'between the reactor veséel and upper OTSG and natural cifculation

occurs with no operator action. The core flowrate reaches a minimum .

abbut 1 minute.into the transient and réaches a stable condition.

"between 10 and 20 minutes.  The core outlet temperature begins to”_

increase and reaches a maximun value 4 to 5 minutes ‘into the

transient and a stable condition at about 10 minutes. There is

- about'a four minute time delay in the response of the hot'leg'ﬁémper-

ature measurement due to the zpproximately 1000 feét3 in the reactor
vessel upper plenum and hot leg piping. The cold leg temperature
drops slowly to closely match the OTSG feedwater fémperature due to

the loss of the'approximately_s megawatts of pumping power.

The transient natural circulation_analyses-have-fesulted in the -

-Tfollo&ing conclusions with regard to long—tErm.cooling at TMI-2:

L -11-



-

1. A smooth transition from forced flow cooling to natural circulation
can be achieved by tripping the reactor coolant pump and observing
core outlet temperature. There is no reason to slowly reduce the

-ZaL RC pump speed for a more gradual transition to natural circulation.

2. The reactor coolant system flow and temperature will reach an
equilibrium value within the first 1/2'hour of the transient;
the response of the hot' leg temperature measurement occurs within - . °

5 minutes after the core outlet temperature changes.

=12~



| OTSG.Test Program . ."

The ability to achieve and maintain a stable natural circulation flowrate

is.dependent upon the elevation difference between the heated core

‘outlet temperature and the tran51t10n to cold leg temperature in the

_0TSG tubes.. This transitlon_p01nt in the ‘0TSG is in turn dependent -

upon .the heat transfer-characteristics of the unit. If the primary

to secondary heat transfer can be obtained at-a-high elevation in the

0TSG, the drlvrng head from the density difference will be improved

. and natural c1rcu1ation flowrate will increase.

- The primary to secondary OTSG heat transfer;mechanism,while in a steaming -

mode is boiling at or about the level of the secondary side water.

' Extensive analysis and testing of the OTSG in the "pot boiling" mode

has confirmed that the primary system temperature transition. occurs above-
the level of the "bbiling'pbt." All calculations performed with the

OTSG in a steaming mode conservatlvely assume that the prlmary system
cold leg temperature is available for driving the natural circulation

flow at the 30 foot'level.

" Use of the steam generator as a water to water -counter flow heat

. exchanger is a more desirable condition to obtain during a long-term

decay heat cooling mode. The primary temperatures can be maintained
much nearer the temperature of the incoming feedwater to the OTSG.

In order to determine OTSG characteristics-in a solid mede, a test.’

program was conducted at the Alliance'Qeseerch Center on a 19- tube,.

full—length, steam generator. A natural circulation flowrate of. 700, 000 lb/hr

was simulated on the prlmary slde and forced secondary side coollng was
injected into the main feedwater nozzles; flow .exited the unit: through i
the steam outlet nozzles. Feedwater flowrates were varied from a .

scaled value of 100 gpm up to 5000 ‘gpm.

-13-



The results of this test program are presénted on Figure 5, a ﬁlot.of

‘.feedwater flowrate versus the OTSG heat transfer elevation. Heat

transfer elevation is defined as that level above which all primary
system heat is transferred to the secondary system fluid. That is, -the
height at which one can assume the primary cold leg temperature is '
available for driving natural circulation.  The figure shows that a
heat tramsfer -elevation of 30 feet can be obtained'if'théiféedwater .
floﬁrate'is at 3000 gpm or higher. A 30 foot elevation head in the
OTSG primary is édequate to achieve natural circulation as demonstrated

by the calculations in the previous section.

C—
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Acceptance Criteria During Operation

-The success or failure of natural circulation as a core cooling mode

depends upon the value of the core AT that can be maintained. The key
objective during plant operation in this mode is to.maintain a primary
cold leg température as low as possible and observe the resultant hot

leg- temperature: The acceptance criteria for success- of the natural

-circulation mode is to maintain the hot leg témperature below the sat-

uration temperature which would -cause bulk boiling. - Figure 6 illﬁstrates---

. the proposed NPGD criteria for natural circulation: to maintain a

100°F sub-cooled margin to .bulk boiling using the plant instrumentation
in its current degraded state. The large errors which have been -imposed

on the pressure and temperature instrumentation make it imperative to

_keép the RC'pressuré as high as possibie at the time of pump trip. This

"will allow a large hot leg temperature increase to occur before Boiling-

and assure a reasonable time pariod to achieve a stable natural circulation.
If the RC pressure is maintained at 530 psia, the hot leg'temperatufé
can reach 340°F (from its dinitial condition of 110°F) before action

must be taken.

_An ‘analysis of the reactor vessel was pé;formed-to determine the potential ..

heatup rate with zero flow into the vessel. ‘This analysis probides'a
bounding bulk fluid heatup rate to indicate the amount of-time availablé.
to the operator to také action before a boiling condition could occur.
The high probability of achieving a ‘stable.natural circulation condition
indicateS'tha; such a reactor vessélimatﬁp could never occur.A Thé
analysis is provided to show that the operator ‘has- at least one hour

to confirm natural circulation before any'action must be taken.

" =15-



RECOMMENDATION :

Natural circulation has been shown to be an acceptable méans of heat
removal for long-term cooling-ét TMI-2 with the core in its curreht‘canfig-
uration. Use of either one or two steam generators' is feasible if the
‘proper:.. secondary side heat traﬁsfer'characterisfics are established and
maintained to remove the primary energy near the top of the 0ISG. "In-
addition, the expected transition process from forced cooling to natural
circulation will provide a continuous and stable core cooling condition

which can be monitored and controlled by the plant operator.

B&W, therefore recommends .that a rlanned transition to natural'cifculétion

core cobiing be implemented at TMI-2 as soon as the degassing process is _

completed.,'Bbth steam generators should be utiliéed in a solid flowing

water condition with approximately 100°F.feedwa;er at 3000 to 5000 gpm

entering through the main feedwater nozzles. The sequence of-evénts-for33----"

this transition, as described in the Introduction of this report should

be as follows:
1. Reduce RCS temperature to~230°F with a 0TSG steaming.

2. Slowly £ill OTSG B solid with water and bégin removihg priméry éystem“
energy with the B_OTSG by gradually increasing feedwater flow until a
stable condition is reached at 200—230°F, When a stable ébhdiﬁibn

- -has been establiéhed, isolate OTSG A.;

3.‘ Reduce"thé.RCS temperétute_tb approkimétely 100°F by incréasing-the
feedwater flowrate to OTSG B. Fill OTSG A solid with &ate: and prepare

for operation.

o
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4.‘ Slowly begln feeding OTSG A with 100 F feedwater and establish a stable
" condition with both steam generators remov1ng decay heat with a 3000 gpm

,feedwater flowrate.
5. Establish RCS natural circulation as follows:

a. Throttle feedwater flow to both steam generators to establish
 approximately 25°F AT between feedwater temperature and 0TSG

secondary outlet temperature. -

b. When a stable condltion has been estab151hed, trip the running '
reactor coolant pump and increase feedwater flowrate to both OTSG's

to 5000 gpm within 3 minutes. Maintain at 5000 gpm.

c. Maintain RC pressure at the initial condition value and observe

both A and B hot leg temperatures.

d. Cnmparenthe-het leg temperatures to the acceptance-criteria on
" Figure 6; If the temperature exceeds the limiting value, start a

reactor coolant pump.

e. When stable natural circulation conditions have been achieved,
reduce:RC pressure to the proposed long-term'cooling value between

20 and 50 psia.

; The above sequence of events will estaElish a stanle and safe“natural.

: c1rculat10n condition for 1ong—term coollng at TMI-2. All starting or
-stopplng of reactor coolant pumps -should be av01ded until the pump is tripped
{to_induce natural circulation. In addition, B&W recommends that the

seduence of events be implemented in a planned and controlled .manner, i. e,

~ we -should not wait for a complete- fallure of - a11 four RCP's before establishing.

'natural circulation. We should however, have an alternate decay heat
- removal system installed and ready for operatlon prior to -the tran51tlon‘

to natural c1rcu1at10n.

. '.."-17-7 .
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 APPENDIX A

INSTRUMENTATION REQUIRED TO ACHIEVE AND
MAINTAIN LONG TERM COOLING



INSTRUMENTATION REQUIRED TO ACHIEVE AND MAINTAIN LONG ‘TERM COOLING

1. REQUIRED TO CONFIRM THE INITIATION OF NATURAL CIRCULATION

Primary System
ITEM -
.

. I1; - REQUIRED TO MONITOR LONG TERM NATURAL CIRCULATION

, A,A Primary System’
. ITEM
1..

MEASUREMENT

Pressurizer-Level

Pressurizer Tempe'rqture

Loop A Reactor Coolant Pressure

Loop’ B Reactor Coolant Pressure

, RANGE- OF
MEASUREMENT INTEREST
Reactor Core Qutlet Temperature 0-700F

(;ncore TC's) ) -
.Loop A Reactor Hot Leg
Temperature . ' 0-550F-
Loop B Reactor Hot Leg i
- Temperature _0-5_50F'
- Loop Al ‘or A2 Cold Leg
Temperature i 0-350F
Loop Bl or B2 Cold Leg .
Temperqture 0-350F

DESIRED

ACCURACY
3 10F

+10F

+ 10F

+10F .

+10F

~ (IN ADDITION TO ITEMS IN I. ABOVE)

RANGE OF
INTEREST

0-400"
0-500F -

0-1000 psig
0-1000 psig .

DESIRED

ACCURACY

i 40" .

+ 10F

+ 50 pst,

+ 50 psi

BACK-UP

MEASURENENT .

Item 1.2; 1.3

Ifem I.3
Ttem 1.2
Item I.5

Item I.4

BACK-UP
MEASUREMENT

Item II.A.3

Item IT.A.4
Item II.A.3

PAGE' <3

i

COMMENTS

COMMENTS
Comp. I.D. 0387, 0388
(Not required for
solid primary.)
Comp. I.D. 0389 . .
(Not required for
solid primary.)
Comp. 1.D.0398, 0399

Comp. 1.D. 0400



B. * Secondary System
IEM
1

~N

o
-

12
13

.

INSTRUMENTATION REQUIRED TO ACHIEVE AND MAINTAIN LunG TERM COOLING

Steam Generator A Level

‘Steam Geperator B Level

. Steam Generator A Outlet

Pressure

" Steam Generator B Qutlet

Pressure

- . Steam Generaior A Main

Feedwater Flow -

Steam Generator B Main
Feedwater Flow

Steam Generator A Start-Up
Feedwater Flow

' Steam Genérator B Start- Up

Feedwater Flow:

Steam- Generator A Outlet
Temperature

Steam Generator B Outlet -

- Temperature

- Steam Generator A Feed Temperature‘

..Steam Generator B Feed Temperature

. Steam Generator A Downcomer

Temperature

" Steam Generator B Downcomer
" Temperature

RANGE OF

INTEREST

0-600"

(D

-600"

0-300 psig

0-300 psig

0-7000 gpm .
0-7000 gpm_
0-500 gpm

0-500 .gpm’

0-250 F

0-250 F

0-150 F

0-150 F

. 0-150 F

0-150 F

DESIRED

ACCURACY

_+_ 30:1'

+ 30!!

+ 15 psi .

+ 15 psi

+ 50 gpm

+ 50 gpm

+10 gpm

+ 10 gpm

BACK-UP
MEASUREMENT

Item I.4.
Item I.5

Item 11.8,1

Item I1,B.2

" Item II.B.10

Item I1.8.9

PAGE 2 of 2

_COMMENTS
Comp. I.D. 0009

(Required only if

steaming.)

‘Comp. 1.D. 0OON

(Required only if -
- steaming.)

(Required only if
steaming;)'

(Required only if
steaming.)

(Required only for
solid secondary.)

(Required only for.
solid secondary. )

Comp. I.D. 0491

Comp. I.D. 0492

Comp. 1.D. 0469

* Comp. I.D. 0470



~ITEM

—

‘I .

10
n

12

]3 . '_ :
14

.15
.16

IIIﬂ'Additiona] Required Measurements
© MEASUREMENT

Pressurizer Heater Status
(Banks 1,2,3,4,5)

. Electromatic Reiief Block -
- Valve Position Status

Pressurizer Vent (EMO to

RANGE

OF INTEREST

0-540KH
Per Bank

Opeh; Closed

Open; Closed

Quench Tank) Valve Position Status.

Reactor Vessel Boron Con-

" centration .

' Maieup Flow

Makeup Tank Level

" Makeup Boron Con-

centration
Letdown Flow
Letdown Temhératur#

Borated Water Sforage Tank
Level . E

Borated Water Storage Tank
Temperature

_Bdrated Water S;orage Tank

Copcentration

Steam Generator A Activity Level

S;éam'Gebergtor B Activity Level

'Hegt Sink Temperature

Heat Sink Pressure

Heat Sink Level
(1f Applicable) .

0-5600§pm

“0~200gpm

0-100"
0-12000ppm

0-100gpm
0-200F
0-100"

|0-200F

0-5000ppm

0-200F
0-5psi

'0é390psi_

INSTRUCTION REQUIREMENTS TQ ACHIEVE & MAINTAIN LONG TERM COOLING.

DESIRED

ACCURACY

* 100ppm

+ 5gpm
. i 10"
+200ppm

+ 10gpm
+ 20F

+ 20F

" 4+ 100ppm-

+ 10F
; +'0.5psi

] + 20psi

}

Redundant Sensor

Sample

“Sample
Sample

- Page 3 of 3
* BACKUP
MEASUREMENTS COMMENTS
- Not required for
solid primary
Sample
None
None
Sample
Item I11.9 Comp.- 1.D. 0346
None



APPENDIX B

LIST OF REFERENCES

This Appendix will be included in the final report and -

include a complete list of all calculations and related

test.data and backup material for the information

contained ‘in this report.
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SUMMARY OF NATURAL CIRCULATION ALTERNATIVES

Reactq:_Configuration

Corxe Flow

" Core AT

'~ 2 MW Decay Heat

- 1.0x10

1b/hr

Teo1d Thot
Two ‘OTSG's Steaming at 230° F With 0.8x10° - 1.2x10% 1b/nr 15-25°F © 230°F 245~255°F
a 30'. Secondary Level . . Coe -
60 Times Normal Core Resistance 0.8 ~ 1.2x100  Ib/hr 15-25°F 2300F 245-2557F |
‘10 Times Normal Core Resistance . 1.1 - 1.6x10, - 1b/hr 11-19°F 230 F . 241~2490F
Normal Core Resistance .. 1.5 - 2.3x10° 1b/hr 8-13F 230°F . 238~243°F |-
One OTSG Steamlng at 230°F With . 6 o o o
d 30'. Secondary Level 0.7 - 1.,1x10° 1b/hr - 20-30°F 230 F 250~-260 F
(60 Times Normal Core Resistance) - ' '
Two OTSG's Solid With 100°F : 6 . . 5
Feedwater at 3000 gpm = 0.8 - 1.2x10° 1b/hr 15-25"F . 105°F - 120-125"F
1(60. Times Normal Core Resistance)-~ T : :
One OTSG Solid With 100°F - 0.7 = 1.1x10% 1b/nr 20-30°F 105°F 125-135°F
Feedwater at 3000 gpm " - . . '
(60 Times Normal Core Resistance)
R Decay Heat 0.7 - l.lxlog{ 1b/hr ,10-202F 1o3gF 113-123°F
0.6 8-15°F 101°F 109-116°F

MO
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COOLANT LOOP ELOW HISTORY BE SPECIF]ED AS PART OF THE CODE INPU'I‘. '

‘.’,:.-5;3.1.

. I_~TRANSIENT. _
'BOILING CORE HEAT" TRANSFER MODELS: .-

"-THE PRESSURIZER IS SIMULATED. .

‘ j__ 0 EVALUATE THE EFFECT OF FEEDWATER VARIATIONS ON THE S'IEAM GENERATOR AS WELL , : S

' _CIRCULATIO\I TO BE- CALCULATED WITHIN THE PROGRAM.

A'TT'AC.H-MW3

3.3.. SYSLL"{ PET(I' QRMANCF. ON NATURAL CIRCULATION .

DESCRIPTION OF CADDS NATURAL CIR"ULATION MODEL

. K THE CADDS DIGITAL COMPUTI.‘R CODE IS DESIG\IED T0 ANALYZE REACTOR TRAI\SIENTS,

-WITH OR WITHOUT SCRAM IN A HETEROGENEOUS PRESSURIZED WATFR REACTOR.- IT.

SOLVES THE TIME DEPEI*'DENT NEUTRON 1’ INETICS EQUATIONS IN CONJUNCTIOI WITH A -
THERI!AL HYDRAULIC SOLULIO‘\I FOR AN AV"RAGE FUEL PIN DURING A REACTIVITY B

THE . SIMULATION INCLUDES THE MAJOR' FEEDBACK MECHANIS‘IS AS WELL AS :

'..DETAILED SINGLE—PHASE NUCLEATE BOILING TRANSITIO‘\I, AND STABLE FILH

THE E\ITIRE REACTOR COOLAN’I‘ LOOP INCLUDING

THE STEAM GENc.RATOR NODEL IS INCLUDED

" AS- TH'E PRIHARY SYS'I'EII RESPONSE.

‘THE CADDS COMPUTER CODE DESCRIBED AI»OVE NORMALLY REQUIRES THAT THE REACTOR

HOWEVER >

- A RECEN’ILY COMPLETED IIODIFICATIO\X TO CADD ALLOWS FLOW COASTDOWN AI‘D }ATURAL

THE DEVELOPME\IT OF 'I'HIS -»

SR HODIFICATIO\: FOLLows I B
A SCHEMATIC DIAGRAM OF THE PRIMARY LOOP I8 'SHOWN IN FIGURE L. 'cbwsmmmc THE .
“FLOW 4S O‘IE—DDIENSIONAL, THE. MOMENTUM EQUATION IN THE AXIAL DIRECTION x- 18,
a2 @B R s e e
et (_P.u)' T ek (') = “ax:t e R '(1)_1
: ‘f"v ‘.




) WHERE F REPRESENTS FRICTION/FORM LOSS FORCES AND Fg IS THE: GRAVITY FORCE.
R INTEGRATING EQUATION ) ALONG THE PRIMARY SYSTEM IN THE DIRECTION OF ELow
FROM THE PUMP DISCHARGE TO THE PU}E’ SUCTION YIELDS ' ' '

Bk s 8 euTy el B eyl Lo BF

J dx .= '[ ax.(go?_d_x'bj ot (==)dx +j 5 dx+j ngx..'

o o,

"_.(

- l

SUBSTITUTING FOR F AND Fg AND EQUATING THE PRESSURE INTEGRAL TO APpump L

OBTAINS

WHERE c{r 'IS THE -'.IOTAL-'NUMEER'OE -'CO\ITROL: VOLUNES.. CONSIDERING THI:. FLOW :
L _RATE TO BE SPATIALLY INDEPENDENT, EXPRESSING VELOCITY (u) IN TERMS OF SYSTEM -
'-FLOW RATE (W), AREAS - (A ) AND DENSITIES (p i) AND SUMMING OVER ALL CONTROL

'-.f_".vowMEs YIELDS o

e LA ol L g,




' USING A SEMI-IMPLICIT SOLUTION TECHNIQUE, EQUATION 4 CAN BE WRITTEN AS

st ,'z ABl

n ol ey L Coon
- PP il S Y S S OB

| REARRANGING AND NEGLECTING THE ACCELERATION TERM PRODUCES. - - -

L '%—:'Z -+ AP @"'-Z'Pi-gg?AZ L T

SR L N i-' igo'.. PP i _ Q':_ — R ()RR
R S S U Iw“l ; -1 ' i :?," SRR

S;, THEREFORE THE SYSTEH FLOW RATE CAN BE DETERMINED BY EQUATION 6 AT ANY

D: TIME STEP DURING THE TRANSIENT. THE MOMENTUM EQUATION IS COUPLED TO THE

*EI;CADns ENERGY EQUATION ‘THROUGH THE FLUID PROPERTIES WHICH ARE FUNCTIOVS oF .
7 THE SYSTEM PRESSURE AND THE ENTHALPY. THE CALCULATION OF. FLOW RATE 1s’ cov-?i'

'ZJTTAINED IN THE CADDS SUBROUTINE NATURAL

o =“'3.3,1;1;i COﬂPARISON OF. NATURAL C]RCULATIOV MODEL PREDICTIONS TO ANALYTICALf |
| RESULTS ' ' )

< TWO SPECIAL CASES WERE USED TO VEIIFY THE CALCULATIONS OF THE NATURAL SUB-lif
.,_ROUTINEa EACH CASE MADE USE OF ENOUGH SIMPLIFYING ASSUMPTIOVS TO ALLOW THEI?
d

o O}ff-HAND CALCULATION OF FLOW (OR FLOW VLRSUS TIME) WHICH COULD THEN BE- COHPARED

L 10’ NATURAL PREDICTIONS., |



P .

". THE FIRST CASE SIMULATED THE FLOW COASTDOWN OF. AN NSS PRIMARY LOOP IT

'WAS ASSUMED THAT THE PUMP SEIZED AT THE BEGINNING OF THE TRANSIENT

C (AP = 0) AND THAT THE GRAVITY TERM COULD BE NEGLECTED SINCE INERTIA TERMS

ump

DOMINATE IN THE INITIAL STAGES OF A COASTDOWN TRANSIENT. THE NATURAL.

- SUBROUTINE RESULTS ARE COMPARED TO ANALYTICAL VALUES IN TABLE 1.

¥,

!

/

"a

'-THE SECO\ID CASE USED THE SAME PRIMARY LOOP AS THE FIRST CASE AND ASSUMED
.-?fA LINEAR DISTRIBUTION OF DENSITY IN THE CORE AND STEAM GE‘IERATOR. _ THE. L e
E STEADY STATE NATURAL CIRCULATION ILOW WAS CALCULATED AND COIIPARED TO |

TRANSIENT NATURAL PREDICTIONS. TI:IS COMPARISON IS SHOW\I IN FIGURE 2

_.BOTH OF THE ABOVE COMPARTSONS SHOW EXCELLENT AGREEMENT BETWEEN THE

ANALYTICAL VALUI‘S AND NATURAL SUBROUTINE PREDICTIO\IS THUS VERIFYING

b THE PROGR.AMMING AND THE NUMERICAL SCHEME OF THE NATURA.L SUBROUTINE-» _

3 3.1. 2. COMPARISON OF cADnsﬂHmj NATUPAL'TdDAVIS-—BESSE:DATA
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TABLE 1. COMPARISON OF NATURA.L PREDICTIONS TO ANALYTICAL

" VALUES FOR A FLOW COASTDOWN

TIME (sec) -

W

G—O

0 analytical

o NATURAL

0.5
1.0

. .‘ -5.0-‘

20,0
25,0

30000
740.0;;'

50.0

80,0

e

' :”-Q!7§81:.=

o | 0.6452 -
2
3.0

N-glo;bfff

..0546.67 _
'0.3610"

Coae17 L T
. 0.2632

To.1274

" 0. 08336;'

" 10 06077

60,0
70.0

f'”90;0f"
+200.0

0.04723

'0.03830 .
£ 0,02736

£ 0.02099
0.01688

O 0.01401°
© ¢ 0.01192:

0. 01033;-'
0. 009084

10

- 0.7882

0.6454 -

" 0.4669-
©0.3611
*0,2919
0,243
Ce001275
o.,08361 -
- 0.06081
- L 0.06726 <. -
. 0.03832 . .
" 0,02738
©0.02101 -
* 0.01689
7 0.01402
. 0.01193 -
©0.01034
~':0 009090



FIGURE 1. PRIMARY. SYSTEM SCHEMATIC ©<i%:
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~ FIGURE.2.. COMPARISON OF NAIURAL PREDICTIONS

. TO: ANALYTICAL STEADY STATE NATURAL

CIRCULATION FLOW
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- 3’2'2 MODELLI\G ASSUMPTIOVS S ' jﬁ,-)xgig;f[,,-v"

THE NATURAL CIRCULATIO\I RESULTS WHIC}I ARE SUBSEQUENTLY REPORTED WERE OBTAINED o

" usING A ONE (1) LOOP CADDS/NATURAL MODEL. - THE ASSUMPTION OF ONE LOOP MEANS

THAT ALL DECAY HEAT REMOVAL OCCURS THROUGH ONE ACTIVE STEAM GENERATOR AND THAT

. THE STEADY STATE NATURAL CIRCULATIOV N THE IDLE LOOP IS ZERO. . THE CADDS

:""’CORE PRIOR TO PUMP TRIP ' WHILE ThIS ASSU‘IPTION IS NOT ENTIRELY ACCURATE U\IDER R

" UNDER CONDITIONS CONSIDERED HEREIN.

' ‘ANOTHER ANALYSIS ASSUMPTION IS THAT THE PU\IP ROTOR LOCKS AT TIME OF TRIP AND

MODEL ALSO ASSUMES THAT ALL FLOW FRO‘I THE OPERATING PUMP’ GOES THROUGH THE

"V'i""FORCED FLOW CONDITIONS (BECAUSE OF REVERSE FLOW IN THE IDLE LOOP) IT DOES

; NOT PREVENT THE OBTAII\ING OF A VALID STEADY STATE NATURAL CIRCULATIO‘I SODUTION

v

A LOCKED ROTOR PUMP RESISTANCE IS USED I-‘ROM THEN ON.» THIS RESULTS IN THE
MAXIMUM FLOW COASTDOW\I AND MAXIMUII TRANSIENT CORE TEM.PERATURE WHILE NATURA...

~CIRCULATION IS BEING ESTABLISHED.-~ ,f_ .'_f;{‘.g. ;fi'f_

: 'THE PRINCIPAL VALUE USED FOR CORE FORM LOSS HAS BEEN CALCULATED FRO‘{ CORE

FLOW AND PRESSURE DROP INFERRED FROM T‘*I.I-Z HOT LEG FLOE7 MEASUREMENTS.. GIVEN

THAT THE CORE PRESSURE DROP Is APPROXIMATELY 18 PSI AT A CORE I"LOW OF ABOUT .

2 l",'45°0 lbm/sec AND THAT THE PRESSUP.E DROP IS ENTIRELY FORM LOSS A FORM LOSS

'FACTOR (K) OF 1100 CAN BE CALCULATED, I\‘HICH IS ABOUT 200 TINES THE NORMAL

| ‘"'-:'.':"CORE FORM LOSS. OTH.ER CORE FORM LOSS FACTORS USED IN THE NATURAL CIRCULATION

' ~ANALYSIS ARE 5 S5 (NORMAL), 330 (60 TIIIES “IORMAL) AND SSOO (1000 TIIIES NORI'LAL). o

ADDITIO\IAL MODELLING ASSUMPTIONS CONCERN THE CORE BYPASS FLOW AND VENT VALVE

_‘- FLOW. - NOST OF THE ANALYSIS ASSUMES A CORE BYPASS FLOW OF 4 6/, BUT ONE CASE 7

' ‘.CONSIDERS A 30% BYPASS FLOW. . IN ALL CASES VENT VALVE FLOWS ARE NEGLECTED. s

o



© 3.33 mEsuLTs

. CORE POWER

: IFEEDWATER TEMPERATURE

' "..’.CORE BYPASS st

TABLE 2

FEEDWATER FLOW  CORE“INLET .
GPM TEMPERATURF °F

-NTIN ORDER TO INVESTIGATE THE FEASIBILITY OF COOLING THE CORE WITH NATURAL

s

___-':‘CIRCULATION USING WATER TO WATER HEAT TRANSFER IN THE STEAM GENERATOR, A

STUDY WAS PERFORMED USING THE FOLLOWING MATRIX..

5 MW _

100°

T ONLY. A STEAM GENERATOR OPERATING
CORE PR.ESSURE DROP 60 TIMES NO»:INAL

,.'FEEORATRR FLOW 1100, 3000,.5000 Pl

THE STEADY STATE RESULTS OF THIS STUDY ARE SHOWN IN TABLE 2

-~ A CORE OUTLET - ~ PRIMARY. SYSTEM.
»"TEMPERATURE °F . . FLOW LBM/SEC. ..

100 - 123,
3000- . 0T w03 . L
'SOOO'.-. aE— ‘_ 101'-_

W

.'UOFURTHER‘PARAMETER STUDIES WERE PERFORMED.f

"_._-i'masm:rs FOR.THE CASES RUN. o

st ”_ 210
T I S
'11'6 o v o338
‘ FROM THE ABOVE TABLE WE SEE THAT IF THE FEEDWATER FLOW EXCEEDS THE PRIMAPY
“'-;NATURAL CIRCULATION FLOW RATES BASED ON THESE RESU’LTS A FEEDWATER FLOW, RATE

~ OF. 3000 GeM AT 100°F WAS CHOSEN 'AS THE MODE FOR REMOVING THE DECAY HEAT AND
TA_BLE 3 .sno_ws THE STEADY ,_STATE |

' _"SYSTEM FLOW, mE cOOLNG WILL O“CUR HIGH ENOUGH gl THE OTSG TO DEVELOP R.EASO\IABLE S



TABLE 3

| CORE PRESSURE DROP %~ CORE  CORE ~ - SYSTEM =

' CASE  CORE POWER . LOSS CHARACTERISTRICS BYPASS INLET OUTLET = FLOW - .
'NO.  LEVEL MW _ | X NOMINAL _FLOW._TEMP. °F TEMP. °F .~ LEM/SEC.

-

2o k4

T3 1T s 101901097 ¢ 380

‘20 3 - 60 . s 1013 - 1111 305

S3. .30 . 200 7. st 100087 11377 . 231

L& 3. s10000 -t 5. 10004, 1213 0 i42-

s 3. 200 . 30" - 100.9 118.2.° 235

~,i§f.’ft. p2-”.,v_._j T 'f_-“ 5»_.ffioo,av'*107;7-; 4292 oo

CASE NUMBER FIVE IS THE BEST ESTIMATE OF THE EXPECTED CORE BEHAVIOR IF NATURAL

.;:CIRCULATION IS INITIATED WHEN THE DECAY HEAT LEVEL 18 3 MW. A CORE PRESSURL DROP-A

LOSS CHARACTERISTIC OF 200 TIMES NOMINAL IS SLIGHTLY LARGER THAN THAT REQUIRED ._1" .

iﬁTO PRODUCE AGREEMENT WITE CURRENT MEASUREMENTS OF REACTOR COOLANT FLOW SPLITS.

"t(SEE P S. BARTELLS "CORE PRESSURE DROP 'FOR NATURAL CIRCULATION CALCULATIOI"

- jAPRILuQ '1979) THE BEST ESTIMATF FOR CORE BYPASS FLOW IS BETWEEN 22 AND 27

, PERCENT. (R. M., GRIBBLE, "CORE BVPASS FLOW FOR CORE BLOCKED AT TOP ONLX" E

IHQAPRIL 8, 1979 ).

ﬁfFIGURE 3 SHOWS A PLOT OF CORE FLOW VERSUS TIME AND FIGURE 4 SHOWS A PLOT OF j"'

TEMPERATURE AT THE HOT LEG RESISTANCE THERMOMETER VERSUS TIME FOR CASE FIVE.

j;.NOTE THE TIME DELAY BETWEEN THE START OF NATURAL CIRCULATION AND THE INCREASE“

"_'LATIov.".- f“._ B ’;-I{:,:ir‘,;;}_f'

_HOT LEG TEMPERATURE ' THIS IS DUE TO THE LOW VELOCITIES DURING NATURAL CIRCU- I

' THE STEADY STATE NATURAL CIRCULAT]ON FLOW OF 235 LBM/SEC FOR CASE FIVE PROVIDES

‘ ;AMPLE COOLING FOR THE CORE. IN FACT IF THE HOT BUNDLE ONLY RECEIVED lO/ OF

-]

'7»THE NOUINAL FLOW DUE TO BLOCRAGES A CORE FLOW of 235 LBM/SEC WOULD BE ENOUGd

l'-TO PREVENT BOILING IN THE BIOCRED BUNDLE-: (D.-A FARNSWORTH "REQUIRED FLOW

'f"VERSUS COOLING EFFICIENCY" APRIL 10 1979)



A COMPARISON OF éASES THREE AND: FIVE saows THE. EFFECT OF com-: BYPASS FLOW 0\1

SYSTEM FLOW AAD .CORE COOLANT TEMPERATURE INCREASE. AS EXPECTED, THERE IS
|

‘VERY LITTLE INFLUENCE ON SYSTEM “LOW., AS THE CORE "BYPASS FLOW "INCREASES THE.

. FLUID GOING THROUGH THE CORE . IS HEA;ED HORE AND WHEN THE TWO STREAMS MEET AND i -

. ARE MIXED THE TEMPERATURE IN THE UPPER PLENUM IS NEARLY THE SAME THUS THE '
' 4.DENSITY DISTRIBUTIONS ARE NEARLY THE SAME FOR BOTH RUNS AND THUS THE FLOYS
.'.ARE-NEARLY EQUAL.' SINCE THE CORE COOLANT TEVPERATURE RISE IS QUITE SHALL S ' ;

I'SUBSTANTIAL BYPASS. CAN OCCUR AND STILL HAVE ACCEPTABLE CORE COOLING. '

"ACOMPARISON OF CASES TWO THREE AND FOUR SHOJS THE EFFECT OF INCREASING THE

'EFFECTIVE CORT RESISTANCE TO FLOW.. AS. EXPECTED THE FLOW DECREASES AND THE
: TEMPERATURE RISE ACROSS THE. CORE INCREASES HOWEVER EVEN FOR PRESSURE DROPS
.lOOO TIMES NOHINAL (ABOUT FIVE TIMES WHAT WE ESTIHATE) THE - CORE FLOW IS ADE- .

'.QUATE TO COOL THE CORE.“



ol e st @l ol

prongheyiulbitimiupgip ey gt ety

S emem e ke A mme e fmem st e o feeas e e pem—mse ot o ch ke S i

[ T
-T'_--.-'
i ) I AT e a— [ —— ey sl
. R et s .- L sty i napllationt
R SR bt S it Sl ppenipmnd uivey (urdetuitnmpapnpaintyin Souniur g
A A ——— . ot e = e g o e e wmt @ S <8 = 3 ,——-—--é—————- ppt— —ae ey s .
I d. LS S ititug. —— —. < 1 ! f. B e S el ,__.'_._.."4_
. : - — — -
: ST [ypitsmasinfurer buiymiey by S pmmedenapnapn et

e e e -

L D T

e L L e

= b ) o e e g - —
r Lt Suh S 1yuy W gt A b hestvry

. [Fumeey]

—re __-m--.._._.._'--.._._... S [y plpuiy e . g oy -~

" Niciream et e e -
e e e e & e e ¢ -

[ I

e o mdsem mene memete g = = o cmaemne S ey Rt

e e e e b e vt S e vt e 1+ & o
fy plagierying
A r ——{=
- L s
.y - - S, o8 e ,
LY. 3 5

e e v o b

E - Pepiesds Selumal piamts = :
17 - == r -
. PRENCEEE oot bemen Rt ety =t

¢ L e s SR | i fhoimp ey gt .
} .
) - -

i .
3

,

]

'

3

- .
.

o "

e

]

I‘ -
.

': ll.a.oo

A o TEage0’ o e

T Fwegy
LT3V By Pmr o 3 y
}_ 3oco G-PM e

(i Xooo | R0

SR o
oo healeotoes s o TimeGeed S0 L Ll



.
PR
b .
T .
- .

£ .
-

2

3 L.
3 - .
v '
=
-l

2.

-y .

g .
a:

a3

-

ra

- .
"D. .
b

2

A VL

j§’

'.‘;..._.-:.::_:{20 -

.

WA S0

3 decyindd.
-

[ ST P LD

- .---.-.J..- ap——

o w mertmemne e » w s mbmmig——— e e s e
—- - — -

e e e o=

(. -._..l —— i e
H

g R ey S
b [ Bontiol weaartarenss

- Ao e peeeien

PR P e 2o o @ — . pe—————
T R

e e e e S

e Pt o - ot s g o 10 e s ‘. . mees mm.

e e

_...-A—,—--..- -

= o IO TET

LA e Ry A
L e,y

_--_.'_..;. PRV, Sy

| e v
P e e T ety s et et puiplatviatipipigd
Rl fnrimbie iling i

peypspuphympobabg s wl e

syyery A
Pt et ot 3 gt Sl

T
e e

G Taaged iy
Fw:'w)' o
ST MW pyeatf e o.z

: R R - 3000 6PM L ’

LR (1 B X1 R 7coﬁ'z.f_ 2201~

- - - "o « . . - < s . -
: .

; ‘:  5;;:;:fi7/hEVKﬁ£3.A, -; :f‘:,.;'?.“;; ;i L




. REFERENCES :

1. Y. H. Hsii et.al., CADDS - Computer. Application'to birect'nigital .
- Simulation of Transients in PWRs with or without SCRAM, Rev151on 1,;

BAW—10098P Rev. 1, December- 1977.

2o e




%.3.5 COMPARTSON WITH ALTERNATE CALCULATIONS. -

A CO"'IPUTER PROGRAM HAS BEEN WRITTEN TO PERFORM THE SAME TYPE OF STEADY STATE A :

".ANALYSIS AS HAS BEEN DONE-. BY HAND.' THIS PRQGRAM INCLUDES A FORCE BALANCE

. ON. THE VENT VALVES AND WILL TREAT THE RECIRCULATION FLOW IF THE VENT VALVE

_OPENS. THE PROGRAM ALSO CONSIDERS THE IDLE LOOP AS A FLOW PATH. FOR A RU\I

WHERE THE CONDITIONS WERE ' SIMILAR TO CASE l OF TABLE 3 (POWER 3 MW, CORE

. ‘_.PRESSURE DROP AT ITS NOMINAL CONDITION, FEEDWATER FLOW OF 3000 GPM), THIS R |

3 PROGRAM CO\IPUTED A CORE FLOW OF 313 LBM/SEC WHERE CADDS/NATURAL PREDICTED
380.- THIS IS GOOD. AGREEMENT CONSIDERING THE SMALL DIFFERENCIES IN DENSITY

“AND. PRESSURE DROP WHICH OCCUR AND THERE WAS A DIFFERENCE IN PRIMARY COOLANT

”fTEMPERATURE WHICH. WOULD ACCOUNT FOR’ PART oF THE DIFFERENCE. THE STEADY STATE:E

- ".CODE PREDICTED A CORE AT OF 9- DEGREES VERSUS CADDS NATURAL S PREDICTION OF

. .7.8._ THE ST'“‘ADY STATE CODE COMPUTED THAT THE PRESSURE DIFFERENCE WAS NOT
.SUFFICIENT TO OPEN THE VENT VALVES AND THE IDLE LOOP FLOW WAS ONLY 32 LBS

b' THUS THE SIMPLIFICATIONS USED IN THE CADDS—NATURAL PROGRAM ARE REASONABLE.



Rt

1) 2-LOOP. CONFIGURATION

- 3.2.1.2. COMPARISON OF CADDS WITH NATURAL CIRCULATION CALCULATION TO

DAVIS BESSE EXPERIHENT

IN ORDER- TO VERIFY THE VALIDITY OF THE CADDS/NATURAL CALCULATIONAL _

RESULTS A SPECIAL CASE SIMULATING THE DAVIS BESSE PLANT WAS RUN ‘AND THE
‘.j'RESULTS COMPARED WITH THE REPORTED EXPERIHENTAL MEASUREWENTS. THE FOLLOUING '

“TEST . CONDITIONS WERE USED IN 'THE CADDS/NATURAL INPUT.

o«

~

2)15FEEDWATER FROM THE AUXILIARY FEEDWATER SYSTEM

T 3) 'REACTOR POWER WAS CONSTANT "AT 3 85,4 OF 2772 MWth o

' 4)I’TWO DIFFERENT FEEDWATER RATES (46 AND 460 LBM/SEC) WERE USED. )

THE RESULTS ARE SHOWN IN FIG. .. AS. snown BY THE FIGURE, -

'THE SYSTEM zLOW RATES DO NOT REALLY STABILIZE IN 1800 SEC AND SMALL OSCILLAr
“.TIONS STILL CAN BE: SEEN HOWEVER, IT APPEARS THAT THE' PRIMARY SYSTEM FLOW
.'RATES ARE APPROACHING A STEADY STATE VATURAL CIRCULATION FLOW RATE -

‘OF 6 O/ FOR ‘THE LOW FEEDWATER RATE AND 4 4/ FOR THE HIGHER FEEDWATER RATE

THE REASON FOR THIS IS THAT THF HIGHER FEEDWATER RESULTS IN LOWER PRIMARX ‘

SYSTEM TEMPLRATURE WHICH IMPLIES HIGHER DENSITY AND VISCOSITY AND

B CONSEQUENTLY HIGHER FRICTION

. THE DAVIS BESSE EXPERIMENT REPORTED THAT THE NATURAL CIRCULATION '

.'f_FLOW RATE RANGES FROM 4 6 TO 5 1%, DEPENDING OV THE WATER LEVEL OF THE STEAM

;'GENERATOR.{ IT APPEARS THAT THL CADDS/NATURAL PROGRAM WITH THE TWO EXTREMES

IN FEEDWATER FLOW PREDICTS NATURAL CIRCULATION FROM RATES THAT BRACKET THE

L ‘EXPERIMENTAL RESULTS THE DIFI‘ICULTY N COIIPARING CADDS/NATURAL DIRECTLY
_'ro THE DAVIS-BESSE DATA IS DUE'TO THE FOLLOWING | '

‘il) _THE OPERATOR VARIED AUXILIARY FEED PUMP SPEEDS SO NUCH THAT THE FLOW RATES

1

RANGED FROM 200 'TO 1400 GPH AND THA” NO. AVERAGE STFADY STATE FLOW RATE

: COULD BE DISCERNED FROM THE DATA
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DURING THE EXFERIMENT, THE MAIN FEEDWATER WAS TURNED OFF AND ONLY THE = |

AUXILTARY FEEDWATER WAS USED. AT PRESENT, CADDS DOES NOT HAVE THE

| CAPABILITY OF MODELLING THE AUXILIARY FEEDWATER PROPERLY.

2 s
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3 7 CORE THERMAL BEHAVIOR '

- A,

ANALYSIS OF CURRENTOPERATINGCOVDITION

B

.?TWO METHODS HAVE BEEV USED TO EST%NQTE THE EXTENT

CORE BLOCKAGE SFUDY :

"{OF THE CORE BLOCKAGE. ~THE FIRST METHOD INVOLVES-THET

~ ' USE OF THE INCORE THERMOCOUPLES‘TO DETERMINELTHE'CORE'fI-UI'

.jOUTLET”TEMPERATURE © THIS METHOD PREDICTS A CORE

1

" FLOW OF LESS THAN 1X 106 LB/HR o

I
'.

'”‘THE SECOND METHOD INVOLVES MATCHING THE PUMP CODE TO-

' THE DATA Bﬁwh THF PLAN THE PUMP CODE CALCULATES o
FLOW SPLITS TOR DIEFERENT 'PUMP CONFIGURATIONS .

~ THE CODE WAS MODELLD TO MATCH THE PRE- INCIDEVT

CONDITIONS THI CORE RESISTANCE WAS' INCREASLD UNTIL

THE CODE PREDICTED THE SAME HOT LEG FLOWS THAT ARE BEING.”
'-fMEASURED BY THE TWO GENTILLE DELTA P'S

106

; C THIS CALCULATION PREDICTS A CORE TLON OF 13 x 10 LBM/HR'
. AND A CORE PRESSURE DROP OF 18 PSI. THESE CONDITIONS

-.ARE CALCULATLD WITH A CORE RESISTANCE APPRO\IMATELY

2,3, 8

200 TIMES THE NORMAL RESISTANCE OR A FORMLOSS :u_;

RESISTANCE OF"16SO.,_“

- T0 DETERMINE IF A CORE RESISTAVCE OE THAT HAGNITUDE _T
1S FFASIBLE AN ESTIMATE OF THE CORE DAMAGE WAS DEVFLOPED, o
' A CURRENT ESTIMATE OF THE . MATERIAL AVAILABLB FOR CORE )

.

BLOCKAGE IS ¢



O

G. A. MEYER -
APRIL 10, 1979

TIME: 1630
et 63 FTS
uo, . 94 FTO
OTHER "~ ' _10 FT° =
' ©. 167 FT3 -

E':THIS DEBRIS IF SPREAD EVENLYIACROSE THE CORE.COULD.._”
FORM A PACKED"BED OF.DEBRIS‘THREE'TEET THICK;4, THE -
I'RESISTANCE (FORMLOSS COEFFICIENT) FOR THIS BED HAS
~ BEEN CALCULATED 'AT APPROXIMATELY 1700s WHICH o
IS IN GOOD AGREEMENT WITH THE TOTAL CORE RESISTANCE :
lCALCULATED USING THE MEASURED FLOW SPLITS THE METHOD |
S LB/HR

. AND THE ASSOCIATED BLOCKAGE IS THE BEST ESTIMATE OT o

:.TWO CALCULATION OF A ONE PUMP CORE FLOW OF 13 x- 10"

~THE CURRENT' CORE COVDITIONS FOR THE FOLLOWING REASONS.

2
"BE "PACRED" AROUND THE THERMOCOUPLE TO GET -

1) - CALCULATIONS HAVE SHOWN THAT SUFFICIFNT uo COULD

A TEUPERATURE READING 350 HIGHER THAN THE FUEL
ASSEMBLY BULK ERIT TEHPERATURE _ T
2) CALCULATIOV INDICATE THAT ON THE AVERAGE THE THERLK)-

INCIOER T 7'

COUPLE" WERE READING SOF TOO HIGH BEFOREITHEL#GHYTTT
'3)"IT SEEMS IMPROBABLE THAT SUEFICIENT BLOChAGE S
| » COULD EXIST TO, RPDUCE THE CORE FLOW TO THE 1x 106
'__LB/HR PREDICTED IN METHOD ONE. . -
. 4)‘ THE SHIFT IN THE THERMOCOUPLE READING BEFORE DURING,
AND AFTER IHE SWITCH FROH PUMP Al TO A2 INDICATE

THAT THE CHAVGE IN THE ELOV DISTRIBUTION IS CAUSHQG

9;



G, A, MEYER
~ APRIL 10, 1979
- TIME: 1630 -

,THE DEBRIS TO SHIFT WHICH IS AFFECTING THE .
'THBRMOCOUPLE READINGS ' THE SHIFTING DEBRIS MAKE - _
.THE METHOD ONE ANALYSIS MORE SUSPECT AND LENDS CREDENCE

TO THE HYPOTHES]ZED LARGE BED OF DEBRIS CALCULATED

' IN METHOD TWO
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S Oel T e (2= INCORE: THERMOCOUPLE - |~~~ =~

" DESCRIPTION . . T
' The incore thérhchup]e désfgn'for THI - 2 is a grounded jhnctfoﬁ'éhrbme] A]ume]
' detecton“_;Ihe “fotation of the detector 1n relation ‘toithe fuel assemb]y upper . _
' “end fitting is shown on Figure 1. The thermocoup]e wire diameters are appr0x1mately :
“10 mils, the sheath is 62 mils OD Incone] tubing, and the insulation mater1a1 is :

A1,05. . The 1ocat1on of the thermocouple w1th1n the: 1nstrument tube is shown’ in .

_:iFigure.z There are 50 thermocoup]es at 10cat1ons in the core shown on F1gure -
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o g1ven on. F1gure 6..
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THERHOCOUPLE READINGS

.The highest temperature read1ngs of the thermocoup]es are p]otted from 0400,

3/28 to 1300, 4/6 on F1gure 3. at about 1300 on 4/6 a R% pump switch from 1A,

R
to 2A occuvved which caused a-red1str1butjon of thennocoup1e read1ngs. The

changevin thermocouple readings-as a result of the puhp switch is shown on Figure |

f'4. The highest thermocoupTe read1ngs after the pump sw1tch are shown on F1gure

-1'5.- Comp]ete sets of thermocoup]e read1ngs at se]ected t1mes of each day are . .

s
e
I

" The maaor po1nt addressed 1n th1 sect1on is to eva]uate the thernocoup1e read1ngs

to determ1ne the validity of the temperatures.' This was -done by examining detector

’ accuracy and by eva]uat1ng fuel pe11et debris accumu]ated around the thermocoup1e
* The results of th1s eva1uat1on are that the thermocoup]es are reasonab]y accurate
~and that the h1gh temperatures are a resu]t of fue] part1c1es in the upper end ':'

S f1tt1ng.
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zg DETECTOR ACCURACY R | o

° PAST EXPERIENCE WITH THFRHOCOUPLES INSTALLED 1IN B&W B
"~ PLANTS 'SHOW TWO BASIC TRAITS. THEY TRACK FAIRLY
| STEAVILY WHEN ThE coRe 1S AT

STEADY STATE AND THEY RESPOND TO LOCAL CHAVGES
. .RELATIVELY ACCURATELY A ONE, TO" TIVO DFGREE CHAVGE
'IN THERNOCOUPLE READING HAS OCCURRED MAVY TINES ;ﬂ

WITHOUT- ANY. OBVIOUS CHANGE IN CORE. CONDITIONS.
’_VTHERMOCOUPLE READING CHANGES GREATER'THFV 2°F
| fARE REFLECTED IN OTHER MEASUREABLF LOCAL OR CORE

" CHANGES.

THE_THERVOCOﬁPLES-VERE'EXPoqﬁD TO TFWPERATURFS
 _GREATE‘ THAN '(1800°F) DURING THE -INCIDENT AT TdI 2.
"ro DETERMIRB IF THESE ELEVATED. TCMPERATURFshOULD |
"PRODUCB INACCURATE IHERMOCOUPLh‘RBADINGS ”ESTS

WERE COVDUCFED AT THE BELFAD SUBSIDIARY OF BEW.

N THESE TESTS, 4 THERMOCOUPLES WERE RAISED T0.
 2000°F FOR FCUR HOURS.  THE THERMOCOUPLE READINGS -

" WERE THEN CHECKED AGAINST hVOhN 'READINGS OVER THE -

" RANGE OF 200 T0 1000 O, ALL TFST THERMOCOUPLES READ -
| WITHIN 5% OF 1Fh CALIBRATIOV VALUE. IT WAS 'CONCLUDED

THAT THE HIGH TEVPERATURh EYPOSURE ¥OULD YOT SIGVITICASTL
ALTER THE 1HPIMOCOUPLE READING.

" THER} IOCOUPLE D: \T/\ FROM T !I 2 DURI:\G \'OR\I\L OPER \""I(‘\
BEFORT THE LOTK 'IRA\'SI}’NT WAS I‘\A\nL\'ED TO D}"'II'R"I L. .
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_-IF A SYSTEMATIC BIAS EXISTED.: No DATA 'WAS AVAILABLE .

AT ZERO POWER CONDITIONS, THEREFORE 'DATA FRou SEVERAL
"POWER LEVELS WAS LkTRAPOLATED DOWN - TO ZERO' POWFR THE

RESULTS OF THIS AWALYSIS SHOW THAT A + 5°F BIAS 1S POSSIBLE

'AON THE THERMOCOUPLE READIVGS

'THE POSSIEI ILITY OF DE CALIBRATIOV SIVCE THE IVCIDENT S

- HAS. ALSO BEEN EVALUATED SIX THERMOCOUPLES WHICH HAD A

.'..TEMPERATURE RISE OF 7 to 3305 ¢ OVER A 5 DAY PERIOD :
- WERE EXAMINED. - NO MECHANI SM COULD BE POSTULATED WHICH
 WOULD CAUSE DBCALIBQﬂTIOV T0 - THE EXTENT SHOW BY. THE

DATA IT WAS COVCLUDED THAT THE THERNOCOUPLE READIAGS
WEPE ACCURATE AND THAT TRUE TEVPFRATUALS!THUEBEING

MOVITORED TO + 5°F SR .E-C_xlj.,,

_ THE RESULTS OF THE THERMOCOUPLE TESTS A\D EVALUATIOVS -

INDICATE THAT THE TEVPERATURE READIVGS ARE GFVERALLY

'ACCURATE WITH A POSSIBLE + SOF BIAS
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3 ’m (3) HEAT conuucnov FROH FUEL PELLET DEBRIS L |
-'An evaluat1on was performed to determlne 1f the quas1 steady thermocouple :

'-'jread1ngs of 100 to 240°F above coo]ant temperature cou]d be caused by fuel B

‘-pe11et agg]omerates 1ocated .on spacer gr1ds or in end f1tt1ngs

’_,One eva]uat1on was perfonned assum1ng a11 the pe]lets from one r1d span were
SR . gacvess the opslvcam gvide Evovgh Weal 15 q{';wm.n?
'-izevenly d1str1buted 1n th1s mass to produce bo1]1ng in the annu]us between -the
:uib'f? 1nstrument strlng and the gu1de tube “The steam wou]d be vented out of the v
i3tf' gu1de tube be]ow the upper end f1tt1ng Heat transfer to the thennocoup]e wou]dtp
B :'be from ax1a1 conduct1on along the 1nstrument str1ng Due to the ]arge amounts .:'t_‘f
' ;of fuel debrls requlred and the fact that the 1nstrument guide tube uould be U
'”:'cooled above the fue1 mass, 1t is- conc1uded that th1s mechan1sm is not the most
- ]1ke1y reason for the h1gh thermocoup]e read1ngs B |
VQEIt is more 11ke1y that fuel pe]]ets and pe11et fragments have co]]ected in the
» upper end f]tt1ng and/or the mixing cup - Reactor coo1ant f]ow is suff1c1ent to 'lf
' f-lcarry fue] pe1]et fragments above the upper end f1tt1ng uhere they would sett]e_

70ut in th1s stagnent reg1on “An ana]ysws was performed uhwch assumed var1ous

' ce
- widths of fue] assumu]at1on in the upper end f1tt1ng around and in the m1x1n9

"cup. The resu]ts of th1s ana]ys1s is shoun on Fvgures 7 and 8. The casetv1th fue] .

.'vapart1c1es 1ns1de the m1x1ng cup (T C we11) shous a smal1 (. 10 F) increase in -
_T temperature wh1ch is 1ns1gn1f1cant Fuel debr1s to a w1dth of 3 to 4 1nches in ;
o the . upper end f1tt1ng 1tse1f does produce the magmtude %;tAT s wh1ch are seen on,. -
E the read1ngs ‘This amount of fue] cou]d eas11y f1t w1th1n ‘the upper end flt:tIng |

'-,wh1ch ‘has an 1nter1ogr wwdth of 7 1nches
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7:50 pm -

-VTHERMAL HYDRAULIC EVALUATIOJ OF.NATURAL CIRCULATIOV'

OPERATION OF THE TMI-2 CORE WITH NATURAL CIRCULATION HAS BEEV
A”;EVALUATED AND JUDGED ACCEPTABLE ON A LONG TERN COOLING BASIS

G-JTCORE MINIWUM FLON REQUIREMENTS AS A FUNCTION OF TIME AND OPERATIVG

 CONDITIONS HAVE BEEN-DETERMINED CRITERIA HAVE BEEV ESTABLISHED o

'.::FOR THE ACCEPTABILITY AND ESTABLISHMENT ‘OF NATURAL CIRCULATION

* THE ‘EFFECTS. OF LOCALIZED HEATING HAVE BEEN EVALUATED AND
LIVITS HAVE BEEN ESTABLISHED FOR THE INCORE THERMOCOUPLES AND R
HOT LEG RTD'S | o S

THE VININUM CORE FLOW REQUIREMENTS TOR LOVG TERM COOLING ARE

GIVEN.IN REFERENCE 1. THE BASIS FOR THIS MINIMUV REQUIRED FLOW

l”IS NO BULk COOLANT IEUPERATURE ABOVE SATURATION TEWPERATURE

THE CURVES PRESENTED IN REFERENCE 1 INCLUDE A SAFETY MARGIN OF.”

-'oOO° AND ARE COMPLETELY BOUNDED BY PREDICTIONS OF ACTUAL NATURAL
'CIRCULATIOV CORE PLOW ASSUMING CORE PESISTANCES 200 TO 1000 TIMES .

. THE. RESISTANCE OF A NORMAL 177 CORE.-

B CRITERIA FOR THE INCORE THE?MOCOUPLES AND HOT LEG RTD'S ARE :E'_
o IDESCRIBED IN REFERENCE 3. THESE CRITERIA ARE DESIGNED TO ALLOW

:ADEQUATE TIME FOR THE ESTABLISHWEVT OF VATURAL CIRCULATIOV FLOW _
NHILE STILL ALLOWING FOR ADEQUATE SAFETY MARGIN AVD TIME FOR .Kh;
; TRAVSITION TO ONE OF THE ALTERNATIVE COOLING SYSTEUS. THE R |
PDEGREE OF CONSERVATISM IN TUE CRITERIA IS DEMONSTRATED BY ANALYSIS
| RESULTS PRESENTED IN REFEREVCES 2 3 g 4._ THE REFERENCE 2 RESULTS
DFHOVSTRATF THAT TIMFS IN ACCFSS OF ONE HOUR ARE RFQUIRED T0 HEAT
THE IATER COYTAINED ONLY IN THE CORE REGIOV TO SATURATIOV UNDER



Te7i0j79
7:50. pm
Page 2. -

.NO FLOW CONDITIONS AND POWER LEVELS BELOW 3 MWT v RETERENCE.S

‘_-DEMONSTRATES THAT AN ADDITIONAL HOUR WOULD BE REQUIRED (es MwT)

7;_TO BOTL OUT COOLANT FROM THE OUTLET NOZZLE LBVBL TO THE TOP OF -
_i‘f THB CORE.’ REFERENCE 4 DEMONSTRATES THAT MORE THAN ONE HOUR IS
.11“}5REQUIRED (@3 MWT) FOR THE ADIABATIC HEAT UP. OF THE CORE FROM
“I'jfZOOOF TO 2000 F ASSUMING IVSTANTANEOUS CORE UNCOVERAGE o

anNATURAL CIRCULATION RESPO\DS TO HIGHER FLOW RESISTANCE BY GOING

._'IS SUFTICIEVT TO OVERCOUE SVSTEM RESISTANCE : WITH DEBRIS BLOCRING

A GRID FLOW WILL PASS LATERALLY AROUND THE BLOCKAGE AND ADEQUATELY'_' '

N.IMMERSE THE FUEL BEFORE AVD AFTER THE BLOCRAGE. IF THE BLOCRAGE
5'DEBRIS ALSO CONTAINS FUEL, THE' MARIMUM TEUPERATURE AT THE ‘ -
| BLOCRAGE CENTER hILL BE CONDUCTION LIMITED AND RELATIVELY |
IVSENSITIVE TO THE MODE OF SURFACE HEAT TRANSFER . THE FLOW
:_PATTERES IN NATURAL CIRCULAIION ARE DIRECTLY RESPONSIVE TO :‘
:'RESTRICTIONS AND MAY WELL SHOW LOCAL TWO PHASE TRANSITIONS AND
-_RFLATIVELY HIGH VELOCITIES AT PARTIALLY BLOCRED HOTTER REGIONS

: REDISTRIBUTION OF CORE DEBRIS IS ANTICIPATED WHEN THE PUMPED L
”.FLOW 1S TERMTNATED CHANGES IN THERMOCOUPLE INCORE TEMPERATURE |

v":DISTRIBUTIONS SHOULD BE EXPECTED NOT ALL THERMOCOUPLE READINGS
N‘:CAN BE EkPLAINED BY HYDRAULIC PHEVOMENA SOME THERMOCOUPLES

HY.PARTICULARLY NEAR THE CENTER ARE CURRENTLY INDICATING LOCALIZED
'HEATING EFFECTS AND ARE NOT MEASURING BULR FLUID TEHPERATURES

L HENCE IT IS NOT REALISTIC TO REQUIRE ALL INCORE THERMOCOUPLE B

.MEASUREMENT BE BELOW SATURATIOV TFMPERATURE NOR IS IT NECESSAPI

',JIEURTHER INTO T¥O- PHASE FLOW UNTIL THE VAPORIZED DEVSITY CHANGE ,""L"
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Page 3

'EREPEREVCE‘S'UISCUSSES THE AUVANTAGES AND UISADUANTAUES OF

CORE COOLING AND NATURAL CIRCULATION AT VARIOUS PRESSURES IT
18 DESIRABLE £3p PRUDENT TO k&ﬁﬁﬁ?hiSHziﬂﬁ’TNIIIALQGQDLﬂQEL _:
lEﬁbﬁZHJGHEERESSUR£~LﬁR«IQ41336£2$iﬁ?aAVD4¥HBN—MAINTAIN LONG TERM

"CUOLI\IG AND NATURAL CIRCULATION AT mm PRESSURES ,Ml Tn‘E.' x?MJG &

oF G‘oo- eoo PS{ A. S

REFERENCES: . . .
R MEMO, G.A. MEYER 'TO J.D. CARLTON PLANT”DESIGN, "MINIMUM
. CORE FLOW- LONG TERM COOLING"; APRIL 4, 1979 | .

) MEMO, L.L. LOSH/J.F. “BURROW TO G.A. MEYER THERMAL- HYDRAULICS,,'-_f

"CRITERIA DURING ESTABLISHMENT OF VATURAL CIRCULATIOV"
jAPRIL 10, 1979. R | o
3) MEMO, J. A WEIMER R. L HARNE TO DISTRIBUTION ""B.QIL'ING
o CONDITIONS IN CORE", APRIL 1, 1979 _ ‘f e S
'-'Aj-'MEMO J.H. JONES TO G.A. MEYER, THERMAL HYDRAULICS
. UADIABATIC CORE HEATUP RATES", APRIL 10, 1979
©s) MEMO, J.R. GLOUDEMANS TO G.A. MEYER, THERMAL- HYDRAULICS
- "CooLDowmfPREssURRU;7APRIL“10 1979, - -
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C.

' CORE THERMAL BEHAVIOR' -

' G. A. MEYER -
. " -APRIL 10, 1979
- TIME: 1530

ANALYSIS OF ALTERNAFIVES '

JTHE PLANNED MODE OF OPERATIOV DISCUSSED IN SUB SECTION B,
| IS TO ESTABLISH VATURAL CIRCULATION FORTHDSLONG TERM

COOLDOWV " IF THE SYSTEU RESPONSE AFTER THE REACTOR

HAS NOT BEEN ESTABLISHED THEN THE FOLLOWING ALTERNATIVE

1)

E.MODES OF OPERATION WOULD BE CONSIDERED

RESTART ONE REACTOR COOLANT PUMP

. THIS WOULD RESULT IN CORE CONDITIONS ESSENTIALLY THE

o SAME AS THOSE,ELISTING NOW'AND_DISCUSSED IN<SECTION A.

IT IS.ANTICIPATED THAT SOME SHIFTING OF DEBRIS WITHIN
~THE CORE' WOULD "OCCUR, RESULTING"IN A NUMBER OF'FAIRLY

RAPID CHANGES IN INCORE THERMOCOUPLE READINGS SIWILAR

".lfO THE CHANGES WHICH OCCURRED OV APRIL 6, 1979 WHEN

- THE Al PUMP TRIPPED AND THE AZ PUMP WAS STARTED

DECAY HEAT SYSTEM (OR MODIFIED DECAY HEAT SYSTEM)

IHE COOLING FLOW RATE AVAILABLE FROW THIS SYSTEW IS
SIMILAR IN MAGNITUDE TO THAT AVAILABLE WHEN NATURAL _
CIRCULATION IS SUCCESSFULLY ESTABLISHED THEREFORE THE
ANALYSES OF SUBSECTIOV B APPLY-_ THE MINIMUW REQUIRED

N TLOWRATE PROVIDED IN REPEREVCE (C 1) INCLUDES A _
'FACTOR OF 5. 8 ON THE FLOW CALCULATED AS THAT REQUIRED-
_10 AVOID BULL BOILING WITHIN THE CORF LOCALIZED

.T'BOILING IS EXPECTED TO OCCUR AND THIS COULD CAUSE SWWE

I;OF THE INCORE-THERMOCOUPLES, SUCH AS THOSE LOCATED IN

.COOLANT PUMP IS TRIPPED INDICATES THAT NATURAL CIRCULATION L



6. A, MEVER
“APRIL 10,.1979
TIME: 1520

'CORE 'LOCATIONS H8:AND HS, TO INDICATE TEMPERATURES o
'ESOMEWHAT HIGHER THAN THE AVERAGE AND POTENTIALLY HIGHER

. THAN THE SATURATION TEMPERATURE (ASSUWING THAT THESE

- THERMOCOUPLES ARE IN CONTACTHWITH AGGLOMERATIONS N

:,OF”FUEL'FRAGMENTS) THE FACTOR OF 5.8 ACCOUNTS FOR A
" 27%. CORE " BYPASS FLOW RATE WHICH, IN TURN REFLECTS
. AN EXTREMELY HIGH COREIHJHVRESISTANCE RESULTING FROM

 THE POSTUALTED CORB BLOCRAGE

3)

"HIGH PRESSURE INJECTION SYSTEM

. THE MINIMUM FLOW RATE SPECIFIED FOR THIS MODE OF OPERATIOV:Z

1S BASED UPON THE SAME EVALUATIOV AS THAT FOR THE DECAY

E HEAT SYSTEM, AND REPRESENTS THAT FLOW RATE NECESSARY O
- AVOID BULK‘BOILIN” THE AVOIDANCE OF BULK BOILING,

" ALTHOUGH NOT CONSIDERED TO ‘BE ABSOLUTELY NECESSARY, IS
 DESIRABLE TO MINIMIZE HOT SPOT TEMPERATURES IN CORE

LOCATIOVS SUBJECTED IO SEVERE BLOCRAGE --THE PLOW

X REQUIREMENT SPECIFIED IS CONSERVATIVELY BASED UPOV

A DECAY HEAT VALUE OF 4 MWT FORI&HﬂH{POWER LEVETS

"THE MINIMUM REQUIRED FLOW DECREASES 1IN DIRECT PROPORTION .

»-TO THE DECAY HEAT LEVEL

REFERENCE C.1

A. B. JACRSON TO C. C. ENGLAND "REQUIRED FLOW. FOR
CORE.COOLING,” APRIL 10, 1979. N
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POWER GENERATION GROUP Precimwaey 7 - |« =T -
To - - '
. G. A. MEYER
“om .

L L. LOSH/J. F. BURRQW = -+ e . ot ens
Cust, - File Mo,

TMI-2 . ' . . lor R_ef.
Subj.  GRITERIA DURING ESTABLISHMENT OF NATURAL CIRCULATION Date, .40 p.u.

APRIL 10, 1979

This lettar to cover one customer ond one subject enly.

THE TRANSITION FROM FORCED CORE COOLING USING ONE REACTOR COOLANT PUMP TO NATURAL

CIRCULATION WILL BE ACCOMPLISﬁEb OVER A PERIOD OF TIME. HEATUP OF THE CORE®

" COOLANT WILL GENERATE A DENSITY GRADIENT AXIALLY IN THE CORE WHICH WILL PRODUCE

THE DRIVING FORCE FOR THE CIRCULATION FLOW. THE TIME REQUIRED TO ESTABLISH
NATURAL CIRCULATION IS THEN DIRECTLY RELATED TO THE HEATUP RATE OF THE CORE WHICH

GENERATES THE DRIVING FORCE. = TO ESTIMATE THIS_HEATﬁP-TIME THE FOLLOWING ANALYSIS

.WAS PERFORMED: (1) TIT WAS ASSUMED THAT THERE WAS NO CORE FLOW, (2) THE ENTIRE -

N 10 Tgpps

pENERATED, (4). CALCULATIONS WERE BASED ON GROSS CORE AVERAGE CONDITIONS.

CORE COOLANT INVENTORY WAS RAISED FROM T (3) NO NET STEAM QUALITY WAS

FIGURE 1 DEPICTS THE CORE DECAY HEAT GENERATION AS A FUNCTION OF TIME. -THE
RESULTS OF THIS ANALYSIS ARE SHOWN IN FIGURE 2-4 FOR VARIOUS ASSTMPTIONS ON

T SYSTEM PRESSURE AND CORE POWER (TIME AFTER SHUTDOWN). THESE CURVES WERE

IN®
USED TO ESTABLISH A MAXIMUM TIME REQUIRED TO ESTABLISH_NAIURAL CIRCULATION. -

NATURAL_CIRCULATION RESPONDS TO HIGHER FLOW RESISTANCE BY GOING FURTHER INTO

. TWO-PHASE FLOW UNTIL THE VAPORIZED DENSITY CHANGE IS SUFFICIENT TO OVERCOME

SYSTEM RESISTANCE. WITH DEBRIS BLOCKING A GRID, FLOW WILL PASS LATERALLY AROUND
THE BLOCKAGE AND ADEQUATELY IMMERSE THE FUEL BEFORE AND AFTER THE "BLOCKAGE. -
IF THE BLOCKAGE DEBRIS ALSO CONTAINS FUEL; THE MAXIMUM TEMPERATURE AT THE

BLOCKAGE CENTER WILL.BE CONDUCTION LIMITED AND RELATIVELY INSENSITIVE TO THE
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o 5:40 PM.
G. A. MEYER | - | APRIL 10, 1979

Comasy o

MODE OF SURFACE HEAT TRANSFER. THE FLOW PATTERNS IN NATURAL CIRCULATION ARE -
DIRECTLY RESPONSIVE TO RESTRICTIONS, AND MAY WELL SHOW-LOCAL TWO-PHASE TRANSITIONS

AND RELATIVELY HIGH VELOCITIES AT PARTIALLY-BLOCKED HOTTER REGIONS.

REDISTRIBUTION OF CORE DEBRIS IS ANTICIPATVD WHEN THE PUMPED FLOW IS TERHINATED;

CHANGES IN. THERMOCOUPLE INCORE TEMPERATURE: DISTRIBUTIONS SHOULD BE EXPECTED.
NOT ALL THERMOCOUPLE READINGS CAN BE EXPLAINED BY HYDRAULIC PHENOMENA. SOME'
THERHOCOUPLES, PARTICULARLY NEAR THE CENTER, ARE CURRENTLY INDICATING LOCALIZED
HEATING EFFECTS AND ARE NOT MEASURING BULK FLﬁiD.TEMPRRATUREs;f SINCEZTHE PRIMARY
CONCERNS DURING THE TRANSITION FROM PUMPED FLOW -TO NATURAL'ciRcﬁLAEION‘ARE”
ADEQUATE COVERAGE OF THE CORE AND BULK COOLANT TEMPERATURES BELOW SATURATION

TEMPERATURE, IT IS REQUIRED THAT AT LEAST 10 (TEN) iNCORE THERMOCOUPLES HAVE

4READINGS BELOW SAlURATION TEMPERATURE FOR THE_SYSTEM PRESSURE (FIGURE 5). - o T

ADDITIONALLY, NO_T%0 INCORE THERMOCOUPLES SHOULD EXCEED 800 F.. ! AJTICIPATED _CORE

——'\‘______—-\______
TRANSIENTS ARE VERY SLOW, ,FIGURE 4 SHOWS THAT IT WILL REQUIRE AT LEAST 45 MINUTES
TO ONE HOUR TO RAISE THE WATER TEMPERATURE 'IN THE 'CORE’ FROM 200°F TO SATURATION
TEMEERATURE FOR DATES BETWEEN 4719/79 AND'4/17/79. ADDITIONALLY, THE CORE

ADIABATIC HEATUP FROM 200°F TO 1000°F EXCEEDS ONE HOUR FOR DATES' AFTER 4/12/79.

" HENCE, NO CORE COOLING PROBLEMS EXIST FOR AT LEAST THE FTRST HOUR OF TRANSITION

TO NATURAL CIRCULATION.

THE "HOT-EEG" THERMOCOUPLE SHOULD SHOW A TEMPERATURE INCREASE AS NATURAL

H
DETECTOR (RTD) SHOULD BE OESERVED WITHIN THE BOUNDS OF TdE TIME TO SATURATE THE

CIRCULATION IS ESTABTTSHED. TEMPERATURE INCREASES IN THE T RESISTANCE TEMPERATURE i

. ‘n \

CORE AS SHONV IN FIGURE 4 (I E., 45 MINUTES ON 4/10/79, 2 S: HOURS ON 6/6/79)

Y l’

-

P

e s e S eap i b S
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ADDITIONALLY, THE MAXIMUM TEMPERATURE OF THE HOT LEG_RTD SHOULD NOT EXCEED 250°F
FOR PRESSURES ABOVE 500 PSIA AND 180°F FOR PRESSURES NEAR ATMOSPHERIC. THE CORE

AT SHOULD BE LIMITED TO 150°F. = S .

SUMMARY :
REQUIREMENTS FOR TRANSITION TO NATURAL CIRCULATION:
1) INCORE THERMOCOUPLES —— AT LEAST 10 (TEN) THERMOCOUPLES MUST READ BELOW

THE SATURATION TEMPERATURE CORRESPONDING TO.SYSTEM PRESSURE.(FIGUPE.5)..

NO TWO INCORE THERMOCOUPLES MAY EXCEED 800°F.

2) HOT LEGRID'S — THE HOT LEG RTD'S MUST INDICATE A TEMPERATURE RISE WITHIN
THE TIME REQUIRED TO SATURATE THE ‘CORE (FIGURE 4)"AND THE MAXIMUM TEMPERATURE ™" -
SHOULD NOT.EXCEED 250°F FOR SYSTEM PRESSURES ABOVE 500 PSIA AND 180°F FOR -

. PRESSURES NEAR ATMOSPHERIC. THE CORE AT SHOULD BE LIMITED TO 150°F.

LLL:JFB:nw

'cgé J. S. TULENKO

FUEL ENG. UNIT MANAGERS
CORE HOT SPOT TASK FORCE

ATTACHMENTS (5 FIGURES)
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THE BABCOCK & WILCOX COMPANY : . cc: .(I; lz 1?iloudemans
. . A. Meyer
POWER GENERATION GRQUP . P. E. Mamola
o |- v J. A. Weimer
E. OELXERS, SYSTEM RELIABILITY & CONTROLS UNIT H. D. Warren

C. T. Rombough

From //JWM JUJL:—' 115 ,0/)7 R. V. DeMars

~ T. L. WILSON, 'SYSTEM RELIABILITY & CONTROLS WWIT 8DS 663.5
Cust, ' . File No.
T™MI-2 - or Ref.
Subj. ; . : Date :
_ RELIABILITY AND UNCERTAINTY OF THERMOCOUPLES FOLLOWING " APRIL 5, 1979

LOS5S OF FEEDWATER TRANSIENT

‘ Ihis lsttar 1o cover ens customsr ond one subject enly.

-Acknowledgement:

‘I have gathered the following information through conversations with several
individuals having experience with thermocouples that have been subjected
- to extremely high temperatures. I am indebted to P. E. Namola, R. H. Stoudt,
> and Tom Kollie of ORNL for their help and cooperation.

Description of the Problem:

The incore thermocouple design at the TMI-2 core is a grounded junction
Chromel-Alumel detector. The wire diameters are approximately 10 mils, the
sheath 1s 62 mils OD Inconel tubing, and the insulation material is Al 03.

I have gathered information on reliability and uncertainty of this type of
thermocouple after being subjected to extremely high temperatures (> 2000°F).
The problem of gross failure (open circuit, sheath failure, new junction or
other failure) would be indicated by no reading or extremely low, erratic
reading. No detectors are giving indication of gross failure. Given the
survival at present condlitions, the prospect for continued operation is

excellent. - The primary questions are the following: .. S

4

1. Are the readings accurate’

2. Are the errors in the readinys consistent with the hypothesized scenario
of the t:x:ansient:‘7

Decalibration Phenomenon:

A phenoménon observed by Dr. Kollie in thermocouples having experienced extremely
high temperatures is a deteriorated state in which the thermocouple gives a
stable but inaccurate reading. The effect is called decalibration.

~

The decalibration error is random but does follow some trends. The primary
dependencies are the following:

1. Sheath diameter " The larger the detector, the less susceptible to
decalibration.

2. Sheath material' Inconel is better than stainless. The decalibration
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: error for Inconel is usuaily negative. Meesured
{ _ temperature is lower than actual.
3. Temperature\ Decalibtation error increases with temperature.
- - (10°C roughly doubles the reaction rate of the
. mechanism.)
4. Time of exposure . Decalibration error is roughly linear with exposure

Temperature profile

time.

- Decalibration occurs along the length of the thermo-

couple. Hence, the error depends on the profile of

. the elevated temperature and on the profile of =2

subsequent measurement with the thermocouple.

Other dependtncies which are not known specifically but are expected to be small
are insulation material, length of detector, and wire diameter.

' Experience.with smailet diameter”detectots (20 mils OD) but similar in other

~

» characteristics (grounded junction Chromel/Alumel thermocouple with Inconel
“sheath) show essentially zero probability of survival at 1109°C for 10 to

.~100 hrs. without a measurable decalibration. The decalibration error tends to
“be negative (reading lower than actual) for this test; however, one sampie gave

2

-a positive error.

The magnitude for worst case error (remembered) was ~50°C.

Larger decalibration errors would be expected for higher temperatures:

" The primary nechanism for decalibration is mmigration of constituents primarily
chromium in the detector through vapor phase transfer. The chromel lead loses
chromium and the alumel lead gains chromium. Belfab tests indicating little
decalibration for 4 hour period at 7000°F are not necessarily conclusive since
the temperature gradient of the high temperature state does not simulate the
transient environment nor did the test condition 51mulate the present environ- .
ment.

Conclusions:

If it can be determined that the thermocouple is reading accurately now (for
example, if it agrees.with outlet RTD's), this implies that its readings are
believable throughout the transient. ‘ :

If thre is reason to believe a thermocouple iIs decalibrated, there is a high
probability that actual temperature is greater than its indicatioan. Hence,
the cluster of high readings should not be disregarded. '

Since a high percentage of detectors survived the transient, -the maximum tempera-~
ture did not attain a level for widespread failure.

Recommendations:

1.

2'

Perform testing simulating transient conditions to determine the temperaturé

threshold for gross failure 1n TMI-2 design detectors.

Perform testing to quantify magnitude and direttion of decalibration errors

for a range of temperatures simulating reactor environment.

TLW:ae



THE BABCOCK & WILCOX COMPANY B |
' POWER' GENERATION GROUP L - | @
To |+ oo -
é@ Englneerlng Operataons ‘Manager -
From . : g 7 - .
3. T.Willse | F/0, wes ’Z’A/\_ TV THE-79-179° 305 ses.s
Cust. N / - | File No.
. : : . jor Ref.
Subj. S . , _ Date
Action Item 143 C . April 6, 1979

[ This fetter ¥o cover one customer ond one subject only.

Reference: C. T. Rombough to Engineering Operatlons Manager,
Actlon Item 143, 4/5/79

The purpose of this memo is to elzborate on conclusions no. 3
and 4 in the referenced memo... The increase in selected thermoccuple
readings is no cause for concern The temperature is still 200° 'F
below saturation temperature. The increased 1ead1ngs are causcd
by two factors. The first and smallest effect is a 4° increase in
the core inlet temperature. The primary cause for the change in
.thermocouple readings is the change in the flow distribution
caused by the shifting debris in the core. This was. vividly

. demonstrated when the Al pump tripped-and-the.-A2. pump-was started. - . -
. I would anticipate that some thermocouples would continue te¢ change
' for several days until the debris redistributes into a stable
cenfiguration reflecting the chanoc of coolant punps

Conclusion number 4 1is 1naccurate since re51stance readlngs
will show wide variations from thermocouple to thermocouple and
also the: readlnos will depend on whether the chreomel or alumel
wire re51stance is be1ng measured. However, if{ needed, we can
state the following:

A test can be perfbrmed to determine whether a gross failure of

a thermocouple has occurred. For a good thermocouple the resistance
between one T/C lead and ground should be approximately 750 ohms '
while the other lead to qround should measure approximately 300 ohms .

to ground.

JTW:mp
cc: F. E. Unit Managars

J. S. Tulenko AN\ Ly
Shift Technical Qbader

- - - . R - - - © e e e e e n m s s e e s e ——— = S .t et = v Wgtes Ty W Abes



— R R L
THE BABCOCK & WILCOX COMPANY
POVER -GEHERATION GROUP

- To l . .
_%&p ' Engineering bperations Manager
rom :
C.T.-Rombough,gFuei Management & Development £DS 663.5
CUSt; \ File Ho.
' GPU | ; or Ref.  ncp-75-038
Subj. Date 3:30 p.m.

B&W's Vie& of’Increasing
Incore Thermocouple Readings (Instruction 143)

—[ Tbis letter te cover one customer ond ore subject only.

April 5, 197¢

As requested in Action Item 143, the.increasing thermocouple data has

been reviewed by both NPGD and LRC personnel.

These personnel have

included J.B. Andrews, G.A. Meyer, J.A. Weimer, J.T. Mayer, T.L. Wilson,
E.T. Chulick, P.E. Mamola, R.A. Copeland, J.W. Ewing, H.D. Warren, and

J.G. Brown.

A summary of the pertinent data and their conclusions- is attached for

-.D.H. Roy's response to Bill Lowe.

gaa} . &;”. -' o " B R . Y -

!
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Incore thermocouple data from TMI-2 have been evaluated. As shown below,
six of the .thirty thermocouples for which we have data have shown a

temperature rise of 7 - 33°F over the past 5 days (117 hours) or 1.4 -

6.8°F - per day. (- T L -

e TIC at . T/C at Net | _ Increase
"Location 0845,3/31 0542, 4/5 Increase (°F) Per Day (9F)

13C . 290 297 7 1.4

13F 288 307 9. 1.8

130 . 310 320 . 10 2.1

11G T 427 C 445 .18 3.7

12F 303 . 327 - 24 4.9

11L 302 335 6.8

33

. Teoperature vs time for locations 13F, 12F, and 111 are shown in the

© attached figure.

The foliowing conclusions have been reached based on this data.

"There is no mechanism which has been postulated that would cause

decalibration to the extent shown by. the data. Therefore, it is

* concluded that the therwocouple readings are accnrate and that true

temperatures are bﬂm'J ronitored to +J°

There is mnothing in the fuel, structural materials, or fission
products which would cause a chemical reaction that would result in
the observed rate of temperature rise. .

' As indicated in the attached map of temperatore changes'for 30 selécted-

locations, the increasing readings are located preferentially in the

‘core ‘(in the center of the right half). This leads to the most

probable erlanation that a very gradual flow redistribution is
occurring; either increased flow blockage in this region or decreased
flow blockage in’ another region causing temperature increases in

this reglon.l

CIf Met Ed questlons the thermocouple readings, a simple test can be
performed. The resistance between the T/C lead and ground should be

approximately 750 ohms.
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rTEETéABCOCK & WILCOX COMPANY C
"POWER GENERATION GROUP S, @
To | . -
<~ G. A. MEYER, MANAGER, T-H ENGINEERING UNIT THE-79-171
. Fom : - o

J. A. WEIMER, T-H ENGINEERING UNIT, EXT. 3236 8DS 663.5
Cust. \, : File Ho.

Jor Ref.

Subj. _ Date

RESPONSE TO THERMOCOUPLE REQUEST APRIL 5, 1979

3

l This letier to cover one customer ond ens subject enly.

Past experience with -thermocouples show two.basic things. First,
they track fairly steady when core condition are not changing
(ie. 100% steady state conditions). Secondly, they respond to
local changes relatively accurate. A one to two degree change in
thermocouple reading has occurred many times without any obvious
core change (or local change) conditions. Greater deltas than
20 F usually indicate another measurable local or core change

The two mechanisms for thermocouple changes are obviously power
dlstrlbutlon or flow distribution. A few random local changes
are usually due to local power changes. A large area group change
indicate flow redistribution.

Assuming local flow blockages (in the center of the core a decrease in
thermocouple reading would occur if and when the blockage was
decreased and if the '"hot" conditions-were due to local heat sources
(ie. fuel pellets) the temperature would decrease .as the source burned
out. Furthermore, as blockage decreases in one region of the core

the outlet -flow distribution would tend to flatten causing temperature
increases in o1her portlons of the core.

JAW/sgh S S . : ' .

cc: J. S. Tulenko
FE Unit Managers
J. F. Burrow
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"u:ﬂ GEthATION GROUP

To R .
o | wemrioRer S
Bn .D. H. ROY s 663.
Cust. { File MNo.
5 or Ref.
Date

Subj. REQUEST FOR BaH'S VIEH OF INCREASING
INCORE THERMOCOUPLE READINGS

-

APRIL 5, 1978

‘ This letter 1o cover ons cuirtemer und ene swbject only,

NOTES TO ANSQER T0 BILL LOHE;S REQUEST TO D. H. ROY AT 0735 ON APRIL 4 REGARDING

HCREASIHG Ti

B&W'S -IDEAS AND QUR CONCEPNS PEGHRDING SOME THERMOCOUPLES SLOMLY ~ 1

L TEMPERATURE

The responses prOV1ded is 1nadequate for transm1551on to GPU

L fOIJOW1ng steps:

We s

hould take the

(1) Report’ the 1ncreases ‘as vie see them in the data - assenb1y location,
*“,' --temperature change per unit time over some time interval. i
'(2) Provide the uncertainty value which we wouid assign for these loca-

E? f : " tions. . ) .

'(3) Have our radiochemists get in touch with.expert fuel material peop]é
'i to determine if there are any break away chemical reactions or any -
other. exp]anation which nlght be prov1ded to explain the temperature

7fbehav1or which is observed

It is not necessary to state that we w111 cont1nue to monitor thermocouple changes
and report them promptly .as GPU is a]so track1ng them routxnely ’ '

W

DHR:dmd

.- D. H. Roy
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— Telecon from‘Bill'ioqc to D. H. Rey :: - Do Apxil 4, 1979

- Dyt 0735 g T

i . . . . - . "‘

Tclecon from. B111 Lowe at 0735 1nformed us that over :he past 36 hours

- .-
. pou,

some trace 1n thermncouple readznos have been observed it varies from
assembly to assembly with some going up by as much as 9°F. The absolute
temperature Stlll is o. k but they do not like the trend. It could be

'associated wlth changes in coolant temperature and.or ptessurizer level.

He rcquested that we con51der various p0551b111t1es for rﬁnq_hphsvior 1“C1kd””°

.3 break away chenical reaction.: We told hlm that our data for thermocouple

:eadlngs at the 0523 hour measurement was Just coning 1n, we will take actlen
. . )

to determlne wnether there is a chemical reaction which can account for this

- * -
- -

andvtri*to corelate with changes in the state of the reactor.

oo+ . Signed D. H. Roy

@ | .
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"“Evaluate fucl pin contact with Incorc thermal couples -

) . . "
‘. . . . 3 . .

« The evaluation was performed assuming all the pcllets from one grid span are

| ‘@ eircnly distributed across the upstream grid. Average tenrpcrature of the uo,

mass is '150.0°F. Eriough heat is generated to produce boiling in the annulus between
\ -

N,

the; instrwneﬁt §tring\"and.the guide tube and possibly some superheat. Heat would

" be transferred to the instrument string which could be trén;ferred é)&ially"by |

. coﬁduction to the themmal coizp‘le. ‘This would produce a T-C reading high'cr '
than the surrounding coolant. This indicates that it is possible that a conglomerate cf
pelléts with the proper“éize and locat.ion could produce T-C reédings in the range

of temperatures -!vhich are being recorded (100-600°F above coolant temperature).
: 4 P

C. D. Morgan v

. 'ﬂ‘,‘\l . ) .. o .. . ) : o \’\\ N >
3.‘ T _ .M. Montgomery I’{“’h‘\ I’}”&‘Mﬂf

G@ | ) | | C '_ _G._'A. Me.yer /j”y//’//z(,?)\r—-\—-

-
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THE BABCOCK & WILCOX COMPANY. ‘ LIS

ROVER GE.I“RATION GROUP ?@F’LlM/l\/ﬁﬁ-Y 7 @

To |- ' :
C. C. ENGLAND

From o s . L o _ _

. A B.JACKSON i | S © bos 66
_ Cust. R ' R T . File No.

™I-2 ' ST ' : or Ref.

Subj. : , R Date  12:40 A.H.
REQUIRED FLOW FOR CORE COOLING o . APRIL 10, 1979

I This letter 10 cover one cusfomer ond one subject only.

- REFERENCES: (1) HEMO, C. C. ENGLAND TO R. B. DAVIS, "ALTERNATE DECAY HEAT
| | | '5SY$TEM REQUIREMENTS," '7:22  A.M., APRIL 9, 1979.

(2) MEMO, G. A. MEYER TO J. D. CARLTON, "MINIMUM CORE FLOW -

* LONG TERM COOLING," 1200, APRIL 4, 1979 :

(3) MEHO, A. 8. JACKSON TO C. C. ENGLAND, "CORE FLOW REQUIRED

* FROM HPI SYSTEM," APRIL 8, 1973 '

AS REQUESTED IN REFERENCE (1), THE UﬁCERTAIPTIES INCLUDED IN THE CORE FLGW REQUIRE-
HENTS BY T-H HAVE BEEN RE-EVALUATED BASED 04 UN CEPTAIH]’ES PROVIDED BY CENTRAL
ANALYSIS. UNCERTAINTY DUE TO CORE BYPASS HAS BEEN REMOVED AND THE CORE FLOW REQUIP
MENTS FROM REFERENCES (2) AND (3) ARE REPLOTTED ON FIGURES'1 AND 2. THE CONTRGL
ANALYSIS UNCERTAINTY OF 5.8 TIMES THE CORE FLOY REQUIRED MUST BE APPLIED T0 THESE
CURVES

| A. B." JACKSON
ABJzdnd - '

CC: JS TULENKO
: FEUM
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To

e

ER GENERATION GROUP

BABCOCK & WILCOX COMPANY R INSTRUCTION £310

R. B. DAVIS, CONTROL ANALYSIS, A. L..JACKSON,.THERMAL_HYDRAULICS
s -

From . P . | . i : '

C. C. ENGLAND, LONG TERM COOLING C%iﬁifgu~$z__\ . 805 663.!
oot - e File MNo. .
' Jor Ref,.
So07. Date  TIME: 7:22 P.\.

ALTERNATE DECAY HEAT SYSTEM REQUIREMENTS ' APRIL 9, 1979

I. This latter 1o cover one customer and ont_wbiu‘! only.

R. B. DAVIS' MEMO OF APRIL 8 1979 RECOM IE‘\IDS THAT DECAY HEAT SYSTE‘I FLOW

REQUIREMENTS BE SET AT 5.8 TIMES THE CORE FLOW REQUIREMENT.

I.» UNDE’(STAND THAT THE ATTACHED CURVE FROM THERMAL HYDRAULICS ALREADY CONTAIN
SO‘IE CO\ISERVATISM (ON THE ORDER OF A FACTOR OF 3) TO ACCOU\ 'T'FOR U\*K;\OI“:S IN

THE CORE.

I REQU"ST THA"‘ YOU REVIEW YOUR CALCULATIO\‘S WITH THERMAL HYDRAULICS TO ASSURE

THAT Tl‘I_E_-’«'CONS:ERVA Isus" AREN T BEING ADDED TWICE.

_A b.H. FLOW RATE MUTUALLY AGREED UP ON BETWEEN CONTROL ANALYSIS AND T.H.E.

‘SHOULD BE ESTABLISHED. | - : L o

PLEASE PROVIDE THIS BY 0800 ON 4/9/79.

CCE/CMW

' ATTACHMENT : : s



) — - . . P o C iU, t’;;_._";; T iz
‘ ;‘ CASCOCK & lLf‘O‘( COMPANY // 9 ‘I’\ R ’
) }/ X \ )
LWER BINIRATION GRGUP "/A Aﬂ\}"! sl 2 \ UL - ADR-5
..—/'_I v N -~ ,f.l A.’,
fo : . ;((’ &( (]Jo. n L}V §£§J>] ljx,/”"ﬁ z % 7{;&:1;
- CC_ENGLAND f\ Cb ,7 - O ot
RB DAVIS Vo ?‘ }V Q/’ tos &
E s — [File Ho.
C‘u_st. o ' : \ }\/.. ’ r{\{" 1 / or Ref.
- THI=2 _ . . ,
Subj. . \X——/ Date
REQUIREMENTS FOR ALTERNATE DECAY HEAT SYSTEM APRIL 8, 1975 2335

I This letter 1o cover one customar and one subject only.

-
<.

REFERENCE:" CC ENGLAND, RB DAVIS, SAME SUBJECT, APRIL 5, 13879 ] .

-~ -

- IN THE REFERE“CE l RECOMMENDED THE DECAY HEAT SYSTEM FLOW REQUIREMENT
. BE 3 TIMES THE CORE DECAY HEAT FLOW REQUIREMENT. THIS MEMO REVISES THIS

-ﬁ,REQUIREHENT T0 5. 8 TIMES THE CORE FLOW R‘QUIRENEHT

P PP ST CPUPE S S TP Y R IO % ~ X"

N LT Lt A TR L . ST

PP - XTI O

1 Y LATEST ANALYSIS, I IMPROVED ON MY CALCULATION TO INCLUDE (1) A

'BETTER HYDRAULICS MODEL, (2) A HIGHER CORE RESISTAHCE (83 x 10° psi/(Ibs/sec)?)
énovioso BY PS BARTELLS AND (3).A.CORE BYPASS FLOW CF 27%' THIS NEW DATA
RAISED: THE REQUIREMEVT TO 5.8 TIMES THE CORE FLOV REQUI;E;ENT ATTACHED 1S
GEORGE MEYER'S CORE FLOW REQUIREMENT ON WHICH | ADDED A NOTE ON THE DECAY

HEAT SYSTEM FLOU REQUIREHEN:

THE DELTA P (FROH THE CORE FLOOD NOZZLE ACROSS THE REACTOR VESSEL AND UP

T0 THE DECAY HEAT DROP LINE) IS STILL NEGLIGIBLE (APPROXIMATELY .02 PSIA)

-
| Sy
wn
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‘j‘ c""‘:’f‘ ’ : /s 7
R i s .
THE BABCOCK & WILCOX COMPANY ' : E ce: D. A. Farnsuvorth
POWER GENERATION GROUP -' R. H. Stoudt
~_G._A. MEYER, FUEL ENGINEERING ' RECEIVED
From A . APR1 g 1979
J. R. GLOUDEMANS, THERMODYNAMICS UNIT, TECHNICAL STAFF S BDS €63.5
s i : A MEYED
. File No.
Cust. : , lor Ref. 845-7952-01
Subj. : o . Date
COOLDOWN PRESSURE ' : ' APRIL 10, 1979

l This leMar to cover one cvitomer ond one subject only.

COOLDOWN PRESSURES FRbM ATMOSPHERIC PRESSURE TO ~ 1800 PSIA HAVE BEEN
CngIDERED. THERE ARE MANY SYSTEM ﬁESPONSES RELATED TO PRESSURE,  THE ADV:NTAGES
 pFép00LING AT HIGHER (UP TO N~1800 PSIA) OR LOWER (DOWN TO ~ 15 PSIA) PRESSURES
.ZPLE: . | C e ’

1. ADVANTAGES OF COOLING AT HIGHER PRESSURE

a. GREATER EARGIN TO SATURATION TEMPERATURE.

b. iﬁSS STRAIN ON (OPERATING) RC?'S. .

c. BECAUSE OF DECREASED EXPANSION OF FLUID DURiNG VAPORIZATION (SEE ATTACHED
' FIGURE); DECREASED FUEL OR FUEL—DEBRIS DISLOCATION DUE TO THE HEATING AWD

VAPORIZATIGN OF TRAPPED WATER.

2. ADVANTAGES. OF COOLING AT LOWFR PRESSURE

a. BECAUSE NATURAL CIRCULATION IN RESTRICTIONS AND/OR AT “HOT SPOTs" MAY
REQUIRE VAPORIZATION TO ACHIEVE TIE NECESSARY STEADY~STATE DRIVING HEAD,
AND VAPdRIZATION EXPANSION INCREASES WITH DECREASING PRESSURE (SEE
ATTACHED FIGURE), LOWER PRESSURE INFERS }ORE A?EQUATE COOLING OF THE

MORE-RESTRICTED FLOW REGIONS IN THE CORE.

b. POSTULATING NATURAL CIRCULATION AND VOIDING AT CORE-FLOW RESTRICTIONS AS IN
"2.a", AND NOTING THE DECREASE 1N SATURATICYN TEMPERATURE WITH PRESSURE,



. ’
-G. A. MEYER -2~ . /PRIL 10, 1979

THE (FUEL) DEBRIS OR FUEL IN THE STARVED REGION 1S AFI&RDED A LOWER
i .

SURFACE TEMPEﬁ@TURE (WITH LOWER PRESSURE).

AN

C. LESS‘PREéSURE-INDUCED STRESS ON BOUNDARY COMPONENTS.
d. LESS BLOWDOWN (Td ATMOSPHERIC) LIKELIHOOD AND STRESS.

e. FACILITATED SHIFT TO THE LOWER-PRESSURE DECAY-HEAT-RENOVAL
SYSTEM. | ' .

I AM CERTAIN THAT LONG-TERM COOLING SHOULD NOT BE ACCOMPLISUED AT THE
NIGIER PRESSURLS CONTEMPLATED, 1000 to 1800 PSIA. TIE ONLY SIGRIFICANT
ADVANTAGE (1), 1S OUT-WELGHED BY ITS COUNTERPART (2b); i.e., RAISING PRESSURE
RATSDS T, AND DIRECTLY RAISES THE SURFACE TEMPERATURE OF THOSE FLOW-RESTRICTED

SAT
DECAY-hEAT REGIONS WIHICH REQUIRE BOILING FOR’ THEIR HEAT TRANSFER MECHANITSH.

WHILE RCP s ARE OPERATING, I PECOJHEND THE LOVER DANT OF TEE CURRENT
PRESSURE RANGE, 1 oy ~ 550 + 50 PSIA. PRESSURE S(ILGS SEIULD BE AVOIDED.
(COOLDOWV SHOULD'BE VERY GRADUAL:). WHEN "'COOLED DORN" T0 APPROXIMATELY
100- 200 T) AND WHEN RCP s ARE NO LONGFR AVAILABLE OR APRE NOT DESIRED FOR
BACKUP, SYSTEM PRESSURE SHOULD RE SLOWLY REDUCED TO APPROXIMATELY 100 PSIA

(TSAT‘N 328 F). THIS LOWER PRESSURE INCREASES THE DRIVING HEAT AT VOIDIKG

~LOCATIONS AND DECREASES THE SURFAC" TEMPERATURE OF BOILIn;—LIMIIED FUEL,
WHILE MAINTAINING MORE THAN 100F '"MARGIN" TO SATURATIOY

}‘l/pbl// //'::{ /// ?l/"

R. Gloudcwan:

VERIFIED 4/10/79 by
~D. A. 1~‘arn<~wor th

1 i
/ Learles /& ‘Az /".'z:r Sl D/:F‘
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. THE BABCOCK.& WILCOX COMPANY N 72
POWER GENERATION GROUP . . . , @
To | 3 - THE-79-193
, G. A. MEYER, MANAGEB. THERMAL HYDRAULIC ENGINEERIKG UNIT
From ﬂg/g_ ' .
JJSH. ONES,{THE UNIT, EXT. 3239 BDS 66:
Cust. . AN File Ko.
™I2 or Ref.
SUbj- Date

ADIABATIC HEATUP RATES

APRIL 10, 1979

l This letter to cover one cvitomer ond one subject enly.

FIGURE 1 SHOWS THE ADIABATIC HEATUP RATE AS A FUNCTION OF TIME IN DAYS

AFTER THE 10SS OF FEEDWATER EVENT. THIS CURVE ASSUMES INSTANTANEOUS CORE

UNCOVERAGE (NO HEAT REMOVAL FROM THE FUEL). THE CALCULATION WAS PERFORMED |

FOR A FUEL ROD ASSUMED TO BE INTACT.

FIGURE 2 BHOWS THE TIME IN HOURS TO HEAT THE FL‘Ei. FROM 200°F TO

. 1000°F USING THE HEATUP RATES FROM FIGURE 1.

FIGURE 3 SHOWS THE DECAY HEAT (CORE POWER) AS A FUNCTION OF TIME (SEE

REFERENCE) .

‘R.E_FERENCE:' MEMO, J. R. BURRIS TO J. D. CARLTON, "DECAY HEAT CURVE,"

APRIL, 2, 1979, NSS-6.

JRI/CDB _ Q/A Both method and °
- calculations have

CC: J. S. TULENKO been independently
F.E. UNIT MANAGERS checked and found
CORE HOT SPOT/FLOW BLOCKAGE TASK FORCE to be correct.

/7/)44/7-'7 C/u/d\—( //

£
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"“THE BABEOCK & WILCOX COMPANY 1
‘POYER GENERATION GROUP ’P.ee‘ummfﬁer- SUNIT /\
— v ad Y/
To ' - ; ‘ ) /
"' G. A, MEYER - . v//
From : S .
P. J. HENNINGSON (_,-@,_QF{ Uﬂs‘-wi-,-a—--- L 20s 63
. . '/ ) .
Cust. | .o ‘ S File No...
‘ N ' : or Ref.
Subj. INCREASED T.C. READINGS DUE TO PROXIMITY . Date 5:30 P.M
. OF FUEL PARTICULATES ) , APRIL 10, 1979

I This lettar to cover one cwstomer and one subject only.

REFERENCE: CORE CONDITION TASK FORCE TO J.S. TULENKb, ""CURRENT ASSESSMENT
OF CORE CONDITION, 4/7/79 (1800)," 4/7/79 -'?:48.P.}L

ONE POSSIBLE EXPLANATION OF THE INCREASED T.C. (LOCATED IN UEF'S) READISGS IS TEZ

2

ACCUMULATION OF UO, FRAGMENTS IN AND AROUND THE MIXING CUP. THESE ELEVATLD
* TEMPERATURES, RANGING FROM “100°F TC 2190 °F .ABOVE THE COOLANT TEMPERATURE, ARE
IN THE CENTRAL PORTION OF THE CORE. ACCORDING TO THE REFERENCE, THIS IS THE

POSITION OF THE CORE ASSUMED TO HAVE THE GRUATEST DAMAGE.

THIS POSSiBILIT}'WAS INVESTIGATED ASSUMING ﬁOz PARTICULATES WERE WITHIN THE

MIXING CUP AND AT RADII OF 1/2 IN, 1 IN, 2 IN, 3 IN, AND 4 IN. AXTAL CONDUCTION

AND CONVECTION WLERE NEGLECTED (GROSS FAILURE).

THE RESULTS ARE SHOJV IN THE ATTACHED FIGURES. FIGURE 1 SHOWS.THE TEMPERATUZE
DIFFERENCE (AT (Fo)) EXISTING BETWEEN THE I.D. ‘OF THE MIXING CUP AND THE O.D.

OF THE INSTRUMENT STRING ASSUMING ENTRAINED U02. THE TEMPERATURE RISE THROUGH

THE UO2 IS S‘ALL FOR ALL TIWES. FIGURE 2 SHOWS THE AFFECT OF VARYING ANOULTS

OF FAILED FUEL OUTSIDE THE MIXING CUP. THE TEMPERATURE DIFFERENCE (AT (FO)) IS

. L
"FROM THE SURFACE TO THE T.C WELL SURFACE. " (THE ONE INCH WIDTH OF UO2 OUTSID E

THE T.C. WELL 1§ SHOWN ON FIGURE 1 FOR CO: [PARATIVE Pum’osss )



4

t e

T TP T 5130 BLA.
G. A. MEYER T =22 "APRIL 10, 1979

”

IT 1S POSSIBLE FOR TUE ELEVATED T.C. READINGS TO BE ‘SOLELY DUE TO LARGE
AGGLOMERATES OF FUEL PARTICULATES SURROUNDING THE MIXING.CU;. FURTHER CREDENCE
TO Talé THEORY Aﬁ;sés fRéM THE CHANGE'IN T.C. READINGS WHEN THE A-1 PRMP
TRIPPED. THEREFORE, ANY DECISIONS UPON CHANGES IN CORE CONFIGURATION SHOULD NOT

BE MADE SOLELY ON THE BASIS OF IHCORE THERMOCQUPLE READINGS.

PJH:nw:

cC: J. S. TULENKO
FUEL ENG. UNIT MANAGERS
CORE HOT SPOT TASK FORCE
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‘A1F BABCOCK & WILCOX COMPANY et
-~ -4 ” LN :
POWER GENERATION GROUP Peer MINALY j0 )
R - . . N
, " DISTRIBUTION
‘ rrom . , L. .
J. A. WEIMER/R. L. HARNE ' _ 80S 663.5
Cust. _ .File No.
T™I-2 ‘ ' , |or Ref.
Subj. : , . Date
BOJLING CONDITIONS IN CORE APRIL 1, 1979

l This letter te cover one customer and one subject only.

The following curve (and attached calculations) shows estimated time required
to bring the water in the core to saturation temperature at 300, 600 and 1000
psia from its present 280°F energy level. This calculation assumes a no-flow
condition with 161" of stagnant coolant available for heat transfer. A second
calculation was made to determine additional time required to vaporize the
coolant such that active fuel will be exposed to steam. .

" JAW/RLH: cmw
*Attachment

D
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S T ReYoRlel ‘ AP

Ttem #49

v o " _
.~“NE: BASCOCK & WILCOX COMPANY o, N

POWER GEMERATION GROUP . @;

o ] o -

~J. D. CARLTON, PLANT DESIGN THE-79-162
“-om I _
G. A. MEYER, MANAGER, T-H ENGINEERING UNIT (3218) BOS 863.5
Cust. . |or-Ref.
Subj. bate _ .
Time 1200

MININUM CORE FLOW - LONG TERM COOLING

APRIL 4, 1979

l This letier 1o cover omne cvitomer ond cone subject only.

Bcfcrencei 86-1100401-00, "Minimum Core Flow - Long Term,".

April 2, 1979, L. L. Losh.

The attached figure expands upon the information provided in the
teference to provide minimum long term cooling flow requircments
for. various proposed operating conditiens. Each of the curves
presentcd raccounts for core blockage by the application of a
safety factor of 3.0 to the calculated flow requirement. The
curves provided are essentially the same as those determined this
morning by L. L. Losh and J. R. Bohart, thus providing a QA

verification of their analysis.

GAM/sgh . o /‘/%}W/

cc:--J; S. Tuienkogﬂ{
FE Unit Managers
C. Parks

Refortee £

e
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" THE EABCOCK & WILCOX COMPANY

POWER GENERATION GROUP FReELimmaey .
To .‘cl-"' [ ' o : ' " d /a
G.A. MEYER - MANAGER, THERMAL HYDRAULIC ENGINEERING.
From ) . .
' R.M. HIATT - THERMAL HYDRAULIC ENGINEERING o THE-79-195 8DS 663.5
Cust, T'MI-Z " .. \ ' . ) <§;l§e¥?.
Subj. : Date
' CORE FLOW DISTRIBUTION FOR ONE PUMP AND TWO PUMP OPERATION APRIL 10, 1979

l This letter to cover eny cvifomer ond one subject orly.

. ONE OF THE IMPORTANT CONSIDERATI;)NS IN ANALYZING THE TMI-2 CORE

'BL.OC'KAGE IMPACT ON CORE COOLING IS THE FLOW DI.STRIBUTIé)N :.[.N THE CORE.
"~ A DETERMINATION OF CORE INLET FLOW DISTI.C[BUTIOV FOR ONE PUMP OPI:-'.R'ATION -

WITHOUT BLOCKAGE WAS BASED ON- A REVIEW OF THE VES“EL MODEL FLOW TEST

;,.(‘VMFT) DATA AND ENGINEERING JUDGEMENT AS FOLLOWS:

THE TRANSFER OF MASS CAN BE MODELED SI) rII.AR TO ELECTRIC CIRCUITRY.

- THE FLOW PATHS CAN BE REPRESENTED BY A SYSTEM OF RESISTANCES AND THE FLO‘I
WILL SELECT THE FLOW PATH IN SUCH A WAY TO EQUALIZE THE PRESSURE DROP ACROSS
THE SYSTEM THUS, FLOW HAS A YLOOK AHEAD" CAPABILITY THAT TENDS TO EQbALIZB
THE POTENTIAL (AP) ACROSS A SYSTEM OF RESISTANCE. " THE FLOW CHANNELS THROUGH
THE CORE CAN BE VIEWEi) AS A-SYSTE-I OF RESISTANCES. BASEl.) oN THIS. PRINCIPLE,
ASSU‘iING THAT RATE OF CHANGE OF MOMENTUM FROM COLD LEG INLET TO HOT LEG OUTLET
*IS THE SAME, AND AN INSPECTIO\I OF THE VMFT INLET FLOW FACTORS CAN BE USED

" TO .IDENTIFY THE FLOW DISTRIBUTION’AT' THE CORE -INLET FOR ONE. PP OPERATION.

FIGURE 1 ILLUSTRATES THE CORE INLET FLOW FACTORS FOR 4 PUMP OPERATION
FOR THE 177 FA PLANT. SUMMARIZED ON FIGURE 1 ARE THE AVERAGE FLOW FACTORS

FOR EACH QUADRANT. THE OUTLET PIPE IS LOCATED BETWEﬁN QUADRANTS Al AND A2



Y

- - -5 . . —————-

G.A. MEYER o -2 .. ARIL 10, 1979

AND ‘BETWEEN Bl AND'BZ.' THUS, WITH '‘BOTH LOOPS 'OPERA'I;.Z{ZNG"YIHE RESISTANCES -

ACROSS THE CORE FOR EACH QUADRANT WOULD BE EXPECTED 'I‘O BE ABOUT THE SAME.

FIGURE 1 ILLUSTRA"’ES A SLIGHT BIAS TOWARDS QUADRANTS -Aly AZ AND 1}1 THIS -

-

BIAS IS PROBABLY DUE TO FABRICATION TOLERANCES.

FIGURE 2 TLLUSTRATES THE CORE INLET FLOW FACTORS FOR TWO PIMP OPERATION.
NOTE THAT THE OPERATING PUMPS AL-AND BR.ARE ARRANGED IN OPPOSITE QUADRANTS.

THE SU“R'LARY FLO\Y FACTOR FOR EACH QUADRANT AGAIN ILLUSTRATLS A RELATIVELY..

A UNIFORM FLOW FOR THE QUADRAN'IS WITH A SLIGHT BIAS TOWARDS THE QUADRANTS coN -

'TAINING THE OPERATING PUMPS. NOTE'THAT THE O“E'RATING PLP CO‘-‘{BINATIO‘I IS A

TWO LOOP OPERATIOA. THEREFORE THE RESISTANCE AC:\OSS EACH QUADRANT SHOULD

B BI:Z ABOUT THE SAME WITH THE RESISTANCES HIGHER }‘OR THOSE ‘CHAImELS FA‘{TH"ST

e

FROM THE PUMP AND FARTHEST FROM THE OUTLET PIPING, HOWEVER, THE MOMENTUM =~
OF THE FLOW DISCHARGED INTO THE CORE MAY BE SUFFICIENT TO OVERCOME LATERAL

CORE RESISTANCES IN THE LOWER PLE{UM. THIS IS_ILLUSTRATEi)_ IN FIGURE 3.

FIGURE 3 SHOWS THE .CORE II\ILET-FLOR7 DISTRIBUTION FOR A TWO PUMP OPERATION

Az, AND Bj. IN THIS INSTANCE THE WO PU‘IPS ARE I\OT OPPOSING. NOTE-THAT

EOTH LOOPS ARE OPERATING. THUS, THE RESIS'I'AZ\'CE ACROSS EACH QUADRAI‘T ARE

AB‘OUT THE SAME. HOWEVER, AS I‘IENTIO\IED PREVIOUSLY THE LATERAL MOMENTINM OF

T}IE FLOW DISCHARGED I\ITO THE LOWER PLE\IU\I FORCES FLOW TO THE ADJACL“T QUADRANT

WITH Aﬁn AND Bl HIGHER IN' INLET FLOW THAN AL AND Bi— CONTAINING THE PUMPS.

FIGURE 4 ILLUaTRATES THE CORE INLET FLO\I DISTRIBUTIO‘I FOR A 1 LOOP

2 PUMP OPERATION (Al AND A2) THE INLET FLOW I'ACTORS SHOW A BIAS WITH QU’\DRA)’IS .

Al 'AND A2 HI’CHER IN FLOK-I. THIS SUGGESTS TIIAT THE RESISTANCE OI‘ 'lllE CORE-

QUADRANTS FOR THE CLOSED LOOP IS IIIGH OVERCOMING THE LATERAL MOMENTUM OF THE



' G.A. MEYER ] -3~ - APRIL 10, 1979

DISCHARGED FLUID AND RECEIVES LESS FLOW. FIGURE 4 SHOWS THAT ABOUT 4% MORE
FLOW ENTERS LOOP: A CORE QUADRANTS THAN ENTERS LOOP. B QUADRANTS. WHEN VIEWED

. \ : .
WITH TH_E'INFORMAT\ION OF FIGURE 3, IT IS BELIEVED THAT THE QUADRANTS Bl AND B2

HAVE A HIGHER RESISTANCE OVER THE COMPLETE LENGTH OF THE CORE. THIS OCCURS

" DUE TO THE "LOOK AHEAD".CAPABILITY OF THE COOLANT WHICH SEES THE CLOSED LOOP

- AND THE LATERAL RESISTANCE BETWEEN QUADRANTS Bl AND B2 AND THE OUTLET PIPING

OF 100P A.- THEREFORE, IT IS CONCLUDED THAT A COMBINATION OF FIGURE 3 AND,
FIGURE_' 4 IS THE MOST REPRESENTATIVE OF ONE PUMP OPERATION. FROM FIGURE 3,

IHE QUADRANT ADJACENT AND IN THE SAME LOOP WILL BE BIASED ABOUT (1.5 -2.5%)

' HIGH IN CORE INLET FLOW. THE FLOW FACTORS SHOWN IN FIGURE 5 ARE RECOM{ENDED

_ FOR ANALYZING TMI-2 ONE PUMP -CORE INLET FLOW CONDITION.

Py
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. CORE BYPASS FLOW FOR CORE BLOCKED AT TOP ONLY

To. | J'i) CARLTON Lo g | P. A. TREVENTI
: T ' J. R. GLOUDEMAS
‘ﬁW’ Aw?az-- ' ' i C. E. PARKS
' Dy LLEsiLE 8Os ¢&!
Tust. ﬁ .'ﬁf : File Xo.
.C ™MI-2 " \ or Ref.
. Date
Subj APRIL -8, 1979

' This laiter te cover ons cutlomer end ons subject only.

. REFERENCE: MEMO, R. M. GRIBBLE TO J. D. CARLTON, "CORE BYPASS FLOW

THROUGH CORE BASKET (UNIFORM BLOCKAGE)," 4/8/79.

'THE REFERENCED MEMO REPORTS CORE BYPASS FLOW FOR A UNIFORMLY BLOCKED

CORE. FOR THIS CONDITION, 22% OF THE VESSEL.FLOW BYPASSES THE CORE °

. REPORTED HEREIN.

CORE BYPASS FLOvJ FOR THIS ‘IORE 'LI"ITI\G SITUATIO\I. “u:.SUL"‘S OF THIS = .

‘-, THROUGH THE CORE BASKET. "ANOTHER CASE HAS BEEN CONSIDERED AND IS

- CORE BLOCKAGE AT ONLY THE TOP OF THE CORE BAS BEEN ANALYZLD TO D"'IERHI‘\IE

ANALYSIS INDICATED THAT CORE BYPASS FLOW FOR THE CORE BLOCKED ABOVE

THE UPPERAOST I\ITERMEDIATE SFACER. GRID WILL BE APPRO‘(I}TATELY 27% LE.-WING

.

732 AVAILABLE I-‘OR CORE HEAT FEMOVAL.

. - MAJOR ANALYSIS ASSU}_IPTIONS FOLLOW:

1. MAXTMUM RESISTANCE OF THE CORE AND CORE ' BASKET

-8

= 83X 10 PSI/(LB/SEC)2 17.7 PSI AT 4600 LB/SEC

2. NOMINAL CORE BASKET RESISTANCES R
* LOCA HOLES (CROSSFLOW) R = 7.64 X 10 °

« UPPER BASKET R = 5.43 % 100

3. CORE GEOMETRY IS NOMINAL BELOW BLOCKAGE

PSI/(LB/SEC)?

PSI/(LB/SEC)Z
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4. CORE BASKET GEOMETRY IS UNDISTORTED.'
- -2 RELATIVE RESiSTAVCES OF THE CORE AND CORE BASKET REMAIN UNCHANGED

DURING NATURAL CIRCULATION CONDITIONS COWPARED TO THEIR VALUES

E DURING 1/0 PUMP OPERATION. = . . " . .. - |
L s ol
“ .. L. . . : ‘. .;-.--,:. L .- ' o . | }LNLM“ ﬁj’ \/
‘ oi:i-' /7\-’./ .( . f‘)‘!—:{f: J
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INCORE THERMOCOUPLE ERROR EVALUATION . APRIL 10, 1979

l lhil fetter tc covar ons cvstomsr ond ene Subject only,

AN ANALYSIS WAS DONE TO DETERMINE THE MAGNITUDE OF INCORE

THERMOCOUPLE ERRORS FOR TMI-2 PRIOR TO MARCH 28, 1879. THIS

ANALYSIS WAS BASED ON A TEMPERATURE AND POWER DISTRIBUTION AT 98%

AND 15% FULL POWER. THIS WORK ASSUMES THAT THE INLET AND OUTLET
RTD;(RESISTANCB'TEMPERATuﬁt DETECTOR) TEMPERATURES AND POWER
ngsTkIBUTIONs WERE CORRECT, AND INADDITIbN,‘ASSUMED A CONSERVATIVE

+ 39F DIFFERENCE BETWEEN THE CORE OUTLET AND VESSEL OUTLET TEMPERATURE AT
98% POWER, THIS RESULTS IN A d.sOF DIFFERENCE AT 16% POWER. MORE
' REALISTIC TEMPERATURE DIFFERENCES (IE. 20F AT 98% FP AXD .20F AT

16% FP) WOULD INCREASE THE PREDICTED T-C ERRORS SLIGHTLY.

THE METHOD“.U'_SED FOR THIS ANALYSIS WAS BASED ON A KNOWN BUNDLE
DELTA ENTHALPY, AND FLOW RATES (FROM ONLINE COMPUTER (OLC)) FOR
. AN AVERAGE POWER BUNDLE (RELATIVE POWER = 1.0). THE EQUATION
USED FOR THIS ANALYSIS IS:

H e ! (H H.. ) + H
= == X X -
ouT, Q W, OuT IN S UINg

1 1



i

2>

' G. A. MEYER I

". APRIL 10, 1979

" PAGE 2
WHERE
fQ, = RELATIVE POWER OF EBUNDLE FOR EACH CALCULATION (FROM
OLC)
Q, = RELATIVE POWER OF BUNDLE FOR AN RPD OF 1.0
Q= 1.0 '
Wy = BUNDLE FLOW FOR AN RPD OF 1.0 (FROM OLC)
W, = BUNDLE FLOW OF BUNDLE FOR EACH CALCULATION (FROM OLC)
HOUTl Hpy = DELTA ENTHALPY FOR AN RPD OF 1.0
RPD = RELATIVE POWER DIFFERENCE (NORMALIZED TO AVERAGE
y ' ASSEMBLY POWER) '
W5 Hyyp = CALCULATED BUNDLE OUTLET ENTHALPY FOR EACH BUNDLE.
G T2 :
HOUTZ IS THEN CONVERTED TO Tpyp AND COMPARED TO THE MEASURED Tg

- (T-C READING) | THIS ANALYSIS (AT 98% AND 16% FP) WAS EXTRAPOLATED
"TO 1% FP L, | '
CANY INHERENr_ERRORé ON THE OLC FLOW AND RPD CALCULATIONS ARE
ELIMINATED BY THIS RATIOING METHOD. THEREFORE, THE ONLY REAL -
| UNCERTAINTY IS IN THE Hyyp AND Hy, - MEASUREMENTS. THESE WERE

. | v 1
ASSUMED CORRECT FOR THIS ANALYSIS.

" THE RESULTS OF THIS ANALYSIS INDICATE AN'AVERAGE + 7.940F ERROR AT
. 98%, AND A + 5.590F ERROR AT 16° POWER. THIS EXTRAPOLATES TO A + 5.16°F
ERROR AT 1% POWER. o - |
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{
L,

ASSUMING NO ﬁAMAbB OCCURRED TO THE T-C'S DURING THE TRANSIENT OF

MARCH 28, 1979 AT TMI-2 THESE RESULTS WOULD APPLY TO THE PRESENT

T-C READINGS, THUS IT IS POSSIBLE THAT THE INCORE ThERMOCOUPLE

READINGS PRESENTLY BEING OBTAINED ARE HIGH BY AN AVERAGE OF 50F,

FINALLY, THE AVERAGE T-C ERRORS WERE CALCULATED.AS A FUNCTION OF

DIFFERENT POSITIONS IN THE CORE. THE RESULTS SHOW NO INHERENT

CORE REGION DEPENDENCY.

JAVW/SGH B © QA:

- CC: FE UNIT MANAGERS
J. S. TULLNKO
COREHOT SPOT TASK'FORCE

THE METHOD AND CALCULATIONS

. WERE REVIEWED AND FOUND TO BE

CORRECT AND CONSISTENT NiTH THE

STATED ASSUMPTIONS.
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THE BABCOCK & WILCOX COMPANY = ,/ /

THE TWELVE CHANNELS WERE DESIGNED TO SEGMENT THE CORE INTO AREAS THAT 1T

WAS BELIEVED EYPERIEWCED MAJOR DAJAGE SOME DAMAGE AND P“SSIBII NO DAMAGg.

LYNX1 PERFORMED WELL WITH THE MODEL FOR A CLEAN CORE. HOWEVER, WE

WERE NOT ABLE TO ACHIEVE THE HIGH PRESSURE DROP (18 PSI) ACROSS THE CORE

WITH THE FLOW RATE FOR ONE PUMP OPERATION AND A BLOCKED CORE CONDITION

'PREDICTED BY CONTROL ANALYSIS. THEY PREDICTED A FLOW OF 4500 LB/SEC FOR

CORE PLUS CORE BARREL—CORE_BAFFLE ANNULUS FOR A BLOCKED CORE CONFIGURATION.'

-

SINCE LYNX1 STRUGGLED FOR COVVERGENCE DU” TO A SENSITIVITY OF THE CODE 10 -

THE BLOCKAGE MODEL, A NWMBER OF MODELIMG SCHEMES WERE TRIED WITH VARYING

DEGREES OF SUCCESS., SEVERE BLOCKAGES AT EACH SPACER GRiD (K=30-35), AN

INCREASE IN WETTED PERIMETER FOR ALL CHANNELS, AND SLIGHT VARIATION IN

RESISTANCE. FROM CHANNEL TO CHANNEL WERE ITERATING PARAMETERS. THE BEST

ESTIMATE OF LOCAL FLOW BEHAVION OBTAINED TO DATE ACHIEVED AN UNRECOVERABLE

/
$CHER GENERATION GROUP ?}?E‘L/MM}M‘/ (o
To | ' i
G.A. MEYER - MANAGER, THERMAL HYDRAULIC ENGINEERING .
From e T | .
R.M. HIATT - THERMAL HYDRAULIC ENGINEERING THE-79~191 BDS 663.
Cust. ; : File Ko.
N or Ref.
TMI-2 - n
Subj. | Date
L'YNX] MODEL FOR TMI-2 BLOCKAGE STUDY ! APRIL 10, 1979
l This letter to cover ons customer ond one subject only, . i :
!
THE OBJECTIVE OF THIS WORK WAS TO DEVELOP A METHOD FOR ANALYZING
LOCAL COOLANT CONDITIONS FOR TMI-2 mmmc SELECTED 'IIMES OF THE RECENT '
ACCIDENT. AN EQUALLY nneonmm CONSTDERATION WAS THE D.J‘EPMI‘:ATION OF .
LOCAL COOLING CAPABILITY FOR THE BLOCKED CORE UNDER NATURAL CIRCULATION.
N chm: 1 ILLUSTRATES THE NODING SCHEME FOR THE SIY LIFIED CORE MODEL.



s
. PRESSURE DROP OF ABOUT 7 PSI FOR 4722 -LB/SEC CORE FLOW: THE BEST ESTIMATE

FROM CONTROL ANALYSIS "AT "PRESENT IS 18'PSI FOR 4500 LB /SEC FLOW THROUGH THE

s
CORE PLUS CORE BARREL-CORE BAFFLE AN}.XULUS.

A -CHATA CASE\Z WAS MODELED TO GIVE THE FLOW-SPLIT .BEI}.'E.EN ‘THE CORE AND
T.HE. CORE ‘BARRELv-COR.E BAFFLE ANNULUS. 1IT WAS ES'TIHAT'E.DSTH.AT' 7.8% OF THE -
4500 LB/SEC PREDICTED BY CONTROL ANALYSIS FLOWS THROUG!i{ THE CORE WHICH
AGREES WELL WI’I’H CONTRbL ANALYSIS ESTIMATES. TRHUS, BES.T ESTIMATES TO DATE
SHoW THAT 3510 LB/SEC IS FLOWING THROUGH 'IHE CORE WITH 1 PWMP OPERATIO‘J oN
IMPORTANT FACT THAT WAS LVIDEI\T FROM AN ENERGY BALANCE Ou‘! THIS FLOW RATE Is.
THAT THE INDICATED THERMOCOUPLE AT IS NOT POSSIBLD COI\SID"RI\’G A 45 MW DECAY
HEAT RA'I‘E UNLESS THE THERMOCOUPLES ARE I‘"’ASURING LOCAL EFFECTS, SUCH AS
AGGLO‘I.ERATIO\IS OF PELLETS NEAR THE THERMOCOUPLES. THIS APPEARS TO DISCREDIT
'IHE THERMOCOUPLES THEREFORE SO‘IE DISCRETIO\I IS I’ECESSAAY IN T}IE INTERPRE~ .

TATION OF THIS DATA.

" IN CONCLUSION, ALTHOUGH LYNX1 MODELING HAS NOT BEEY SUCCESSFUL IN
MATCHING FLOW AND EXIT PRESSURE AT THIS TIME FOR A BLOCKED CORE WITH ONE
PUMP OPERATIOS,; IT IS BELIEVED THAT AN ACCEPTABLE MODE CAN BE DEVELOPED.
'IHE ADVISABILITY OF ADDITIONAL WORK IN THIS AREA DEPENDS ON THE WORK SCOPE
OF. FUTURE WORK ON THE TMI-2 ACCIDENT. FROM PAST EXPERIENCE, THE NODEL

DEVELOPMENT WILL NOT BE QUICK BUT COULD REQUIRE A MONTH'S EFFORT.

J.S. TULENKO )
CORE HOT SPOT TASK FORCE

" RMH/FRA - _' o | . /// -
CC: F.E. UNIT NGRS.. 'S - % 77/@2’36
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THE BABCOCK & WILCOX COMPANY . . N , rf;f'- 92 :
POWER GENERATION GROUP L - ” ya ,
To I C : ] . .. , '
G. A. MEYER, MANAGER, T-H ENGINEERING UNIT . THE-79-190
om . Gty Db, .
P. J. HENNINGSOV T-H ENGINEERING UNIT, EXT. 3515 | 12E12.13 | BDS 663.5
Cust. . . ) File Ho.86-1100502-00
' - . | lor Ref.
TMI-2 : : - S 660-021A
Subj. . - : o . ) |Date _
DAMAGE MODEL - FLUIDIZED BED ' o APRIL 10, 1979

' This letter 1o cover one customer and one subject oaly. . R i

REFERENCES: 1) MEMO, CORE CONDITION TASK FORCE TO J. S. TULENKO,
"CURRENT ASSESSMENT OF CORE CONDITION, APRIL 7, 1979
(1800) ," APRIL 7, 1979 (7:48 PM)

2) ‘PERRY'S CHEMICAL ENGINEERS HANDBOOK, FOURTH EDISON,.
| PP. 549 - 55I. o |
s " 3) MEMo, P. J. HENNINGSON TO G. A. MEYER, HPOSSiBLg'
" MODE OF INCREASED T.C. READINGS," APRIL 7, 1979.

THE DAMAGED TMI-2 CORE WAS HYDRAULICALLY MODELED Aé A PACKED BED.
'THE MECHANISM OF FUEL FAILURE WOULD RESULT IN.APPROXIMATELY '
THIS GEOMETRY AND BE LOCATED IN THE UPPER REGION OF THE CORE.
BRIEFLY THE CORE WOULD BE CONFIGURED AS UNDAMAGED FUEL UP TO A
HEIGHT WITH DAMAGED FUEL (FUEL PARTICULATES AND CLADDING) ABOVE THIS
RESEMBLING A POROUS MASS. ' '

~ THE BASIC'CONFIGURATION OF THE CORE WAS OBTAINED FROM REFERENCE 1.

THE CORE WAS ASSUMED UNDAMAGED AT THE PERIPHERY WITH INCREASING
FAILURE TOWARDS THE CENTgé. PARTICLES OF FAILED FUEL WHICH COMPRISED
THE FLUIDIZED BED WERE Assﬁm;n TO EVOLVE FROM THE FOLLOWING FAILURE
MECHANISM: ' o



A -

6. A. MEYER .
PAGE 2

THE FUEL CRACKED ALONG TWO PERPENDICULAR AXES LENGTHWISE AND
PLANES ]
ALONG THREE 88 PERPENDICULAR TO ITS AXIS.:

| .
(
: . |
THE MASS OF FUEL WOULD THEN CONSTITUTE THE MAJORITY OF THE
o i .
CONGLOMERATE WITH CLADDING FRAGMENTS ASSUMED TO HAVE A SIMILAR

-~

. GEOMETRY.

' A SUITABLE CORRELATION FOR PRESSﬁRE'DROP.THROUGH A PACKED BED
WAS'OBTAINED FROM REFERENCE 2. THIS CORRELATION (ATTRIBUTED TO LEV4)
WAS APPLICABLE IN ‘THE HIGH REYNOLDS NUMBER RANGE EXISTING IN THE
DAVAGED CORE (RE ~ 10,000 ). IT IS IMPORTANT THAT THE RANGE OF
.REYNOLD'S NUMBER APPLICABILITY BE ASCERTAINED FOR A GIVEN CORRELATION.
THE SENSITIVITY OF THE, FRICTION FACTOR:Z%-CHANGEa IN FLOW FROM
.VISCOUS TO-TURBULENT IN THE PACKED BED CANNOT BE NEGLECTED.

AN ATTEMPT TO MODEL THE CORE AS DEFINED IN REFERENCE 1 WAS MADE.

THE LOW RESISTANCE IN THE PERIPHERAL BUNDLE® CAUSED THIS

METHOD TO FAIL. IT WAS THEN ASSUMED THAT. FAILED FUEL (OR A CONGLOMERATE
OF PARTICLES) EXISTED AT THE PERIPHERY: THE CORE TOOK ON THE FOLLOWING
© SHAPE: |

CENTRAL BUNDLES (116) 4 FEET OF FAILED FUEL BELOW THE UPPER END
~ FITTING (PACKED Bé:‘D) .

REMAINING BUNDLES 2 FEEF OF FAILED FUEL BELON THE UPPbR L\D
S - FITTING .



.
-

' G. A. MEYER TS
APRIL 10, 1979 :
PAGE 3

THE GENERAL SHAPE: AND RECOMMENDATION OF A FOUR FOOT HEIGHT WAS

’

. OBTAINED FRCM REFERENCE 1.

. A TRIAL AND ERROR.APPROACH WAS gSEb. THE VOID FRACTION OF THE PACKED

" BED WAS VARIED AND A CORE P CALCULATED. THE FINAL RESULT WAS

THAT FOR THE ABOVE CONFIGURATION A CORE AP = 14 PSI WAS OBTAINED

FOR A CORE FLOW OF 13.1 x.10% LBM/HR. THE FLOW IN THE CENTRAL
BUNDLES (61) WAS .058 x 10® LBM/HR AND IN THE OUTER BUNDLES
.082;x‘106LBM/HR. THIS WAS FOR A PACKED BED HEIGHT OF FOUR FEET !

'ATi?ﬁE CENTER 61 BUNDLES AND TNO .FEET ON THE REMAINDER OF THE CORE.
A VOID OF 60% WAS USED WHICH COMPARED WELL WITH THE 50% RECOMMENDED

IN REFERENCE 1.

Nd_FuRTﬂgafAITEMpis WERE MADE. TO MATCH PRESENTLY ASSUMED CORE CONDITIONS -
"ép ~ 16.0 PSI, CORE FLOW ~ 14.10% LBM/HR. VARIOUS ASSUMPTIONS CAN
BE MADE CONCERNING' THE GEOMETRY AND MAKEUP OF THE FAILED FUEL
WHICH IS.ASSUﬁED TO RQSEMBLE A PACKED BED. 'WHAT IS IMPORTANT IS -
© THAT: | | | :

1) CORE CONDITIONS COULD BE APPROXIMATED WITH THE PACKED
BED. ASSUMPTION, | | |

2) FAILED FUEL (OR A HIGH RESISTANCE EXISTS ACROSS THE CORE).
THE FUEL- AT THE PERIPHERY COULD BE UNDAMAGED WITH A LAYER
OF PARTICULATES BENEATH THE CORE SUPPORT PLATE ALTHOUGH
IT SEEMS UNLIKELY THAT THE MATERIAL WOULD BE THAT NON-
HOMOGENEOUS. ' | '



G. A. MEYER

APRIL 10, 1979

PAGE 4 .
1

" FURTHERMORE, IF THE FAILURE MODE OF THE CORE DESCRIBED IN REFERENCE 1

1S ASSUMED, THEN IT APPEARS THAT THE THERMOCOUPLES COULD BE SURROUNDED

BY uoz. THIS WOULD EXPLAIN THEIR HIGH READINGS. THE EFFECT OF U0,

SURROUNDING THE THERMOCOUPLE WELL WAS DESCRIBED IN REFERENCE 3.

"PJH/sgh ' S "QA: THE METHODS PRESENTED HAVE

o S ' - BEEN REVIEWED FOR APPLICABILITY
: : . - ~ AND THE CALCULATIONS SPOT-
. CC: J: H. JONES ' . .CHECKED FOR ACCURACY AND

>*A. B. JACKSON _ .+ . CONSISTENCY. THE METHOD IS
" J. C. MOXLEY ) ' DEEMED APPROPRIATE FOR THIS
D. V. DEMARS .. ' : "PARTICULAR.APPLICATION. '
B. J. BUESCHER S P
S iy b St iy
H. W. WILSON ~ ~jC7W i éﬂf%ﬂé&' PRTE /0/;7
R. A. KING ‘ | '

D. C.'SCHLUDERBERG
- G. S.- CLEVINGER



THE BABCOCK & WILCOX COMPANY R ok

'poWER GENERATION GROUP - , Q/ﬁ |

To | . .

- J:; B. ANDREWS
from A .o .
‘ . CORE CONDITION TASK FORCE . . R . DS 683.3
Cust. ’ AN _ o File No.

' ' : ‘ {or Ref.

Subj. _ ) . .| Date

“. ESTIMATE OF LOOSE CORE DEBRIS VOLWME (4/9/79 - 2000) TIME:

APRIL 9, 1979

I 3his letrer te cover one customer ond one subject only.

ATTACHED IS AN ESTIMATE OF THE AMOUNT OF DEBRIS AVAILABLE FOR CORE BLOCKAGE
. AND ITS POTENTIAL DISTRIBUTION. THIS IS TO AID IN THE OVERALL ASSESSMENT
OF CORE BLOCKAGE. ' - '

', MOST OF THE INFORWATION IN FORMING THIS ASSESSMENT IS STILL PRELIMINARY
"AND IS BASED ON OUR BEST ESTIMATE OF CORE DAMAGE.

CC: .P. HENNINGSON
CORE CONDITION TASK FORCE
"J: S. TULENKO |

- ATTACEMENT
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CORE BLOCKAGE ESTIM L\TE
BELOW IS AN ESTII"ATE OF THE LOOSE MATERIAL AVAILABLE “TO CONTRIBUTE TO CORE

BLOCKAGE.

1. ASSWME 308 OF TOTAL Zr CORE INVENTORY

" IS OXIDIZED PRODUCING zr0,
45,000 LB TOTAL FUEL CLAD IN\’ENI‘OQY
7,900 1B OTHER Zr INVENICRY

52,900 LB TOTAL
e 15870 1B OF Zr IS OXIDIZED WITH A 1.6 BULK VOLUME INCREASE, FORMING
3 .. . .

_OF Zr02..,_

63 FT
-2 CTHE TOP 30% (46 IN.) OF THE CLAD OXIDIZES EXPOSING 41" OF U0, TO THE
Lo coomm" . o
o TOTAL U0, EXPOSED IS 57,400 1BS OR 94 FI°.

o ASSWME AN ADDITIONAL 10 FI'S' OF MATERIAL IS EXPOSED FROM FUEL ROD °

(SPRINGS, END PLUGS, EIC.).

- 3. BASED ON THE ABOVE THE EXPOSED MATERTAL AVATLABLE FOR CORE BLOCKAGE IS:

210, 63 FI°

w,. 4 F

OTHER wr N .
‘ P—

. I67FT

4. OF THIS, SOME IS CAPABLE OF BEING MOVED BY FLOW

VOLUME FT°
AVATLABLE = MOBILE " IMMOBILE
20, 63 "~ 45 (FLAKES § DUST) 18 LARGER FLAKES 0
2 I - o B ON RODS
w,.. . 94 ... 14 (<1/16" SIZE) 80 (>1/16")
OTER 10 R - 10

167 59 - 108



THE S\Il\LLER PARTICLES MAY EXIT AND MOVE WITH THE }'LOW AND MAY RE-DEPOSIT
-IN THE CORE OR SETI’LE OUT ELSERHERE IN THE SYSTEM | .

EQUIVALENT FLOW BLOCKAGE

© ASSUME ‘THE ‘EQUIVALENT CORE FLOW AREA (10.6 FT DIA),
1S 88 FT? '
o TOTAL EQUIVALHNT DEPTH OF BLOCKAGE IS

12; 1.90 FT ASSUMING SOLID MATERTAL

o ASSWME 1.5 VOLUME INCREASE FOR PACKING,THEN THE EQUIVALENT TOTAL DEPTH
IS 1.90x 1.5 = 2.85 FT '

. o .IT IS EXPECTED THAT THE DAMAGE WILL BE GREATER AT THE CENTER THAN AT
THE CORE PERIPHERY (SEE NEXT SECTIO\’)



~ . . CORE DAMAGE DISTRIBUTION

THE CORE DAMAGE WILL BE MORE SEVERE IN THE CENTER OF THE CORE THAN ON THE
PERIPHERY. THIS RESULTS FROM THE CORE DECAY HEAT POWER DISTRIBUTION WHIGH

CLOSELY FOLLOWS THE CORE POWER DISTRIBUTION PRIOR TO SHUTDON (SEE 715, 1).

THIS WILL RESULT IN CORE DAVAGE DISTRIBUTION AS SHOW IN FIGURE 2. THE FUEL RODS 1
PERIPHERAL ASSEVBLIES HaY BE RELATIVELY INTACT VHILE THE CENTER ASSEVBLY

IS PROBABLY SEVERELY DAMAGED, POSSIELY TO THE CENTER OF THE CORE. THE

CENTER ASSEMBLIES MAY HAVE VIRTUALLY' NO RECOGVIZABLE ‘ARRAY IN THE UPPERYOST

- GRID SPANS.
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THE "BABCOCK & WILCOX COMPANY

Pwmsmmﬁhﬁmwp' (/EQELIVZNQQ?N\
T

° lDI'S'I‘RIBUTION o k //

From . : .
e P. S. BARTELLS, TECHNICAL STAFF b
\ '.Cust. I , vl ‘ ‘ IFile No.
' T™MI-2 %c% . _' or Ref.
- Subd. ROP POR NATURAL CIRCULATION - bate
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" REFERENCE: MEMO, SAME SUBJECT, APRIL 6, 1979.

ADDITIONAL. INFORMATION HAS BEEN OBTAINED FROM'TMI WHICH FURTHER'

SUBSTANTIATES THE CONCLUSICNS PRESENTED IN THE REFERENCED MENO.

BASED ON-THIS INFORMATION, AND THE FLOW SPLITS PREDICTED.3Y IH"

"PUMP.CODE; AN 18 PSIA DROP ACROSS VESSEL DOWNCOMER AND CORE (AT

PRESEVT CONDITIOVS AND CORE FLOW OF 4500 lbm/sec) IS INDICATED.
,gvo .?7 o Cuu ("./ux N

ATTACHVENT 1 IS THE TABULATION OF RC LOOP FLOW TRANSMITTER DIFFERENTI:
S TH

' PRESSURE SIGNALS OBTAINED AT 4:00 a.m., APRIL 9. ATTACHMENT 2 I
CONVERSIOV OF THE TRANSMITTER -VOLTAGE “EASUREWENTS TO LOOP- FuOnb

"AS A FURTHER CHECK 'ON THE RESULTS, I HAVE 'ASKED MIKE KNOLL CF
CONTROL ANALYSIS TO ANALYZE THE SAME CASE USING THE SPLIT CODE.
IT IS HOPED THIS INFORMATION WILL BE AVAILABLE BY LATER TO“O\R
AFTERNOON.

AT THIS POINT .I WOULD. LIhE TO ACKNOWLEDGE THE EFFORTS OF MIXE KNOLL
AND PHIL TREVENTI IN PERFORMING THIS AVALYSIS (WITHOUT WHICH I WOULD

STILL BE SETTING UP THE INPUT).

IF ANY ADDITIONAL INFORMATION ON PLANT STATUS (hHICH COULD PROVIDE

A FURTHER CHECK ON THESE PREDICTIONS) IS KNOWN TO BE AVAILABLE,
PLEASE CONTACT ME IMMEDIATELY.

PSB/DY
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l This feftar te cover one customer and one wblnt anly,
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An ana]ys1s lusing the PUMP cade) was performed earlier this week to estxr_._
core flow blockage. -Vessel (i.e. core and bypass) flow: resistance was varied
over a wide range and the change in Tloop flow rates, core flow rates and vessel

- delta P were ca]culated The results are tabulated .below: - {* means unbiocked
'.core) _ _ ' ' S -
TR sy Wy Hgg WHLB
.72 e 100t 1280 -2643* _
. 3.5 2,98 . 9450 12690 3244 ’
7.0 © . 5.05 856 . 12500 .=3900
10.0. - 6.45 8095 12380 -4281
15.0 - 8.22 7843 . 12200 -4752
3.0  11.89° 6231, 11870 -5580
60.0 - 15.79 5136 . 11510 -6376
Where: . : . : .
' Rv = downcomer + core + bypass fféw'resistance, (psia)/(ibm/sec)2 X 108
APy = p%essure drop across core + bypass, ps}a
.Mv = core + bypass flow rate, 1bm/sec
HiLa = hot leg flow rate, active loop, Ibn/sec

WHLB = hot leg flow rate, idle joop, 1bm/secc



’Q__II 000 1bin/sec.

T OSTUTE T . . : —e-

.vl p

' Ah be‘seén from the tabulated rasults, thé active loop flow is not a
ong function of the vessel resistance. This is due to the high reverse
lows through the 1dle pumps. However, the reverse flow through the idle

;loop is a strong funct1on of the vessel resistance. Prior to this afternoon,
" 1 had been under the impression that no method existed for calculation of

reverse flow in the idle loop. Recent information from the I&C group shows
this not the case. As early as last weekend they'estimated'thé reverse

- flow to be-<14.5% which translates to -6444 1b/sec. A further check today

results in an estimate of -6797 1b/sec. Based on the tabulated data, the
-vessel pressure drop s at least 16 ps1a : ' S

. ‘Additional evidence.to back up this is the indicated flow in the active 1oop

which is cons1stently indicating 49-50% of nominal which trans]atgs to approx.

Separate ca]cu]at1ons by Jim Veenstra and Larry Losh (see attachments) on
-4/4/79 place measured flow in the active loop at 88,350 GPM {based on Gentille

| de]ta P= 173“), wh1ch is a flow rdte of 11,445 1bm/sec.

_ The attached figures indicate that the core and bypass pressure drop is between

16.7 and 17.7 psia. Allowing for conservatism, I would recommend the use of .

'ng,psjﬁ for natural'circulation calcuations, Additionally, I would estimate

avaulab]e core + bypass flow at present cond1t1ons to be 4600 to 4800 Ibm/sec

,'I have asked John Castanes -to obta1n up-to-date read1ngs on Gentille deita

Pl's as a fqrther check on this analysis. He has been in contact with BMCo

- and thgy7¥e91 that'the transmitter accuracy is very good.

-~

ATTACHMENT
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CORE. CONDITION TASK FORCE BDS 663.5 |
Cust. ' N File No.
) or Ref,
Subj. - | ] : Date
CURRENT ASSESSHENT OF CORE ‘CONDITION 4/7/79 (1800) | 4=7-79 - 7548 pom.

[_ This letter 1o cover one customaer oqd one subject enly,

ATTACHED 1S THE CURRENT ASSESSMENT OF THE CORE CONDITION BASED ON INFORMATION
AVAILABLE AS' OF 4/7/79. MOST OF THE INFORMATION USED IN FORMING THIS ASSESS-
CMENT, *IS STILL PRELIMINARY AND REQUIRES VERIFICATION AND DOCUMENTATION. THE

MOST SIGNIFICANT UNCERfAlNTY IS THE TIME AND TEMPERATURE CONDITIONS PRESENT

*

DURING THE CORE UNCOVERY.

L]
Y

* THE CORE CONDITION TASK FORCE CONSIDERS THIS A PRELIMINARY BUT REALISTIC
ESTIMATE BASED ON VARIOUS SOURCES OF INFORMATION INCLUDING INPUT FROM THE

EPR] TASK FORCE ON FUEL DAMAGE ASSESSMENT.

AS FURTHER INFORMATION BECOMES AVAILABLE THE ASSESSMENT WILL BE UPDATED

-ACCORD INGLY.

RKK : dww

ATTACHMENT

¢C: D.H. ROY
E.A. WOMACK

C.D. MORGAN
XC: CORE CONDITION TASK FORCE



INTRODUCTION

" THE PHYSICAL ‘CONDITION OF THE CORE IS BASED ON THE FOLLOWING POSTULATED
SEQUENCE OF EVENT§C THE CORE WAS UNCOVERED ~11 FT DURING THE FIRST 15 MINUTES
FOLLOWING THE secogb PUMP TRIP. (SEE FIG. 1) THE CORE WAS THEN UNCOVERED FT FOR 105
MINUTES. FOR THE REMAINDER OF THE TRANSIENT, THE CORE WAS ASSUMED TO BE QUASI-
COVERED TO THE POINT THAT NO SIGNIFICANT OXIDATION OCCURRED. DURING THE
INITIAL UNEOVERINE,'THE CLADDING WOULD FAIL NEAR THE TOP OF THE ROD DUE TO
STRESS RUPTURE. DEPENDING ON THE HEATING RATES, THESE FAILURES WOULD HAVE
OCCURRED BETWEEN ~1200-1650°F. THIS MAY PRECLUDE INITIAL FALLURE BY EUTECTIC
FORMAleN BETWEEN INCONEL GRID AND ZIRCALOY RODS. CLADDING STRAINS DUE TO
HléH-TEMPERATURE DEFORMATION-PRIOR TO RUPTURE COULD APPROACH 35%. DURING THE
HOLD TIME SUBSEQUENT TO THE RUPTURE, THE CLADD NG OXIDIZED SEVERELY, FORMING.
ZIRCONIUH OXIDE AND RELEASING HYDROGEN GAS. THE DEGREE OF OXIDATION WILL VARY
WITH THE POWER, HAVING BOTH AXIAL AND RADIAL DISTRIBUTION. THE DEGREE OF 0XI-
DATION-ALONﬁ THE LENGTH OF A ROD COULD VARY FROM NEGLIGIBLE AT THE BOTTOM TO
100% AT THE HOTTEST REGION NEAR THE TOP OF THE ROD. '

. BASED ON EVALUATION AND INTREPRETATION OF. AVAILABLE INFORMATION AS OF
(4/7/79) 17 18 POSTULATED THAT THE CURRENT CORE COHDITION IS:

1. FUEL ROD PRESSURE BOUVDARY

APPROX!HATELY 90% OF .THE FUEL -RODS MAY HAVE PERFORATED CLADDING ALLOW!NG
RELEASE OF HELIUM AHD VOLATILE FISSION PRODUCTS.

2, FUEL ROD STRUCTURAL INTEGRITY

MANY OF THE INTERIOR FUEL ASSEMBLIES MAY VIRTUALLY HAVE NO RECOGH]ZABLE

. FUEL ROD. ARRAY BETWEE& THE UPPER END FITTING AND FIRST (TOP) INTERMEDIATE
SPACER GRIDS. 1IN SOME ASSEMBLIES THIS CONDITION MAY EXIST TO A LESSER
EXTENT AS FAR DOMII AS THE SECOND OR THIRD INTERMEDIATE GRIDS. MOST OF THE
PERIPHERAL RODS AMD THE'LOWER PORTION OF MOST RODS WILL BE OXIiDIZED BUT
NOT TO AN EXTENT TO SIGHIFICANTLY. AFFECT STRUCTURAL INTEGRITY,



FUEL ASSEMBLY STRUCTURE

THE INTERMEDIATE INCONEL SPACER GRIDS SHOULD BE CLOSE TO THEIR ORIGINAL
AXIAL POSITION. THE UPPER END GRID AND END FITTING IN MANY OF THE INTERIOR
ASSEMBLIES MAY HAVE LITTLE STRUCTURAL SUPPORT. THE FIRST AND SECOHD

INTERHEDIATE SPACER GRIDS IN THESE INTERIOR ASSEMBLIES ARE LIKELY TO BE
SUPPDRTED AXIALLY FROM BELOW BY BADLY OXIDIZED -GUIDE TUBES AND POSSIBLY

* FUEL RODS. .THE REMAINING LOWER GRIDS ARE EXPECTED TO HAVE STRUCTURAL

SUPPORT FROM THE DEGRADED BUT REMAINING GUIDE TUBES AND FUEL RODS.

ZIRCALOY COMPONENT MATERIAL CONDITION

_THE ZIRCONIUM OXIDE (Zr0,) PRODUCED BY THE OXIDATION OF THE ZIRCALOY
COMPONENTS HAS RELATIVELY LOW DENSITY AND CAN RANGE I[N FORM FROM SMALL

PARTICLES OF A FEW MILS IN SIZE, TO IRREGULAR SHAPED FLAKES OF A FEW MILS
IN THICKNESS AND UP TO A QUARTER INCH ON A SIDE, TO VIRTUALLY INTACT TUB~
ULAR BUT FRAGILE SEGMENTS OF CLADDING. THE PARTICLES AND FLAKES ARE
LIKELY TO BE MOBILE IN NOVING WATER. -THESE PARTICLES CAN BE' EXPECTED TO

: "fLODGE IN THE UPSTREAM SIDE OF ANY FLOW RESTRICTION SUCH AS SPACER GRIDS.

- GRAVITY MAY BE SUFFICIENT TO CAUSE THE LARGER ZIRCALOY AND Zr0) FRAGMENTS

TO SETTLE OUT ON THE DOWMSTREAM OR UPPER SIDE OF SPACER GRIDS. THE
QUANTITY OF ZrO, AND FRAGMENTED ZIRCALOY.PRODUCED DURING THE PARTIAL CORE
UNCOVERY 1S LARGE. EXCEPT FOR SOME RODS IN PERIPHERAL:ASSEMBLIES AND THE
LOWERIPORTION OF MOST RODS IN ALL ASSEMBLIES, THE TEMPERATURES PROJECTED
FOR . THE iIRCALOY FUEL RODS WAS SUFFICIENT TO CAUSE SIGNIFICANT OXIDATION.
THUS THE.-MOBILITY, QUANTITY AiD ORIGIN OF ZrO, IS SUCH THAT LOCAL FLOW

_BLOCKAGE COULD BE EXPECTED TO OCCUR IN ALMOST ANY LOCATION IN THE CORE.

HOWEVER, THE MOST EXTENSIVE FLOW BLOCKAGE COULD BE EXPECTED IN THE UPPER
CENTRAL PART OF THE CORE, WHERE THE Zr0, PARTICLES COULD FURTHER RESTRICT
THE GENERAL FLOW RESTRICTION CAUSED BY THE HEAVIER FUEL PARTICLES AND FUEL
ROD FRAGMENTS. ’ '

"FUEL (U0,). CONDITION

THE FUEL RELEASED FROM THE DETERIORATED CLADDING IS VERY DENSE. THE
ORIGINAL SIZE OF PELLETS 1S APPROXIMATELY 3/8 INCH IN DIAMETER BY 5/8

INCH LONG. UNDER IRRADIATION, THERMAL STRESSES CAUSE THE PELLETS TO BREAK
UP INTO.- FRAGMENTS GENERALLY RANGING IN SIZE FROM 1716 INCH TO 1/4 INCH ON
A SIDE. DURING A TRANSIENT AND THE PERIOD FOLLOWING, THE FLOWING WATER

AND STEAM CAN BE EXPECTED TO CAUSE SOME FUEL EROSION, WHICH WILL-PRODUCE VERY

-2 -



SMALL PARTICLES WHICH CAN BE SUSPENDED IN MOVING WATER!

IN THE- CENTER ASSEMBLIES, IT IS LIKELY THAT MOST OF TH% FUEL HAS BEEN

RELEASED -EROM~THE"RODS BETWEEN THE END FITTING AND THE :SECOND OR THIRD

" INTERMEDIATE GRlD%. BASED ON THE UNDERSTANDING THAT THE FLOW IN THE

CORE IS SEVERELY BLOCKED, THE FUELFRAGMENTS HAVE SETTLED ON TO THE
INTERMEDIATE GRIDS. LOCAL FLOW PERTURBATIONS CAN MOVE PELLET FRAGMENTS
THROUGHOUT THE SYSTEM. FUEL FROM THE UPPER LEVEL MAY HAVE SETTLED DOWN
THROUGH. THE TOP" INTERKEDIATE SPACER GRID TO THE SECOND LEVEL AND LOWER
LEVELS TO A LESSER EXTENT. THERE IS SOME REMOTE POSSIBILITY THAT THE
STRUCTURE SUPPORTING THE FIRST TWO INTERMEDIATE GRIDS IN THE CENTER FEW
ASSEMBLIES ‘MAY COLLAPSE, CAUSING THE TOP 5 FT OF FUEL TO SETTLE OH THE
THIRD, INTERMEDIATE GRID. THE FUEL FRAGMENTS WOULD LIKELY BE MIXED IN
WITH SOME REMAINING ZIRCALOY ROD FRAGMENTS. THE SPACE BETWEEN FRAGMENTS
COULD. BE FILLED WITH WATER, STEAM, Zr0,, OR SOME COMB INATION THEREOF.
THE LARGE QUANTITY OF SHALL Zr0, PARTICLES COULD CAUSE SOME LOCALIZED FLOW

* BLOCKAGE TO PREVENT FULL COVERAQE WITH WATER. THE PRESENCE OF SOME

TUBULAR SEGMENTS COULD-ALLOW LOCAL FLOW CHANNELING AND ATTENDANT "JETTING'.

PROJECTED STABILITY OF CORE CONDITION

" THE POSSIBILITY OF CONTINUED STRUCTURAL DEGRADATION REQUIRES FURTHER EVALUATION.

FLOW BLOCKASE IS LIKELY WHICH CAN CAUSE LOCALIZED BOILING. - WHEN LOCALIZED
BOILING EXISTS, A FURTHER REDUCTION IN SYSTEM PRESSURE WILL INCREASE THE AREA
OF BOILING-AND RAISE THE TEMPERATURE OF CLADDING IN THE .AFFECTED AREA. IF

THE TEMPERATURE OF ANY Z)RCALOY COMPONENT EXCEEDS 1000°F, ACCELERATED OX)DATION
WILL ADD TO THE GENERATION OF HYDROGEN AND CAUSE  FURTHER DEGRADATION OF THE
CORE STRUCTURE. ' ' '

. *DISTRIBUTION OF FUEL AND Zr0, IN SYSTEM . E

IT IS VERY LIKELY THAT PARTICLES OF Zr02 AND UO2 ARE CIRCULATING THROUGHOUT
THE PRIMARY -SYSTEM AND'MAY SETTLE 'OUT IN STAGNANT AREAS.
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3= CORE MELT SCENARIOS

ArraAcH e 5_ .

. 5 |

==.2

[ESRas————

'_UNDERfIHE.CONDITIONS OF NATURAL CIRCULATION,|THE CORE WILL . -

'CORE MELT IS CONSIDERED TO BE REMOTE UNDER THESE CONDITIONS.

BE SURROUNDED BY COLD WATER NEAR 100°F. THE POSSIBILITY OF

WITH THE CURRENT LOW DECAY HEAT RATE AND WITH APPROPRIATE
. . : |
MONITORING OF INCORE THERMOCOUPLES, THERE WIHL BE SUFFICIENT

EARLY WARNING_SIGNALS TO PREVENT A CORE MELT SITUATION.

' CORE MATERIAL MELTING POINT

THE MELTING TEMPERATURES FOR THE CRITICAL_FUEL ASSEMBLY

" MATERIALS ARE SUMMARIZED ON THE ATTACHED TABLE. THE MATERIALS

‘ INCLUDE THE FUEL'ASSEMBLY-STRUCTURAL.MATERIALS (END FITTINGS,

GRIDS, HOLDDOWH SPRING, AND GUIDE TUBES) . AND PRIMARY FUEL RCD
MATERIALS (PELLETS, CLADDING, AND END CAPS). 1IN ADDITION, THE
MELTING TEHPERATﬁRE OF THE CHROMEL ALUMELITHERMOCOUPLES 18

ALSO INCLUDED..

. ASSESSMENT OF ORIGINAL FUEL - DAMAGE CONDITIONS

- DURING THE INITIAL ACCIDENT, WHEN THE. CORE WAS PARTIALLY UNCOVERED,

THE THERMAL CONDITIONS WERE VERY ‘SEVERE. HOWEVER, THERE ARE

INDICATIONS THAT TﬁE CORE DID NOT UNDERGO MELTING.

THE DECAY HEAT RATE WAS IN EXCESS OF 25 Mij. ' ANY WATER NEAR

THE CORE WAS NEAR SATURATION TEMPERATURE OR v500-650°F. UNDER

THESE CONDITIONS THE FUEL ROD CLADDING REACHED 2000F OR HIGHER
AND OXIDIZED SEVERELY TO PRODUCE HYDROGEN. HOWEVER, CONTINUED

OPERATION OF THE INCORE CHROMEL ALUMEL THERMOCOUPLES, WHICH HAVE

' A MELTING POINT NEAR 2500F, INDICATE THAT -THE STEAM TEMPERATURE -



g S——

INSIDE OF THE INSTRUMENT TUBE WAS LESS THAN ZSOOF. THIS IS

APPROXIMATELY 2500F FROM THE MELTING POINT OF UO2 THE CENTER- .

' LINE TEMPERATURE OF UO2 PELLET 'FRAGMENTS " IS ESTIWATEB TO BE
' |

NO MORE THAN lOOF HIGHER THAN THE STEAM; THUS SHOWIYG A LARGE '
!

-HARGIN TO UO MELTING. = LOCAL HOTSPOTS FUEL MAY HAVE BEEN HIGHER

2 - : 1

FOR SHORT fERIODS BUT. THE ESTIMATED.2500F MARGIN TO MELTING WAS

SUFFICIEﬁT TO PRECLUDE MELIING.

THE RADIOCHEMISTRY ANALYSIS OF B 140 AND OTHER ISOTOPES IN

COOLANT oAMPLE TAKEN A DAY AFTER THE ACCIDENT DID NOT INDICATE

THAT UO MELTING HAD OCCURRED

" EARLY WARNING SIGNALS

DURING THE TRANSITION TO NATURAL CIRCULATION, THE INCORE THERMO-

COUPLES WILL BE MONITORED. THE.TEMEERATURES.ON THESE THERMCCOUPLES

" HAVE A NORMAL READOUT RANGE OF UP TO 900F. SINCE SOME LOCALIZED

- BOILING IS EXPECTED, TA FEW OF THE THERMOCOUPLES.CAN BE EXPECTED

TO READ HIGHFR THAN SATURATION TEHPERATURE. HOWEVER, BECAUSE OF
THE SLOW HEAT UP OF THE OVERALL SYSTEM THE MAJORITY OF THERMO-

COUPLES, AS A GROUP, CAN BE USED TO MOWITOR THE' BULK COOLANT
" BULK COOLANT

TEMPERATURE AT THE TOP OF THE CORE. ATEMPERATURES APPROACHING

SATURATION TEMPERATURE WOULD BE AN EARLY INDICATOR THAT LOCALIZED

BOILING WAS SPREADING AND THAT CORRECTIVE ACTION SHOULD BE TAKEN.
LARGE AREAS OF BOILING ARE UNDESIRABLE SINCE THEY LEAD TO HIGH

STEAM TEMPERATURES. WHEN THE STEAM EXCEEDS 1000F, THE ZIRCALOY



COMPONENT WILL BEGIN TO OXIDE AND PRODUCE HYDROGEN. lAT HIGHER

TEMPERATURES ' THE RATE OF HYDROGEN PRODUCTION WILL INCREASE:

. HOWEVER, AS INDICATED IN 4S5.3, EVEN WITH THE HIGH STEAM TEMPER-
'ATURES  PRODUCED DURING THE INITIAL CORE UNCOVERY, THE U0, DID
NOT MELT. THUS, THE INCORE THERMOCOUPLES CAN PROVIDE EARLY

- WARNING SIGNALS SUCH THAT CORRECTIVE ACTION CAN BE TAKEN TO

PREVENT 4 CORE MELT SITUATION.
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Melting Points of
Core Materials

. .-‘\.' o
o g .

_ _. Materialp- o - _ - . Melting Point °F
-_}1 B vo, - : - 5081 (1)
R TR . o 13353 (2) )
_Inconel X-750 2570 (3)
Inconel 718 _ 2323 (4)
CF3MSS (and fitting) . 2550 (5)
Zr 03 5010 (6)

. Chromel Alumel _ - 12500 (7).

Oxidation of Zircaloy is assumed to initiate at 1000 F
(fv 1. 'Hausner, H., "Determination of the Melting Point of Uranium Dioxide',
e Journal of Nuclear Materials, Vol. 15,1965. '

2. Harmer, R. R., In-1093, Sept., 1967.

3. Huntington Alloys Technical Bulletin, Inconel Alloy X-750, (1970).

4. “Huntington Alloyé Technical Bulletin, Inconel Alloy 718, (1968).

5. Materials Engineering, Materials Selector 77.

6. Lynch, J. F., et al, Engineering Properties of Selected Ceramic Materials, (1566):

7. Weast, R. C., CRC Handbook of Chemistry and Physics, 48th Ed, (1968);.



