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. Dear Sir:

Metropolitan Edison Company

Middletown, Pennsylvania 17057

7179444041 .
FZa

April 12, 1979
GQL 0509

Mr. Denwood Ross

Assistant- Director .

Division of Reactor Safety

U. S. Nuclear Regulatory Commission

Three Mlle Island ‘Nuclear Statlon Unit 2 (TMI 2)
Y License No. DPR-73
Docket No. 50-320

Safety Analysms Report for Transition to Natural Circulation (C-D)

Enclosed please find the Safety Analysis Report and prellnlnary
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 analy51s is significant in that it suggests a great deal of
flex1b111ty 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
supportlng plant systems. Detail analyses and procedures on the
exact methods for achieving natural circulation are also in work.

As additional information becomes avallable, we will supplement the
attachment as necessary.

It is our- conclus1on, from the data in the attachment, that long
term natural circulation is a viable way ' for placing the TMI-2 -

recactor into a long term stable condition, and the safest of the .
various options available.
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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 R

' THE TMI 2 REACTOR A LONG TERM COOLING MODE. W'E HAVE PREPARED THE FOLI.OWING

}.A-EVALUATIONS WHICH DEMONSTRATE THAT THE REACTOR AND ASSOCIATED SYSTEMS CAN

' _fSAFELY UTILIZE RCS NATURAL CIRCULATIO‘I CORE COOLING WITH THE STEAM GENERATOR

' ‘:f.'f'_.QSECONDARY SIDE INA SOLID FLOWING WATER CONDITIONS FOR HEAT REMOVAL. E

e

‘e

o= -



- 3.1 DESCRIPTION OF. COOLING MODE

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

I

LALTERNATIVES 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 .

.A-gSUPERIORITY OF THE RECOWMENDED METHOD OVER ALTERNATIVE CONSIDERATIONS.-

-~



i~ . 3.2 BACKUP CONSIDERATIONS
' HETROPOLITAN EDISON CO. HAS PREPARED DETAILED OPERATING INSTRUCTIONS
- IN THE EVENT oF EQUIPMENT MALFUN(,TION A L1ST 'OF THESE PROCEDURES 15 PROVIDED

e , .IN ATTACHMENT 2. THE BACKUP CO\ITI\IGENCIES PROVIDED BY THESE PROCEDURES ASSURES

_ .RAPID AND ACCURATE RESPONSE TO EMERGENCY OR OFF NORMAL PLANT CONDITIONS

~
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u'3 3 SYSTEM PERFORMANCE AN%LVSIS IJ NATURAL CIRCULATION

B&W HAS PERFORMED DEIAILED ALALYSES OF THE NATURAL CIRCULATION CONDITION :

" FOR THE RECOMNENDED MODE OF COOLILG. THESE CALCULATIONS INCLUDE BOTH HAJD

“CALCULATIONS AND THE DEVELOPMENT OF COMPUTER CODES TO PREDICT TRANSITION SYSTEM
-'RESPOHSES. THE ANALYTICAL TECHNIOUES USED ARE DESCRIBED IN ATTACHMENT 3. THESE
H_-TECHNIQUES HAVE BEEN BENCHMARKED AGAINST NATURAL CIRCULATION DATA OBTAINED AI
DAVIS-BESSE‘I. IN ADDITION TEST WERE PERFORMED AT B&W S ALLIALCE RESEARCH
A_.CENTER UHICH DEMONSTRATE THE EXCELLENT COOLING CAPABILITIES USING THE OTSG S
.'.BTAIN THE RECOMMENDED COOLING “ODE.. THE RESULTS OF THE ALLIANCE TESTING ARE
‘DISCUSSED IN DETAIL IN ATTACHMENT 1..N
ATTACHMENTS 1 g! AND 4 DISCU>S THE POTENTIAL FOR COPE BLOCKAGE.- AS SHOUN-
AIN FIGURE 2 OF ATTACHMENT l, ORE THAN ADEQUATE CORE FLOW WILL EYIST FOR THE
?RANGE OF ESTIMATED BLOCKAGE.: IN ADDITION ACCEPTANCE CRITERIA HAVE BEEN

'PREPARED WHICH WILL BE USED 'TO. SATELY TERMINATE THE TRANSITIOV TO THE NATURAL

.._'ﬁCIRCULATION MODE IF NEEDED.

. ITIs) THEPEFORE METROPOLITAN EDISON COWIPANY s VIEW THAT DETAILED ANALYSES"_-,.'. )
. _'-.or THE TRANSITION TOTHE NATURAL CIRCUI.ATIO‘\I MODE OF COOLING DEMOVSTRATE THAT -

' THE RECOMMENDED COOLING MODE CAN uAINTAIN THE CORE IN A SAFE CONDITION.:_ I'N__

A _ADDITION, IN THE UNLIKELY E\’E\T THAT PROBLEMS DO ARISE, ACCEPTANCE CRITERIA

' WILL ASSURE THAT THE TRANSITION OPERATION CAN BE SAFELY TERMINATED AND THE PLANT

s .
_.RETURNED TO ITS ORIGINAL COOLING HODE.L

. ones



3.4 CHECKPOINTS 'DURING THE TRANSITION OPERATION TO. NATURAL CIRCULATION.
'  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 EVALUATIGN

METAL—WATER REACTION DU?’\G THE INITIAL PHASES OF THE TMI-Z INCIDENT
GENERATED LARGE QUANTITIES OF HYDROGEN ON NARCH 28 1979 THIS HYDROGEN

~FORMID A BUBBLE IHICH BECAME TAAPPED IN THE HEAD ‘OF THE REACTOR VESSEL. TEE

L d
0

 PARTIAL PRESSURE OF EYDROGEN IN THIS BUBBLE CAUSED THE REACTOR cooLANT TO 'BEGOME .
'SATURATED WITH EYDROGEN APTER THE BULK OF “THE BUBBLE WAS REMOVED ON APRIL 1,
.lTHE COOLANT® REMAINED SATURATED RITH 1300 T0 1400 STD cc OF HYDROGEN PER KILO-
IIGRAM OF - COOLANT.‘ EXTENSIVE DECASSING OF “THE® REACToR COOLANT DURING THETIME
'PERIOD ERow APRIL 2 THROUGH APRIL 8 15 EELIEVED To HAVE SIGNIFICANTLY REDUCED
. THE C0NCENTRATIoN OF DISSOLVED EYDROGEN.- HOWEVER, SOME HYDROGEN cAS. wAS BELIEVED
- TO HAVE EEEN TRAPPED . THE CO\TROL ROD DRIVE MECHANISMS (CRDUs) AND HAS. NoT
'NREADILY DISSOLVED INTo THE! REACTOR CUOLANT.; 50, ON APRIL 9TH THE- REACTOR
: C00LANT SYSTEM PRESSURE WAS CYCLED TO PROGRESSIVELY LowER PRESSURES REACHING
A MINIMUU-PRE,SURE OF 411 PSIG. THIS ExPANDED THE GAS TRAPPED N THE CONTROL
- oD DRIVES A ALLOWED IT TO ‘BE’ ENTRAINED IN THE RC FLOW. THE AC NoISE SIGNALS
. ON“THE REACTOR COOLANT PRESSUR_ TRANSMITTER CONEIRMED THAT BUBBLES wERE RELEASED
-{EACE TIME THE PRESSURE REACEED A NEw Low.. (BUBBLES APPARENTLY ALTERNATE THE
| ~NDISESIGNAL AND REDUCE THE PEAR-To-PEAR FLUCTUATION) | THEREFORE IT IS CLEAR
7;TRAT, AT PRES SURES. ABOVE 411 PSTG THE GAS WILL BE COMPRESSED FAR: BACK INTO.
'-TEE CRDHE AT THAT THE REACTOR COOLANT SATURATION PRESSURE IS EELoN 411 PSIG.-'f
.-'SINCE THE SOLUBILITY 0P HYDROGEN WILL DECREASE AS THE ‘TEMPERATURE DECREASEs
| NATURAL CIRCULATION MUST BE PERFORMED AT A PRESSURE SUFFICIENTEE.ABOVE 411 PSIG
To ASSURETHATANY DECREASE pus SOLUBILITY DUE To:mDmERATURE s OFFSET BY, THE
;SOLUBILITY B Ef _'l'f.’j*Vf ) '_?;fzifEﬂ}f _':'f s-] INCREASE DUE T0
| PRESSURE L IF THE MINIMUM TEMPEEATURE EXPECTED DURING NATURAL CIRCULATION Is -
. A140°F AN OPERATING PRESSURE OF soo PSIG oR GREATER WILL ASSURE THAT NO BUBBLES.
\ . ARE 'FORMED,’ 'EVEN' IF T 1s ASSUUID THAT REACTOR COOLANT Is PPESENTLY SATURATED ’
AT 411 PSIG.' ACTUALLY THE REAcTOR COOLANTS HYDROGEN SATURATION PRESSURE s

EXPLCTED TO BE SIGNIFICANTLY BEIOW 411 PSIG BUT THIS WILL NOT BE ABLE TO BE



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

"RPROVEN BY PRESSURE REDUCTIONS DUE TO NPSH LIMITATIONS ON THE RC PUMPS. ‘IN-“
7.ORDER TO DETERMINE THE ACTUAL cATURATIO‘\I LIMIT PRESSURIZED REACTOR COOLANT

ISAMPLES WILL HAVE TO BE ANALYZED FOR DISSOLVED HYDROGEW.

- THE NET PRODUCTION OF RADIOLYTIO HYDROGEN OR OXYGEN IS EXPECTED TO BE ZERO _AS

'LONG AS THE PARTIAL PRESSURE .OF HYDROCEN IN THE RFACTOR COOLANT SYSTEN 1s KEPT . )

V_ADDITIONAL EQUIPMENT 'IS.- NEEDED TO ASSURE ADEQUATE RCS DECASSING CAPABILITY

TO REMOVE ENOUGH GAS FROM THE SYSTEM TO ASSURE EVENTUAL DEPRESSURIZA—-

TION FROM-GOO.PSIG.TO'ATHOSPHEFIC'PRESSURE,UITHOUT:INTERRUPTING COOLANT PLOW.

" REFERENCES'

1. . WATER COOLANT ‘TECHNOLOGY ‘OF "POWER:REACTORS; 'BY PAUL COHEN, GORDON AND

- BREACH. SCIENCE PUBLISHERS OF NEW YOPK, 1969
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3.6 'ERESSURE—TEMPERATURE CONSIDERATIONS

o

';PEEENCES:_ 1) J H TAYLOR TO DISTRIBUTIO\I, SAME SUBJECT 4/9/79 8: 53 P.M.

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

. ' -

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

lx'_'SEGTION 3.8-OF THE'SUBJECT'SER. THIS IVPUT IS BASED ON THE ANALYSIS RESULTS

-

"BASED ON FRACTURE MECHANICS ANALYSES OF THE Imu-z ‘REACTOR VESSEL, PRESSURE-"
~ -:TEHPERATURE LIMITS FOR LONG' TERM COOLING OPERAIION HAVE, BEEN ESTABLISHED. ;'1”"__.*f
'i'it.THE ANALYSES WERE CONDUCTED IN ACCORDANCE WITH APPENDIX G TO SECTION. IIT OF- |

“'UASHI CODE. FOR ACCIDENT CONDITIONS. THE CALCULATIONS ARE APPLICABLE FOR- FLAW

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

'BOUND ANY FLANS WEICH MIGHT EXIST IN SERVICE. -

:'.THESE ANALYSES-GONSIDERED‘A WORST”CASE TRANSIENT'ASSOGIATED-NITH-HPI SYSTEﬂf

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

: U;w'WATER OCCURS IN. THE INLET PIPING. FOR THIS CASE THE REACTOR VESSEL INLET

o UFRBrme e e TN
ATTACHMENT - - - o7 % - T o

' NOZZLE IS THE GOVERNING WELD.:

“T?A.A PLOI OF THE ALLowABLE PRESSURE-TE}EERATURE ENVELOPE IS ATTACHED.A THE SYSTEM o
.;WILL BE COVTROLLED DURING LONG: TERM COOLING OPERATION TO ENSURE THAT THE o

“f'PRESSURE—TEMPERAIURE RESTRICTIDNS ARE NOT- VIOLATED." o
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- 3.7 ,CORE MELT. CONSIDERATIOVS

b - - UNDER THE CONDITIONS OF NATURAL" CIRCULATION, THE CORE WILL BE SURROUNDED
' BY COLD WATER 'NEAR lOO F. THE POSSIBILITY OF CORE MELT ‘1S CONSIDERED
TO BE REMOTE UNDER THESE CONDITIONS WITH THE CURRENT oW DECAY HEAT

‘RAIE AND WITH APPROPRIATE MONITGRING’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 1IN '
ATTACHMENT 5._ BASED - UPON THIS ASSESSEMENT AND THE USE OF DETAILED
ACCEPTANCE CRITERIA POR THE TRANSITION TO NATURAL CIRCULATION IT. IS o
,TMETROPOLITAN EDISON COMPANY s VIEW THAT NO PROBLEMS EXIST WITH RESPECT =
- TO THE POTENTIAL FOR CORE MELT. . o C ’ ' '




3.8

'CORE THERMAL BEHAVIOR

THE CORE THERMAL BEHAVIOR FOR VARIOUS POTENTIAL HODES OF OPERATION IS

. DISCUSSED IN ATTACHMENT 4. ATTACHMENT A ALSO DISCUSSES THE USE OF -

INCORE THERMOCOUPLES, CORE BLOCRAGE CONSIDERATIONS THERMAL HYDRAULIC

: EVALUATION OF NATURAL CIRCULATION AND ANALYSIS OF. VARIOUS ALTERNATIVES.”
BASED UPON THE INFORHATION IN ATTACHMENT 4, METROPOLITAN EDISON COMPANY'
~ECONCLUDES THAT. THE "PLANT CAN BE SAFELY OPERATED IN THE RECOMMENDED
CLONG TERM COOLING MODE . ' : .
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. 'Introductlon - SRR -,.

:
| oo e 1
", TMI-2 CRITICALITY EVALUATION: ..

Evaluatlons of core subcr*tlcallty and potentlally crltlcal fuel conflguratmons

were begun soon after the TMI-2 incident. The analy31s covered-a broad- spectri .

“,'of fuel conflguratlons, ranging_ “from the’ intact core to’ homogeneous ‘solutions of -

- uranium: and- ‘water.-::Boron concentrations; necessarv to maintaln subcr1t1ca11ty for .

. the” various postulated configurations . were: determlned. The- folIOW1ng is ar-

;.descr:ptzon of the methods of ana1y31s and results from the cr1t1ca11ty evalLatﬂons.r-

1.

Fuel in. Core Reglon

.fThe analys1s for the various pos51b1e conflgu*atlons of fuel in. the .core’ re:zon, g
was ‘divided- -into two areas (1) fuel rods:intact and (2) succe551ve slurp*r""
of fucl pellets to an ultlmate slab of pellets.‘j : S :

R

,Fuel Rods Intact -‘;' f"ngfu ;Zﬁﬂ *Tiﬁ*lfit

e PDQ—07 calculatlons were. per‘ormed for. the TMI—2 core at- the core. burnuo on

March 28; 1979 (88.3. ErPD) for several: assumptlons at cold condltlons.w.The -

'"firesults are Smearlzed in Table 1..

b,

as

‘e

TABLE l

Boron Requlrements for TWI-Z Core for Cold (70 F) Shutdown

‘T";-ﬁ?i"erétﬁrei °F ot iods I"{eff-; " Boren,pem . .-
30 MlRedsOut L9500 Talss
. ATl et oars  teel L .imee
-70 :_.- ~" . Al Rods In - ;- .95 . . 1705

o0 - A1l Rods In - . ;.99_,:F. 1385

'Thefboron”coneentfations:listed-above are based upon the follow1ng assunpt1CﬂS{ﬁh

‘Gulde tubes, spacer grlds and claddlng remaln 1ntact.. The fuel 1s the
nba31c structure as. orlglnally "loaded: 1nto the core: reglon. :

lNo credlt taken for Lumped Burnable P01son (LBP)
'Xenon fully decayed L

. No credit. taken for. Samarium bu1ldup 51nce shutdown, equ111br1um Sama iwm
_at hot:: full power was assumed. : e

'Z'An add1t1ona1 1% AK/k was 1ncluded to prov1de a conservatlve predlctlon S
. at’ 70°F‘ D ' : : : :
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JThe values in- Table 1 are po=51b1y non-conservative for higher temperatures PR
_because the .core has_a-positive moderator coeff1c1ent of R 8 x 10"4 AK/Y/ F a
at’ 2100 ppm boron, for an, 1ntact core. o ,'xwg_ - L

: ~Predicted keff values for the present temperature and boron conditions based o
-Qn the above assumptlons are- shown Ain: Table 2 Sl e e :

TABLE 2

{a Core Keff Values for Preseqt Conditlons, 280 F and 2100 ppm

'_=Teé§g£5tagg,¥°Fﬁ},' Boron, ppm f*'Control”ﬁods*;-'lKeff*'ii:f'
B iéO' | ”u.“;-f 2100- '_ A1 Rods Out 097
2805 T 2100 All Rods In - .92

* Predicted values from Table l u51ng a.+. 8 X 10 4 AK/K/ F moderator
_g coeffic1ent at 2100 ppm boron. S . A _ ca _

7Fuel Pellets s1 1ng

",”:Criticality studies were performed for fuel pellets free from the cladding
.+, .-.dropping onto the -spacer: grids.‘ ‘The 'grids were - successively. assumed “to. fail
' . resulting in‘various slabs of '"slumped" fuel -atop -the'lower fuel segments
;- .until ultimately one large slab of all the fuel pellets rested atop thﬂ loverg
A grld' . ] - . P T LT e . : ) o

__'iKENO-IV version 2 ut11i21ng 123 g XSDRN cross—section sets were used for all o
e calculations.jrﬂﬁ‘ : . . . S

'm'The core. was. modeled in: seven symmetric planes with top and bottom reflector;fth
" but infinite“in x,y. - Thus, a slab reactor.was calculated for 160°F mooerator; '
';temperature, 7900 psi. . (An ectra conservatism was; “the ‘top plane having 21"

-+ .dinches .of fuel. as opposed ‘to ‘the 16 inch’ actual)
- .. assumed: full. (21") pellet stack” heights surrounded by borated water.: “This': :
-~ condition’ represented a U02/H20 volume ratio of .307. 'Subsequent calculatioas

.-+ assumed that“as the fuel ‘slumped 1nto each .of ‘the ‘'seven. planes;-defined by .~

- the spacer.. grid i U02/H20 ~volume ratio “0f 0. 63 occurred within the fuel- water 1;’
~]sgmixture.- The . assumed volume fraction-of-.63 is- based on measured packing. s

1 fraction’ ‘data at CNFP. ‘The calculations . "assumed BOL“lSOtOplCS, no*. control -

,-i‘,rods, .o LBPs, no.fission’ products, no. structural materlal only borated . .

_Tig«water :and ‘fuel ‘pellets. A ‘calculation was’ also made assuming that:all" sev;n.; -
.. planes had .§lumped into one’ slab. Fuel enrichment ‘for all cases was assumed, o

_,to be the average of the three fuel batches, ie 2 60 v/o u- 235. “,-'qT S

f 5For those conditions which produced a critlcal system at the 1nit1al borOn pn'
- concentration: ‘of - 2100 ppm - (approx1mate level .in RC: system), ‘the .boroén was '

increased until a subcritical’ array -could be predieted ‘ The fuel” arran"emantﬁ'

~ - for. the vurlous cases 1s shown in. Figure 1 and the results are summarized in
- Table 3 : . . , o , . . : .

‘ The'initial axial geomet*vfﬂf?



TABLE 3

Cr1tica11ty Calculatlons for Four "Slumped" Fuel Conflnuratlons An_ Core Reg;on

T e e ',‘4 -' Keff . e
U + Case”l | - Case 2. . . _Case 3 © 7 Case 4 .
i Boron, ppm -~ (Grids Intact) - (2 Grlds Fall) (5 Gr1ds Fall) ‘(Total Slump) -
2100 o ?",70.824'i .004'= 1 016 : .005 1.062 * .004»- 1.078 . .004 -
3000 ‘ '}l L e ~"";g -.990 f'.OQ& ~1.035 £ .005 . . -1.038: .004
4000 o e _}-*‘-4~a-r*g~ - ;992.3'.004 - 1,003 % .005

An addltlonal KE\O calculatlcn was. made for the more credlble s1tuat1on of g
_iithe upper 3 grids. falllng and the. fuel slumplng at0p the fourth grid.: . For-‘
. this situation the fuel below. “the" rourth grid was assumed to: be standing in
- . its basic conf1°urat10n.- The: - array was assumed - inf1n1te in x~y direction.:
. The slumped fuel- pellets in: the ;upper -region was: assumed ‘to be packed in: the
' most optimum fuel/water. ratio of .fuel Vvolume fractlon =7"0.55, . :
ﬁiWhereas, the standing- fuel pellets were assumed tobe’ at" tnelr 1n1t1al volume o
. .~ fraction of 0.307. Since the KENO code cannot calculate .two mixtures of fuel .-
.~ v with-different’ cell pitch thé.above scenario was. bounded by ‘two KENO| cases.u o
. +The" flrst case assumed normal cell. pltch (l 44 cm) ‘but: had to use ‘a: larger
“ﬁ;pellet 0.D. in the slumped region. to. produce the 0. 55 volume fractlon fuel
.. = Case-2 assumed the normal. pellet 0.D in’the slumped reglon with.a cell p1tch ._
ki . 0f 112 cmand . a- correspondlngly smaller -pellet 0.D."in the:lower intact fuel .
o rods. Floure 2 shoms the fual conflguratlon and' Table 4 summnllzes the results

TABLE 4

. L Cr1t1ca11tz_Calcu1at1ons for 3 Gr1ds Failing

T ease Cell Pitch * Boron,. ;'g‘pin'_[ '.:_._"Temp'. ;OF T Ee _
S 1f“':= 144 cm ‘nf“_ﬁ3000 ’ 3';-' 280 - "*, 1.000
2 i Ld2em 030000 28070 1.009

- Comparlng Case 2 above w1th the total slump Case 4 from Table 1 the 51ngle
'_slab is sllghtly more react:ve._- L T e

A'“;An assessment of the 1nherent conservatlsm and nonconservatlsm of thc KENO DT
"}-studies (Tables 3 & 4) 1s pxescnted below. _“.- SRS : : '

"l;ifNo fuel depletlon con51dered Fuel deplet1on wlll redu-e LP by A -2 SA Ak/h.h;f

3;2..3No rad1al leakage cons1dered Rad1al leakage w1ll reduce Kw by a4 —3 O/ Ah/K(L?

:~l3;4"No credlt taken for Ag—In—Cd Control Rods.iﬂd'
}}ul@,n The ‘total slump case (slab) assumed a: Volume Fractlon of fuel equal to 0 63,

Sl T the packlng fraction.. However, ‘this is not ncceSSarlly the optimum conflgura on

- 1:f0r -.criticality (Sectlon .. ). If the. most optimum. fuel/water ratlo 1s fonned

: the configuratlon may be more reactrve by v +2 5/ AK/&. R :

-------



1 3 Fuel Pellets - Sphere ;,fvs

5,Calcu1ations were performed to predlct the critlcallty for the"- assumptlon that

all the fuel: pellets collapse to. forn an. -optimum:spherical conflguratlon 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
‘enrichment. 2.6 w/o U-235 is: pxesented in Table .5.."Also-. shown in Table 5

'is the expected leakage react1v1ty for the hypothetlcal sphere.

Enrlchment - ~Temp,*?F- Boron, ppm «; Optlmum VF Fuel fKél p Leakage

~wfo U235 = ... . o 3 :
T2 280 700 j. 0.52 .. 1.081; =1.57 &K/K
o 2 6" xij _ 280_'3 o 3000 ) @71;' 0 63 ‘;fiﬂ' 1. 028 -—1 67 AK/K,%

'These data demonstrate that after subtractlng the fuel depletlon react1v1ty L._, .
" (~2.5%. AK/K) "and the expected leakage, a hypothetical sphere ‘can:be- critlcal-;ﬁj"
: at 2100 ppm’ but w1ll be subcritlcal at a boron concentratlon of 3000 ppm.s_;_

- Parzmeter Study ;’ihfihitéﬂﬂédiAfji

' Heterogeneous mixtures of fuel and water in an. infln1te array were analyzed
with the.NULIF code.: The: volume fraction of fuel fuel. particle- s1ze, boron .

“ﬂ'concentratlon, and temperature- were - var1ed.p -The: calculatlons ‘were performed

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

" enrichment- in the core. No credlt was- taken for fuel burnup -or . flss1on product
.<bu1ldup. - f e T RN o o :

Figure 3 shows react1v1tv as’ a. functlon of the uranlum volume fractlon for .

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

7. -water: ratio’increases with- 1ncrea51n°-boron concentration, The-most llkely T
.. fuel volume ‘fraction for .intact  fuel pellets settllng in a system cav1ty has TR

" been” experlmentally determlned to be W63, Flgure 4 shows ‘reactivity as.a-
function of +fuel particle sizo ‘for a. fuel volume fraction’ of - .63. ~As: can be
.seen; by comparing Flgures 3 ‘and . 4, react1v1ty is much’'more’ sen51tive ‘to” the'

~“volume- fraction. of .uranium in the" system- than to: partlcle size. For -fuel-

" volume -fractions”in the range ‘where K® ‘can. be greater ‘than’1. 0. w1th 2100 ppm T
.boron in the’ system, ‘intaet-fuel: pellets unlformly dlstrlbuted in’ the’ system ’:f»'

" ‘'were’ found to.be more reactive than.an equal amount'of-‘fuel, dlspersed in i

smaller ‘sized partlcles or homogenaously mixed: with the: coolant.' -Figure - S'

“shows’ react1v1ty ‘as a_ functlon of -boron: concentratlon for. uranlum volume -

.- fractions :of .52 and .63 at. 280°F. - At lower boron'concentrations, the, 1ower .
'-;uranlum volume fractions-are nore reactlve, ‘at hlgher boron concentratlons,"'

the - larger uranlum ‘volume: fractlons ‘are more reactlve.> Flgure 6 shows

freact1V1ty as a. functlon of boron concentratlon for a uranlum volume fractlonij;
'_.of 63 and 3 dlfferent partzcle 51zes. T AR S : S

All the above calculatlons were . perrormed at’ 1000 p51a.. A drop in’ system :

7'pressure to 300 psia. would be equlvalent ‘to'a 10°F.rise in the: moderator,}_
- temperature. For intact. pellots at.a volune fractlon of 63 the temperature -

coefficient varies from -.8 x 10'4 Ap/°F :at 2100 ppm to =i5 x: 1074 80 /OF -
at 4000 ppm.. “Thusa . drop in’ system pressure from’ 1000 p51a to 300 p51a would N

ﬂﬁresult 1n a sllght decrease ( 0 1/ in react1v1ty.
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" INTRODUCTION:

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

achieve a stahle3 cold safe shntdown condition at TMI-2.

Phase I: ' . Reduce RCS-temperature.to approximately 236°F)hy
' ' steaming the A OTSG through the turbine bypass system
with one RC pump running and RC pressure controlled.
to 'a value greater than the pump NPSH,csing the pressurizer

in a normal mode. .

Phase II: With' ‘the A OTSG steaming, the/g OTSG (and closed secondary
o system yet to be installed) will be slowly'filled solid- -
with water and a transition will be made to remove RCS -
'decay heat with the B OTSG solid. The AfOTSG 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 1I.

Phase III: '“The}z‘OTSG (and:closed secondary system to be installed)
' | .‘will be f111ed SOlld with water and a tran51t10n made .
? to remove RCS decay heat with both A and B steam i |
'generators flowing solid with 100°F feedwater. Reactor
-coolant flow and pressure conditions will 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 transition
froh'a steaming-secondary at-230°F to a solid-water CA“*1‘
secohdaty at 100°F. This scheme would not utilize ‘

the B OTSG; however, the transition operatien'is

more difficult with respect to steam line water hammer

~and maintenanze of a stable RCS temperature and pressure.

Phase_IVﬁ'- With the reactot'coolant system. at apptoximatelyxlodéF '
o o using normal RC pressure control and secondary ‘' side heat
I removal with-a solid system (hetween 3000 and 5000 gpm
at 100°F); the reactor coolant pump will be tripped
- and nathral circulatien eere cooling will commehee.
'Acceptance criteria for core_cooling will 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"
secondarysystem for OTSG heat removal RC pteesare eah
be reduced to a minimum value required to maihtain.the

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

3 : » .primary.syatem solid, iﬁcluding the .pressurizer, and

. maintaih pressure control With a makeup pump deeignedle

- for sueh an application. To maintain a stable sub-cooled

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

- and 50 psia.

" During the past. week analysis and testing has'been'ﬁnderway 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 cooling, for various core AP configurations,

with one or two OTSG's in service.

0TSG natural circulation tooling pe}formance with various secondary Qide 
water flowrates to the unit through the main or auxiliary feedwater

nozzles.

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.



SUMMARY

The preferred mode for natural circulation core ‘cooling is to use both
OTSG's solid-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 temperature-(< 120°F for 2 100°F OTSG feedwater temperature). The

L}

secondary side OTSG cooling is a °table, forced convection mode, which
transfers all the primary system energy above a tube elevation of 30 feet,_

thereby prov1d1ng a hlgh column of cold. water for enhancing 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 mode of operation has a distinct advantage over a
steaming mode in thatka much lower reactor coolant system temperature can be
achieved. The solid configuration will result in an RCS temperature very
close to the OTSG feedwater temperature'(approximatély,lOOof); the steaming

mode of operation can only obtain RCS conditions equivalent to the saturation

' temperature at the lowest achievable steam pressure (approximately 230°F).

In addition, the use of. the main nozzles for .0TSG. feedwater addition has

been shown to'yield-a predictable and uniform primary system heat removal

‘suitable for natural circulation:. The use of the auxiliary nozzles for

O0TSG feedwater.addition, with water exiting the main nozzles, . should also
remove the primary heat at an eleyated'point in the unit. However, the
flow distribution'and:nniformity of cooling is uncertain and the feedwater

floWrateslareb1imited-by'system design and OTSG tube crossflow velocity.-

 concerns. In addition,'majorfsecondary plant modification would be required

to implement reverse flow through the OTSG main feedwater nozzles. 'Testing‘

-

———— e S m————



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

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

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 OTSG's is not'significant from a natural circulation

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

— —.— . . W emS mre e g Ll

the need for heat exchanger redundancy in the long-term cooling mode, and’ the
ease of transition 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

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

of 60 times the normal value has been assumed 1n the calculations, and the-
reported results are acceptable for either one or two steam.generators in
operation.~ The difference between a normal core resistance and a -core
resistance 60 times normal (1nd1catino a significant blockage) is' a "factor . -
of two in core flow and AT. This favorable result is due to the offsettingr

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

a stable natural c1rculat10n condition..

'Expected transient performance during the transition from forced primary
system flow to natural circulation is predictable and stable. From an 1n1t1al
_condition with the RC pump running and prlmary and secondary temperature
5approximate1y 100° F,'a stable natural_circulation.cond1t10n:w1ll-be achieved . --
nithin a half hour following the pump trip. The-Coldrleg'temperaturejWilI'.'

decrease~slight1y (due to the pump' power loss) and remain stable at. about -

however, that the uncertainty 1n local core conditions and cooling requirements,b

Vo



100°F; The core outlet temperature wili increase by about 20—30°F within
10 minutes and be observed on the-hot leg RTD in less than 20 minutes.
During the first hour after the pump trip; the reactor vessel heatup with

no primary system flow would only be 100°F. Acceptance criteria during thé
first'houfvof natural circulation will be pfovided to the ~operator and primary
system,pressu#e will ‘be maintained to assure that the reactor core outlet _ _
temperafure rerains 100°F sub-cobled at all times. Whén the operator obsé;%és_
the increase in hot leg-témperature indication, a stable -natural circulétion

condition will be confirmed. .



DISCUSSION

A.

1. Two loop operation with both steam generators 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_characteristics for development of
a'driving,head and for confirming RCS loop AP characteristics.
Fignre l'illustrates the senSitivity'of the core natural circulation
flowrate with loop AT (the driving head-gain) and loop pressure -
drop-(the'driving‘head'loss)} The flowrate -will seek a stable.
natural circulation con&ition based upon the loop AP and the -
resultant core AT. The key to obtaining a maximum flowrate is. to .
remove the primdary system heat (1 €.y, change th ¢ to T. ) at
as high an elevation as p0551b1e in the steam generator. Our S

vtesting ‘and analysis confirms that the primary heat is a11 trans—,
ferred above the" liquid/steam interface (i.e., the level) on the

lisecondary side of the OTS(.;_The calcuiational results presented

' conservatively assome that the'primary system‘temperature change-eh~"'
occurs as a step change ‘at the height of the OTSG operate range

' level.



2.

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

the core flowrate and temperature 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 configuration;

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

before and after the TMI 2 incident.

c. A conservative estimate of core flowrate .and pressure drop in
the‘current TMI-2 core configuration.using the actual decay

heat level and the difference between the cold leg‘temperature

and ‘the core outlet temperature as determined by the core. outlet'

thermocouples [1.e., core flow —-Qdecaz and AP = (core flow) ]
. . s AT o

-These analyses have proVided a range of cbre AP values which’
have been included in the evaluations descrlbed in Table 1
The effect of increased core AP on the natural circulation _
<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 23OQF'(20 psia)'at-
:a 30-foot secondary side level-0TSG B isolated. - This. configuration_ ‘

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

the net core flow will be 10 to 20% less in thj;configuration than

" with 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 ha?e_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—foot level in the.OTSG with a 3000 gpm flowrate. . If.the flowrate.

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

is further improved to about 35 feet. The calculational results

confirm that adequate natural circulation flow and core AT can '

be obtained with a s1ng1e steam generator operating in.a solid condltion.
Additional analyses were performed in this configuration to determine
thejeffect'of reduced corefdecay-heat levels. These 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 operation with both steam generators in a solid secondary

mode with feedwater addition through main nozzles at 3000 gpm. -
This is the preferred mode for 1ong—term cooling at TMI-2 and

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

‘Again, the-solid flowing water secondary system at 3000 gpm‘induces



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

natural circulationlcooling'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. = -

2. An increased core resistance due tolblockage 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. -

3. "Adequate natural circulation flowrate can Bé‘achieved with_;he
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)'dr a high flowrate for solid
(3000 gpm). '

4. Adequate natural circulation cooling can be_maintained'at'reduce&

R © core decay heat levels.



Transient. Analysis -

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 depenaent responsés_of core flowrdfe.and"témperé:iﬂdi
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
OTSG B Isolated ' :
Core Resistance Factor - 60
The transient responses of core flow énd temperature confirm that a
smooth. transition to natural circuiationvis achievable. Following the
loss 6f forced flow, the reactor vessel heatup Slowly'iﬁducés a tempefatﬁre
gradient'bétween the reactor yeséel and upper OTSG and natural cifculation

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

abbut 1 minute,into the translent and reaches 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-fémper—

ature measurement due to the zpproximately 1000 feét3 in the reactor
vessel upper plenum and hot leg piping. TheAcold ieg.temperature
drops slowly to_élosely;match the OTSG feedwater fémpefature due to
the loss of the approximately 5 megawatts of pumping power.

The transient natural circulation_analyses-have-fesulted in the -

-Tfolloﬁing conclusions with regard to long—term.cooling at TMI-2:

=11~



N - 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

.  jﬁ.RC puﬁp 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-



.C.' OTSG. Test PrOgrani"'i';';;_ A

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 transitlon to cold leg temperature in the
~OTSG tubes.. This transition_point 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'e1evation in the -
0TSG, the driv1ng head from the density 'difference will be improved

. and natural circulation 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 "boiling'pot." All calculations performed with the
OTSG in a steaming mode conservatively assume that the primary system
cold lez 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 0TSG characteristics in a solid mode, a test-

' program was conducted at the Alliance Research Center on a 19- tube,(
full—length steam generator. A natural circulation flowrate of 700, 000 lb/hr '
was simulated on the primary side- and forced secondary side cooling was
inJected into the main feedwater: nozzles; flow. exited the unit through .

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
héat.tramﬁer-elevation of 30 feet can be obtained if the feedwater
floh;ate'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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-~ D.

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 impefative 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 500 psia, the hot leg'temperatufé
can reach 340°F (from its initial 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. 'Ihis analysis proﬁides-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 qf achieving a ‘stable.natural circulation condition
indicates that such a reactor vessélimntﬁp could never occur. The
analysis is provided to Show that the operatqr'hasiat 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 coolingfat TMI-2 with fhe core in its curreﬁt‘canfig—
uration. Use of either one or two steam generators is feasible if the
‘proper.. secondary side heat traﬁsfer'characterisfics are established  and
maintainéd to remove the primary energy near the top of the 0TSG. "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 planned transition to natural circulation

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

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

water condition with approximately 100°F'féedwa;er at 3000 to 5000 gpm

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

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

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

2. Slowly fiil'OTéG B solid with water and bégin removihg ériméry éystem“
energy with the B OTSG by gradually increasing feedwater flowuntil a
stable condition is reached at 200-230°F, When a stable ébhditibn

* has been established, isolate OTSG A.

3.‘ Reduce";héARCS temperéture_tb approkimétely iOOoF by incréasing‘the
feedwater flowrate to OTSG B. Fill OTSG A solid with ﬁater and prepare

for operation.

o
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4.‘ Slowly begin 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 OTSG

secondary outlet temperature. -

b. When a stable condition has been establsihed, trip the running °
reactor coolant'nump and dincrease feedwater flowrate to both O0TSG'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. Compare the-hot 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 estaBlish a staﬁle and safe“natural.

: c1rcu1at10n 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_lnduce natural circulation.  Im’ addition, B&W recommends that the

seQuence 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 establlshing,

'natural circulation. We should, however, have an alternate decay heat
- removal system 1nsta11ed and ready for operatlon prior to -the transition-

to natural circulatlon.

ar-
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 APPENDIX A

INSTRUMENTATION REQUIRED TO ACHIEVE AND
MAINTAIN LONG TERM COOLING



I.

INSTRUMENTATION REQUIRED TO ACHIEVE AND MAINTAIN LONG'TERM COOLING

REQUIRED T0 CONFIRM THE INITIATION OF NATURAL CIRCULATION

Primary System
ITEM - -
.

REQUIRED TO MONITOR LONG TERM NATURAL CIRCULATION

: A,A Primary System

.ITEM
:

MEASUREMENT

Pressurizer - Level
Pressurizer Temperature

Loop A Reactor Coolant Pressure

Loop' B Reactor. Coolant Pressure

RANGE. OF
MEASUREMENT INTEREST
Reactor Core Outlet Temperature 0-700F
(Incore TC's) -
. Loop A Reactor Hot Leg
Temperature 0-550F
Loop B Reactor Hot Leg :
Temperature 0-550F°
- Loop Al or A2 Cold Leg
Temperature 0-350F
Loop Bl or B2 Cold Leg )
Temper;ture 0-350F

RANGE OF
INTEREST

0-400"

0-500F -

0-1000 psig
0-1000 psig

DESIRED

ACCURACY
3 10F,

+ 10F

+ 10F

+10F .

+10F

" (IN ADDITION TO ITEMS IN I. ABOVE)

DESIRED

ACCURACY

+ 40"

+ 10F

+50 psi

+ 50 psi

BACK-UP

MEASUREMENT .

Item 1.2; 1.3

Item 1.3
Ttem I.2.
Item I.5

Ttem I.4

BACK-UP
MEASUREMENT

Item I1.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. 1.0. 0400



B. - Secondary System
TITEM Co
1

~N

0o
n

12
13

T

;

INSTRUMENTATION REQUIRED TO ACHIEVE AND MAINTAIN Lung TERM COOLING

Steam Generator A Level

‘Steam Generator B Level]

Steam Generator A Outlet
Pressure

" Steam Generator B Outlet

Pressure

- . Steam Generafor A Main

Feedwater Flow -

Steam Generator B Main
Feedwater Flow

Steam Generator A Start- -Up
Feedwater Flow

' Steam Generator B Start- Up

Feedwater Flow:

Steam Generator A Outlet
Temperature

Steam Generator B Outlet -
- Temperature . .

- Steam Generator A Feed Temperature‘

.'Steam Generator B Feed Témperature

,'Steam Generator A Downcomer

Temperature

" Steam Generator B Downcomer
" Temperature

RANGE OF

INTEREST

0-600"

0-600"

' 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

i 30“'

+ 15 psi .

+ 15 psi

+ 50 gpm

+ 50 gpm

+10 gpm

+ 10 gpm

BACK-UP
HEASUREMENT

Item I.4.
Item 1.5

Item II.B.1

Item I1,B.2

“Ttem I1.B.10

Item IT.B.9:

PAGE 2 of 2

_COMMENTS

Comp 1.0. 0009
(Required only if
steaming.)

‘Comp. 1.D. 0001
(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. I.D. 0469

~ Comp. I.D. 0470



}

INSTRUCTION REQUIREMENTS TO ACHIEVE & MAINTAIN LONG TERM COOLING. - - Page 3 of 3

III.._' Additional Required Measurements

S _ ST . DESIRED  BACKUP
- JTEM - MEASUREMENT RANGE .. y
" . _ : - OF INTEREST . ACCURACY . MEASUREMENTS | COMMENTS
1 Pressurizer Heater Status " 0-540KkW ' ' - ' - ‘ Not required for
: , (Banks 1,2,3,4,5) ~ Per Bank » _ ‘ o solid primary
2 . Electromatic Relief Block - - Open; Closed ’ - : S -
: . * Valve Position Status . ' )
3 ' Pressurizer Vent (EMO to Open; Closed T« -
i . Quench Tank) Valve Position Status. ) ) ©
,4' ' ‘ Reactor Vessel Boron Con- : O-SdOOppm * 100ppm Sample
" centration . - _ . o . .
5 o S Maf(eup Flow ' “0-200gpm + 5gpm None
6 . Makeup Tank Level 0-100" £ 10" None
7 " Makeup Boron Con- 0-12000ppm . +200ppm Sample’
' : ' © . centraticn ‘
8 - Letdown Flow 0-100gpm + 10gpm Item I11.9 Comp.. 1.D. 0346
9 = . Letdown Temperature 0-200F + 20F * Nome
10 N . Borated Vater Storage Tank 0-100* - - Redundant Sensor
- : Level o :
o . ' Borated Water Storage Tank 0-200F + 20F ' .-
Temperature . ’ )
12 : o Borated Water Storage Tank 0-5000ppm " 4+ 100ppm- ' Sample
, Concentration ’ :
13 . Steam Generator A Activity Level A ‘ “Sample
4 . . Steam Generator B Activity Level - Sample
.15 ) 'Hegt Sink Temperature 0-200F + 10F
16 - Heat Sink Pressure : O-Spsi : :_+_'0.5psi
C o : : . . '0'-3(_)0psi o ) i + 20psi
17 - Heat Sink Level :

(1f Applicable) .



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

Coxe Flow

" Core AT

Tcold Thotl

Two ‘0TSG's Steaning at 230° F With 0.8x10° - 1.2x10° 1b/hr 15-25°F © 230°F 245-255°F
a 30' Secondary Level . . . o -

60 Times Normal Core Resistance 0.8 ~ 1. 2x102_ 1b/hr 15-25°F 230°F 245-255°F |

‘10 Times Normal Core Resistance . 1.1 - 1.6x10, - 1b/hr 11-19°F 230 F 241~249 F

Normal Core Resistance .. 1.5 --2.3x10 1b/hr 8-13F 230°F . 238-243°F |-
Orie. 0TSG Steaming at 230°F With 6 o o 0.
d 30' Secondary Level ' 0.7 - 1.1x10 1b/hr - 20-30F 230 F 250~260 " F
(60 Times Normal Core Resistance) - ' '
Two OTSG's Solid With 100°F : 6 o o o
Feedwater at 3000 gpm 0.8 - 1.2x10° 1b/hr 15-25"F . 105°F - 120-125"F

1(60 . Times Normal Core Resistance) o : :
. o - 6 ' o o - o
One OTSG Solid With 100-F - ‘0.7 - 1.1x10" 1b/hr 20-30°F 105°F 125-135F
Feedwater at 3000 gpm " : . : '
(60 Times Normal Core Resistance)
3 M4 Décay Heat 0.7 - 1.1x102.: 1b/hr ,10-2021; 10321; 113—1232F
o 2 MW Decay Heat - 0.6 = 1.0x10~ 1b/hr . 8=15"F 101°F 109-116-F

MO | B
Werly feoeed ME)  slighr sedvcton [ AT



16 1470

N

’ ./\
PNy -
S

ABTURIEL CLECULETION SN s T T

v

KeE 19X 10 TO 1 INCH ¢ 7}§ X 10 INCHES
¥V hea - KEUFFEL & ESSER CO. GaDEIN USA.

-,

e

i

o FEpE Prvws ey P §ild Kbt mainte S Bt s
b [ T Py ke v S § v paerd ye
SEEE RN e
- Eodd el e RN :
I S T )-SRy - -
> .“_m .mb”«rww..p..d
. 5 [ - : - T = rhEmﬂEf o
— PA ¥ P = T ‘/ e r&....M‘HT.“ T =
f —t H : N N T M
m. - he “.. e T : 1 v“. ffi e = uldml .
ﬁ“ 80 Mk S 8 il e B NN g
- : e S : /hwhn.r.&.luwﬁ nl@k s g
Au_Ar[ﬁJ: i T T T /flf.'.ae.i. AVEr
W_ e AN :
M;Ill e e ey e PN e :
s - — por ] e i TN
— .r...vlrvw ... L T i s 1 /.u - -
Ny o e EBa SR et i e e =
. — f - P N
1 =
.\P. .

ST

x

Zo7anm:

bl 2D

_’)?_EA/

LG A

'

S OTTAE ) ANIET Tl N IA la BRI

BTG

B2 el s H
—— LS SN A ||” -
= ol Tiadg e
F4-— H i M

&

Py A

!

iz

1 Z AT,




'6,1470

10 X 10 TO }§ INCH e 7}§ X 10 INCHES

'KEUFFEL & ESSER CO. -

yak B

35k TE

) ) b

il T}

. HH i

- m.

()
L

>

CoTE Cessrancs

/7355 :

-

L

e

1

N3

2_:

el R

e

i
e

7O _IANC.

L85 s

borog s
if

\C‘iU:E.E

+

i

i}
ssilee

t

£

.-l
=iy

14
L

14
38

]
1[4

i
e

I
14
T

et o T P I

“KtHy SVAA .

‘ 141

‘/j\

Sirngrs

o b

.
PR e

H-E

-

<4

B R A

reme e arion <

VA%




B . i ‘ [t NEE H ' A Lo o~ . ; . o .
{ K . iy A H*’E u re |. osgsaE lc%c” :z;’: X o3 ANeHES ki \' ' 46 0700 . .o N
T ) - - ) . . e

o /znr¢nezr.d? . -
7‘M-Z‘- 2. /V,;fru,e’/% CIECILATION FNAL YS/S /97- 2 Mh/

\

)
/

3

)

hiﬁi"'
“:35

E Seia R ca R R akes f---lwb.cézf"éé)'/b”si{%'
T

jh
_L -
31&‘-

: |/
PR e k?zoup/

‘.562»9’-fzovf:-_mpL_TifﬁiiE“N; o] 20 .féﬁikiﬁéﬁé;. =g
Wy 3T h “ AN ) s :erﬁryaﬂ7igl 3 '

FELD L (e, ,fas«':’/;fz».ef:_':%mw?" e

__,_

S

)
!
)
i
i
SN S

cﬁag:#‘z?z?fzﬁzﬁhﬂéﬁﬂ AR AR AR LA
Vo b e et R Eaan R AHABRER AN
P B ! iy T -l 5 I . —1l- . o o . - _._F___.-.._- . i ud Bt et ) - —
B o Hrr R e e e e zlop HEETE Tk
- - -}-. _;(D T -l -‘F—_._.,__;}:].._..l‘__.. Iy BRI (g B VO Y -l --.t_..- o~
PR R e T A e R e e e e e R e e e
- R 1) 2T A ] : Sl _,_____,‘:5,¢5‘_~~ ==t -
NN EAANERREEREN 1 . E___ 5 o e A O R I /{
S I L - L} - .__.r L._.‘>_ oy Tt £) !
T AR T o R e T i

F
|

L~
3
{IRAN
[
)
T
—
|
|
|
1
1

>~
AN

’ g

At

AL
1
\
]

|4
TV
T

=
I
L)
\
EEAY
i
|
f
]
T
!
)
]
)

T
i
|
]
I YN
||I"\|
A
'|TY|
\
i
i
]
AERA R\
T
|
— 0
|
1
1
oo
1§ KRR}
1

[}
I
)
\
I
]
]
]
|
!
N\
N
+
i
]
T
[]
‘i’
¢
i
1
|
[LEE -7
T i
. [,
4
!
|
14
|
[
\
AN
D)
]
IR W A
]
|
T
gt
O
[

\

T\

|

i

1]

S :
T - S

) 1
A
HRY
1\
)
]
R
L
1
1
T
’I
T
i
t
[]
[
[
[}
[}
t
. AN
—\
5\
[}
1
T
1
{
]
T 1
i
[
Vo
|
)
H
§ot
4
jot
i
]
1
T
1
L]

N

A\
'!cl i

i
T
T
\
I\ i

|
HRE

]

i

-\

[

\I
\
T
1
1
1
1
}
t
|
i
]
|
[

(I

i
i
=
i
I

A
i

[
o
IV‘|L
S
A
1
,,],G‘
{
1 ! '
e 1 R WS
AT IR WA
A
+
1
1
1
}
]
]
1
1
=~
o
S, - G,

vt b
i

Py B

1
]
=i
1
11
i
]

Q

] H
]

Il

i

g

T

|
1
t
t

[
1
]
]
1
]

]
|
]

i
[
'
1

1
1]
|
1
[}

k]

A
11
[ RN
1§

.
\
N\

- \\l H

TN : H
LY
Ky
Y
\]Vlur
™N 1

SE S PR

t
1
T

: I T TR CI|EOE I
I B0 N OO B O
o o el o B LVE:T;C;;ET::Q;_mf. O 1k [ -

— }-- ..}_._._ JO Dy N T BN R S T U R Y R R SN S S (R e A ..._‘,..,.‘_.... - ..’_._‘___..._4.’..4__ f . P ) oy . e -’~

T
I
1 -
|

s . = & 4. .. 5 . e .. 7 8 ) . Jo
A TIRGE S IDTLSE . LOLIRASD TV P R arkryri=e oo - S o



|
1
i
i
1
i
|
]
]
|
i
]
i
i
|
i
i
|
1}
i

460700

S

G

MADE IN U.S.A

10 TO THE INCHe7 X 10 INCHES® |

’ K= :_olgu>r(-'rs|. & ESSER ¢

N
/

-~
-

T/~ 2 NEOTURRL Crecte.m7/oN fINALYSIS 77 T r7u/

2

ofl f

105

L)

SR R... YRR .~ S
. g S

o
4

- - m -
T 07 o o T
mm ! L1 ¥ .M« ' i i TN
T : ~z o i R
o~ gk i] ; f -
-0 {1 . i 1
BB _ \- .N B | o
i N H H : . . _
l[/'u'nol.mhd. “ | ! _ \vll.o wu | AV . ; ! 9
RN Y P T _ =
a9 T I TN { i
SIS ] :
| {1 /l..lb.l.l 1 ¥ ll_’~|_ m _ _
O [~ W e 1 ! [l [ i i
[ K B ! Ty ] it [
NN Ay AR o .
/w ﬁ-ﬂ : ] : ] .¢!.,..m 0 . u : ] u _ - . . 8 :
B h AR eany FAR -
RIS 7 \ = =
IIWI—.M.]I I . ....-.. . M..L_ ] ] _w\ w _
j_ ] C. 77 ! /-i. ! /i i
i i i [ | : 7 F
|,“4 1 _ﬂo .\ | \“ . “ b
0 1 | | R Ty 1 -
._ : Ayl ] 1 iy ) .:";7
L 2 N i A ¥ S
[ ¥ X Y RN [ [ ¢
N T Ry YA T (I I c
. NI ERE i | ANl Ly Ed 13 .-
! f / 1 S : iy i N
1 I x ] A T4 : -
| /_ ] N\ i ] i l‘h
I A _ Hu 3
7 < _.AJW_ QP R S I GJ
m Yy Y N FTT M
H N | [
i} R ¥ H i |
.”P ] M\ | [} ] i L D
! NS 3 i ~ [l I
! | i RN B! 1l N i SN
1 1 i I AN 2 WK NN T P
! [ 11 ..IJ. ] NN I Y ] i f (RN T
S TNl EEEEEE Ty b
i 4 - e b . ). . e i .- « - - RS - . et R -
L ! ._.;_.h [ AN [ it )1 Ly Tii i 0
__m, i | r.z@" I ] -u/ [ INRE ] : m
+ 1 ] : . : 1 1 [N (O Lo
T .h WAy SNY) S ] N = R
H T 7 I {7 S\ o Tyt T TR R
T 1 3 ] | i mA.F [ Y " W ) X [ )
i 1 »_..ng.m. WA - ] : D
(IR ._Miu i L 1 - .
' it |1 ! .o.luuv .MM_ - _f i 1 1 1. )4: p
o Bl o U WA P T A\, ] e
N ' .,, _.la M ~TT Y N 1 HEEE _ , ﬂM
) N oy Wi | —H EEEa
T R [\ NI RN iy : s N
| RAE I AT : fnw ™ [ i - T 1 3 | .
; m (1] 1 N T\ Y ™ L4 1 ﬂ
B Y T SO \G S | W ] 3
- .Ir“ N - u+ ,/ " M ! : . D‘ L .......;
DN S R o0 Lo 5 L MR
: IV NI\ ] i Q 11 i+ ]- .M
N (2] N \_I . 1 T N
NSEEW SN _ o \ I
e ANNRY i H
.NI”' N 1\ [ —
AR T N -
ooy ] N TN ook i g
_.W.P.av...ﬂ..wl = A)"/‘a ] hﬁ .“““.” ﬁé
ST N - ="
N : EaE
T

iy
[~

%) *r
1 e * C " -
ST N i =l
ey S X . i -
v N A CEEORE L
waw_.,,m..m HEEEN e i
SiENE = . =
X «\\_\\. i - “ )

N " Tt
[ i NE - | A S

“ 1y “ “ ” [ " . O

12

>
<
9.0

R

RIS
I X ZH/STT.

<

3

tito7~ 0> -



)
"~

46 0700.

—— Y

I BNALYSIS

=7

K

-

(.

KEUFFEL & ESSER CC  ADEIN USA. -

oS )01 TO THE INCHe7 X 10 INCHES -

-/

— |-

.
|

_}_'

[ I -

t

sr1087
%

Redrky,

oo |dP)

‘L-

/

/"
2/
2

-

y gl

[ S B B je JHR Y

7

<

]

|
<

Vs

i
TR
n‘ '»*,

U3
Y
. I~
; ~
1 w _III. >
7 - ;
| i EI}| !
| 1 W‘ Jlmuw ~N
] | T3t -
i _ -0 SF
¥ | W =
n. _ R )
b — am el R n
; H [ R L !
v '
!

-

|-

S

—

._;r

s

- ‘t 1

= cxéé—' 5

o | -{-

D% O D T S DU 0, Q.

-

/s

' U._.H - A

1 P AR E
] o A
| —}.Au n/"
_ \ .
|

D
7

G DT TN

20 .

IAEOT  TRAN SEER ELEGTION, FeeT

- Sotp ors

o

N N AR o W
N = Sk "
; __/_-“L_Imm _r_z...Ol mw i
RN N T
~Q NN Wyt s
X0 TR R
N A "
RN [ -, H !
y €N 4t i1y R N AYE
w. A5 U QTN .
_.=|$|:.F_ : .“wl 3
LN ﬂu i \ | -
Ty L ]
! _dnmlj..m L )| : -
PR SRR A W ENRREE i
I | PR Y S R [ 1
.n.b./_w_mmf i 2o | i
PR R \RERENE
SRR VR
T R 7y L
RV [T _
_ __ i g Pl ) ” L "r
I B i
“ “
| =R }
1 K4
IR 4
I~

— oz

o009

GUUF

WSS Cr107S Yt IT=t - OS2I

|
i
I
I
i
i
|
1
i
|
i
|
|
i
i
|
|
l
|
i
|
!
|
!
|

So

AT



Ut ATION.
|
0,

!

B

- t— tl.ﬂ.wwo - [ 4. N

; PUURSTR Sty PP S e RPOe) NI TRREENEVER S SRR s Sapual 9 Ui RSB U
patars Gan e "n....”ﬁ.n..n%..r/ﬁun. T D SRy Focems Sy L wS i FALal FRT i faid sk mas) Fomers 8 e Bl b d B
- - . : el & f - V H i —

o R | . { I ) - -t t
[ QPERIPUC LA | U, (M " - — g el —— ——
S8 o Geriodieyfouninich | Sobd ek usssve g Ko s : =t
Rk SRkl F e Rev /- TSy g Sy Fanrion kg et 64 1 ot r
DRt Sl SN N | oS BET it .
EoEn T N S

=gl e

1
pAE B
L

!
N

461470 -

N -

il
|
T el

: ,.-"‘ i
1
i

|
[l
e

I
1
T

o MeTUR
} -
T

1

l
]
!
|

S TRNEE G|

'
st
ottt

|
1
~

4
¥

Sy,

“

F,wz/,ez.—' :é\f

.

~

P

&

v

aED

"OCINUSA.

1

Lrv

il

3]

1
tilegt
Tan
vysids
PRES T

e

]

3 Bulicry

*?’A

[ B e
: i

- | iees

2Z]

£

L
o

7

fi

SUS,

L %
e}

Pl

SR E
el .
. [

s i
"’

lul

.:.Uu Heahul B “lt
]
o |
e s e e D P -
ey ety e ERbed rpete) SN N s

7LL

i

i

i

1

i
7

L

Ak
L TAS:

£
H
|
il
-+
il

'
!
t
t
HE
3

10X 10 TO '3 INCH 73§ X 10 INCHES

KEUFFEL & ESSER CO

KE

(ER?

TUR,

SRy SUNNURPG QU N 3 s —} 2 ;- t
b iynplint Py Sy F. < PPGNE SRRt IFAMATII [SIPENRN MNP NPV ey S R Y 6 R A e
[EDEON Uhy S Sy mogy e i) PRI LA e o - ri-ke =1+

PIRX HOT LEG 77

-T g

- - — - ¢

pi st in it § e
. chr il trre foer pes
Tre : e Ford f L FELEEE
HN e S0 otunl J SRAER S 3
- P [paPop 3 B e IR

v wmi | itk
T +

20/ .



10 X 10 TO }5 INCH 734 X 10 INCHES

461470

AL IN USA,

KE

 BEIC T

RN
M\ +
¢

-
7N
i \
Vo

~

S Y ey

KEUFFEL & ESSER Cr

<

riyatal | gt
1 Fbel 1 S s T
ot 1 QU A o I s S
e
> e R e’
y . w!npr [y — .@
; L . -
> T+ - r
+ troel gty o e 1 8 G ¥
z H - g
o el e o
e z T n
oy 0 PP onr
A e sy
Pt Qurity) ot Sl e v |
¥ —— ]
A O e -~
Herb bt e Bt
T z

‘T

et

=/

AT

i

t
rT

Hp Qs

e Ra s bl




‘ j__ 0 EVALUATE THE EFFECT OF FEEDWATER VARIATIONS ON THE S'.l EAM GENERATOR AS WELL _ : S

MTMH-MM 3

3 3 SYSTE‘{ PERI' ORMANCE ON NATURAL CIRCULATION .

3. 3. l. DESCRIPTION OF CADDS NATL'RAL CIR"ULATIO"I I'IODEL

'

-THE CADDS DIGITAL COMPUTER CODE IS DESIG\IED T0 ANALYZE REACTOR TRAI\SIENTS,

'WITH OR WITHOUT SCR.AM IN A HETEROGENEOUS PRESSURIZED WATFR REACTOR.- IT

SOLVES ‘THE 'rmE DEPED'DENT NEDTRON KINETICS EQUATIONS IN comuncno& WI'I‘H £

THERIIAL HYDRAULIC SOLULIO\I FOR A.N AVERAGE }'UEL PIN DURING A REACTIVITY

E -,:_TRANSIENT._ THE . SIMULATION INCLUDES THE MAJOR FEEDBACK MECHANIS‘iS AS WELL AS_, g
'_.DETAILED SINGLE—PHASE NUCLEATE BOILING TRANSITION, AND STA.BLE FILH
'BOILING CORE HEAT TRANSEER MODELS.- THE ENTIRE REACTOR COOLANT LOOP INCLUDING :

'_THE PRESSURIZER, IS SIMULATED. ‘ THE STEAM GENLRATOR NODEL IS INCLUDED

" AS- TH'E PRIMARY SYS‘I‘EII RESPONSE.

‘THE CA.DDS COI{PUTER CODE DESCRIBED AI»OVE NORMALLY REQUIRES THAT THE REACTOR

COOLAN’T' LOOP FLOW HISTORY BE SPECIF]ED AS PART OF THE CODE INPUT. ’ HOWEVER, .

A scmnc DIAGRAM OF THE PRIMARY LOOP 15 snow IN FIGURE 1. CO\ISIDERING THE

- A RECENTLY COMPLE’I‘ED IIODIFICATIO\I TO CADD ALLOIvS FLOW COASTDOWN AI’D NATURAL
. _CIRCULATIO\I TO BE- CALCULATED WITHIN THE PROGRAI‘I THE DEVELOPMENT OF THIS :

o MODIFICATIO\I FOLLOWS ___ S L

L "".

BRI

-

FLOW AS ONE—DIMENSIONAL THE MO\IENTU‘I EQUATION IN THE AXIAL DIRECTIO\I x IS

I LR~ )

’\x g

PRI YIS POy




WHERE F REPRESENTS FRICTION/FOR‘{ LOSS FORCES AND Fg 1s mz GRAVITY FORCE
e INTEGRATING EQUATION ) ALONG THE PRIMARY SYSTEM IN ’I'HE DIRECTION OF FLOW
FROM THE PUMP DISCHARGE TO THE PU}E’ SUCTION YIELDS ' ' :
AR 5 SN Y T S A S S
e P et el ey [P a e [P e
_ J dx .= '[ ax.(‘go?_d_x .PI 53¢ Gg dx +j 5 dx +_] ngxﬁ.

.8x'; 1 _ gow

"_.(

@

SUBSTITUTING FOR F AND Fg AND EQUAIING THE PRESSURE INTEGRAL TO APpump o

OBTAINS

. WHERE cv 'I'S' THE EIOTAL-"Nﬁb-fBER'o'F -'ICO'\i'I'ROI-.; #dwﬁi:é CONSIDERING TH::. FLOW :
: RATE 'ro BE SPATIALLY INDEPENDENT, EXPRESSING VELOCITY (u) IN TERMS or sysnzn -
" FLOW RATE (W), AREAS - @ ) AND DENSITIDS (p i), AND SUMMING OVER ALL CONTROL
| '-:‘f._'.'VOLUMES YIELDS T ' e '

- - | em— et al e imom es e e emaemem s FS e e e L. or s e e " SRR . v

L w2 178 e Ly
Lt HERE Y

i""




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

SR R D U ; 6
oo § ke W
o8y .Aigdg;'_.u pUmpf ' ;go' " |eA

ev o+l =bV'7_ R "L- ‘ S
R g . B . IWJ 1 (K + f i S (5) ‘
Tl Py By T g 2 "1 Dy R

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

St

: w“*i.;;- M 1353..

f;f THEREFORE THE SYSTEH FLOW RATE CAN BE DETERMINED BY EQUATION 6 ‘AT ANY

. TIME STEP DURING-THE TRANSIENT. THE MOMENTUH EQUATION IS COUPLED TO THE

__.;‘ ”'Sé::: . ;g-: ) t_fi(ﬁ)fﬂfiNU"

*FI;CADDS ENERGY EQUATION THROUGH THE FLUID PROPERTIES WHICH 'ARE FUNCTIOVS OF . .

o THE SYSTEM PRESSURE AND THE ENTHALPY. THE CALCULATION OF - FLOW RATE IS cov-ﬁl'

= AINED IN THE CADDS SUBROUTINE, NATURAL

o 3.3,1;1;E COHPARISON OF NATURAL CIRCULATION MODEL PREDICTIONS TO ANALYTICAL‘J.

RESULTS

& TWO SPECIAL CASES WERE USED TO VEPIFY THE CALCULATIONS OF THE NATURAL SUB-lij

‘g_ROUTINE. EACH CASE MADE USE OF . ENOUGH SIMPLIFYING ASSUMPTIONS TO ALLOW THE};

d

;"f'w Dkf"HAND CALCULATION OF FLOW (OR FLOW VLRSUS TIME) WHICH COULD THEN BE COHPARED

L= 0 NATURAL PREDICTIONS.,'



~ . THE FIRST CASE SIMULATED THE FLOW COASTDOWN OF AN NSS PRIHARY LOOP. IT

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

' (AI’I; i > =’ 0) AND THAT THE GRAVITY TERI‘I COULD BE NEGLECTED SINCE INERTIA TERMS

¥,

!

/

‘~a

-DOMINATE IN THE INITIAL STAGES OF A COASTDOWN TRANSIENT. THE NATURA.L

' SUBROUTINE RESULTS ARE COMPARED TO ANALYTICAL VALUES IN TABLE l.

'-THE SECO\ID CASE USED THE SAME PRDIARY LOOP AS THE FIRST CASE AND ASSU'MED

-~

.-?fA LINEAR DISTRIBUTION OF DENSITY IN THE CORE AN'D STEAM GENERATOR. _ TH.E. S e
E STEA.DY STATE NATURAL CIRCULATION ILOW WAS CALCULATED AND COIIPARED TO |

TRANSIENT NATURAL PREDICTIONS. TI:IS COI[PARISON IS SHOW\I IN FIGURE 2._

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

ANALYTICAL VALUES AND NATURAL SUBROUTINE PREDICTIO\IS THUS VERIFYING

b THE 'PROGR.AMMING AND THE NUMERICAL SCHEME OF THE NATURAL SUBROUTINE.»- : .

3 3.1, 2. COMPARISON OF c‘ADDs'w'ITHJ NATURALTOYDAVIS-BESSE."DATA



' TABLE 1.

COMPARISON OF NATURAL PREDICTIONS TO ANALYTICAL

~ VALUES FOR A FLOW COASTDOWN

~TIME --'(se.c) o

PR

6~0 R
o analytical

" mm——

0.5
1.0

. .‘ '5.0-‘

'20.0

Las
T 130000

ae
300
4.0

.10.0°

40,0

S '50.0°

60,0
0.0

o e0i0
110040

ST

. 0.7881
0.6452 .
.0.4667

'0.3610"

S 0.2917 L

o 0.2632
T0.1274.
o, 08336
"<.:o.oso77_ _
0.04723
'0,038%0 .
*0,02736 -
£0.02099
~ 0.01688
0.01401
©0.01192:
0. 01033;-'

o. 009084 N

10

- 0.7882

0.6454

T 0.4669-.
©0.3611 -
T 0.2919
. 0.2433
V001275

o081
©0.06081.

006726

~ 0.03832
" 0.02738 .
©0.02101 -
" 0.,01689
' 0.01402
. o. 01193 -
©0.01034
0. 009090



FIGURE 1.. PRIMARY. SYSTEM SCHEMATIC i
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' FIGURE.2.. COMPARISON OF NATURAL PREDICTIONS
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o 3'2‘2 MODELLI\G ASSUHPTIOVS C o ?xﬁgf[1[,¢ e

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

 USING A ONE (1) LOOP CADDS/NATURAL MODEL. . THE ASSUHPTION OF ONE LOOP MEANS

THAT ALL DECAY HEAT REhOVAL OCCURS THROUGH ONE ACTIVE STEAM GENER.ATOR AND TH.AT

.10 THE STEADY STATE NATURAL CIRCULATION—IV THE IDLE LOOP IS, ZERO. THE CADDS -

:““’CORE PRIOR TO PUMP TRIP.' WHILE ThIS ASSU‘IPTION IS NOT ENTIRELY ACCURATE UNDER'- S

o UNDER CONDITIOVS CONSIDERED HEREIN.

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

A LOCKED ROTOR PU'MP RESISTANCE IS USED FROM THEN ON.b THIS R.ESULTS IN THE

MODEL ALSO ASSU'MES THAT ALL ELOW ERO‘I THE OPERATING POMP GOES THROUGH THE

""T"FORCED FLOW CONDITIONS (BECAUSE OF REVERSE FLOW IN THE IDLE LOOP), IT DOES '

.- NOT PREVENT THE OBTAII\ING OF A VAI.ID S'IEADY STATE NATURAL CIRCULATIO‘I SOuUTION

B MAXIMUM FLOW COASTDOWV AND MAXIMUH TRANSIENT CORE TEMPERAIURE WHILE NATURAL

"“-CIRCULATION IS BEING ESTABLISHED.-- ,f_ .'_f;{..¢. ;fi'f_

: 'THE PRINCIPAL VALU'E USED FOR CORE FOR} LOSS HAS BEEN CALCULATED FRO"I CORE

FLOW AND PRESSURE DROP INFERRED FROM T"II—Z HOT LEG ELOI'.7 MEASUREMENTS.. -GIVEN '

THAT ‘THE . CORE PRESSURE DROP IS APPROXIMATELY 18 PSI AT A CORE FLOW OF ABOUT

""7,4500 lbm/sec AND THAT THE PRESSURE DROP 1s ENTIRELY FORM' Loss, A FORM LOSS

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

'ﬁf”CORE FORM LOSS. OTHER CORE FORM 10SS FACTORS USED N THE NATURAL CIRCULATION

- ~ANALYSIS ARE 5 S (NORMAL), 330 (60 TIIES ‘\IORMAL) AND 5500 (1000 TIIIES NORMAL). .

ADDITIONAL HODELLING ASSUI@TIONS CONCERN THE CORE BYPASS FLOW AND VENT VALVE ‘

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

".CONSIDERS A 307 BYPASS FLow.. IN ALL CASES. VENT VALVE FLOWS ARE. NEGLECTED. ;'

R



e s

IN .ORDER 10 .'INVIEISTIG'ATE. T;{E.EEASEEILiTE bEtooEiﬁé Tﬁﬁ‘-cékE‘ﬁiTH"NATURAL

‘: -:}:':____:_"CIRCULATION USING WATER TO WATER HEAT TRANSFER IN THE STEAM GEEERATOR, A

STUDY WAS PERFORMED USING THE FOLLOWING MATRIX. o

-- com: POWER- I 5 i )

L ' -'I-‘EEDWATER TEMPERATURE 100° -

, - 0 ONLY. A STEAN GENERA’I‘OR OPERATING

_', 3 CORE ‘PRESSURE DROP 60 TIMES NOMINAL{_'.:_'-".'

. . | ._'EEEbWAEEE FL'ow' .-'_,.1109‘,' 3000,. 5000 GPM
'I'HE STEADY STATE' RESULTS OF THIS STUDY ARE SHOWN ™ 'I‘ABLE 2._
LT FEEDWATER FLOW CORE-INLET = CORE-OUTLET ~ -~ PRIMARY SYSTEM.
SRR GPM TEMPERATURF °F -_TEMPERAEURE °F . .ELow_ LBM/SEC. ..
S . "5606 L 1oi DR ,.11,’6 e 333
SN : FROM THE ABOVE TABLE, WE SEE 'I'HAT IF THE. FEEDWATER FLOW EXCEEDS THE PRIMAPY

- ' _‘SYSTEM FLOW, THE coomc WILL o*cun HIGH ENOUGH Iy THE orsc T0 DEVELOP R.EASO’\IABLE e
: C :":‘-'.NATURAL CIRCULATION FLOW RATES BASED ON 'mESE RESULTS A FEEDWATER ELow RATE |

: T op 3000 GPM AT 100 F.WAS CHOSEN AS THE MODE FOR REMOVING THE DECAY HEAT AND |

- -‘._"."‘K'_-"":_""'v'-.'._FURTHER PARAMETER STUDIES" WERE PERFORMED ‘ TA_BLE 3 ._sno_ws THE ,S:TEADY ,,STATE_ N
,i,i"':.;'._}__:_'-"_._-;RESULTS.SOR.THE CASES RUN. | l o e



TABLE 3

© . CORE PRESSURE DROP % - GCORE' CORE ' SYSTEM =
' CASE  CORE POWER . LOSS CHARACTERISTRICS BYPASS INLET OUTLET = FLOW .
'NO.  LEVEL MW © X NOMINAL - ~_FLOW. TEMP. °F TEMP. °F .~ LEM/SEC.

- ~ -z, - T
13 - 17 s 1019 109.7 ¢ 380
20 3 60 .- . s 1013 - 1111 305
S3. .3 . 200 Y. st 100087 11377 . 231
& -3 10000 - fT 5. 10004 1213 420
s 3 20 . 30 - 100.9 118.2. 235

:;1qf. 7g .l'2'V'-1 o e0 'f_-“ 5».“.f'ioo,9;“ 107.7 . -4292 PR

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

LOSS CHARACTERISTIC OF 200 TIMES NOMINAL IS SLIGHTLY LARGER THAN THAT REQUIRED '_i.-

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

IﬂTO PRODUCE AGREEMENT WITH CURRENT MEASUREMENTS OF REACTOR COOLANT FLOW SPLITS
“T(SEE P. S. BARTELLS "CORE PRESSURE DROP "FOR: NATURAL CIRCULATION CALCULATIOI" :

- jAPRIL~9 '1979) THE BEST ESTIMATE FOR CORE BYPASS FLOW IS BETWEEN 22 AND 27

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

IHQAPRIL 8 1979 )

iiFIGURE 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.

-’_'LATION.".- f“._ B ’;-T{:,:ir‘,;;}_f'

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

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

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

"VERSUS COOLING EFFICIENCY", APRIL 10 1979)

‘ uAMPLE COOLING FOR THE CORE. IN FACT IF THE HOT BUNDLE ONLY RECEIVED 10/ OF

-]

"LTHE NOWINAL FLOW DUE TO BLOCRAGES A CORE FLOW of 235 LBM/SEC WOULD BE ENOUGn

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



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

SYSTEM FLOW AI\D CORE COOLANT TEMPERATURE INCREASE. AS EXPECTED THERE IS
|

‘VERY LITTLE INFLUENCE ON SYSTEM "LO/W., AS THE CORE ‘BYPASS. FLOW 'INCREASES THE.
. , p o
' FLUID GOING THROUGH T'HE CORE . IS HEATED I'IORE AND. WHEN‘ THE TWO. STREAMS MEET AND ‘.
- AR.E HIXED 'I’HE TEMPERATURE IN “THE UPPER PLENUM IS NEARLY THE SAME THUS THE '
' ‘.DENSITY DISTRIBUTIONS ARE NEARLY THE SAI'IE FOR BOTH RU\IS AND THUS .THE FLOY\.S-
- ARE 'NEARLY EQUAL. ' SINCE THE CORE COOLANT TE\IPERATURE RISE IS QUITE S‘IALL S ., _'-

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

COMPARISO\I OF CASES TWO THREE AND FOUR SHOvJS THE EFFECT OF INCREASING TH'E

' EFFECTIVE CORE RESISTANCE TO FLOW. " AS. EXPECTED THE FLOW DECREASES AND THE
: TEMPERATURE RISE ACROSS THE. CORE INCREASES HOWEVER EVEN FOR PRESSURE DROPS
.1000 TIMES NO‘*IINAL (ABOUT FIVE TIMES WHAT WE ESTI‘IATE) THE - CORE FLOW IS ADE— o

'.QUATE TO COOL THE CORE..,
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%.3.5 COMPARISON WITH ALTERNATE CALCULATIONS. -

A COWPUTERvPROGRAM:HAS BEEN WRITTEN'TO PERFORM THE SAME'TYPE'OF STEADY STATE . ;,'1-

':ANALYSIS AS HAS BEEN DONE- BY HAND.' THIS PROGRAM INCLUDES A FORCE BALANCE

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

-F'._OPENS. THE PROGRAM ALSO CONSIDERS THE IDLE LOOP ‘AS A FLOW PATH. FOR A RUV

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

.TPRESSURE DROP AT ITS NOMINAL CONDITION FEEDWATER FLOW OF 3000 GPM), THIS R

;‘PROGRAM COMPUTED 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 THEREIJAS A DIFFERENCE IN PRIMARY COOLANT

”fTEMPERATURE WHICH. WOULD Accounm FOR PART OF 'THE. DIFFERENCE. THE STEADY STATE:U

*,'QCODE PREDICTED A CORE AT OF 9 DEGREES VERSUS CADDS NATURAL S PREDICTION OF

=.7;8< THE STFADY STATE CODE COMPUTED THAT THE PRESSURE DIFFERENCE WAS NOT
.SUFFICIENT TO OPEN THE VENT VALVES AND THE IDLE LOOP FLOW WAS ONLY 32 LBS

- THUS THE SIMPLIFICATIOMSUSEDIN’THE CA)DS—NATURAL PROGRAM ARE REASONABLE.



e

1) 2-LOOP. CONFIGURATION

- 3.2.1.2. COMPARISON OF CADDS WITH NATURAL CIRCULATION CALCULATION TO

DAVIS BESSE EXPERIWENT

"IN ORDER TO VERIFY THE 'VAI'.IDITY OF THE CADDS/NATURAL-CALCULATIONAL

RESULTS A SPECIAL CASE SIMULATING THE DAVIS—BESSE PLANT WAS RUN -AND THE
4'ﬂ-RESULTS COMPARED WITH THE REPORTED EXPERIHENTAL MEASUREMENTS THE FOLLOUING '

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

o«

~

2):. "FEEDWATER FROM'THE - AUXILIARY FEEDWATER SYSTEIM

T 3) 'REACTOR POWER WAS CONSTANT AT 3 85/ OF 2772 MWth o

4) '_'rwo DIFFERENT FEEDWATER RATES (46 AND 460 LBM/SEC) VERE USED. "

THE RESULTS ARE SHOWN IN FIG. .-,-._ AS SHOWN BY THE FIGURE, }YA‘ -

'THE SYSTEM FLOW RATES DO NOT REALLY STABILIZE IN 1800 SEC AND SMALL OSCILLA—":
“.TIONS STILL CAN BE: SEEN HOWEVER, IT APPFARS 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 THE‘HIGHER FEEDWATER RESULTS IN LOWER PRIMARY ‘

SYSTEM TEMPERATURE WHICH IMPLIES HIGHER DENSITY AND VISCOSITY AND

Lo CONSEQUENTLY HIGHER FRICTION

HE DAVIS BESSE EXPERIMENT REPORTED THAT THE NATURAL CIRCULATION '

.'f.FLOW RATE RANGES FROM 4 6 TO 5 1%, DEPENDING ON THE WATER LEVEL OF THE STEAM

;'GENERATOR.3 IT APPEARS THAT THF CADDS/NATURAL PROGRAM WITH THE TWO EXTREMES

IN FEEDWATER FLOW PREDICTS NATURAL CIRCULATION FRON RATES THAT BRACKET THE

L ‘EXPERIIIENTAL R.ESULTS THE DIFI‘ICULTY IN COIIPARING CADDS/NATURAL DIRECTLY
_TO THE. DAVIS- BESSE. DATA IS DUE'TO THE FOLLOWING '

;il) THE OPERATOR VARIED AUXILIARY FEED PUMP SPEEDS SO MUCH THAT THE FLOW RATES

1

RANGED FROM 200 'TO 1400 GPM AND THAL NO. AVERAGE STFADY STATE FLOW RATE

: COULD BE DISCERNED FROM THE DATA



2)

DURING THE EXFERIMENT, THE MAIN FEEDWATER WAS TURNED OFF AMD ONLY THE .

AUXILIARY FEEDWATER WAS USED. AT PRE_SE_ZNI, CADDS DOES NOT HAVE ‘THE

 CAPABILITY OF MODELLING THE AUXILIARY FEEDWATER PROPERLY.

N A

o~
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APRIL 10,1979

TTC(C/L\YY)C)’)T 4 " G. A, MEYER "

_TIME: 1630 -

3 7 CORE THERMAL BEHAVIOR :

. A .

ANALYSIS OF CURRENTOPERATINGCONDITION

A

CORE BLOCKAGE SFUDY :

,?TWO METHODS HAVE BEEN USED TO EST%ﬁQTE THE EXTENT

:5OF THE CORE BLOCKAGE THE FIRST METHOD INVOLVES THE

'USE OF THE INCORE THERMOCOUPLES 0 DETBR\iINB THE CORE S

OUTLET TEMPERATURE. THIS METHOD PREDICTS A .CORE. o

1

" FLOW OF LESS THAN 1 X 10° LB/HR.® . = .

' F THIS CALCULATION PREDICTS A CORE TLON OF 13 x 10

A
'.

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

| ‘THE DATA Hﬂjﬂ THE PLANT THE PUMP CODE CALCULATES A
'FLOW SPLITS FOR DIFTERENT PUMP CONFIGURATIONS

~ THE CODE WAS MODELLD TO MATCH THE PRE- INCIDENT

CONDITIONS THE CORE RESISTANCE WAS' INCREASLD UNTIL

THE CODE PREDICTED THE SA“E HOT LEG FLOWS THAT ARE" BEINGl” |
'-fMEASURED BY THE TWO GENTILLE DELTA P'S

6 LBM/HR -

- AND A CORE PRESSURE DROP OF 18 PSI. THESE CONDITIONS

-.ARE CALCULATED WITH A CORE RESISTANCE APPRO\IMATELY

200 TIMES THE NORMAL RESISTANCE2’3 8 OR A FORNLOSS .

RESISTANCE OFﬂ1650.v_”

- TO DETERMINE IF A CORE RESISTAVCE OF THAT MAGNITUDE _T
'IS FFASIBLE AN ESTIMATE OF THE CORE 'DAMAGE WAS DEVFLOPED, o
' A 'CURRENT ESTIMATE OF THE.MAIERIAL AVAILABLE FOR CORE |

¢ -

BLOCKAGE IS ¢
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G. A. MEYER
APRIL 10, 1979

TIME: 1630
e ET O 63 FTS
w0, . - 94 FT
OTHER "~ ' _10 FT° =
' ©. 167 FT3 .

"tTHIS DEBRIS IF SPREAD EVENLYIACROSE THE CORE COULD
FORM A PACKED BED OF.DEBRISATHREE'TEET THICK‘4, THE
I.RESISTANCE (FORMLOSS COEFFICIENT) FOR THIS BED HAS
" BEEN CALCULATED AT APPROXIMATELY 1700° WHICH ~
© TS IN GOOD AGREEMENT WITH THE TOTAL CORE RESISTANCE '
lCALCULATED USING THE MEASURED FLOW SPLITS THE METHOD '
6 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 CONDITIOVS FOR THE FOLLOWING REASONS.
1) - CALCULATIONS HAVE SHOWN THAT SUFFICIFNT UO2 COULD
| 'BE ”PACLED" AROUND THE THERMOCOUPLE TO GET -

A TEVPERATURE READING 350 HIGHER THAN THE FUEL
| ASSEMBLY BULK EkIT TEWPERATURE | I
2) CALCULATION INDICATE THAT ON THE AVERAGE THE THERBK)- -
 COUPLE" WERE READING 5°F T0O HIGH BEFORE THE i:fg’grzqr' 7,9
©3) IT SEEMS IMPROBABLE THAT SUFFICIENT BLOChAGE R
| © COULD EXIST TO REDUCE THE CORE 'FLOW TO THE 1 x 106
- LB/IR PREDICTED IN METHOD: ONE. | o
, 4)‘ THE SHIFT IN THE THERMOCOUPLE READING BEFORE DURING,
AND AFTER rnE SWITCH FROM PUMP Al TO A2 INDICATE

THAT FHE CHAVGE IN THE FLOV DISTRIBUTION IS CAUSHQG



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

THE DEBRIS TO SHIFT WHICH IS AFFECTING THE N
. THERMOCOUPLE READINGS. THE SHIFTING DEBRIS MAKE . '
THE METHOD ONE ANALYSIS MORE 'SUSPECT AND LENDS CREDENCE

TO THE HYPOTHESIZED LARGE BED OF DEBRIS CALCULATED

'IN METHOD TWO.
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. OTHER INFORMATION

: 1

R M. Hlatt to G A. Heyer,v"Core Flow Distribution for One Pump and two Pump '
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LOed Tl e ()= INCORE THERMOCOUPLE - | == === e e

" DESCRIPTION - | SR
" The incore thérmodbuple désfgn'for THI-2 is a grounded jUnctﬁoﬁ éhbome] Alumel
. déteCtOh;_*IhE”WGﬁﬁfTaﬁﬂa? the detector in re]ation‘to the fuel assemb]y upper . |
'lend fifting is shown on Figure'l The thermocoup]e w1re diameters are- approx1mate1y :
210 mils, the sheath is 62 mils 0D Incone] tubing, and the insulation mater1a] is :

A1203 . The 10cat1on of the thermocouple w1th1n the: 1nstrument tube is shown in

:_iFigure.Z There are 50 thermocoup]es at 1ocat1ons in the core shown on F1gure -



Sy

o g1ven on. F1gure 6.

S, o T R THC TIPS GRS

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 occu¥red which caused a-red1str1butjon of thennocoup]e readings. The

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

f’4. The highest thermocoup]e 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 . .

b

: The maaor po1nt addressed in th1 sect1on is to eva1uate the thermocoup1e read1ngs
to determ1ne the validity of the temperatures ThlS was -done by examining detector -
' accuracy and by eva]uat1ng fuel pe]]et debris accumu]ated around the thermocoup]e
"The results of this eva]uat1on are that the thennocoup]es are reasonab]y accurate
~and that the h1gh temperatures are a resu]t of fue] part1c1es in the upper end d '

R f1tt1ng.



; o erimms Mo gme @S e am e ¢, MeE——— Sovme T e e ®e - .
cm i e w8 sm s see e me § et o . - e -

zg DETECTOR ACCURACY _ _ , |
PAST EXPERIENCE WITH THFRHOCOUPLES IVSTALLED 1IN an B
"~ PLANTS 'SHOW THO BASIC TRAITS. THEY TRACK FAIRLY
| GTEAVILY WHEN ThE CcoReE 1S AT :
STEADY STATE AND THEY RESPOND TO LOCAL CHAVGES _
‘ﬁ.RELATIVBLY ACCURATELY A OVE TO TWO DEGREE CHAVGE
.IN THERNOCOUPLE READIVG HAS OCCURRFD MAVY TIMNES ;i
WITHOUT ANY. OBVIOUS CHANGE IN CORE COVDITIOVS
’_.THERMOCOUPLE READING CHANGES GREATER'THFV 2°F
| fARE REFLECTED IN OTHER mEASUREABLE LOCAL OR CORE
o CHANGES
THE_THERVOCOUPLES-VERE'EXPOQED TO TFWPERATURFS
 _CREATE‘ THAN (1800°F) DURIVG THE - INCIDENT AT TdI 2.
"TO DETERMINE IF THESE ELEVATEL TEMPERATURF$hOULD |
"PRODUCE INACCURATE 1HERMOCOUPLb READINGS 1ESTS
WERE COVDUCTED AT THE BCLEAE SUBSIDIARY OF BEW.
N THEsE TESTS, 4. THERNOCOUPLLS WERE RAISED TO.
 2000°F FOR ECUR HOURS.  THE THERVOCOURLE READINGS" 
~ WERE THEN CHECKED- AGAIVST hVOhN EEADIECS OVER THE -
" RANGE OF 200 TO 1000 O, ALL TFST THERMOCOUPLES READ -
:WITHIN 5% OF 1Ph CALIBRATIOV VALUE. IT WAS COVCLUDED
THAT THE HIGH TEVPERATURE EYPOSURB ¥OULD \OT SIGVITICA\TL
'ALTER THE THFIMOCOUPLE RLADIVG

THTR:IOCOUPLE D: \T/\ FROM T‘II 2 DURI;\G \'OR\I \L OPER \""](‘\.
BEI‘ORT THE LOFI¥ TRANSIENT- WAS I}\A\nL\'ED TO DE'IER?!I:._B:”
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_-IF A SYSTEMATIC BIAS EAISTED.:'NO bATA 'WAS AVAILABLE .

AT ZERO POWER COVDITIONS THEREFORE DATA FRow SEVERAL
CPOWER LEVELS WAS E\TRAPOLATED DOWN - TO. ZERO POWER THE

RESULTS OF THIS AJALYSIS SHOW THAT A + SOF BIAS IS POSSIBLE

" ON. THE THERMOCOUPLE READIVGS.I.,,

'THEVPOSSI ILITY OF DE CALIBRATIOV SIVCE THE IVCIDEVT ;

o HAS. ALSO BEEN EVALUATED SIX THERMOCOUPLES WHICH HAD A

.'.‘TEMPERATURE RISE OF 7 to 33°r OVER AS DAY PERIOD :
- WERE bkAHINED * NO MECHANTSM COULD BE POSTULATED WHICH
 WOULD CAUSE DECALIBQQTIOV T THE EXTENT SHOWN BY THE -

DATA IT WAS COVCLUDED THAT THE THERNOCOUPLE READI\GS
hEPE ACCURATE AND THAT TRUE TEHPFRATUALS!THUEBEING

.MOVITORED TO + 50 F. R 57';,1”"'

| THE'RESULTS OF THE THERHOCOUPLE TESTS-AQD'EVALUATIOVS i

INDICATE THAT THE TE“PERATURE READIVGS ARE GFVERALLY

'ACCURATE WITH A POSSIBLE + SOF BIAS



L e e e i

’m ( 3) HEAT cormucnov FROM FUEL PELLET UEBRIS AR
’ , B R stm— . : '
-'An eva]uat1on was performed to determ1ne 1f ‘the quas1 steady thermocoup]e :

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

‘-pe]]et agg]omerates located on spacer gr1ds or in end f1tt1ngs

’_,One eva]uat1on was perfonned assum1ng a]] the pe]]ets from one r1d span were
o . ¢acvoss the opelvam gvidu Evonth Wieal is qe;wm.n?
'-izeVenly d1str1buted 1n th1s mass to produce bo111ng in the annu]us between the
:uib'f? 1nstrument str1ng and the gu1de tube. ' The steam wou]d be vented out of the ::l
13:f' guide tube be]ow the upper end f1tt1ng Heat transfer to the thermocoup]e wou]d;:
'::'be from ax1a1 conduct1on along the 1nstrument str1ng Due to the ]arge amounts .:'t_‘f
' ;of fuel debrls requ1red and the fact that the 1nstrument guide tube uou]d be U
'”:'coo1ed above the fue] mass, 1t is: conc]uded that th1s mechan1sm is not the mOSt
-11ke1y reason for the h1gh thennocoup]e read1ngs |
7QEIt is more 11ke1y that fuel pe]]ets and pe]]et fragments have co]]ected 1n the
: upper end f1tt1ng and/or the mixing cup . Reactor coo]ant f]ow is suff1c1ent to 'lt
' f-lcarty fue] pe]]et fragments above the upper end f1tt1ng uhere they vould sett]e_

7out in th1s stagnent reg1on “An ana]ys1s was performed uh1ch assumed var1ouS

' ce
- widths of fue] assumu]at1on in the upper end f1tt1ng around and in the m1x1ng

- cup. The resu]ts of th1s analys1s is shoun on F1gures 7 and 8. The case W1'th fue] .

.°«:part1c1es 1ns1de the m1x1ng ‘cup (T C Well) shous a sma]] ( 10 F) increase in-
_f temperature wh1ch is 1ns1gn1f1cant - Fuel debr1s to'a width of 3 to 4 1nches in ;
g the upper end f1tt1ng 1tse1f does produce the magmtude ?axtAT 's wh1ch are seen on.
; the read1ngs ‘This amount of fue] cou]d eas11y fit’ w1th1n ‘the upper end fxtirxng

'-'wh1ch has an 1nter1ogr w1dth of 7 inches.
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1. Memo, T.L. Wilson to E. OE]kers’ "Re]lab]]Wty and Uncerta1nty of Thermocoup]es::?

e Fo110w1nq Loss of Feedwater Trans1ent" Apr11 5 1979. S
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Apr11 5, 1979
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' Outlet RTD Temperature Veasurements", Apr1] 9, 1979.. e
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. THERMAL-HYDRAULIC EVALUATION OF NATURAL CIRCULATION |

OPERATION OF THE TMI-2 CORE WITH NATURAL'CIRCULATION HAS BEEN.
A”;EVALUATED AND JUDGED ACCEPTABLE ON A LONG TERM COOLING BASIS

E-JTCORE MINIWUM FLOW REQUIREMENTS AS A FUNCTION OF TIME AND OPERATING‘

"_CONDITIONSAHAVE BEEN. DETERMINED. CRITERIA HAVE BEEN ESTABLISHED o

" _FOR THEZACCEPTAEILLTY AND'ESTAELISHMENT OF NATURAL CIRCULATION.;

l

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

THE MINIMUM CORE FLOW REQUIREMEVTS FOR LONG TERM COOLING ARE |

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

IS NO BULK COOLANT TEMPERATURE ABOVE SATURATION TEMPERATURE.

THE CURVES PRESENTED IN REEERENCE 1 INCLUDE A SAFETY MARGIN OF .

'-3009 AND'AEE'COMPLETELE BOUNDED BY PREDLCTIONS'OE ACTUAL NATURAL
CIRCULATION CORE FLOW ASSUMING CORE PESISTANCES 200 TO 1000 TIMES

" THE. RESISTANCE OF A NOR“AL 177 CORE.-

*_CRITERIA FOR THE-INCORE.THERMOCOUPLES-AND HOTSLEG RTD'S ARE‘_N

- IDESCRIBED IN REFERENCE 3. THESE'CRITERIA-AREADESIGNED TO.ALLON

:ADEQUATE TIHE FOR THE ESTABLISHMENT OF NATURAL CIRCULATION FLOW |
_ WHILE STILL ALLOWING FOR ADEQUATE SAFETY MARGIN AND TIME FOR .\h;
; TRAVSITION TO ONE OF THE ALTERNATIVE COOLING SYSTEHS. THE T
EDEGREE OF CONSERVATISM IN THE CRITERIA IS DEMONSTRATED BY ANALYSIS
| RESULTS PRESENTED IN REFEREVCES 2 3 & 4._ THE REFERENCE 2 RESULTE
DEuOVSTRATE THAT TIMES IN ACCFSS OF ONE HOUR ARE REQUIRED TO HEAT
THE IATER COVTAINED ONLY IN THE CORE REGION TO SATURATIOV UNDER



Tari0j7e
7:50. pm
Page 2. -

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

:.'DEMONSTRATES THAT AN ADDITIONAL HOUR WOULD BE REQUIRED (@3 MWT)
US_TO BOIL- OUT COOLANT FROV THE OUTLET NOZZLE LEVEL TO THE TOP OF o
PR THE CORE REFERENCE 4 DEHOVSTRATES THAT MORE THAN ONE HOUR IS

‘;HREQUIRED (@3 MWT) FOR THE ADIABATIC HEAT UP OF THE CORE FROM

I'[jZOOOF TO 2000 F ASSUMING INSTANTANEOUS CORE UNCOVERAGE

quNATURAL CIRCULATION RESPO\DS TO HIGHER FLOW RESISTANCE BY GOING

N'IS SUFTICIEVT TO OVERCOME SVSTEH RESISTANCE : WITH DEBRIS BLOCRING

A GRID FLOW WILL PASS LATERALLY AROUND THE BLOCRAGE AND ADEQUATELY-_F '

D_IWMERSE THE FUEL BEFORL AVD AFTER THE BLOCRAGE. IF THE BLOCRAGE
5'DEBRIS ALSO CONTAINS FUEL, THE MARIHUM TEUPERATURE AT THE ‘ B
| BLOCRAGE CENTER WILL BE CONDUCTION LIMITED AND RELATIVELY |
INSENSITIVE TO THE MODE OF SURFACE HEAT TRAVSFER . 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 BLOCRED HOTTER REGIONS

: REDISTRIBUTION OF CORE DEBRIS IS ANTICIPATED WHEN THE PU“PED L
”.FLOW 1S TERMTNATED CHANGES IN THERMOCOUPLE INCORE TEMPERATURE '

AV'ADISTRIBUTIONS SHOULD BE EXPECTED NOT ALL THERMOCOUPLE READINGS
R‘:CAN BE EkPLAINED BY HYDRAULIC PHENOMENA SOUE THERMOCOUPLES

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

L HENCE ITRISlNOT REALISTIC TO REQUIRE_ALL INCORE_THERMOCOUPLE .

'MEASUREMENT BE BELOW SATURATION TEMPERATURE, NOR IS IT NECESSARY.

'.5IFURTHER INTO TNO PHASE FLOW UNTIL THE VAPORIZED DENSITY CHANGE »""f"
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'REFERENCE 5 DISCUSSES THE ADVANTAGBS AND DISADVANTAGES OF

CORE COOLING AND NATURAL CIRCULATION AT VARIOUS PRESSURES _IT

1S DESIRABLE &ND‘PRUDENT TO A@EBMPLISHiiﬁE %HJHQHKJKEUJXDLE-

EﬁbﬁZHJGHEERESSUR£~LﬁRLlQEJ§D6£2$1A3*AVD4THBN—MAINTAIN LONG TERM
'.'COOLING AND NATURAL CIRCULATION AT {ﬁf{s}t PRESSURES ud T.—%E fA—uS é’

aF ';oo- eoo PS{A.

1
. ~ . CORE FLOW- LONG TERM COOLING”; APRIL 4, 1979

5

o 5).

REFERENCES e T | |
MEMO, G.A. MEYER TO J.D. CARLTON, PLANT 'DESIGN, "MINIMUM

MEMO L L. LOSH/J. F. BURROW TO G. A MEYER THERMAL HYDRAULICS
"CRITERIA DURING ESTABLISHMENT OF VATURAL CIRCULATIOV"

IAPRIL 10, 1979

ME\io J. A WEIMER R. L. HARNE TO DISTRIBUTION ""BOII:ING

CONDITIONS IN CORE” APRIL 1 1979

'MEMO J H. JONES TO G.A. MEYER THERMAL HYDRAULICS

WADTABATIC CORE HEATUP RATES", APRIL 10, 1979 N
MEMO, J.R. GLOUDEMANS TO G.A. MEYER, THERHAL HYDRAULICS
"COOLDOWN. PRESSURE", APRIL 10 11979. |



' 3.7 - CORE THERMAL .B.IE.HAV-I.OR' "

C.

' G. A. MEYER
' -APRIL 10, 1979
- TIME: 1520

ANALYSIS OF ALTERNATIVES '

. THE PLANNED MODE OF OPERATION DISCUSSED IN SUB SECTION B,
| IS TO ESTABLISH NATURAL CIRCULATION FOR‘THELONG TERM

COOLDOWV IF THE SYSTEM RESPONSE AFTER THE REACTOR

.COOLANT PUMP IS TRIPPED INDICATES THAT NATURAL CIRCULATION L

HAS NOT BEEN ESTABLISHED THEN THE FOLLOWING ALTERNATIVE

f.MODES OF OPERATION WOULD BE CONSIDERED
1) L
. THIS WOULD RESULT IN CORE CONDITIONS ESSENTIALLY THE

RESTART ONE REACTOR COOLANT PUMP

L SAME AS THOSE E}ISTING NOW AND, DISCUSSED IN SECTION A

IT IS. ANTICIPATFD THAT SOWE SHIFTING OF DEBRIS WITHIN
:THE CORE  WOULD OCCUR RESULTING "IN A NUMBER OF FAIRLY

RAPID CHANGES IN INCORE THERMOCOUPLE READINGS SIMILAR

TO THE CHANGES WHICH OCCURRED ON APRIL 6, 1979 WHEN
- THE Al PUMP TRIPPED AND THE A2 PUMP WAS STARTED

DECAY HEAT SYSTEM (OR MODIFIED DECAY HEAT SYSTEM)

THE COOLING FLOW RATE AVAILABLE FROM THIS SYSTEU IS
SIMILAR IN MAGNITUDE TO THAT AVAILABLE WHEN NATURAL _
CIRCULATION IS SUCCESSFULLY ESTABLISHED THEREFORE THE
ANALYSES OF SUBSECTION B APPLY-_ THE MINIMUM REQUIRED

'_TLOWRATE PROVIDED IN REFERENCE (C 1) INCLUDES A _
'TACTOR OF 5. 8 ON THE FLOW CALCULATED AS THAT REQUIRED-
_TO AVOID BULK BOILING WITHIN THE CORE 'LOCALIZED

F"BOILING IS EXPECTED TO OCCUR 'AND THIS COULD CAUSE SWQE

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



6. A, MEYER
“APRIL 10,-1979
TIME: 1520 '

(CORE 'LOCATIONS H8'AND HS, .TO'INDICATE TEMPERATURES"“
'tSOMEWHAT HIGHER THAN THE AVERAGE AND POTENTIALLY HIGHER

. THAN THE SATURATION TEMPERATURE (ASSUMING THAT THESE

- THERMOCOUPLES ARE IN CONTACT WITH AGGLOMERATIONS N

:,OF FUEL FRAGMENTS) THE EACTOR OF 5.8 ACCOUNTS FOR.A,
. 27°'CORE BYPASS FLOW RATE.WHICH IN TURN REFLECTS 7
- AN - EXTREMELY HIGH COREFLOWRESISTANCE RESULTING FROM

 THE POSTUALTED CORE BLOCkAGE

3) | o
" THE MINIMUM FLOW RATE SPECIFIED FOR THIS MODE OF OPERATIONZZ

"HIGH PRESSURE INJECTION SYSTEM

IS BASED UPON THE SAME EVALUATIOV AS THAT FOR THE DECAY

E HEAT SYSTEM, AND REPRESENTS THAT FLOW RATE NECESSARY TO
;'AVOID BULK‘BOILING. THE AVOIDANCE OF BULK BOILING,

| 'ALTHOUGH.NOT.COVSIDERED TO BE ABSOLUTELY NECESSARY S-:
- DESIRABLE TO MINIMIZE HOT SPOT TEMPERATURES IN CORE

LOCATIONS SUBJECTED T0 SEVERE BLOCRAGE ‘THE FLOW

X REQUIREMENT SPECIFIED IS CONSERVATIVELY BASED UPON

A DECAY HEAT" VALUE OF 4 MWT FORIINHH{POWER LPVETS

"THE MINIMUM REQUIRED 'FLOW DECREASES IN DIRECT PROPORTION -
- TO THE DECAY HEAT LEVEL |

REFERENCE C.1

A. B. JACKSON TO C. C. " ENGLAND , "REQUIRED FLOW. FOK
CORE.COOLING,” APRIL 10, 1979. -
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THE BABCOCK & WILCOX COMPANY o (2
POWER GENERATION GROUP PreLimnaey 7 Co T T
To - o '
- G. A. MEYER
“om .

L. L. LOSH/J. F. BURROW ~ '~ = o ) B BDS 663.5
Cust. : File MNo.

TMI-2 : : . {or Ref.
Subj.  GRITERIA DURING ESTABLISHMENT OF NATURAL CIRCUI;ATION Date, 5:40 P.M.

APRIL 10, 1979

I This letter to cover one customer ond one svbject only.

THE TRANSITION FROM FORCED CORE COOLING USING ONE REACTOR COOLANT PIMP TO NATURAL
CIRCULATION WILL BE ACCOMPLISHED 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 TIMNE REQUIRED TO, ESTABLISH _'
NATURAL CIRCULATION IS THEN DIRECTLY RELATED TO THE HEATUP RATE OF THE CORE WHICH
GENERATES THE DRIVING FORCE. TO ESTIMATE THIS HEATUF TIME THE FOLLOWING ANALYSIS
.WAS PERFORMED: (1) IT WAS ASSUMED THAT THERE WAS NO CORE FLOW, (2) THE ENTIRE
y 10 TSAT.’
GENERATED, (4). CALCULATIONS WERE BASED ON GROSS CORE AVERAGE CONDITIONS.

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

FIGURE 1 DEPIC&'S 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 .NATURAL CIRCULATION. -

NATURAL_CIRCULATION RESPONDS TO HIGHER FLOW RESISTANCE BY .GOINé; FURTHER INTO.
. TWO-PHASE FLOW UNTIL THE VAPORIZED DENSITY CHANGE IS SUFFICIENT TO OVERCOME
SYSTEM RESISTANCE. WITH DEBRIS BLOCKING A GRID, FLOW WILL PASI:S__.“LATERAI..LY AROUND
THE BLbC&AGﬁ AND ADEQUATELY IMMERSE 'TH’L" FUEL BEFORE AND AFTER .'I‘HL.I';‘.I'BLOCKAGEV
IF THE BLOCKAGE DEBRIS ALSO CONTAINS FUELy THE MAXTMUM TméERATURE AT THE

BLOCKAGE CENTER WILL BE CONDUCTION LIMITED AND RELATIVELY INSENSITIVE TO THE
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5:40 P.M.

.G. A..MEYER _ -2 _ 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 ANTICIPATED WHEN THE PUMPED FLOW IS TERﬁINATED;

CHANGES IN. THERMOCOUPLE INCORE TEMPERATURE' DISTRIBUTIONS SHOULD BE EXPECTED.
NOT ALL THERMOCOUPLE READINGS CAN BE EXPLAINED BY HYDRAULIC PHENOMENA. SOME'
THERMOCOUPLES, PARTICULARLY.NEAR THE CENTER, ARE CURRENTLY INDICATING LOCALIZED _
HEATING EFFECTS AND ARE NOT MEASURING BULK FLEIDlTEMPRRATUREST: SINCEZTHE ERIMARY
CONCERNS DURING THE TRANSITION FROﬁ‘fUMPEﬁ-Fde~To NATURAL'CTRCELATION‘ARE:
ADEQUATE EOVERAGE OF THE CORE AND BULK COOLANT TEM?ERATURES.BELOW SATURATION

TEHPERATURE IT I8 REQUIRED THAT AT LEAST 10 (TEN) INCORE THERMOCOUPLES HAVE

fREADINGS BELOW SAlURATION TEMPERATURE FOR THE gysrzn PRESSURE (FIGURE 5). o o T

ADDITIONALLY, NO_TWO INCORE THERMOCOUPLES SHOULD EXCEED 800 Food ANTICIPATED 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 471Q/79 AND.4/17/79. ADDITIONALLY, THE CORE

ADIABATICEHEATUP FROM EOOOE TO 1000°F EXCEEDS ONE HOUR FOR DATES' AFTER 4/12/79.

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

TO NATURAL CIRCULATION.

o _ , N Lo P 3
THE "HOT-LEG" THERMOCOUPLE SHOULD SHOW A TEMPERATURE IHCREASE AS NATURAL

CIRCULATION IS ESTABEISHED. TEMPERATU E INCREASES IN THE T RESISTANCE TEMPERATURE i

-‘.u

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

CORE AS SHONN IN FIGURE & (I;E 45 MINUTES ON 4/10/79, 2 5 HOURS ON 6/6/79)

-~ . \ "

-

P
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.G. A MEYER : -3- o7 - .. -APRIL 10, 1979

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. = T : -

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

THE SATURATION TEMPERATURE CORR.ESPONDING TO.SYSTEM PRESSURE.(FIGUPE.S) ..

NO TWO INCORE THERMOCOUPLES MAY EXCEED 800°F.

2) HOT LEG RTD'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)

S
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THE BABCOCK & WILCOX COMPANY : cc: J. R. Gloudemans
. . ' G. A. Meyer
POWER GENERATION GRQUP . P. E. Mamola
o | { J. A. Weimer
E. OELKERS, SYSTEM RELIABILITY & CONTROLS UNIT H. D. Warren

C. T. Rombough

From //JWM J U.LQ;-' 115 ,0 m R. V. DeMars

T. L. WILSON, SYSTEM RELIABILITY & CONTROLS IWIT 205 663.5

Cust. ' . File No.
™I-2 - or Ref,

Date

Subj. : . : :
_ RELIABILITY AND UNCERTAINTY OF THERMOCOUPLES FOLLOWING APRIL 5, 1979

LO5S OF FEEDWATER TRANSIENT

‘ This letter Jo cover ®ne customer ond one subject only.

-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. Mamola, 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 is 62 mils OD Inconel tubing, and the insulation material is Al 05.

I have gathered information on r2liability 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 conditions, the prospect for continued operation is

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

4

1. Are the readings accurate?

2. Are the errors in the readings-consiétent with the hypothesized scenario
of the transient? :

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

2. Sheath material Inconel is better than stainless. The decalibration
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E. OELKERS 2 :  APRIL 5, 1979

: error for Inconel is usuaily negative. Meésured

{ _ temperature is lower than actual.
3. Temperaturé\ Decalibration error increases with temperature.

S  (10°C roughly doubles the reaction rate of the
. mechanism.)

4. Time of exposure . Decalibration error is roughly linear with exposure
5. Temperature profile  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 a

subsequent measurement with the thermocouple.

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

" Experience with smaller diameter detectors (20 mils OD) but similar in other

» characteristics (grounded junction Chromel/Alumel thermocouple with Inconel
“sheath) show essentially zero probability of survival at 1100°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

,)

-a positive error.

The magnitude for worst case error (remexbered) was -50°C.

Larger decalibration errors would be expected for higher temperatures:

" The primary mechanism for decalibration is migration of constituents primarily
chromium in the detector through vapor phase transfer. The chrocel 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 simulate 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 is decalibrated, there is a high
probability that actual temperature is greater than its indication. 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 temperature
threshold for gross failure in TMI-2 design detectors.

Perform testing to quantify magnitude and direction of decalibration errors
for a range of temperatures simulating reactor environment.

TLW:ae



THE BABCOCK & WILCOX COMPANY
'POWER'GENERATION GROUP

= e

§$ Englneerlng Operataons -Manager - . S
From . ' : - B - '
Je T.-Wallse {,ﬁ o, A%f» 17~§ZZQ;/ C THE-79-179°  sos ces.s
Cust. N / - | File No.
lor Ref.
Subj. Date

Action Item 143

April 6, 1679

[ This fetter 0o cover one customer ond ene subject only.

Reference: C. T. Rombough to Engineering Operatlons Manager,

Actlon Item 143, 4/5/79

The purpose of this memo is to elaborate on conclusions no. 3
and 4 in the referenced memo... The increase in selected thermocounle

readings is no cause for concern

The temperature is still 200"F

below saturation temperature. The increased 1ead1ngs are caused

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 distributicn

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 tc change

for several days until the debris redistributes into a stable
cecnfiguration reflecting the chanoe of coolant punps

T

Conclusion number 4 is 1naccurate since res1stancc readlngs
will show wide variations from thermocouple to thermocouple and
also the- readlnos will depend on whether the chromel or alumel

wire résistance is being measured.

state'the following:"

However, if needed, we can

A test can be performed to determlne whether a gsross failure of

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

to ground
JTW:mp
cc: F. E. Unit Managars

J. §. Tulenko  YEALLe
Shift Technical I‘gp@d’;‘ ol

e e d et - — = ——_ s -« — - U a v W Nbee
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THE BABCOCK & WILCOX COMPANY
POVIER - GENERATION GROUP

- To l . .
%&D ' Engineering bperations Manager
. }om )
C.T.'Rombough,gFuei Management & Development EDS 663-5
Cust. \ File Ko.
__ ' \ : or Ref.  oncp-79-038
Subj. Date 3:30 p.m.

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

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

April 5, 1979

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

been reviewved by both NPGD and LRC personnel.

These personnel have

included J.B. Andrews, G.A. Meyer, J.A. Veimer, 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.

= ‘éfR/dm L . ' |
> _ . - §:1:§(—§:Z“7h¢QrV*‘\((”‘~’
@§3 : é}fzﬂ?’ 3 o | ;'. S e .
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Incore thermocouple data from TMI-2 have been evaluated. As shown below,
8ix 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 -
L TIC at . T/C at Net | _ Increase
Location 0845,3/31 " 0542, 4/5 Increase (°F) Per Day (OF)
13¢ . 290 297 7 1.4
13F 298 307 9. 1.8
138 .310 320 10 2.1
11G " 427 S 445 .18 3.7
12F 303 . 327 - 24 4.9
11L 302 335 33 6.8

. Teﬁperature vs time for locations 13F, 12F, and 111 are shown in the
attached figure. ' .

The foliowing conclusions have been reached based on this &ata.

‘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 thermocouple readings are accurate uﬂd that true

temperatures are bnino ronitored to *50,

There is nothing in the fuel, structural nmaterials, 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 temperature changes'for 30 selected

1ocations, the increasing readings are located preferentially in the

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

probable explanation 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

o If Met Ed questions 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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“THE BABCOCK & WILCOX COMPANY .
"POVER GENERATION GROUP s @
To | : ~ .
’%\, G. A. MEYER, MANAGER, T-H ENGINEERING UNIT o THE-79-171
. om - . o

J. A. WEIMER, T-H ENGINEERING UNIT, EXT. 3236 BDS 663.5
Cust. 5 : File Ho.

{or Ref.

Subj. : . _ Date

RESPONSE TO THERMOCOUPLE REQUEST APRIL S5, 1979

I This letter to cover one cusiomer ond ene subject only.

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
distribution or flow distribution. A few random local changes
are. usually due to local power changes. A large area group change
indicate flow redistribution.

_f? 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 . : : .

cc: J. S. Tulenko
FE Unit Managers
J. F. Burrow
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Cust. : A R L. File MNo.
ne : . \.'._ ) e e L . . : or Ref.
Subjs REQUEST FOR B3H'S VIEY OF INCREASING - ... |Date
INCORE THERMOCOUPLE READINGS : . . APRIL 5, 1979

‘ This letter 1o cover sns custamer and’ eae subject only,

NOTES TO ANSQER TO BILL LOHE;S REQUEST TO D. H. ROY AT 0735 ON APRIL 4 REGARDING
B&Y'S -IDEAS AMND OUR CONCEPNS REGHRDING SOME THERMOCOQUPLES SLOMLY - THCREASIHG Ii

" TEMPERATURE -~ - .. Lo

The responses prov1ded is 1nadequate for transm1551on to GPU We should take the
fo]]ou1ng steps: : _
(1) Report the 1ncreases ‘as we see them in the data~- assenb]y location,
;JJ' --temperature change per unit time over some time interval.
29 . '(2) Provide the uncertainty value which we wou]d assign for these 1oca—
= " tions. : : - . '
] '(3) Have our radiochemists. get in touch with_expert fuel material people
;i “to determine if there are any break away chemical reactions or any -
;other explanation which n1ght be prov1ded to explain the temperature
7fbehav10r which is observed

1t is not necessary to state that we u111 cont1nue to monitor thermocoup]e changes
and report them promptly as GPU is a]so track1ng them rout1ne1y ‘ '

- D. H. Roy oI

DHR:dmd
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-~ Telecon from‘ﬁill'ioqc to D. H. Rey :: - Do April 4, 1979

:'“;1:'0735 - e

i . . . . . . "‘

Tclecon from. Bill Lowe at 0735 1nformed us thac over the past 36 hours

- .-
. r ..

some trace 1n thermocOuple read;nos have been observed it varies froam
‘assembly to assembly vith some going up by as much as 9°F. The absolute
.temperaCUre still 15 o. k. but they do not like the trend. It could‘be
'associated wlth changes in coolant temperature and.or pressurizer level.

He rcquested that we conszder various p0581b111tles for rﬁnq_hphsvior 1ﬂc1cd*ﬁ°

a break avay chenical reaction.: We told h1m that our data for theraocouple

readlngs at the 0573 hour measurenent was Just coning 1n, we will take gctlon
. . - .

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

- * -
. -

andvtri‘co corelate with changes in the state of the reactor.

. Q,‘f ‘ IS P Signed D. H. Roy

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

) . . e
- - . . .

~ The evaluation was performed assuming all the pcllets fromone grid span are

| ‘@ eircnly distributed across the upstr‘gam grid. Average temperature of the UO2
mass is '150'0°F. En"_\ough he.at is generated to préduce boiling in the annulus between
the_: instnmeﬁt string\"and.the guide tube and possibly some superheat. Heat would
" be transferred to tlhe instrument string which could be trén;ferred é:t&ially"by |
: coﬁduction to the thermal coirple. ‘This would produce a T-C reading higher .
than . the surrounding coolant. This indicates that it is possible that a conglomerate cf

pelléts with the p'roperms"ize and locat.ion could produce T-C reédings in the range

of temperatures -which are being recorded (100-600°F above coolant temperature).

C. D. Morgan v

. 'u\‘.‘\: : ' .. . .. . . . o 'M‘E N .
3" S _ .M. Montgomery I‘{%\‘\ /’3‘”-&“""\;

G@ L 6. A Meyer /374/,%
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THE BABCOCK & WILCOX COMPANY. ‘ L

POYER GE.ICRATION GROUP ?\QFLIM/A/A:QY g @

To |- ' :
C. €. ENGLAND

From o s . L o _ _

) A. B. JACKSON | _ _ T o BDS 66
_Cust. - ' R RN o File MNo.

™MI-2 ' ST ’ or Ref.

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

l This letrer 1o cover one cvstomer ond one subject orly.

" REFERENCES: (1) NEMO, C. C. ENGLAND TO R. B. DAVIS, "ALTERNATE DECAY HEAT
| | - SYSTEM REQUIREMENTS," '7:22 A.M., APRIL 9, 1979.
(2) MEMO, G. A. MEYER TO J. D. CARLTON, "MINIMUM CORE FLOY -
* 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 UhCERTAINTIES INCLUDED IN THE CORE FLGY REQUIRE-
HENTS BY T-H HAVE BEEN RE-EVALUATED BASED 0 Ut {CERTAINTIES PROVIDED BY CENTRAL
ANALYSIS. UNCERTAINTY DUE TO CORE BYPASS HAS BEEN REMOVED AND THE CORE rLOW REQUIF
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 TO THESE
CURVES

A. B." JACKSON

ABJ:dnd -

CC: JS TULENKO
- FEUM
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")'E BABCOCK & WILCOX COMPANY R INSTRUGTION £310
"“POWER GENERATIOH GROUP o ‘

R. B. DAVIS, CONTROL ANALYSIS, A. L,.JACK KSON,« THERMAL _HYDRAULICS
g -

From : L . ' S . .
C. C. ENGLAND, LONG TERM COOLING (}251?g-$z“- : 80S 663.!

Cust. - : . S File No.

. : ) lor Ref.

Subj. : ' - N ' Date  TIME: 7:22 P.M.
ALTERNATE DECAY HEAT SYSTEM REQUIREMENTS ' APRIL 9, 1979

I. This letter to cover one customer ond ono'wbiut only.

R. B. DAVIS' MEMO OF APRIL 8 1679 RECOM IE\IDS THAT DECAY HEAT SYSTE‘i FLOW

REQUIREMENTS BE SET AT 5.8 TIMES THE CORE FLOW REQUIREMENT.

I.» UNDERSTAND THAT THE ATTACHED CURVE FRO: THERMAL HYDRAULICS .ALREADY CONTAINS.
SO‘IE CO\SI:RVATISM (ON THE ORDER OF A FACTOR OF 3) TO ACCOU\ T'FOR UNKNOWNS IN

THE CORE.

I REQU"ST THA"‘ YOU REVIEW YOUR CALCULATIO\’S WIT:! THERMAL HYDRAULICS TO ASSURE

THAT THE t.CONSERVA"‘ISdS" AREN T BEING ADDED TWICE

A D.H. FLOW RATE MUTUALLY AGREED UP ON BETWEEN CONTROL ANALYSIS AND T.H.E.

:SHOULD BE ESTABLISHED. . - : B .
PLEASE PROVIDE THIS BY 0800 ON 4/9/79.

CCE/CMW

' ATTACHMENT - : .
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./ GABCOCK & WILCOX CoMPANY L N -
¢ ] )/ r \ .
© L guER GINIRATION GROUP 7 YL E N Ups . ADIS
” N ~ ,j} A.’,
. f;/_l_ . (( '\ 0 ﬂ I U\’ \3’(1//] A/ _—U . 24 7/';/’:-).
CC ENGLAND (AN qGJ | <? - < 2 ot
Fro — \ g 7| e
RB DAVIS L ()‘ }V Q/’ TIY
K N - File Ko.
C‘u_st. R ' : \ }\/.. ’ r{\{" . / or Ref.
- THI-2 _ : - .
SUbj. \X——/ Date .

REQUI REMENTS FOR ALTERNATE DECAY HEAT SYSTEM AFRIL 8, 1275 2335

I This fletter 10 cover one’ customar snd one subject enly.

- -

q.

REFERENCE:" CC ENGLAND, RB DAVIS, SAME SUBJECT, APRIL 5, 1979 .

“ -

IN THE REFERENCE, | RECOMMENDED THE DECAY HEAT SYSTEM FLOW REQUIREMENT

. BE 3 TIMES THE CORE DECAY HEAT FLOW REQUIREMENT THIS MEMO REVISES THIS v

. -i,REQUIREMENT TO 5. 8 TIMES THE CORE FLO:

J REQUIRENEHT

e S e iomwe. o, - Cow mctem N L Lcapr e e . a

[P PP . SA LU N

"IN HY LATEST ANALYSIS, |- IHPROVED ON MY CALCULATION TO IHCLUDE (1) A

'BETTER HYDRAULICS MODEL, (2) A HIGHER CORE RESISTAMCE (83 x 108 psi/0bs/sec)2)
PROVIDED BY PS BARTELLS, AND (3) A CORE BYPASS FLOW CF 27zl THIS NE4 PATA
RAISED: THE REQUIREHENT TO 5.8 TIMES THE CORE FLOW REQUIREHENT ATTACHED IS

GEORGE MEYER'S CORE FLOW REQUIREMENT ON WHICH | ADDED A NOTE ON THE DECAY

HEAT SYSTEM FLOW REQU!REMENT.

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

TO THE DECAY HEAT DROP LINE)'IS STILL'NEGLICIBLE (APPROXIMATELY .02 PSIA)

T B £50
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THE BABCOCK & WILCOX COMPANY : E ce: D. A. Farnsvorth
POVWER GENERATION GROUP _ - R. H. Stoude
—_G._A. MEYER, FUEL ENGINEERING ' RECEIVED®
From \ . AiPR1 0 1979
J. R. GLOUDEMANS, THERMODYNAMICS UNIT, TECHNICAL STAFF s 805 663.5
T : : A MEyep
Cust. . File No.
’ . lor Ref, ©845-7952-01
Subj. : o . Date
COOLDOWN PRESSURE ' : ' APRIL 10, 1979

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

COOLDOWN PRESSURES FROM ATMOSPHLRIC PRESSURE TO & 1800 PSIA HAVE BEEN
CONSIDERED. THERE ARE MANY SYSTEM RESPONSES RELATED TO PRESSURE,” THE ADVANTAGES
OF .COOLING AT HIGHER (UP TO ~ 1800 PSIA) OR LOWER (DOWN TO ~ 15 PSIA) PRESSURES
»> ° .

AP;E: ) )

1. ADVANTAGES OF COOLING AT HIGHER PRESSURE

a. GREATER MARGIN TO SATURATION TEMPERATURE.

b. LESS STRAIN ON (OPERATING) RCP's.

c. BEcAUéﬁ OF DECREASED EXPANSION OF FLUID DURIKG VAPORIZATION (SEE ATTACHED
' FIGURE), DECREASED FUEL OR FUEL-DEBRIS DISLOCATION DUL TO THE HEATING AND

VAPORIZATION OF TRAPPED WATER.

2. ADVANTAGES. OF COOLING AT LOWER PRESSURE

a. BECAUSE NATURAL CIRCULATION IN RESTRICTIONS AND/dR 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 MORE AQEQUATE 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 THL DECREASE 1N SATURATION TEMPERATURE WITH PRESSURE,



. . ,
.c. A. MEYER C - 2 - B /PRIL 10, 1979

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

SURFACE TEMPEﬁ&TURE (WITH 1.OWER PRESSURE).

N

C. LESS‘PRESSURE-INDUCEﬁ STRESS ON BOUNDARY COMPONENTS.
d. LESS BLOWDOWN (Té ATMOSPHERIC) LIKELIHOOD AND STRESS.

¢. FACILITATED SHIFT TO THE LOWER-PRESSURE DECAY-HEAT-REICVAL -
SYSTEM. ' | .

I AM CERTAIN THAT LONG-TERM COOLING SHOULD NOT BE ACCOMPLISHED AT THE
HIGHER PRESSURES CONTEMPLATED, 1000 to 1800 PSIA. THE OKLY SIGNIFICANT
ADVANTAGE (la), IS OUT-WEIGUED BY ITS COUNTERPART (2b); i.e., RAISING PRESSURE
RATSES Tg AND DIRECTLY RATSES THE SURFACE TEMPERATURE OF THOSE FLOW-RESTRICTED

SAT
DECAY-hEAT REGIONS VIICH REQUIRE BOILIKG FOR' THEIR HEAT T#ANSFER MECHANISHM.

W}IILE ch s ARE OPERATING, I chomm'n THE LOWER TANT OF TEE CURRENT
PRESSURE RANGE, i.e., v 550 + 50 PSIA. PRESSURE swmc;s SEJULD BE AVOIDED.
(coom)om SHOULD 'BE VERY GRADUAL). WHEN "COOLED DOWN" TO APPROXIMATELY
100- 200 F), AND WHEN RCP's ARE NO LONGER AVAILABLE OR APE NOT DESIRED FOR
BACKUP, SYSTEM PR}:.SSUR.E SHOULD RE smm REDUCED 'ro APPROZIMATELY 100 PSIA

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

_LOCATIONS AND DECREASES THE SURFACE TEMPERATURE OF BOILING-LIMITED FUEL,
WHILE MAINTAINING MORE THAN 100F '"MARGIN" TO SATURATIOY

/ L’// //'::{ /// ?l/"

. R. Gloudcwan;

VERIFIED 4/10/79 by
~D. A. }‘arnfworth

/7
/ iy /Q ‘Az resed '}‘.”b /// f’
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. THE BABCOCK.& WILCOX COMPANY S ,//’"\)
POWER .GENERATION GROUP . . . ’ @
To | ; - THE-79-193
. G. A. MEYER, MANAGER, THERMAL HYDRAULIC ENGINEERING UNIT
From ﬂg/g_ ' .
JJH. ONES, { THE UNIT, EXT. 3239 BDS 66°
Cust. : N File Ko.
Subj. Date

ADIABATIC HEATUP. RATES

APRIL 10, 1979

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

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

AFTER THE LOSS 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 F L‘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, "DZCAY HEAT CURVE,"

APRIL, 2, 1979, NSS-6.

JHJ/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\—( //

<

i
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“*THE BABCOCK & WILCOX COMPANY ‘ T B —
‘POYER GENERATION GROUP ’PKEL.!M:MM?(“ e
e t > V/
To. : : Q/ .
G." A. MEYER ;////(
From : o , ' '
P. J. HENNINGSON (_,-@,_QF{ Uﬂs‘-wi-,-a—--- C 20 co3.s
. _ z . _
Cust. o .o ’ S File HNo. . .
: AN ' : or Ref.
Subj. INCREASED T.C. READINGS DUE TO PROXIMITY . Date 5:30 P.M.
. OF FUEL PARTICULATES o, , APRIL 10, 1979

I This lettar to cover one cvitomer ond 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.?.1‘1.

-

ONE POSSIELE EXPLANATION OF THE INCREASED T.C. (LOCATED IN UEF'S) READINGS IS TEZ
Aécp&ULATION OF U0, FRAGMENTS IN AND AROUND THE MIXING CUP. THESE ELEVATLD

: gmfiénRATURgs{ RANGING FROM ~100°F TG 2190 °F.ABOVE THE COOLANT TEMPERATURE, ARE
IN THE CENTRAL PORTION OF THE CORE. ACCORDING TO THE éEFERENéE;“THIS.IS THE

POSITION OF THE CORE ASSUMED TO HAVE THE GRYATEST DAMAGE.

THIS POSSIBILITY 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. AXIAL CONDUCTIICN

AND CONVECTION WERE NEGLECTED (GROSS FAILURE).

THE RESULTS ARE SHOWN IN THE ATTACHED FIGURES. FIGURE 1 SHOWS.THE TEMPERATLZE
DIFFERENCE (AT (Fo)) EXISTING BETWEEN THE I.D. OF THE MIXING CUP AND THE 0.D.
OF THE INSTRUMENT STRING ASSUMING ENTRAINED U02. THE TEMPERATURE RISE THROUGH

2 IS SMALL FOR ALL TIMES. FIGURE 2 SHOWS THE AFFECT OF VARYING AXNOULTS

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

"FROM THE SURFACE TO THE T.C. WELL SURFACE. ' (THE ONE INCH WIDTH OF UO2 OUTSIDE

THE T.C. WELL IS SHOWN ON FIGURE 1 FOR COMPARATIVE PURPOSES.)



T T T 5:30 pP.M.
G. A. MEYER =2 * APRIL 10, 1979

”

IT IS POSSIBLE FOR TIE ELEVATED:T.C. READINGS TO BE SOLELY DUE TO LARGE
AGGLOMERATES OF FUEL PARTICULATES SURROUNDING THE MIKING CUP. FURTHER CREDENCE
TO THIS THEORY qusts ijbM THE CHANGE'IN T)C. READINGS WMEN THE A-1 PUMP
TRIPPED. THEREFORE, ANY DECISIONS UPON CHANGES IN CORE CONFIGURATION SHOULD NOT

BE MADE SOLELY ON THE BASIS OF IMCORE THER:MOCOUPLE READINGS.

PJH:nw"

cC: J. S. TULENKO
FUEL ENG. UNIT MA¥AGERS
CORE HOT SPOT TASK FORCE
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‘JiF BABCOCK & WILCOX COMPANY ) e
POWER GENERATION GROUP Pee MirALY j0 )
, ) DISTRIBUTION
‘ rrom . ) L. .
J. A. WEIMER/R. L. HARNE | _ 805 5635
Cust. _ File No.
™I-2 ‘ , lor Ref.
Subj. : , . Date
BOILING 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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.o ‘ua BLECOCK & WILCOX COMPAHY o, .
.f‘O'..FR GEHERATION GROUP . @;
To - " :

J. D. CARLTON, PLANT DESIGN : THE-79-162
“T-om ' . _ L

G. A. MEYER, MANAGER, T-H ENGINEERING UNIT (3218) BOS 6635
Coe A ‘ File Ho.
Cust. . | pr-Ref.

- bat

Subj. - 3¢ Time 1200

MININUM CORE FLOW - LONG TERM COOLING APRIL 4, 1979

l This letier 1o cover omne cuitomer ond eone svbject enly.

Bcferencei 96-1100401—00, "Minimum Core Flow - Long Term,".

April 2, 1979, L. L. Losh,

The attached figure expands upon the information provided in the

Teference to prOV1dc minimum long term cooling flow requirecments

for. various proposed operating conditicns. Each of the
presentcd ‘accounts for core blockage by the application
safety factor of 3.0 to the calculated flow requirement.

curves
of a
The

cirves provided are essentially the same as those determined this

morning by L. L. Losh and J. R. Bohart,
verification of their analysis.

GAM/sgh .
cc:--J; S. Tuienkosaf

FE Unit Managers
C. Parks

Reforee £
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thus providing a QA
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" THE EABCOCK & WILCOX COMPANY

~POVER GENERATION GROUP PRerimnaey .
To .‘cl..., ™ ' o . ' " 4 /a
G.A. MEYER - MANAGER, THERMAL HYDRAULIC ENGINEERING.
From ) . .
R.M. HIATT - THERMAL HYDRAULIC ENGIMEERING e THE-79-195 8DS 663.5
cost. .- ] - File Ho. I
. . jor Ref.
oTMI-2 " ’ :
Subj. : Date
" CORE FLOW. DISTRIBUTION FOR ONE PWMP AND TWO PUMP OPERATION APRIL 10, 1979

l This letter to cover ene cvitfomer and one subject orly.

- ONE OF THE IMPORTANT CONSIDEMTIE)NS IN ANALYZING THE TI-2 CORE

'BLbC'I(AGE IMPACT ON CORE COOLING IS THE FLOW DI.STRIBUTI&)N '..FN THE CORE.
"~ A DETERMINATION OF CORE INLET FLOW DISTI.ZIBUTION FOR ONE PUMP OPéR'ATION .

W:I.‘TH(")UT, BLOCXAGE WAS BASED ON- A .REVIEW OF THE VESSEL MODE; FLOW TEST

" (VIFT) DATA AND ENGINEERING JUDGEMENT AS FOLLOWS :

THE TRANSFER OF MASS CAN BE MC_)DELED SIMILAR TO ELECTRIC CIRCUITRY.

- THE FLOW PATHS CAN BE REPRESENTED. BY A SYSTEM O‘F RESISTANCES AND THE FLOW °
WILL SELECT THE FLOW PATH II.‘J SUCHd A WAY TO EQUALIZE THE P.R.ESSURE DROP ACROSS
Ti*IE SYSTEM THUS, FLOW HAS A "LOOK AHEAD" CAPABILiTY THAT TENDS TO EQUALIZI?
THE POTENTIAL (aP) ACROS.S A SYSTEM OF RES]ESTAN&E. " THE FLOW CHANNELS THROUGH
THE CORE CAN BE VIEWEi) AS A-SYSTEI-I OF. RESISTANCES. BASED oN THIS. PRINCIPLE,
" ASSUMING THAT RATE OF CHANGE OF MOMENTUM FROM COLD LEG INLET TO HOT LEG (?UTLET

.‘IS THE SAME, AND AN INSPECTI.ON. OF THE VMFT INLET %LO!J FACTORS CAN LE USED

R TO .IDENTIFY THE FLOW DISTRIBUTION'AT' THE CORE -INLET FOR ONE.PW?MP OPERATION.

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

FOR EACH QUADRANT. THE OUITLET PIPE IS LOCATED BE'lWBiZN QUADRANTS Al AND A2
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G.A. MEYER. _ : -2~ .. APRIL 10, 1979

AND BETVEEN Bl AND'B2.° THUS, WITH BOTH LOOPS 'OPERATiNc-'frHE RESISTANCES -
ACROSS THE CORE FOR EACH,QUADRANT WOULD EE EXPECTED TO BE ABOUT THE SA'E.
FIGURE 1 ILLUSTRATES A SLIGHT BIAS TOHARDS QUADRANTS Al A2, AND Hf.-- THIS -
BIAS IS PROBABLY DUE-TO FABRICATION TOLERANCES. O

FIGURE 2 ILLUSTRATES THE CORE INLET FLOW FACTORS FOR TWO PUMP OPERATION.
NOTE THAT THE OPERATING PUMPS AL-AND E.ARE ARRANGED IN OPPOSITE QUADRANTS.

THE SU"B'IARY FLOJ FACTOR FOR EAC'tI QUADRANT AGAIN ILLUSTRATES A RELATIVELY..

A UNIFORM FLOW FOR THE QUADRANTS WITH A SLIGHT BIAS TOWARDS THE QUADRANTS CON -

'TAINING THE OPERATING PUMPS. NOTE' THAT THE ORERATING PLHP CO‘-BINATIO‘I IS A

TWO LOOP OPERATIO‘J. TP.EREFORE 'I'HE RESISTANCE ACr\OSS EACH QUADRANT SHOULD

N BE ABOUT THE SAME WITH THE RESISTA\CES HIGHER FOP THOSI:. CHAIu‘ELS FARTEI"ST

T

YROM THE PUNP AND FARTHEST FROM THE OUTLET PIPING. HO.I.JL}'ER,_._tl’l'lE.tIO_.‘&_"’.v'TU}I-' o
OF THE FLOW DISCHARGED INTO THE CORE MAY BE SUFFICIEKT TO OVERCOME LATERAL

CORE RESISTANCES IN THE LOWER PLENUM,. THIS TS ILLUSTRATED IN FIGURE 3.

FIGURE 3 SHOWS THE .CORE INLET. ELOI’ EISTRIBli'i‘IO\I. .FOR' A T“JO PUMP OPERATION
A}, AND Bj. IN THIS INSTANCE THE TWO PUMPS ARE I\OT OPPOSING. NOTE-THAT
EOTH LOOPS ARE OPERATING. THUS, THE RESISTA:\'CE ACROSS EACH QUADRAI'T ARE
.AB'OUT THE SAME. HOWEVER AS MENTIO“IED PRI:VIOUSLY, 'I'HE LAI‘ERAL MOMENTIM OF
THE FLOW DISCHARGED I\TO THE LOWER - PLE\IU\I FORCES FLOW TO THE ADJACL“T QUADRANT

WITH Az- AND BY HIGHER IN' INLET FLOW T}L‘sN Al. AND PJ- CONTAINING THE PUMPS.

FIGURE 4 ILLUaTRATES THE CORE INLET FLOW DISTRIBUTIO‘( FOR A 1 LOOP

2 PUI‘IP OPERATION (Al AND A2)-. THE INLET FLOW I'ACTORS SHOW A BIAS WITH QU’\DRA!"TS -

Al .'AND A2 HIGHER IN ‘FLOI-!. THIS SUGGESTS THAT THE RESISTANCE QF THE “CORE-

QUADRANTS FOR THE CLOSED LOOP IS lIiGH 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 THE'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,

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

. RIGH IN CORE INLET FLOW. THE FLOW FACTORS SHOWN IN FIGURE 5 ARE RECOMENDED

FOR ANALYZING TMI-2 ONE PUIP -CORE INLET FLOW CONDITION.

Py
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- 2,
CC:  F.E. UNIT MGRS.' 't~
J.S. TULENKO
| CORE"HOT SPOT TASK FORCE
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' Dy LLEsiLE®OS o
vy .; ' qa - . : ' . < File No.
Coste pppt T S C 7 |or Ref.
Subj. : ' ‘ Date
. CORE BYPASS FLOW FOR CORE BLOCKED AT TOP ONLY . APRIL -8, 1979

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

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

-

CORE.

». oo

‘-, THROUGH THE CORE BASKET.

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

. REPORTED HEREIN.

'THE REFERENCED MEMO REPORTS CORE BYPASS FLOW FOR A UNIFORMLY BLOCKED
FOR ‘THIS CONDITION, 22% OF THE VESSEL FLOW BYPASSES THE CORE -

"ANOTHER CASE HAS BEEN CONSIDERED AND IS

- CORE BLOCKAGE AT ONLY THE TOP OF THE CORE HAS- BEEN ANALYZED TO D‘-"IEN{INE

CORE BYPASS FLOvJ FOR THIS ‘IORE LI"’I'I'I\G SITUATIO\T

RLSULTS OF THIS = .

ANALYSIS INDICATED THAT CORE BYPASS FLOW FOR THE CORE BLOCKED ABOVE

THE UPPERAOST INTERMEDIATE SPACER.GRID WILL BE APPRO'(DLA.TELY 274 LE.-'\VING

73z AVAILABLE I-‘OR CORE HEAT Pmovm..

HAJOR ANALYSIS ASSU‘!PTIO‘\IS FOLLOW.

1.

3.

.

HAXD’IUM RESISTA‘JCE OF THE CORE AND CORE' BASKET

= 83 X 1078 PSI/(LB/SEC)ﬁ, 17.7 PSI AT 4600 LB/SEC

NOMINAL CORE BASKET RESISTANCES

« LOCA HOLES (CROSSFLOW) R = 7.64 X 10°°

6

+ UPPER BASKET R = 5.43 X 10°

CORE CEOMETRY IS NOMINAL BELOW BLOCKAGE ¢

I;SI/(LB/SEC)2

-PSI/(LB/S}:C)2
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4. CORE BASKET GEOMETRY IS UNDISTORTED.
- -2 RELATIVB RESfSTAVCES OF THE CORE AND CORE BASKET REMAIN UNCHANGED

DURING NATURAL CIRCULATION CONDITIONS CO%PARED TO THEIR VALUES

“" .. DURING 1/0. PUMP OPERATION. . . . " - o :
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s : 'gj“ ﬁb ?' ﬁujigbﬂ)
3 : . - /'- . ————
e e ‘ . NS 1”-/ la.'uc( '_, A ,-\LL-‘- ]
S B B (N
. " <. . N S . . . y -t I.
) R
' !



ILE BA,BCOCK & WILCOX COMPANY . zéf
JOWER GEMERATION GROUP o
o l 3
G. A. MEYER, MANAGER, T-H ENGINEERING UNIT . THE-79-194
“rom TN e JEW . _
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INCORE THERMOCOUPLE ERROR EVALUATION . APRIL 10, 1979

l This Better tc cover ons cvitomer ond ene subject only,

AN ANALYSIS WAS DONE TO DETERMINE THE MAGNITUDE OF INCORE

THERMOCOUPLE ERRORS FOR TMI-2 PRIOR TO MARCH 28 1979. THIS

ANALYSIS WAS BASED ON A TEMPERATURE AND POWER DISTRIBUTION AT 98%
AND;IS% FULL POWER. THIS WORK ASSUMES THAT THE INLET AND OUTLET
R?D;{RESISTANCE.TEMPERATUEE DETECTOR) TEMPERATURES AND POWER
DESTEIBUTIONS WERE CORRECT, ANE INADDITIbN,‘ASSUMED A CONSERVATIVE

+ 30F DIEFERENCE BETWEEN THE CORE OUTLET AND VESSEL OUTLET TEMPERATURE A~
98% POWER. THIS RESULTS IN A d.SOF DIFFERENCE AT 16% EOWER. MORE
-REALIETIC TEMPFRATURE- DIFFERENCES (IE. 2°F AT 98% FP AND .20F ‘AT

16% FP) WOULD INCREASE THE PREDICTED T-C ERRORS SLIGHTLY.

THE MET:HOD“.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 QN (H H,., ) + H
= . x x -
ouT, Q W, OuT IN - TINg

1 1
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WHERE .
fQ, = RELATIVE POWER OF BUNDLE FOR EACH CALCULATION (FROM
oLC) | . | .
Q, = RELATIVE POWER OF BUNDLE FOR AN RPD OF 1.0
W) = BUNDLE FLOW FOR AN RPD OF 1.0 (FROM OLC)
W, = BUNDLE FLOW OF BUNDLE FOR EACH CALCULATION (FROM OLC)
HOUTl HINl = DELTA ENTHALPY FOR AN RPD OF 1.0
RPD = RELATIVE POWER DIFFERENCE (NORMALIZED TO AVERAGE
“ ' ASSEMBLY POWER) o
l;?f'  “ouT = CALCULATED BUNDLE OUTLET ENTHALPY FOR EACH BUNDLE.
S o _
HOUTZ Is THEN CONVERTED TO T AND COMPARED TO THE MEASURED T

" (T-C READING). THIS ANALYSIS (AT 98% AND 16% FP) WAS EXTRAPOLATED
TO 1% FRIE - oo | '
.ANY INQERENT.ERRORé ON THE.OLC FLOW AND RPD CALCULATIONS ARE
ELIMINATED BY THIS RATIOING METHOD. THEREFORE, THE ONLY REAL -
UNCERTAINTY IS IN THE Hyyp AND Hpy -

: : , 1 1
ASSUMED CORRECT FOR THIS ANALYSIS.

MEASUREMENTS. THESE WERE

" THE RESULTS OF THIS ANALYSIS INDICATE AN AVERAGE + 7.949F ERROR AT
98%, AND A + 5.590F ERROR AT 16% POWER. THIS EXTRAPOLATES TO A + 5.16°F

EhROR AT 1% POWER.



G. A. MEYER
APRIL 10, 1979 -
PAGE 3 :
{
|,

ASSUMING NO ﬁAMACE 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 S5OF,

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.

JAW/SGH e © QA:

©.CC: FE UNIT MANAGERS
- J. S. TULENKO
CORE “HOT SPOT TASK'FORCE

THE METHOD AND CALCULATIONS

. WERE REVIEWED AND FOUND TO BE

CORRECT AND CONSISTENT WiTH THE

STATED ASSUMPTIONS.
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THE BABCOCK & WILCOX COMPANY = ,/ [

THE TWELVE CHANNELS WERE DESIGNED 'IO SEGMENT THE CORE INTO AREAS THAT 1T

WAS BELIEVED E‘CPERIL\‘CED MAJOR I)AJAGE SONE DAMAGE AND P"‘SSIEI[ NO DAMAGE.

LYNXl PERFORMED WELL WITH THE MODEL FOR A CLEAN COR . HOWEVER, WE

WERE NOT ABLE TO ACHIEVE THE HIGH PRESSURE DROP (18 PSI) ACROSS THE CORE

'IJITH THE FLO’J RATE FOL 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 BLOCI\ED CORE CO‘IFI(‘URATIO&.

-

SINCE LYNX1 STRUGGLED FOR CO“W]:P.GENCE DUE TO A SENSITIVITY OF THE CODE 10 -

THE BLOCKAGE MODEL, A NUMBER OF MODELING SCHEMES WERE TRIED WITH VARYJ NG

DEGREES OF SUCCESS. SEVERE BLOCKAGES AT EACH SPACER GRiD (K=30-35), AN

INCREASE IN WETTED PERIMETER FOR ALL CHANNELS, AND SLIG:HT VARIATION IN

RESISTANCE. FROM CHANNEL TO CHANNEL WERE ITERATING PARAMETERS. THE BEST

ESTIMATE OF LOCAL FLOW BI:I.A\’IOR OBTAINMED TO DATE ACHILVED AN UNRECOVERABLE

/
$CHER GENERATION GROUP ?RE‘L/M/IUA’)QY (1
To l .
G.A. MEYER - MANAGER, THERMAL HYDRAULIC ENGINEERING .
_From e | :
R.M. HIATT - THERMAL HYDRAULIC ENGINEERIMG THE-79~-191 BDS 663.
. or Ref.
TMI-2 . e
Subj. | | Date
LYNX] MODEL FOR TMI-2 BLOCKAGE STUDY ! APRIL 10, 1979
l This letter o cover cns customer ond one subject only, . i :
!
THE OBJECTIVE OF THIS WORK WAS TO DEVELOP A METHOD FOR ANALYZING
LOCAL COOLANT CONDITIONS FOR THI-2 DURING SELECTED TIMES OF THE RECENT
ACCIDENT. N EQUALLY IMPORTANT CONSIDERATION WAS THE D.‘TEP\MI\ATIO‘I OF .
LOCAL COOLING CAPABILITY FOR _THE BLOCKED CORE UNDER NATURAL CIRCULATION.
N +,  FIGURE 1 ILLUSTRATES THE NODING SCHEME FOR THE SIN LIFIED CORE MODEL.



. ”
. 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 BATFLE ANI‘_’ULUS.

!
. ‘.

A CHATA CASE WAS MODELED TO GIVE THE FLOW SPLIT BE’H-'EEN THE CORE AND
!

THE CORE BARREL--CORE BAFFLE ANNULUS. 1IT WAS ESTIMATED, THAT 78/ OF THE -

4500 LB/SEC PREDICTED BY CONTROL ANALYSIS FLOWS THROUGH THE CORE WHICH

AGRBES WELL WITH CONTRbL ANALYSIS ESTIMATES. THUS, BES'T ESTIMATES TO DATE
SHOW THAT 3510 LB/SEC IS FLOWING THROUGH THE CORE WITH 1 PP OPERATIOJ ONE
IMPORTANT FACT THAT WAS LVIDENT FROM AN ENERGY BALANCE O { THIS FLOW RATE IS
THAT THE INDICATED 'I'HERMOCOUPLE AT IS I\OT POSSIBLE CONSID"RI\'G A 4-5 I‘NT DECAY
HEAT RATE UNLESS THE THERMOCOUPLZS ARE I""ASURING LOCAL EFFECTS, SUCH AS
AGGLO IERATIO‘IS OF I’ELLETS PEAR THE THERMOCOUPLES. THIS APPEAP.S TO DISCREDIT
'IHE THERMOCOUPLES THEREFORE SO‘IE DISCRETIO\I IS NBCESSAAY IN THE‘. IKTERPRE-

TATION OF THIS DATA.

" IN CONCLUSION, ALTHOUGH LYNX1 MODELING HAS NOT BEEN SUGCESSFUL IN
MATGHING FLOW AND EXIT PRESSURE AT THIS TIME FOR A DLOCKED CORE WITH ONE
PUHP OPERATION, IT IS BELIEVED THAT AN ACCEPTABLE MODE CAN BE DEVELOPED.
'THE 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.

" RMH/FFA - _, o /}/ ' Ve |
. e ’ . /. L
CC: F.E. UNIT MGRS.. ™" ™ : % 77/@&”16
J.S. TULENKO . - '
CORE HOT SPOT TASK FORCE :
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o _ .
THE BnBCOCK & WILCOX COMPANY o et _ rf;?'- él -
. ’ :
POVER GEHERAT!ON GROUP RS /. ,
To I . o , .
G. A. MEYER, MANAGER, T-H ENGINEERING UNIT . THE-79-190
om : : fz// 7.&2»&-4.. ..
P. J. HENNINGSON T-H ENGINEERING UNIT, EXT. 3515 | 12E12.13 | 808 663
Cust. - - . .File Ho.86-1100502-00
' - . | Jor Ref.
TMI-2 , : | S e 660-021A
Subj. CoL T | o . | . Date. :
DAMAGE MODEL - FLUIDIZED BED ' o APRIL 10, 1979

l This letter 1o cover oae cuitomer and one subject only. . . 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 - S51. o
51 " 3) MEMO, P. J. HENNINGSON TO G. A. MEYER, “POSSIBLE |
" 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‘CON?IGURATION OF THE CORE WAS OBTAINED FROM REFERENCE 1.

 THE CORE WAS ASSUMED UNDAMAGED AT THE PERIPHERY WITH INCREASING
FAILURE TOWARDS THE CENTER. PARTICLES OF FAILED FUEL WHICH COMPRISED
THE FLUIDIZﬁD BED WERE Assﬁmgn TO EVOLYE FROM THE FOLLOWING FAILURE
MECHANISHM: ' o



” -

6. A. MEYER .
PAGE 2

THE FUEL CRACKED ALONG TWO PERPENDICULAR'AXES LENGTHWISE AND
PLANES ] .
ALONG THREE RS PERPENDICULAR TO ITS AXIS.:

| .
[
. . I
THE MASS QF FUEL WOULD THEN CONSTITUTE THE MAJORITY OF THE
e )
CONGLOMERATE WITH CLADDING FRAGMENTS ASSI_JMED TO HAVE A SIMILAR

“

. GEOMETRY.

' A SUITABLE CORRELATION FOR PRESSﬁRE.DROP_THROUGH A PACKED BED _
WAS'OBTAINED FROM REFERENCE 2. THIS CORRELATION (ATTRIBUTED TO LEVA)
WAS APPLICABLE IN 'THE HIGH REYNOLDS NUMBER RANGE EXISTING IN THE
 DANAGED 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 FACTORﬁZé-CHANGEb 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 FEET OF FAILED FUEL BELOW THE UPPbR E\D
S : - FITTING T



.
-

'G. A. MEYER T
APRIL 10, 1979 :
PAGE 3

THE GENERAL SHAPé\AND RECOMMéNDATIONAOF A FOUR FOOT HEIGHT WAS

’

. OBTAINED FRCM REFERENCE 1.

. A TRIAL AND ERROR.APPROACH WAS USED. THE VOID FRACTION OF THE PACKED

" BED WAS VARIED AND A CORE 4P CALCULATED. THE FINAL RESULT WAS

THAT FOR THE ABOVE CONFIGURATION A CORE 4P = 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
.08223‘106LBM/HR. THIS WAS FOR A PACKED BED HEIGHT OF FOUR FEET !

‘AT‘?ﬁE CENTER 61 BUNDLES AND TWO .FEET ON THE REMAINDER OF THE CORE.
A VOID OF 60% WAS USED WHICH COMPARED WELL WITH THE 50% RECOMMENDED

IN ‘REFERENCE 1.

NO FpRTHngAITEMP;S WERE MADE. TO MATCH PRESENTLY ASSUMED CORE CONDITIONS -
" AP ~ 16.0 PSI, CORE FLOW 14.10% LBM/HR. VARIOUS ASSUMPTIONS CAN
BE MADE CONCERNING' THE GEOMETRY AND MAKEUP OF THE FATLED FUEL
WHICH IS.ASSUhED TO kgSEMBLE 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 ALTIHOUGH
IT SEEMS UNLIKELY THAT THE MATERIAL WOULD BE THAT NON-
HOMOGENEOUS. ' | '



G. A. MEYER

APRIL 10, 1979

PAGE 4 .
| } . |

" 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 .¥AS DESCRIBED IN REFERENCE 3.

"PJH/sgh ' C "QA: THE METIODS PRESENTED HAVE
o SRR ' . 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 -
ST iy b St s o
H. W. WILSON ~ ~jC7W i éﬂé%hﬁ&' BATE /e/;f
R. A. KING c e | S

D. C.'SCHLUDERBERG
*G. S.- CLEVINGER



THE dhBcocK & WILCOX COMPANY R : L
poliEr GEI'ERATION GROUP o , /ﬁ |
To | ' ) : . Q/
" 3B ANDRENS S e S S .
From . o .
5 . CORE CONDITION TASK FORCE _ L : BDS 643.5
Cust. ’ Y - File No.
' : : : ' . {or Ref.
Subj. ’ . .| Date
<" ESTIMATE OF LOOSE CORE DEBRIS VOLWME (4/9/79 - 2000) TRVE:
» | . APRIL 9, 1979

I 3Ihis letresr to cover ons customes ond one subject only.

ATTAGHED IS AN ESTIMATE OF THE AMOUNT OF DEBRIS AVAILABLE FOR CORE BLOCKAGE
. AND ITS POTENTIAL DISTRIBUTION. THIS IS TO AID IN THE OVERALL ASSESSMEXT
OF CORE BLOCKAGE. B '

R MZ)ST OF 'IHE INFOR.\U\TION IN FORMING THIS ASSESSMENT IS STILL PRELI\HI\.’\RY
.AND IS BASED ON OUR BEST ESTIMATE 01 CORE DAMAGE.

CC: .P. HENNINGSON
CORE CONDITION TASK FORCE
"3 s TULENKO

- ATTACHMENT
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CORE BLOCKAGE ESTI! IATE
BELOW IS AN ESTII‘"\TE OF THZE LOOSE MATERIAL AVAILABLE "TO CONTRIBUTE TO CORE

BLOCKAGE.

1. ASSWE 30% OF TOTAL Zr CORE INVENTORY

" IS OXIDIZED PRODUCING ZrO2
45,000 LB TOTAL FUEL CLAD IN\’ENTOQY
7,900 LB OTHER Zr INVENIORY

52,900 LB TOTAL
. Q
o 15870 LB OF Zr 1S onmzxan WITH A 1.6 BULK vomxe I\CREASE FORMING

63 FT OF ZrO2

C 2 "I‘HE TOP 30% (46 IN'.) OF THE CLAD OXIDIZES EXPOSING 41" OF U0, TO THE
Lo oooum o
° 'mrAL Uo2 EXPOSED IS 57,400 uas OR 94 FT°.

o ASSIME AN ADDITIONAL 10 Fl‘s' OF MATERIAL IS EXPOSED FROM FUEL ROD °

3

(SPRINGS, END PLUGS, EIC.).

- 3. B!GEDON THE ABOVE THE EXPOSED MATERIAL AVAILABLE FOR CORE BLOCKAGE IS:

210, 63 FT°

w,.  S4FT

OTHER w0 - g
‘ p—

. 16T'F

.4. OF THIS, SOME IS CAPABLE OF BEING MOVED BY FLOW

VOLUME FT°
AVATLABLE = MOBILE " IMMOBILE |
210, o 63 " 45 (FLAXES § DUST) 18 LARGER FLAKES CR
‘ R o o - ON RODS
o, .. . .94 L 14 (<1/16" STZE) 80 (>1/16")
OTER 10 e 10

—— —

167 59 - 108



THE SYALLER PARTICLES MAY EXIT AND MOVE WITH THE rLow AND MAY RE-DEPOSIT
"IN THE CORE OR sr:rms OUT ELSEWHERE IN THE SYSTDI | ' '

EQUIVALENT FLOY BLOCKAGE

© ASSME THE EQUIVALENT CORE FLOW AREA (10.6 FT DIA),

IS 88 FI°

o TOTAL EQUIVALEN’I‘ DEPTH OF BLOCKAGE IS

_1_2_; = 1. 90 FT ASSUMING SOLID MATERIAL

o ASSRME 1.5 VOLUME INCREASE FOR PACKING,THEN THE EQUIVALENT TOTAL DEPTH
IS 1.90x 1.5 = 2.85 FT '

- o IT IS E)G’ECTED THAT THE DAMAGE WILL BE GREATER AT THE CENTER THAN AT
; THE CORE PERIPHERY (SEE NEXT SECT IO\’)



- . . (CORE DAMAGE DISTRIBUTION

THE CORE DAMAGE IVILL BE MORE SEVERE IN THE CENTER OF THE CORE THAN ON THE

PERIPHIRY. THIS RESULTS FROM THE CORE DECAY HEAT PONER DISTRIBUTION WHIGH

CLOSELY FOLLOWS THE CORE POWER DISTRIBUTION PRIOR TO smrmom (SEE 7is. 1).

THIS WILL RESULT IN CORE-DAVAGE DISTRIBUTION AS SHOXN IN FIGURE 2. THE FUEL RODS I
PERTPHERAL ASSEMBLIES HAY BE RELATIVELY INTACT VHILE THE CENTER ASSEVELY

IS PROBABLY SEVERELY DAMAGED, POSSIBLY TO THE CENTER OF THE CORE. THE

CENTER ASSEMBLIES MAY HAVE VIRTUALLY'NO RECOGNIZABLE AP.RAY IN THE UPPER NOST

 GRID SPANS. -
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" Cust.

THE "BABCOCK & WILCOX COMPANY N ‘
mﬁﬂﬁmanGmW' (/EQEL””NAQV , .
0 L N A
N DISTRIBUTION — . "’/
From . : - :
P. S. BARTELLS, TECHNICAL STAFF 205 co-
v AP File Ao,
TMI-Z %c% or Ref.
0 0 _ Date
CORE PRFSSURE DROP FOR NATURAL CIRCULATION , .-
CAL CULATION APRIL 9, 1979 6:.
' This letter to cover one customer ond ene subject oaly.
: . DISTPIBUTION
- E.A. Womack C,D. Morgan
"’ C.E. Parks B.E. Bingham
. R.B. Davis G.F. Malan
B.M. Dunn J.J. Cudlin
J.S. Tulenko .- R.H. Stoudt
M.R. Gudorf J.D., Carlton
N B.A. Karrasch J.A. Castanes
. D.H. Roy E.F. Dowling,
L R.M. Hiatt J.M. Knoll
) P.A. Treventi

" REFERENCE:. MEMO, SAME SUBJECT, APRIL 6, 1979.

ADDITIONAL. INFORMATION HAS BEEN OBTAINED FROM'TMI WHICH FURTHER'
SUBSTANTIATES THE CONCLUSIONS PRESENTED IN THE REFERENCED MEXO.
BASED ON-THIS INFORMATION, AND THE FLOW SPLITS PREDICTED.3Y THE
- "PUMP.CODE; AN 18 PSIA DROP ACROSS VESSEL DOWNCOMER AND CORE (AT
PRESEVT CONDITIONS AND CORE FLOW OF 4500 lbm/sec) IS INDICATED.

2280 .?7 i) CL".l("./uJ\

ATTACF“ENT 1 IS THE TABULATION OF RC’ LOOP FLOW TRANSMITTER DIFFERENTIA
S TH

v
L
P
-
o

" PRESSURE SIGNALS OBTAINED AT 4:00 a.m., APRIL 9. ATTACHMENT 2 I
CONVERSIOV OF THE TRANSMITTER VOLTAGE “EASURE“ENTS TO LOOP- F Ohb

"AS A FURTHER CHECK 'ON THE RESULTS, I HAVE 'ASKED MIKE KNOLL OF
CONTROL ANALYSIS TO ANALYZE THE SAME CASE USING THE SPLIT CORE.
IT IS HOPED THIS INFORMATION WILL BE AVAILABLE BY LATER TOMORAO!

AFTERNOON.

AT.THIS POINT .-I WOULD. LIkE TO ACKNOWLEDGE THE EFFORTS OF

MIXE KNOLL

AND PHIL TREVENTI IN PERFORMING THIS ANALYSIS (WITHOUT WHICE I WOULD

STILL BE SETTING UP THE INPUT).

IF ANY ADDITIONAL INFORMATION ON PLANT STATUS (hHICH COULD PROVIDE

A FURTHER CHECK ON THESE
PLEASE CONTACT ME IMMEDIATELY.

PSB/DY

PREDICTIONS) IS KNOWN TO BE AVAILABLE,
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BABCOCK & WILCOX COrPalY

POVWER GEMERATION . GROUP

"DISTRIBUTION

PS BARTELLS, TECHNICAL STAFF A
' i : - . . | File Ho.
: \___‘ e d /
™m-2 - . ot 010’ for Ref.
Date

CORE PRESSURE DROP FOR NATURAL CIRCULATION
CALCULATIONS

RPRIL 6, 1979 10:10 74

l This. Ferter te cover ome cvstomer and one uhlnl anly.

DISTR I B u T I O-N

St G . G P G e e = - —

* EA HOMACK
CE PARKS
RB DAVIS
B DUNN
. 95 TULENKO .
- MR .GUDORF,
BA KARRASCH
- JA CASTANES
L - CD MORGAN
CUTTTUVUTUUUUL s v GE MALAN
. At ) CUDLIN

DH ROY - |
BE BINGHAH . S
JD CARLTON S

An ana1ys1s using the PUMP code) 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 loop flow rates, core flow rates and vessel

- delta P were ca]cu]ated The results are-tabulated .below: - (* means unblockad
'.core) _ _ ' ' S .
TR oy Wy Wy WHLB
L2122 e+ 0170t 12810 -2643+ |
. 3.5 ©2.98° . 9450 12690 3244 ’
720 © . .5.05 8596 . 12500 .=3900
10.0. © 6.45 8095 12380 -4281
15.0 . © 8.22 7443 . 12200 -4752
3.0  11.89° 8291 11870 -5580
60.0 1579 5136 . N510 -6376
Where: . : . . .
' Rv = downcomér + core + bypass fiéw'resistance, (psia)/(1bm/sec)2 X 108
8Pv = pressure drop across core + bypass, psia
Wy = core + bypass flow rate, lbm/sec
WiLA = hot leg flow rate, active loop, lbm/sec'

"HLB = hot leg flow rate, idle loop, 1bm/scc



’Q__Tl 000 1bin/sec.

9/ OsTu T T . ‘ : -a-

.vl p

‘~Aﬂ be seen from the tabulated results, the active loop flow is not a
ong function of the vessel resistance. This is due to the high reverse
lows through the 1d1e pumps. However, the reverse flcw through the idle

;Ioop {s a strong funct1on of the vessel resistance. Prior to this afternoon,
" 1 had been under the jmpression that no method existed for calculation of

reverse flow in the idle loop. Recent information from the 1&C group showis
this not the case. As early as last weekend they'estimated'the reverse
‘flow to be-<14.5% which translates to -6444 _1b/sec. A further check today
results 1n an estimate of -6797 1b/sec. Based on the tabulated data, the
-vessel pressure drop is at least 16 p51a : ' T

. 'Additional evidence.to back up this is the indicated flow in the active 1oop

which is cons1stent1y indicating 49-50% of nominal which translates to approx.

s s

Separate caTcu1at1ons by Jim Veensfra and Larry Losh (see attachments) on

.'4/4/79 place measured flow in the active, loop at 88,350 GPH (based on Gentille

de1ta P = 173“), which is a flou rnte of 11,445 1bm/sec.

~ The attached figures indicate that the core and bypass pressure drop is batween

16.7 and 17.7 psia. Allowing for conservatism, I would recommend the use of .

'ng,psja for natural circulation calcudtions. Additionally, I would estimate

aVa11ab1e core + bypass flow at present cond1t1ons to be 4600 to 4800 lbm/sec

,.I have asked John Castanes to obta1n up-to-date read1ngs on Gentille de1ta

Pl's as a fnrthex check on this analysis. He has been in contact with BMCo
and theyffeeI that ‘the transmitter accuracy is very good.

-

ATTACHMENT
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"THE BABCOCK & WILCOX COMPANY R
POWER .GENERATION GROUP

To ;%L_J. ' : L " ' ;;;? <:j:>

J. S. TULENKO - MANAGER, FUEL ENGINEERIN

S " R.V. DE MARS - CCTF LEADER V. é?f727nt¢<

CORE. CONDITION TASK FORCE . ' BDS 663.5 |
Cust. ' N File No. '
; or Ref.
Subj. Date

4-7-79 - 7:48 p.m.

CURRENT ASSESSMENT OF CORE 'CONDITION h/7/79 (1800)

[_ This letter o caver one customer ogd one subject only.

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-
" MENT, ‘IS STILL PRELIMINARY AND REQUIRES VERIFICATION AND DOCUMENTATION. THE

MOST SIGNIFICANT UNCERTAINTY 1S THE TIME AND TEMPERATURE CONDITIONS PRESENT

DQRING 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

EPRI TASK FORCE ON FUEL DAMAGE ASSESSMENT.

AS FURTHER INFORMATION BECOMES AVAILABLE. THE ASSESSMENT WILL BE UPDATED

-ACCORD INGLY.

RKK: dww

ATTACHMENT

CC: D.H. ROY
E.A. WOMACK

C.D. MORGAN
XC: CORE CONDITION TASK FORCE



INTRODUCTION

" THE PHYSICAL ‘CONDITIGN OF THE CORE 1S BASED ON THE FOLLOWING POSTULATED
SEQUENCE OF EVENT§: THE CORE WAS UNCOVERED ~11 FT DURING THE FIRST 15 MINUTES
FOLLOVING THE sécoﬁb PUMP TRIP. (SEE FIG. 1) THE CORE WAS THEN UNCOVERED B FT FOR 105
MINUTES. FOR THE REMAINDER OF THE TRANSIENT, THE CORE WAS ASSUMED TO BE QUAS 1 -
COVERED TO THE POINT THAT'NO SIGNIFICANT OXIDATION OCCURRED. DURING THE
INITIAL uNﬁovsRINh,'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
FORMAflgN BETWEEN INCONEL GRID AND ZIRCALOY RODS. CLADDING STRAINS DUE TO
HIﬁH-TEMPERATURE DEFORMATION-PRIOR TO RUPTURE COULD APPROACH 35%. DURING THE
Hopb;TIME SUBSEQUENT TO THE RUPTURE, THE CLADDING. OXIDIZED SEVERELY, FORMING.
%}ﬁ;bNIUM 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'ALONb THE LENGTH OF A ROD CCULD VARY FROM NEGLIGIBLE AT THE BOTTOM TO
1003 AT THE HOTTEST REGION NEAR THE TOP OF THE ROD. '

. BASED ON EVALUATION AND INTREPRETATION OF. AVAILABLE INFORMATION AS OF
(4/7/79) 1T 15 POSTULATED THAT THE CURRENT CORE COHDITION IS:

1. FUEL ROD PRESSURE BOUVDARY

APPROXIHATELY 90% OF .THE FUEL -RODS MAY HAVE PERFORATED CLADDING ALLOWING
RELEASE OF HELIUM AHD VOLATILE FISSION PRODUCTS.

2. FUEL ROD STRUCTURAL INTEGRITY

HANY OF THE INTERIOR FUEL ASSEMBLIES MAY VIRTUALLY HAVE NO RECOGH]ZABLE

. FUEL ROD. ARRAY BETWEEN THE UPPER END FITTING AND FIRST (TOP) INTERMEDIATE
SPACER GRIDS. IN SOME ASSEMBLIES THIS CONDITION MAY EXIST TO A LESSER
EXTENT AS FAR DOUIl AS THE SECOND OR THIRD INTERMEDIATE GRIDS. MOST OF THE
PERIPHERAL RODS AHD THE'LOH§R PORTION OF HOST RODS UILL BE OXIDIZED 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 SECOMND

lNTERMEDIATE SPACER GRIDS IN THESE INTERIOR ASSEMBLIES ARE LIKELY TO BE
SUPPORTED 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 COMPOMENT MATERIAL CONDITION

'THE ZIRCONIUM OXIDE'(Zroz) PRODUCED BY THE OXIDATION OF THE ZIRCALOY
‘COMPONENTS HAS RELATIVELY LOW DENSITY AND CAN RANGE IN 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 TUuB~
ULAR BUT FRAGILE SEGMENTS OF CLADDING. THE PARTICLES AND FLAKES ARE

" LIKELY TO BE MOBILE IN HOVING WATER. -THESE PARTICLES CAN SE- 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 DOWNSTREAM OR UPPER SIDE OF SPACER GRIDS. THE
QUANTITY OF Zr0, AND FRAGMENTED Z[RCALOY.PRODUCED DURING THE PARTIAL CORE
UNCOVERY IS LARGE. EXCEPT FOR SOME RODS IN PERIPHERAL 'ASSEMBLIES AND THE
LOWERIPORTION OF MOST RODS IN ALL ASSEMBLIES, THE TEMPERATURES PROJECTED
FOR. THE ZIRCALOY FUEL RODS VIAS SUFFICIENT TO CAUSE SIGHIFICANT OXIDATION.
THUS THE.MOBILITY, QUANTITY AdD ORIGIN OF Zr0Dp IS SUCH THAT LOCAL FLOW

_BLOChAGE 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 (UO3). CONDITION

THE FUEL RELEASED FROM THE DETERIORATED CLADDING IS VERY DENSE. THE
ORIGINAL SIZE OF PELLETS IS 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 FRON 1/16 INCH TO 1/4 INCH ON
A 'SIDE. DURING A TRANSIENT AND THE PERIOD FOLLOWING, THE FLOWING VATER

AND STEAM CAN BE EXPECTED TO CAUSE SOME FUEL EROSION, WHICH WILL -PRODUCE VERY

-2 -



-

SHALL PARTICLES WHICH CAN BE SUSPENDED IN MOVING WATER

IN THE- CENTER ASSEMBLIES, IT IS LIKELY THAT MOST OF THJ FUEL HAS BEEN
) . 0

RELEASED -EROM~THE"RODS BETWEEN THE END FITTING AND THE :SECOND OR THIRD

. . [}
INTERMEDIATE GRIDS. BASED ON THE UNDERSTANDING THAT THE FLOW IN THE

CORE IS SEVERELY BLOCKED, THE FUEL FRAGMENTS HAVE SETTLED ON TO THE
INTERMEDIATE GRIDS. LOCAL FLOW PERTURBATIONS CAN MOVE PELLET FRAGHENTS
THROUGHOUT THE SYSTEM. FUEL FROM THE UPPER LEVEL MAY HAVE SETTLED DOWN
THROUGH. THE TOP" INTERMEDIATE SPACER GRID TO THE SECOND LEVEL AND LOVER
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 ON 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 SMALL Zr0, PARTICLES COULD CAUSE SOME LOCALIZED FLOW

- BLOCKAGE TO PREVENT FULL COVERAGE V[ITH WATER. THE PRESEMNCE OF SOME

-%Q§ULAR SEGMENTS COULD ALLOW LOCAL FLOW CHANNELING AND ATTENDANT "JETTING'.

PRdJECTED 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 ZIRCALOY COMPONENT EXCEEDS 1000°F, ACCELERATED OXIDATION
WILL ADD TO THE GENERATION OF HYDROGEN AND CAUSE  FURTHER DEGRADATION OF THE
CORE STRUCTURE. ' ' '

. "DISTRIBUTION OF FUEL AND ZrO, IN SYSTEM | - . g
- L "

IT IS VERY LIKELY THAT PARTICLES OF Zr02 AND UO2 ARE 'CIRCULATING THROUGHOUT

THE PRIMARY -SYSTEM AND MAY SETTLE 'OUT IM STAGNANT AREAS.
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3= CORE MELT SCENARIOS
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" UNDER THE CONDITIONS OF NATURAL CIRCULATION,{THE CORE WILL .

'CORE MELT IS CONSIDERED TO BE REMOTE UNDER TH|ESE CONDITIONS.

BE SURROUNDED BY COLD WATER NEAR 100°F. THE ;[POSSIBIL.ITY OF

WITH THE CURRENT LOW DECAY HEAT RATE AND WITH APPROPRIATE
. - . l

MONITORING OF INCORE THERMOCOUPLES, THERE WILL 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 ROD
MATERIALS (PELLETS, CLADDING, AND END CAPS). "IN ADDITION, THE
MELTING TEMPERATURE OF THE CHROMEL ALUMEL THERMOCOUPLES IS

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 THE CORE DID NOT UNDERGO MELTING.

THE DECAY HEAT RATE WAS IN EXCESS OF 25 Mi. 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,LCONTINUED

OPERATION OF THE INCORE CHROﬂEL ALUMEL THERMOCOUPLES, WHICH HAVE

' A MELTING POINT NEAR 2500F, INDICATE THAT ‘THE STEAM TEMPERATURE -
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INSIDE OF THE INSTRUMENT TUBE WAS LESS THAN 2500F. THIS IS

APPROXIMATELY 2500F FROM THE MELTING POINT OF UO,. THE CENTER- .

2"

© LINE TEMPERATURE OF UO, PELLET FRAGMENTS IS ESTIMATES TO BE

NO MORE THAN 100F HIGHER THAN THE'STEAM; THUS, SHOWING A LARGE

‘HARGIN TO UO. MELTING. © LOCAL HOTSPOTS FUEL MAY HAVE BEEN HIGHER

2
. . ! _ .
FOR SHORT PERIODS BUT. THE ESTIMATED.2500F MARGIN TO MELTING WAS

SUFFICIEI.IT TO PRECLUDE MELTING.

THE RADIOCHEMISTRY ANALYSIS OF B A 140 AND OTHER ISOTOPES IN

COOLANT SAMPLE TAKEN A DAY AFTER THE ‘ACCIDENT DID NOT iNDICATE

THAT U0, MELTING HAD OCCURRED.

. EAP\LY WARNING SIGNALS

DURING THE TRANSITION TO NATURAL CIRCULATION, THE INCORE THERMO-

COUPLES VWILL BE MONITORED. THE.TEM.PERATI‘JR'E-IS. ON THESE 'l’HERMOCOUPLES‘

" HAVE A NORMAL READOUT RANGE OF UP TO 900F.  SINCE SOME LOCALIZED

- BOILING IS ‘EXPECTED,"A FEW OF THE THERMOCOUPLES CAN BE EXPECTED

TO READ HIGHER THAN SATURATION TEMPERATURE. . HOWEVER, BECAUSE OF
THE SLOW HEAT UP OF THE OVERALL SYSTEM, THE MAJORITY OF THERMO-

COUPLES,AS A GROUP, CAN BE USED TO MONITOR THE-BULK COOLANT
" BULK_COOLANT

TEMPERATURE AT THE TOP OF THE CORE. A‘TEMPERATURES APPROACHING

SATURATION TEMPERATURE WOUiJD BE AN EARLY INDICATOR THAT LOCALIZED~

BOILING WAS SPREADINC 'AND THAT CORRECTIVE ACTION SHOULD BE TAKEN.
LARQE AREAS OF BOILING ARE UNDESIRABLE SINCE THEY LEAD TO HIGH

STEAM TEMPERATURES. WHEN THE S'_I‘EAM.EXCEE_DS -IOOOF,' THE ZIRCALOY -



COMPONENT WILL BEGIN TO OXIDE AND PRODUCE HYDROGEN. AT HIGHER

TEMPERATURES ‘THE RATE OF HYDROGEN PRODUCTION WILL INCREASE.

_ HOWEVER, AS INDICATED IN 455.3, EVEN WITH THE HIGH STEAM TEMPER-
'ATURES PRODUCED DURING THE INITIAL CORE UNCOVERY, THE UO, DID
NOT MELT, THUS, THE INCORE THERMOCOUPLES CAN PROVIDE EARLY

- WARNING SIGNALS SUCH THAT CORRECTIVE ACTION CAN BE TAKEN TO

PREVENT 2. CORE MELT SITUATION.
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Melting Points of
Core Materials
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_ _. Material;- o - _ - . Melting Point °F
-_}1 B vo, = - - - 5081 (1)
T e . o 13353 (2) )
--Inconel X-750 i . .2570 (3)
Inconel 718 _ S 2323 (4)
CF3MSS (and fitting) = . 2550 (5)
2r 0y . 5010 (6)

. Chromel Alumel _ - 12500 (7).

Oxidation of Zircaloy is assumed to initiate at 1000 F
[ ]
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