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ABSTRACT 

Our i ng the Three M i l e  Is l and Un i t  2 ( TMI-2 )  acc i dent , one of the major 

heat removal mechan i sms was steami ng from the two Once Through Steam 

Generators (USTGs ) .  As a resu l t ,  accurate know l edge of the secondary s i de 

cond i t i on s  i s  necess ary for understand i ng of the acc i dent and for u s e  a s  

boundary cond i t i ons  i n  the ana lys i s  of t he acc i dent u s i ny reactor sys tem 

thermal -hyarau l i c anal ys i s  codes . !Jur i ng the acc i dent secondary s i de 

p ressures and l eve l s  were recorded on a measurement system, cal l ed the  

reac t i meter , at a samp l e  rate of once per 3 seconds . There were two 

overlappi ng l eve l s  recorded for each steam generator ; the operat i n g  l eve l 

i n  percentage , and the start-up l eve l  in i nches . Unfortunat e l y  these 

l eve l s  are not d i rect l y  comparab l e  s i nce  t he operat i ng l eve l  WdS measured 

i n  the downcomer and was compensated for chang i n g  l i q u i d  den s i t i es ,  and the  

start-up l evel was measured i n  t he r i ser s ec t i on and  was  setup for 

measurement of co l d  l i qu i d .  These two measurements h ave been converted 

i nto a common bas i s  of t he s trat i f i ed l evel  measured f rom the bottom t ube 

sheet , and the converted measurements  compare w i th i n  the i r  re l at i ve 

uncerta i nt i es fol l ow i ng the feedwater pump t r i p .  It has  been determi ned 

that the measurements were fu l l y operat i on a l  and h ave been a s s i gned a dat a 

qual i f i cat i on c ategory of qua l i f i ed by t he Data Integr i ty Rev i ew 

Comm ittee . An uncertai nty an a l ys i s  of the measurement s  res u l ted i n  

uncerta i nt i es of ±23 ern for the converted operat i ng l eve l , and ±17 em 

for the converted start-up l eve l . S i nce these two l eve l s  h ave over l app i ng 

ranges i t  was poss i b l e  to comb i ne the measurements to obta i n  a best 

estimate compos ite secondary l eve l . Th i s  l eve l i s  graph i c a l ly  presen ted i n  

the report . 
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TMl-2 ONCE THMOUGH STEAM uENE�ATOR 

)ECONOAKY L[Vtl ANALYS IS 

I. lNT�OUUCTION 

un March iti, 1�7� a reactor acc1aent occurrea at the Haocock & Wil cox 

lH&W) aes 1gned Three Mile Is l and Un1t 2 lTMl-2) nuclear power p l ant. ThiS 

acc 1dent was init 1ated by a trip ot the pumps supplying main feeawater to 

the Once Through Steam benerators (OTSGs). The subsequent fa1lure to 

provide adequate dectY heat remova l capability ultimate l y  resulted in 

severe da.age to the nuclear core. Understanding of the accident  

thermdl-hydraulics and fuel behavior is one of the primary res�onsibi l lties 

of the TM I Acciden t  tva l uation Program (AfP),  which is managed by EG&G 

Idaho. decause the s teaM generators were two of the main heat remova l 

�hanisms during -.jor port1ons of the accident, an estimate of the 

secondary side conditions is necessary for understanding of the accident 

and for use as a boundary condition in the analysis of the accident using 

reactor system thermal-hydraulic analysis codes , such as RELAP5. Although 

there were �ltiple level measurements in the secondary side , in addition 

t o  t�n��rature and pressure measurements . previous comparisons of the 

levels have not resulted in close agreement. As a resu l t ,  the AEP 

conaucted a study of the steam generator secondary conditiuns to obtdln an 

estimate of steam generator water levels for use as boundary conditions in 

the internationa l stanoard proolem effort. This report documents the level 

analysis results of the steam generator study. 

1. 1 Uverv 1ew 

Uuring the TMI -2 accident ,  the secondary sides of the OTSus boiled dry 

in the f i rst 1 1/2 minu tes , as a result of the feedwater pump trip and the 

inadvertent c l osure of the auxiliary feedwater block valves. tven though 

the auxiliary feedwater injec tion began 8 minu tes into the acc ident , the 

s tea. generator levels did not begin increasing unt1l  about 25 minutes . 

Once the levels began to be reestabl ished, accurate knowledge of the actua l 



l eve l s i s  requ i red as a boundary cond i t i on for the standard prob l em 

anal ys i s . a Th i s  report d i scusses the s econdary l i qu i d  l eve l measurement 

systems , and present s the best est i mate of the l i qu i d  l eve l h i story . 

a. In a s tandara thern1a l -hydraul i c  code analys i s  the l i qu i d  l ev� l woula be 
a computed parameter , y i ven feedwater f l ow rates and secondary pressures. 
rlowever , the aux i l i ary feedwater f l ow rates were not recordea. Therefore , 
use  of the secondary l i quid l eve l s  as a boundary cond i t i on i s  req u i red for 
ca l cu l at i on of the feedwater flow r ates . 

2 



2. MEASUREMENT UESCRIPTION 

ln each of the OT��s at TMl-2 there were three djfferent ranges and 

types of level measurements  for the secondary level. These levels are 

shown 1n f 1gure I ,  a long with the loccttlons of other pert 1nent measurem�nts 

ctnd steam generator COIIPonents. All t11ree measurements were based upon the 

nyorostat1c pressure head due to the chang1ny level in the secondary stae. 

A da1ley differential pressure transmitter was used in each of the 

�asurement ranges for measurement of the difference between the 

hyorostatic head in a •reference leg ,•  external to the steam generator . and 

the hJdrostatic head of the level to be measured. �acn measurement useo a 

different transmitter range. 

Tne measurement used during normal full power operation was referred 

to as the operating level. This measurement (identification of SP-IA-LT2 

for the A-loop OTSb) provided percentage readings (0- 1 001 which corresponds 

to a level of 259-1001 em above the tube sheet) of the level in the 
uowncomer section of the OTSG. A Bailey differential transmitter . 

calibrated for a +10 to -10 volt outpu t  under a 3-744 em (1. 4-292.9 inch) 

input, was used for the operating level measurement. The fluid temperature 

meas ured in the bottom of the downcomer (SP-JA-TE) was used to provide 

compensation of the level due to changing liquid density as secondary 

conditions changed. The operating level was plumbed into the system with 

the tu� tap (corresponding to the top of the referenc� legJ en tertng th� 

r1ser section of the secondary side JUSt above the aspirator sec tion intu 

the oownconaer. The bottom t ap entered the downcomer sec t1on just aoove the 

aOJustabl e orifice in the bOttom of the downcomer. This orifice was used 

to aOJust the liquid leve l in t he downcomer during normal full power 

operation. No data on the pressure drop (or resistance) across the oriftc� 

are 6Yd1lable. However ,  the or1f1Ce loss coefficient is calculat�d in 

Sect1on 3.4. 2 based upon analysis of the level measurements. Uur1ng normal 

operation tne operating level measurement is not directly comparable to the 

other measurements, due to the pressure drop across the adjustable orifice 

in the bottom of the downcomer and the temperature compensation performed 

on the operating level. A block diagram of the measurement system is shown 

tn firJre 2 for the oper ating level measurement. There were two redundant 

operating level measurements (SP-1A-LT2 aQd SP- IA-LT3) . with the 
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temperature compensat ion be ing performed i n  the nonnuc l ear instrument ation 

ana l og c i rc u i try for e ach measurement. The outpu t  fr�n SP- 1 A-LT2 was  

recorded on the reac t i meter at  a samp l e  rate of 1 samp l e per 3 seconds . 

The  measurement transmi tted to the p l ant computer cou l d  h ave been e i ther 

LT2 or LT3 ( a  manu a l  swi tch , the pos i t i on of wh i ch was not recorded , 

determi ned wh i ch measurement went to the p l ant computer) . 

Uur ing p l ant start -up , the l eve l measurement referred to as the 

s t art-up range ( SP- 1 A-LT4 ) was u sed as an i nd i cat i on of the  s econdary 

l eve l , w i th a range of  1 5-650 em ( 6-256 i nches ) above  the  bottom t ube  shee t 

i n  the r iser sec t i on .  Th i s  measurement sh ared a common u pper t ap i nto  t h e  

r i ser sec t i on w i th the operat ing l eve l measurement; the  l ower tap  entered 

the secondary s i de r i ser sec t i on 1 5  em above the tube sheet , just b e l ow the  

downcomer sec t i on .  The Bai l ey d i fferent i a l pressure transm i tter was 

c a l i brated for a + 1 0  to - 1 0  vo l t  output under a 347 -982 em ( 1 36 . 6-386 . 6  

inch ) i nput . A b l ock d i agram of the start-up l ev e l  i s  shown i n  F i gure  3 .  

There were two redundant s t art-up  l eve l measurements  i n  each OTSG 

( SP - 1 A-LT4 and SP- 1 A-LT5 for the A- l oop OTSG ) , of wh i ch SP- 1 A-LT4 was  

recorded on  the  reac t i meter . One of these measurements was  r ecorded on the  

p l ant computer , through the use of a manua l  sw i tch , the  pos i t i on of  wh i c h  

�as not recorded. The start-up range was not temperature compensated . 

The th i rd l eve l measurement ( SP- l A-LT l ) was referred to  as t h e  f u l l 

r ange l eve l . Th i s  measurement was ma i n l y  i ntended for i ndicat i on of  

secondary l ev e l  dur i ng wet  l ay up  of the steam generator dur i ng reactor 

shutdown . The f u l l r ange l eve l  measurement s h ared a common bottom tap  w i th 

the start-up l eve l measurement , and prov i ded a measurement range of 

15-1539 em ( 6-606 i nches) above the bottom tube s heet. The top tap entered 

through the upper tube sheet (f l ush  w i th the i nner surfac e ) above t h e  steam 

out l et reg i on .  Th i s  l ev�l was i ntended for c o l d  cond i t i ons , and t h u s  was 

not compensated for dens i ty changes . The Ba i l ey transm i tter was c a l i br ated 

for a +10 to - 1 0  vo l t  output under an i npu t l oad of  1 60 - 1 629 em ( 63 . 1 -64 1 . 2  

inch) . A b l ock d i agram of the fu l l  range l eve l  i s  shown i n  F i gure 4 ,  wh i c h  

s hows that th i s  measurement was on l y  recorded on t he p l ant c omputer . 

Recording of th is  measurement on l y  occurred on the u t i l i ty pr inter as par t 

of t he hour l y  l ogs . 
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J.  MtASUREMENT ANALYStS 

The pri��ary purpos� of this study is to obtain the t1me history of the 

secondary liquid levels. which requires converting all three measurements 

to a common basis for comparison. The full range level and start-up levels 

should be directly ca.parable during normal full power operation. However, 
the values prior to the feedwater pump trip are very different (SP-lA-LTI • 

653 em as compared to SP-1A-LT4 • 406 em). This discrepancy is apparently 

due to the installation configuration of the top tap of the full range 

level. This tap is mounted vertically, with the penetration through the 

upper tube sheet and pointing down at the top of the steam downcomer 

section. lrlis configuration could act as a reverse p1tot tube, lowering 

the pressure on the reference leg side of the differential pressure 

transmitter aue to the high steam velocities moving downward. As a result, 

tne full range level would read low whenever the steam generator was 

ste�ing. Therefore, the full range level needs to be used with caut1on, 

and will not be used as a pri11c1ry data source to obtain the secondary 

level. 

Tne prOblem with comparing the start-up and operating levels is 

twofold. First, the pressure drop across the orifice is unknown during 

feedwater flow. Prior to the pump trip, the level in the downcomer section 

was considerably higher than in the riser section, due to this pressure 

drop. However, once tn� feedwater pump tripped the two levels should have 

equalized within a reasonably short time frame (definitely by the time the 

OTSGs had boiled dry), and the levels should be comparable; at least once 

the secondary level increased to the bottom tap of the operating level at 

259 c•. The second proDlem with direct compar1son of the levels is the 

te"'perature compensation of the operating level to compensate for changing 

liqu10 density as secondary pressures and temperatures change. This 

ca-pensation is performed using d number of analog components, as shown in 

f1gure 2. Study of the manuals for these modules (tr1e Static Funct1on 

uenerator1 and the Static Multtpl1er2, in conjunction with th� 

calioratton voltages3 used during setup of these un1ts, reveals that the 

9 



temperature compensat i on resu l ted i n  the c o l l apsed l i qu i d  l eve l .  a In 

o ther words , the hydrostat i c  head due to  the  comb i ned effec ts of  the  steam 

and l i qu i d  co l umns was cons i dered to be so l e l y  due to  a l i qu i d  c o l umn of  

the measured he i gh t .  The setup of  t h e  e l ectron i cs appears t o  h ave been 

performed proper l y. Therefore , i t  was assumed that  the co l l apsed l i q u i d  

l eve l w as proper l y  c a l c u l ated and the strat i f i ed l i qu i d  l eve l w i l l  be 

calc u l ated from the recorded measu rement ( the st ratif i ed l eve l is t h e  

actual  leve l o f  t h e  l i qu i d  i nterface w i th the steam space above the  

interface) . The e l ec tron i cs setup and e l ectron i c  c a l i brat i on coeff i c i ents 

dre f ac tored i nto the uncerta i nty ana l ys i s. 

3.1 Convers i on of the Operat ing Leve l 

For compar ison of the var i ous l eve l measu rements i n  each steam 

generator , each of the measurements must be converted to  a common bas i s . 

The common bas i s  chosen was the strat i f i ed l i qu i d  l evel b measured from 

the bottom t ube sheet . The  m in imum measurement l eve l for the  operat i ng 

l eve l i s  259 em ( 102 inches ). The m in imum measurement l eve l for t h e  

start-up and f u l l range l eve l s  i s  1 5 . 2  e m  ( 6  i nches ) . 

S ince the operat ing l eve l was temperature compensated to prov i de a 

c o l l apsed l i qu i d  leve l .c the on l y  convers i on requ i red i s  t o  convert to 

the strat if i ed l eve l , and add the offset from the  bottom tube shee t 

( 259 em) .  Th is  resu l ts i n  a convers i on equat i on for the  i nterfdce l eve l i n  

the downcomer ,  Lu-op' of: 

a. Note that the temperature compensat i on performed on the  pressu r i zer 
l eve l resu l ted in the i nterface l i qu i d  l eve l , not the co l l apsed l i qu i d  
leve l . The d i fference b e i ng how the steam head was h and l ed .  

b . . Th i s  l eve l i s  the he i ght of the steam/ l i q u i d  i nterface assuming  no 
vo1ds in  the l i qu i d ,  w i th a b l anket of steam above the l i qu i d  i nterfac e .  

c. The
_

col l apsed l i q u i d  l eve l i s  the he i ght of the l i qu i d  wh i ch wou l d  
result 1f a l l of the steam mass was condensed and comb ined w i th the  l i qu i d. 

10 



• 

Lu"..>t - ti ·� Lu-op • -----0;;.,JP;...._,.S_ + l!)9 em "'t - �g 

where the collapsed l1quio level 111 the downc�r. lu• is obtc�ined frum 

the recorded operating level in percentage, SP-1A-LT2. from 

LU • SP·IA-LT2/100 • Hop 

and where 

H op the operating level span in em (= 742 em) 

the liquid and steam densities, respectively (kg/m3). 

( 1 ) 

(2) 

tquation (1) results in the interface level in the downcomer measured 

fra. the botta. tube sheet . following the feedwater pump trip. this level 

should be the Sdme as the level in the ris�r section of the steam generator 

secondc�ry. However. prior to  the feedwater pump trip, conversion to the 

level in the riser section, L. , must account for the pressure drop '""K -op 
across the aowncomer orifice. The downcomer and riser levels are relateo 

oy, 

L. 1<-op 

where 

UP + UP . 
L __ o�r�--�r

�
l�S� e�r = u-op -

Df - 619 • g 

OP or 

OP 
riser 

• 

• 

the differential pressure across the downcomer orifice 

(Pa or kg/m-s
2

) 

the differential pressure across the riser section 

between the bottom of the downc�ner c�nd the asp1rc�tor 

elevation (Pa) 

g • the gravitational accelerat1on (•9 . 8  m/s2) . 

• 
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The above ana l ys i s  assumes that the pres sure i n  the top of  the 

downcomer sect i on i s  the s ame as i n  the r i ser s ec t i on at  the s ame 

e l evat i on . The on l y  mechan i sm ava i l ab l e  to create a d i fference wou l d  be a 

�ressure drop across the aspi rator , or feedwater heat i ng ,  s ec t i on .  

Ana l ys i s  documented i n  Append i x  A ( assum i n g  thermodynami c  equ i l i br i u1n t o  

c a l cu l ate the steam f l ow rate i nto t h e  downcomer ) c a l culates a 4 em 

pressure drop ( at 560 K or 0. 04 ps i d )  across the asp i rator sect i on .  

Therefore , the above as sumpt i on shou l d  be val id . 

3 . 2  Convers i on of Start -up Leve l s 

The s tart-up l eve l  measurements prov i de a measurement of  the  co l d  

l iqu i d  l eve l i n  the r i ser sect ion  of the OTSG secondary . The d i fferent i a l 

pressure transmi tter i s  under ranged for the l ev e l  s pan between the bottom 

and top sense  l i ne taps . I n  other words , the transmi tter was ranged for a 

max imum l evel  of 635 em ( 250 i nches ) whereas the d i stance between t aps i s  

986 em ( 388 i nches ) .  Essent i a l l y  the recorded start -up l ev e l  i s  the fu l l 

range ( 635  em ) m i nus the measured d i fferent i a l  pressure i n  em of  co l d  

water . The i nterface l eve l  i n  the r i ser sec t i on, LR , can be obta i ned  
-su  

from the  recorded start-up l eve l , L , as; s u  

where 

H 
su 

= 

= 

= 

the dens i ty of co l d  water ( = 998.6 kg/m
3 @ 293K ) 

the dens i ty of reference l eg water ( = 990 . 3 k g/m3 

@ 325K ) 

the d i stance between t aps  ( = 985 .5 em) .  

(4) 

The l eve l  resu l t i ng from Equat i on (4) i s  d i rec t l y  comparab l e  to the  

operat i ng l eve l  resu l t i ng from Equat i on ( 1 ) ,  us i ng the operat i n g  l ev e l 

fo l l ow i ng the feedwater pump tr i p .  Hesu l t s f rom these two equat i on s ,  u s i ng 

the data recorded on the reac t i meter, w i l l  be compared i n  Sec t i on 3 . 4  of 

t h i s  report. 



3.3 Conversion ot the full �ange Level 

Tne single full range level measurement in each OT�u wd� only recoroeo 

during the acc1dent at hourly 1ntervals on the uti l ity printer. Therefore, 

it is llmited tn usefulness tn verifying other measurement�. I n  addition, 

this �asureaent apparent l y  gave erroneous measurements during periods of 

ste.- flow out of the OTSb. However, the few values availab l e  can exteno 

the l eve l range above the upper measuremen t range of the operating l eve l 

aeasur�nt, and these values will be converted into the common level basis 

previously discussed. Th 1s is accomplished using the following conversion 

equation. 

-.ere 

L R-ts 
• 

• 

: 

the 1nterf ace level 1n the riser section from the full 

r ange leve l (em) 

the colo fu l l  range leve l ,  SP-lA-LT I ( em ) 

the distance between tdps (= 1,468 em). 

3.4 Ca.par1son and Composite Best Est1mate Levels 

(5) 

The results from converting the recorded operating level and start-up 

leve l for the A- l oop OTSG are ca.pared in Figure ' for the first 

1000 atnutes of the accident. Tne results from Equat 1on (5) for the hour l y  

full range levels are a l so shown in figure 5. General l y  there is very good 

agreeaent between tt1e operating and start-up levels dur1ng periods o f  

overlapping range. �tice the difference prior to the feedwater pump trip 

(at tiNe 0). This difference reflects tne difference in l ev� ls  between tne 

oowncumer level and the riser l eve l .  Knowledge of this level 0 1fferenc e 

a no tne teedwater flow r4te a l lows c alcu I at ton of the tos s coeft ic hmt 

across the oowncomer orifice. Th1s wil l be d1scussed further in 

l J  
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Sect i on 3.4.2. Between 100 and 370 minutes, when both the operating and 

start-up levels are wlthtn range , the compar1son IS very good for all three 

level me.surements. After 370 m1 nutes the secondary level had increased 

abOve the r ange of the start-up leve l transmitter, and remdlned there 

dur iny the rest of the f irst day of the acc ident. Our ing the period of 

100-37J minutes ,  comparison of the operat ing and full range levels is 

reasonably good, although the full range level tends to result in higher 

levels after 600 m inutes. This is probably due to the effect of ste�ning , 
as previously discussed, and as is demonstrated prior to the feedwater pump 

tri�. At 850 minutes the secondary level increased above the upper t ap of 

the operat ing level. and th is measurement was saturated unt il about 

930 m i nutes when it returned on scale. Our ing this period (at 900 mi nutes) 

there was a s i ngle full range level measurement recorded on the uti lity 

pr i nter . Th i s  measurement ind icated a 500 em level i ncrease from when the 

operat i ng level s aturated. Note that the next available full range 

•easure.ent (at 960 m i nutes) was nearly 150 em higher than the operat ing 

level measurement wh ich had returned on scale. 

The three level measurements recorded for the B-loop OTSG are compared 

tn f igure 6. Again the coaparison is very good during the periods of 

over l app ing r ange . The S dme  type of d ifference in downcomer and riser 

levels prior to the feedwater pump trip is observed for the B-loop OTSG as 

was oDserved for the A-loop. The discrepancy between the operat1ng and 

start-up levels between 70-100 minutes was a result of the level 

fluctuat i ng about the M int� operat ing l evel, and be ing set to zero when 

below the m i nimum level measurement. At about 700 m inutes the start-up 

level tran�itter saturated (the drop in s t art-up level at th1s time is due 

to the level at which the calculat ion defaulted). In general the full 

r ange level followed the other two levels, with most of the full range data 

points being lower than the operat ing level. 

The best es timate composite levels for both O TSbs are compared i n  

f1gure 7 for the first 300 minutes , and in Figure 8 for the first 

1000 minutes . The level chosen prior to the pump tr i p  was the r 1ser leve l 

fro. the s t art-up level. The criteria for creating the composite level was 

to use the start-up level for levels less than 550 ern. and the operating 

15 
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level for levels greater than 550 ern. No adjustment was made in the A-loop 

level during the period when the operating level was saturated. 

3 .4 .1 Initial Conditions for Standard Problem 

In order to perform thermal-hydraulic code calculations of the acc ident 

the initial plant conditions prior to the feedwater pump trip are required. 

The initial conditions for the secondary sides of the two OTSGs are 

tabulated in Table 1 for the three analysis segments of the standard 

problem ( 0 ,  100 , and 174 minutes). 

3.4.2. Uowncomer Orifice Loss Coefficient 

In order to properly model the secondary side of the OTSbs, knowledge 

of the flow area and loss coefficient of the downcomer orifice is required. 

The downcomer orifice consists of two concentric plates, eacn witn 24 

rectangular holes of 10 x 21.6 em (4 x 8 l/2 inch) dimensions. The upper 

plate is movable relative to the lower plate, thus the orifice flow area is 

adjustable. The purpose of this adjustment is to allow adjustment of the 

pressure drop across the orifice, and thus the downcomer level, to increase 

system stability at full power operation. The adjusted position existing 
at the time of the accident is unknown. However, the orifice position was 

initially set during fabrication to an opening size of 1 0  x 1 0 .8 em  

(4 x 4 1/4 inch) (see Reference 4). In this analysis, this opening size 

will be used to calculate the flow area, and a loss coefficient calculated 

based upon this flow area (A0r = 2 , 632 cm2) and the measured parameters. 

The methodology uses the difference in the initial downcomer and riser 

levels as the differential pressure across the orifice, and combining 

with the total orifice mass flow rate, � • calculated from the feeawater or 
flow rate and temperature ano a thermodynamic balance assuming saturateu 

steam flowing through the aspirator. The mar calculations are 

documented in Appendix /\. The loss coefficient, K, is defined by: 

2 • "'f • UP or " = ____ _.....;_ ffi /A 2 or or 

18 
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TABLE 1. OTSG SECONDARY INITIAL CONDITIONS FOR STANUARO PROBLEM 

Parameter 

Pressure lMPa) 

Level-Oowncomer (c.) 

Main feedwater 
Flow Rate (kg/s) 

Main feedwater 
TeriiH!J"ature (K) 

Exhaust Ste• 
Tell)erature (K) 

Auxiliary feedwater 
Flow Rate (kg/s)C 

Tuae 
(•in.) 

ua 
100 
174 

0 
lUU 
174 

0 

0 

0 

0 

0 
100 
174 

�-Loop 

6.Ja 1 0.11 (o•.Ob) 
�.96 t 0.1 1 
i.)8 1 U.ll 

)2�.8 1 9b (o•l.79) 
0 t 11 
765 t lJ 

660.0 1 12 (o•1.9S) 

722.4 t 13.4 (o•4.5) 

5 13 t 1 ( CJ • •  0)) 

5H6 1 1.2 

0 
19.8 
6.6 

b-Loop 

b .l4 1 \). 11 ( CJ •. U I J ) 
l.'il! 0.11 
1.07 .t u. 11 

5J8.J ! 9 (o•2.09) 
lOU t 17 
655 ! tJ 

66ij.7 t lt (a=l.U�) 

717.6 1 13.4 (o=4.0) 

513 1 

586 ! 1.2 

0 
0 
a.zd 

a. o is the standard deviation of the initial condition data from -10 
to -�. 1 m i nutes. 

b. Uncertainties for parameter prior to fe�dwater pump trip are based on a 
reactor building ta.percture of J2S K (125°f) rather than the maximu•n 
te.perature of J)J K (1 7S0f ) us�d in tne rest of the uncerta1nty analysis. 

c. The aux1liary feedwater flow rate was not recorded , and estimates of the 
flow rate are from the analysis documented in R�fer�nc� �. An uncertainty 
analysis 15 currently unavai l able. 

d. �tarting at 17�.3 minutes. 
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where the differential pressure across the orifice, UP , is ootained or 
from the initial levels by:d 

The loss coefficients resulting from this analysis are: 

1.483 

= 1 • 485. 

a. Tnis analysis assum t t 
section below the 

· es llct the frictional pres�ure drop in the riser asplrator entrance, UPriser, is negligible. 
20 
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4. UNCERTAINTY ANALYSIS 

The liquid level measurement system for the OTSGs has been previous l y  

described. The usefulness of data is a direct function of how accurate 

the data are and how w�ll that accuracy (or inverse l y  the uncertainty) is 

known. The uncertainty in the calculated level is a function of a numb�r 

of posslble error sources. In this section, poten tial error sources will b� 

�va l uated and ca.Dined to obtain the tota l estimate of the uncertainty in 

the calcul•ted level. The method used for combining individual 

uncertainties for the l iquid l eve l s  is the root-sum-square (RSS) method. 
Al l quoted uncertainties are at the 9�1 confidence level. keference 6 is 

the aocument which forms the basis for uncertainty analysis in the TMI-2 

AiP. The .ethodology was deve l oped from Refer�nces 1 and 8. 

Poss 1ble error sources which needed to be evaluated included the 

fol lowing: 

1. Possible errors in the differential pressure measurement 

introduced by the Bai l ey differen tial pressure transmitter. 

These include basic transmitter accuracy, amplifier adjus tment, 

pressure sensitivity, and environmenta l effects (predominately 

temperature). 

2. Possible errors introduced in the leve l ca l cu l ation circuity from 

the electronic setup and assumptions used , and errors introduced 

from the t�rature measurement in the steam generator downcomer 

for the operating range. 

J. Possib l e  errors introduced in the recording system, in tnis case 

the reactimeter. 

4 .  Possible errors introduced in the conversion to stratified leve l 

referenced from the bottom tube sheet. 

21 
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Sources of information for evaluation of uncertainty components are the 

�ailey transmitter instruction manual
9

, the Bailey Elevated environment 

qualification report10
, and the Surveillance Procedure - Steam Generator 

Water Leve 1.1 1  

Each of the aforementioned potential error sources are listed in 

Tables 2, 3, and 4 and estimates of the resulting uncertainty are given for 

each of the secondary level measurements. Since statistically valid test 

data does not exist, all estimates are given as bias rather than precision 
components. The uncertainty estimates for the operating level are 

summarized in Table 2, with a resulting uncertainty of �23 em. The 

uncertainty estimates for the converted start-up level are sumnarized in 

Table 3, with a resulting uncertainty of ±17 em. The uncertainty 

estimates for the converted full range level are summarized in Table 4, 

with a resulting uncertainty of ±37 em. 
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TABLE 2. UNCEKTAINTY ANALYS I S  - SECONOARY OPERATING LEVEL 

uncertainty Component 

J i fferential Pressure Transmitter 
(Ba i ley Type BY) 

Accurac)b 
Electron i c  Setup (tolerance)' 
Te-perature Sensitivityd 
P ressure Sensitiv i tye 
Stab i l i ty (long term drift)' 

f�•Jperature Compensctt1on C 1rcu1try 
Static Function benerator (tolerance) 9 

Input Temperature Signalh . 
Sta t i c  Mult i pl ier (tolerance) 1 

Keference Ley Oens i t� 
Keference Leg Leve l (tlO cm)k 

�ecord i ng on Reactimeterl 

T�TAL BASE UNCERTAINTY 

Convers i on to Interface Level 
Distance between Tapsm 
Secondary Phase Dens i t i es" 

TOTAL UNCERTA INTY 

Uncertainty Estimate 
a 

(bias) 

0. 5 � FS 
0. 25� FS 
1.1 I FS 
0. 1 I FS 
0.251 FS 

0. 5 I FS 
0. 8 S FS 
0.5 ' FS 

2.0 S FS 

1.4 I FS 

0. 111 FS 

2. 951 FS 

0.1 I FS 
0. 751 FS 

3. 051 FS 
(t23 em) 

a. The uncertainty est i mates given were obta i ned from various sources, 
which are listed tn the following footnotes. The uncertainty est i mates are 
g1ven for the 951 con f i dence level, and are all cons idered to be bias 
est i .ates due to the total lack of any statistic a l ly signif icant data. 
Estimates are g i ven i n  terms of percent of full scale (fS), w i th F�=742 cm 
... sed. 

b. The source of uncertaint i es in th� transm itter. (accuracy) is the 8ct1 l ey 
transmitter manual (see Reference 9). 

c. The tolerance in electronic setup of the transm i t ter amplifi er is g1ven 
on the instrument ca libration data sheet. 
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TABLE 2. (continued� 

d. This estimate is based upon the stated temperature effects within the 
operational range of -20 - 160°F, of 0. 01% FS/°F (see Reference 9 ) . The 
maximum reported (see Reference 10) error for elevated ternperatures 
(27U°F), under postulated accident conditions, is 5% observed �ero offset. 
Since the maximum observed reactor building temperature was 175°F, the 5% 
value is probably much too large, therefore a value of the stated 
temperature effect within the operational range is used [1.1% FS  = (. 01% 
FS/°F • ( 175-68°F))]. 

e. The pressure sensitivity is calculated using the value given in 
�eference 9 as, (1.05 x 10 -

� % FS/psi • 910 psi) = 0.1% FS. 

f. Drift is based upon 0.15%/3 months given in Reference 9 with a 5 month 
period since the last instrument calibration. 

g. No data sheet could be found for the setup of the static function 
generator, therefore an assumed tolerance of 0. 5% FS is used. 

h. The temperature signal input to the static function generator was from 
SP-3A-TT1, the downcomer temperature. Stated tolerance (see Reference 11, 
data sheet 13) is ±6°F input to the computer. This uncertainty results 
in an uncertainty in the density correction as a function of temperature 
(and thus reading). The stated value is used as a percent of full scale 
for conservatism. 

i. Stated tolerance for the electronic setup of the static multiplier is 
from Keference 11, data sheet 17. 

J. Assumed reference leg temperature is 1U5°f (see Reference 3, 
Figure SPl). Maximum recorded reactor building temperature was 175°F. 
Assuming this temperature was the actual reference leg temperature during 
portions of the accident, and a secondary pressure of 900 psia, results in 
the tabulated uncertainty of 2� FS. 

k. An uncertainty component for uncertainty in the liquid level in the 
reference leg of the differential pressure sense line of ±10 em is 
included. This is based upon engineering judgment of possible voiding in 
the reference leg during depressurization. 

1. The uncertainties associated with recording on the reactimeter are 
assumed_to b� the sa�e as for recording on the plant computer. No 
uncerta1nty 1nformat1on on the reactimeter is available. This includes 
manuals� drawings, _model. number, and serial number of the unit installed by 
B&W dur1ng the acc1dent. The uncertainty estimate for the plant computer 
is based upon Reference 12. 

m. An uncertainty in knowledge of the distance between sense line taps of 
1 em is assumed. 
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TABLE 2. (continued) 

n. The secondary phase densities used in Equation ( 1) were obtained from 
the s team tables using the measured secondary pressure and assuming 
saturation conditions. From Reference 13, the uncertainty in the pressure 
.easure-ent is �. 1 1  MPa which results in an uncertainty in the phase 
density difference of 0 . 75S at a pressure of 1 MPa. This va l ue is used as 

• a percent of full scale for conservatism. 

25 
• 



TA�L£ 3. UNCERTAINTY ANALYS IS - SECONDARY START -UP LEVEL 

Uncertainty Component 

Differential Pressure Transmitter 
{ Bailey Type B Y) 

AccuracYb 
Electronic Setup (toler�nce)c 
Temperature Sensitivity 
Pressure Sensitivitye 
Stability (long term drift)f 

Recording on Reactimeterg 

TOTAL BASE UNCERTAI NT Y  

Conversion to Interface Level (Equation (4) ] 
Reference Leg Densityh . 
Reference Leg Level (�10 cm) 1 
Distance between TapsJ 
Secondary Phase Oensitiesk 

TOTAL UNCERTAINTY  

Uncertainty Estimate 
a 

{bias) 

0.5 % FS 
0. 25% FS 
1. 1% FS 
0. 1 % FS 
0.25% FS 

0. 11% FS 

1.26% FS 

1. 6 % FS 
1. 6% FS 
0. 1 % FS 
0. 75% F S  

2. 70 % FS 
(± 17 em) 

a. The uncertainty estimates given were obtained from various sources, 
which are listed in the following footnotes. The uncertainty estimates are 
given for the 95% confidence level, and are all considered to be oias 
estimates aue to the total lack of any statistically significant data. 
Estimates are given in terms of percent of transmitter full scale (FS), 
with FS=635 em used. 

b. The source of uncertainties in the transmitter (accuracy) is the Bailey 
transmitter manual (see Reference 9). 

c. The tolerance in electronic setup of the transmitter amp l ifier is given 
on the instrument calibration data sheet. 

d. This estimate is based upon the stated temperature effects within the 
operational range of -20 - 160°F, of 0.01% FS/°F (see Reference 9). The 
maximum reported (see Reference 10) error for elevated temperatures 
{270°F), under postulated accident conditions, is 5% observed zero offset. 
Since the maximum observed reactor buil ding temperature was 175°F, the 5% 
va l ue is probably much too l arge, therefore a value of the stated 
temperature effect within the operational range is used [ 1. 1% FS = 
{.0 1% FS/°F • ( 175-68°F))J. 
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TAijLt 3 .  (continued ) 

e. The pressure s ensitivitl is calcu l ated using the va l ue giv�n in 
�eference 9 as, ( 1 . 05 x 1 0- I F S/psi • 9 1 0 psi) • O . I X  FS. 

f. Urift is based upon 0 . 1 51/3 months given in Reference � . with a 5 month 
period since the last instrument calibration. 

g. The uncertainties associated with recording on the reactimeter are 
ass�d to be the same as for recording on the plant computer. No 
uncertainty information on the reactimeter is avail able. This inc l udes 
�nual s ,  drawings , model number , and seria l number of the unit instal l ed by 
d&W during the acc 1dent. The uncertainty estimate for the plant computer 
is based upon Reference 1 2 .  

h .  Assumed reference l eg te.perature is 1 25°f for Equation (4). Maximum 
recorded reactor buil ding teMPerature was 1 75°f . Assuming this temperature 
was the actual reference leg temperature during portions of the accident ,  
and a secondary pressure of 900 psia , resu l ts in the tabu l ated uncertainty. 

i .  An uncertainty component fur uncertainty in the liquid l eve l in the 
referenc e l eg of the differential pressure sense l ine of t l O  em is 
1 nc l uded. This is  based upon engineering j udgment of possib l e  voiding in 
the reference leg during �epressurization. 

J .  An uncertainty i n  knowledge of the dis tance between sense line taps of 
1 01 is as sUllied. 

k .  The secondary phase densities used in Equation { 4 )  were obtained f rom 
the steam tab l es using the measured secondary pressure and assuming 
saturation conditions. From Reference 1 3 , the uncertainty in the pressure 
measurement is 10 . 1 1  MPa which results in an uncertainty in the phase 
density difference of 0 . 751 at a pressure of 1 MPa. This value is used as 
a percent of ful l  sca l e  for con servatism. 

• 
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TABLE 4. UNCERTA I NTY ANALYS IS - SECONDARY FULL RANGE LEVEL 

Uncertainty Component 

Uifferentia l Pressure Transmitter 
( �ailey Type B Y) 

AccuracYb 
E lectronic Setup (toler�nce )c 
T emperature Sensitivity 
Pressure Sensitivitye 
Stability ( long term dr i ft)f 

Recording on Plant Computerg 

TOTAL BASE UNCERTA I NTY 

Conversion to Interface Level [Equat i on (4) ] 
Reference Leg Dens ityh . 
Reference Leg Level ( � 1 0  cm ) 1  
Distance between TapsJ 
Secondary Phase Densitiesk 

TOTAL UNCERTA I NTY  

Uncertai nty E s t i mate 
a 

(bias ) 

0 . 5  % F� 
1 . 03% FS 
1 . 1 % FS 
0 . 1 % FS 
0 . 25% F S  

0 . 1 1 %  F S  

1 . 6 1 %  FS 

1 . 6 % FS 
0 . 7 % FS 
0 . 1 % FS 
0 . 7 5% FS 

2.49 % FS 
( ±3 7  em ) 

a. The uncertainty estimates given were obta i ned from var i ous  sources, 
which are l isted in the following footnotes. The uncertainty esti mates are 
given for the 95% confi dence level, and are a l l considered to be b i as 
estimates due to the total l ack of any statistica l ly signifi cant data. 
Estimates are given in terms of percent of transm i tter fu l l  scale ( FS )  
range span, with FS=l468 em used . 

b .  The source of uncertai nties i n  the transm itter (accuracy) i s  the Ba i ley 
transmitter manua l (see Reference 9 ). 

c .  The to l erance in e l ectron i c  setup of the transmitter amp l ifier is g i ven 
on the instrument calibration data sheet. 

d. This esti mate is based upon the stated temperature effects within the 
operationa l  range of -20 - 1 60° F ,  of 0 . 0 1 % FS/°F (see Reference 9). The 
maximum reported (see Reference 1 0 )  error for e levated temperatures 
( 2 70°F ) ,  under postu l ated acc i dent conditions, is 5% observed zero offset. 
Since the maximum observed reactor building temperature was 1 75°f , the 5% 
val ue i s  probably much too l arge, therefore a value of the stated 
temperature effect wi thin the operati onal range i s  u sed [ 1 .  1 %  FS = ( . 0 1 %  
FS/°F • ( l 75-68°F )) ]. 
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T��Lt 4 .  (con t i nued ) 

e .  The pressure sens it i v i tl i s  c a l c u l ated u s i ng the v a l ue g i ven t n  
Reference g as .  ( 1 . 05 x 1 0- 1 F S/ps i • g 1o ps t )  • 0 . 1 1  F S .  

f .  Or i ft i s  based upon 0 . 1 51/J months g i ven i n  Reference 9 ,  w i th a 5 month 
per i od s i nce the l as t  i nstrument c a l i brat i on .  

g .  The u ncerta 1nty est i mate for the p l ant computer i s  based upon 
Reference 1 2 .  

n .  Assumed reference l eg temperature i s  1 25°F i n  Equat i on ( 5 ) . Max imum 
recorded reactor bu i l d i ng temperature was 1 7S•f . Assuming th i s  temperature 
was the actua l  reference l eg temperature dur i ng port i ons of the acc i dent , 
and a secondary pressure of  900 ps i a , resu l t s  i n  the tabu l ated uncerta i nty . 

i .  An uncerta 1 nty co.ponent for uncerta i nty i n  t he l iqu i d  l eve l i n  the 
reference l eg of the d i fferent i a l pressure sense l i ne of t l O  em i s  
i nc l uded .  Th i s  t s  based upon eng i neer i ng judgment o f  poss i b l e  vo i d i ng i n  
the reference l eg dur i ng depressu r i z at i on .  

j. An uncerta i nty 1 n  know l edge of the d i stance between sense l i ne t aps of  
I c• is  assu.ea . 

k.  The secondary pnase dens i t i es used in  Equat 1 on ( 5 )  were ob tdinea from 
the ste� tab l es u s i ng the measured secondary pressure and assum i ng 
s aturat i on cond i t i on s . F rom Reference I J , the uncerta i nty i n  the pressure 
.easur�nt 1 s  tO . l l  MPa wh ich resu l ts i n  an uncerta inty i n  the phase 
dens i ty d i fference of 0. 751 at a pressure of 1 MPa .  This v a l ue i s  use� as 
a percen t of f u l l sca l e  for conservat i s•.  

• 
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5 .  CONCLUS I ONS 

The  OTSG secondary l eve l  measurement systems h ave  been desc r i bed .  The 

l eve l s recorded on the react imeter have been converted i nto a common 

measurement bas i s ,  wh i ch a l l ows for d i rect compar i son between the operat i ng 

and start-up l ev e l  measurements . Uncerta i nty an a l yses for these 

measurements have been presented , and the measurements h ave  been a s s i gned 

data qual i f i cat i on categor i es of "Qua l i f i ed . "  The two over l app i n g  l ev e l  

measurements i n  each OTSG have been comb i ned t o  obta i n  best  est i mates of 

the secondary l eve l s .  These compos i te l eve l s have uncerta i nt i es of 

± 1 7  em for the range of 1 5-550 em, and ±23 em for the r ange of 

550-1047 em. These compos i te l eve l s  are the best ava i l ab l e  l ev e l s  for u s e  

as boundary cond i t i on s  o f  t h e  OTSG secondar i es dur i ng therma l -hydrau l i c 

ana lys i s  of  the acc i dent .  
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APPENU U A 

SUPP� T I N� CALCULAT I ONS FOK 
OTSG MEASUREMENT ANALYS I S  

Pressure Orop Across SteaM Aspirator 

The �W Once- Through Steam Generator (OTSG) uses a steam aspi rator to 

p reheat  the subcooled f eedwater i n  the downcomer sec t ion before the 

feedwater enters the r i ser sec t i on of the OTSG . This system i s  shown 

sch�tically in F i gure A- 1 .  I n order to compare the l eve l measur�nents i n  

the downca-er and the r i ser sect ions , know l edge o f  the pressure drop acros s  

t he  aspirator open i ng i s  requ i red . Ca lcu l at i on o f  the pressure drop 

requ i res knowledge of the s team mass f l ow rate from the r i ser i nto the 

downcomer ,  -stea. ·  Th i s  f l ow rate c an b e  c a l cu l ated f rom k now l edge of 

the f eedwater f l ow rate and temperature , and a mass and eneryy ba l ance .  

The v a l ues o f  pert i nent parameters for the i n i t i a l cond i t ion pr i or t o  the 

f eedwater pu.p t r i p  are l i sted i n  Tab l e  A- 1 .  Us i ng t he nomenc l ature shown 

i n  F i gure A- 1 ,  the -.ss and energy ba l ances c an be performed as fo l l ows . 

Mctss Ba lctnce 

Tne tota l •ass flowing through the adjustab l e  downcomer or i f ice,  and 

i nto the riser sec t ion .  •or' i s  the s um of the feedwater f l ow rate , 

'feed ' and the s teaM •ass f l ow rate through the aspi rator , �team • as ; 

• • • 
llor = "feed + lls team 

Energy Ba l ance 

( 1>\- l ) 

The tota l energy f l ow through the downcomer or i f ice  i nto the r i ser c an 

be obta i ned f rom the 1 nd i v 1 dua l  mass f l ow rates and the entha l p i es for eac h 

f l u i d  t l ow ( assum i ng s aturated s team f l ow through the asp 1 rator and 

saturated l 1quid f l ow through the or i f i ce } .  Th i s  can be wr i t t en as ; 
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F i gure A- 1 . Schemat i c  of Lower OTSG . 
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TABLt A- 1 .  �UMMAKY Of O TSG INIT I AL COHO l T I UNS CALCULATION� 

P ressure ( f!Fa )• 

Saturated Propert i es 

Telll)erature (K) 
Enthal py-stea.(MJ/kg ) 
E ntha l py- l i qu i d(MJ/k g )  
Uens 1 ty-s team ( kg/� 1 
Uens i ty- l i qu i d ( kg/� ) 

feedwater 

Mass f l ow rate  ( kg/s ) 
Tet�perature ( K )  
E n t ha l py ( MJ/kg ) 

Leve 1 s ( Cll) 

Uowncomer 
M i ser 

�owncomer Or i f i ce Parameters 

P re�sure drop ( kPa ) 
Los s  coef f i c i ent 
Mass  f l ow r ate ( kg/s )  

Exhaust Stea11 

Tetll)erature (K) 
Entha l py (MJ/kg )  

S econdary Power ( MW )  

A-Loop O TSG 

6 . 38 

552 . 7  
2 . 7806 
1 . 2348 

32 . 97 
7 5 1 . 3  

7 22 . 4  

5 1 3 . 2  

1 . 0382 

660. 0 
525 . 8  

9 . 45 
1 . 483 

8 1 4 . 3  

586 . 1 
2. 901 9 

1 ,  346 

8-Loop OTSu 

6 . 24 

5 5 1 . 3  
2 . 7822 
1 • 227 1  

32 . 1 7  
753 . 9  

7 1 7 . 6  
) 1 3 . 2  

1 . 0382 

668 . 7 
:,38 . 3 

9 . 22 
l . ·l::3 7 

8U4 . 8  

585 . 5  
2 . 904 5 

1 , 339 

a .  The pressure g i ven t s  the average ( - 1 0  - - u . 1 � i n . )  abso l ute pressure 
.easured at  the s team l i ne and recorded on the reac t i meter . 

• 



. . . 

lllor hf = Ills team hg +' lllf eed hf eed ( A-2 } 

where 
= 

= 

= 

Steam F l ow Rate 

the entha l py of  s aturated l i qu i d  l eav i ng the downcomer , 

obt a i ned from the s team t ab l es u s i ng the s econdary 

pressure ( MJ/kg }  

the entha l py of s aturated s team enter i ng the  downcomer 

through the asp i rator , obta i ned from the steam t ab l es 

us i ng the secondary pressure ( MJ/kg )  

the enth a l py of the subcoo l ed feedwater l i qu i d  f rom the 

s team t ab l es u s i ng the measured feedwater temperature 

and the secondary pressure ( MJ/kg } .  

Equat i on ( A- 1 ) and Equat i on ( A-2 ) c an be  so l ved for the  s team mass 

f l ow rate through the asp i rator , resu l t i ng i n ;  

. 

m steam 
. 

• m ( A-3 } 
feed 

Subst i tut i ng the i n i t i a l cond i t i on v a l ues of the  enthal p i es i nto Equat i on 

(A-3 } resu l t s  i n ;  

• 

msteam = U . l 27 • lllfeed 

P ressure Urop Across Aspi rator 

Know i ng the mass f l ow r ate through the a s p i rator , the  pressure drop 

across the asp i rator can be c a l c u l ated . The pres sure drop , DP as • can  be  

expressed as ; 
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I • uP • - ._ ,tJ • ( m  /� ) .� as l g steam as � 

where 

( �-4 ) 

• tne l oss  coef f i c i en t  for the asp i rator ( noud i mens i ona l )  

• 1 . 95 ( from Reference A- 1 )  

• the steam dens i ty ( kgtm3) 

• the area of the aspi rator (m2)  

? 
= 0 . 9 72 mL ( f rom Reference A- 1 ) .  

Suost i tut i ng the s team mass f l ow rate and the  i n i t i a l  cond i t i on parameter 

v a l ues for the A-loop O TS� from f able A- I i n to Equation ( �-4 ) resu l t s i n d 

v a l ue f ur the pressure drop across the aspirator of ; 

uP 4 �  • to4 Pa - 2 . 7 em of water a t  4°C . 

Tn 1 s  pressure drop s hou l d  be i ns i gn i f i c ant i n  t ne compar i son of the  

downc�r and r 1 ser levels. 

Oownc01ner Or 1 t  i ce Los s Coeff i c i ent 

I nsta l l ed i n  the bottom o f  t he O T �b downcomer is an adJustab l e  

ur 1 f i ce . T h i s  or i f ice  I S  c�r i sed of two concen t r i c  p l ates , each w i th l4  
rec tangular ho l es o f  1 0  x l l . 6 e m  ( 4  x 8 1 /t i nch ) d i mens i ons . Tne upper 

p l dte i s  .avable re l at i ve to the l ower p l ate , thus the or ifice f l ow area is 

adJustable. The purpose or  t h i s  variable drea i s  to a l l ow adjus tment of 

the pressure drop ac ross the or i f i ce ,  and thus the downcomer l evel , to  

i ncrease system s tab i l i ty c1t f u l l power operat i on .  The adJ u s ted pos i t i on 

ex 1 s t ang  at  the t ime of the dCC ident • s  unk nown. However , the or i f i c e  

pos i t i on w�s  i n i t i a l l y  s�t during fabr tcation to a n  open t ny s t ze o f  
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A-2 
1 0  x 1 0 . 8  em (4 x 4 1 /4 i nch ) .  I n  the fo l l ow i ng ana lys i s  th i s  open i ng 

s i ze w i l l  be used to c a l cu l ate  the f l ow area , and a l oss  coeff i c i en t  

c a l c u l ated based upon th i s  f l ow area ( A0r = 0 . 2632 m2 ) and the measured 

parameters . The methodo l ogy i s  to  use  the d i fference i n  t h e  i n i t i a l  

downcomer and r i ser l eve l s  as  the  d i fferent i a l pressure across the  or i f i c e ,  

and comb i n i ng w i th t h e  tota l or i f i c e  mass f l ow rate , mor ' c a l cu l ated from 

Equat i on (A- 1 ) .  The l os s  coeff i c i ent , K ,  i s  def i ned by Equat i on ( A- 3 ) , 

wh i ch c an be so l ved to  obta i n ;  

where t he d i fferent i a l  pressure across the or i f i c e ,  DPor • i s  obtai ned 

from the d i fference i n  the i n i t i a l r i ser and downcomer l eve l s ,  LR and 

L 0 , by ; 

Tl1e  i n i t i a l va l ues of UP0r for both OTSus are t abu l ated i n  T ab l e  A- 1 . 

U s i ng these va l ues and the other i n i t i a l cond i t i ons  i n  Equat i on ( A- 5 )  

resu l t s i n  the l oss  coeff i c i ent va l ues tab u l ated i n  Tab l e  A- 1 .  
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