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LOFT APPROVAL 

The B a t t e l l e  Northwest L i qu id  Level Probe was evaluated f o r  posstble use i n  the  LOFT 
Blowdown Suppression Tank. The resu l t s  from the t e s t  i nd tca te  t h a t  the probe w a l l  
measure the 1 i q u i  d 1 eve1 t o  + % inch, over a range o f  50- tnches. The next  step I s  
t o  t e s t  the f u n c t i o n a b i l i t y  o f  the probe under simulated LOFT-Blowdown Suppression 
Tank operatfng condi t lons.  
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SUMMARY 

The ra'nge of the Bat tel le  LLP i s  50 inches (127 cm). I t  can measure 

depth changes w i t h  an accuracy of 2% a t  the r a t e  of .8O inches/sec 

without d i f f icu l ty .  The response time is  300 msec. ( A  10 t o  90%). 

This will  allow the change i n  volume of the f l u i d  i n  the LOFT, 

suppression tank t o  be calculated t o  w i t h i n  f 10%. The LLP can be 

adapted fo r  use i n  the LOFT 'suppression tank as  a means of measuring 

the mass t ransfer  and mass flow rates .  
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1.0 I n t r oduc t i on  

The purpose o f  t h i s  r e p o r t  i s  t o  present t he  r e s u l t s  of t e s t s  performed 
. . 

-. 
t o  determine the f e a s i b i l i t y  o f  using t he  l i q u i d  l e v e l  probes (LLP) 

obtained from B a t t e l l e  Northwest i n  the  LOFT suppression tank. The , 

l i q u i d  l e v e l  probes a re  p~oposed as a  means o f  measuring t he  t o t a l  mass 

, t ransfer  and the mass f l ow  r a t e  i n  the  suppression tank dur ing a  LOCE. 

The range, accuracy, and response o f  the  l i q u i d  l e v e l  probe i s  described 

i n  subsequen.t sect ions of t h i s  repor t .  

2-.O Descr ip t ion o f  L fqu id  Level Probe 

The LLP i s  a  f l oa t / sw i  t c h  sensor cons is t ing  o f  a  v p r t t c a l  s ta in less  s tee l  

tube (Figure 1)  conta in ing an a r ray  o f  magnet ica l ly  operated dry reed 

switches. which connect a  convnon 'lead t o  the  juncti'on of ' .100 equq? seri'es 

res is to rs ,  c o n s t i t u t i n g  a  100-step potentiornetor, (Figure 21.. ( ' l )  The 

magnetic reed switches a re  spaced a t  1/2 inch  (12.7 mm) i n t e r v a l s  g i v i n g  

a  range of 50 inches [I27 cm). T,he switches a re  actuated by a  magnet 

w i t h i n  a  free-moving t o r o i d a l  f l o a t  which enc i r c l es  t he  tube conta in ing 

the swi tch and r e s i s t o r  arrays. As t he  f l o a t  moves up o r  down t he  tube 

f r o ~ ~ i  one p o s i t i o n  t o  the  next, the res idua l  f - i e l d  i s  s u f f i c i e n t  t o  ho ld  

the f i r s t  swi tch  closed u n t i l  a f t e r  the  second swi tch has closed, pre- 

vent ing an open-cicui t co'ndition. The tube a lso  contains an i den t i ca l ,  

bu t  untapped,100 r e s i s t o r  reference a r ray  which i s  used f o r  temperature 

compensation. 

These sensors can be i n s t a l l e d  v e r t i c a l l y  i n  t he  suppression tank i n  

.' an on-axis locat ion,  through penetrat ions a t .  the  top of the  tank, 

Signal cond i t i on ing  c i r c u i t r y  .would be located i n  TAN 630,Ronm 219. 

Cable leng th  should cause no problems s ince the reference and "working" 

s t r i n g  r e s i s t o r  leads w i l l  be the same length.  

1  
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Level 

Figure 1 LIQUID LEVEL PROBE 
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3.0 Descr ip t ion of Test '  and Test ,Resul t s  

3.1 Accuracy qnd F l u i d  Ve loc i t y  Test 

The accuracy and f l u i d  ve loc i t y  t e s t  were conducted t o  conf i rm the 

LLP's a b i l  i t y  t o  measure changes i n  1  i q u i d  l eve l s  and the  r a t e  of change 

of these leve ls .  Based on data taken i n  e a r l i e r  LOFT b l  owdown experi- 

ments .(L1-2), i t  was determined t h a t  the expected depth changes would 

range from 4 t o . 8  inches (101.6 t o  203.2 rnm) a t  ve loc i t t es  o f  0.5 in/sec 

el (12.7 mm/sec) t o  2.0 in/sec (50.8 mm/sec) . These t es t s  were performed 

w i t h  the  LLP centered v e r t i c a l l y  i n  a  glass t e s t  vessel ,. us ing water as - 
t he  f l u i d .  The i ns i de  diameter o f  t he  t e s t  vessel was 6 incheq and the 

2 2  n e t  f low area was 24.6 I n  (158.7 cm 1, Water enter ing a t  the r a t e  of 

2. gql/'mTn (7.57 llrnfn), gtves water . ve loc i t y  o f  0.313 in/sec C7.95 mn/sec] 
. . 

i n  the t e s t  vessel, F igure 3 11 l us t r a tes  the  experimental test  u n i t ,  ' 

These t e s t s  were performed by the Development and Evaluation Laboratory 

a t  the A u x i l i a r y  Reactor Area Test F a c i l i t i e s .  

The accuracy of the LLP was checked by recording the begtnning and end- 

i:ng water l eve l s  as measured by the LLP and by recording the beginnfng 

and ending water l eve l s  as measured by a  ya rds t i ck  af f ixed t o  the s ide of 

the  t e s t  vessel. The chsngfng water depth and the t ime required f o r  

these changes were recorded on a  s t r i p  char t  recorder connected t o  the 

output  o f  the LLP as water was emit ted t o  the t e s t  vessel a t  predeter- 

mined ra tes.  The v e l o c i t y  of the water i n  the  t e s t  vessel was a lso 

detery ined by measuring the  t ime requ i red f o r  the  water t o  pass po in ts  

of known separation w i t h  a  stop watch. The accuracy was found t o  be 

+ - lO%,worst case. Typ i ca l l y  the accuracy i s  + - 5%. The r e s u l t s  o f  the 

t e s t  are  summarized i n  Table A. 

4 
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TABLE A 

*established by using a calibrated flowmeter. 

LIQUID' LEVEL PROBE 

SUMMARIZED TEST RESULTS 
Acc.uracy 

L 
. .- Velocit 

% .  
Probe .Yardstick 

. Flow Vel. Average Integrated 

Using Ydrdstick 
as Standard 

arv 

.-Deviation . 
(Using watch and measurement - 

inlsec 
(mlsec) 

- 
ID 
4. 
0, 

5 
o 
s 

% 

0.59 

0.53 

0.58 

8 

Velocity 
: inlsec 
(mn/sec) 

(Timed 
. Velocity 
STD 
in/sec 
(m/sec) 

0.34 
(8.64) 

1.09 
(27.69) 

1.72 
(43.69) 

2.04 
(51.82) 

Velocity 
inlsec 
(h/sec) 

Beginning 
Level 
in. 
(mm) 

Ending 
Level 
in. 
(mn) 

. Ah 
in. 

(mn) 

~h 
in. 

(m) 

Beginning 
Level 
in. 
(mm) 

Ending 
Level 
in. 
(4 



3.2 Response Test 
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The response o f  t h e  LLP was measured by a l l o w i n g  the  f l o a t  t o  f a l l  

under t h e  acce le ra t i on  of g r a v i t y  i n t o  approximate ly  15 inches (38 mm) of 

water. The water  served as a cushion t o  prevent  damage t o  t h e  f l o a t .  

The r e s u l t s  g iven i n  Table B were taken f rom s t r i p  c h a r t  rec,ord ing of t he  

fa1 1 o f  t he  f l o a t .  The LLP w i  11 measure r a t e s  of 75 in /sec tli9 m/sec) t o  
. - .. . -. 

80 in /sec -(2 m/sec) 'wi thout d i f f l c u l  t .vi  

4.0 Uncer ta in t y  Ana lys is  

4.1 Worst Case.  

Th is  a n a l y s i s  i s  based on an ,assumed depth change o f  5.0 i n  (127 mm) 

(3 and a beginning depth o f  52.0 i n  (1320.8 mm) . The probe can measure t h e  

depth t o  p l u s  0.5 i n  (12.7 mm) and minus 0 inches. 

Th is  g ives four  poss ib le  combinations o f  depth and volume. These combinat ions 

are: 

Depth Range 
inches (mm) 

Vol ume % E r r o r  i n  Vol 
f t3 ( l i t e r s )  

Thus, a t  t h e  worst ,  t h e  volume i n  the  suppression tank  w i l l  be known t o  

w i t h i n  - + 10%. 



TABLE B 

' FREE FALL RESULTS 

CD' * ignore drag, f r i c t i o n ,  and Uo 

Vel . 
i n l s e c  

(mnlsec) 

75 
(1905) 

80.4 
(2042.16) 

Measored 
F a l l  Time 
msec 

480 

460 

Response 

Calculate&* 
F a l l  Time 
msec 

431 

! 

437 

Run I 

Run . I1  

D i  si3nce 
i n  

(mm) 

36 
(914.4) 

37 
(939.8) 

Frequency 
Hz 

1.17 

1.11 

T' 
'/e 
msec 

360 

337.5 

T 10 t o  90% 

msec 

300 

315 
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4.2 Usual Case 

Typically the magnet will cause the next switch in the string to  close 

when the fluid level i s  approximately one quarter inch below the indicated 

level; t h a t  i s , a t  52.00 read 52.0 

52.25 read 52.5 

52.50 read 52.5 

52.75 read 53.0 

53.00 ,read 53.0. 

Thus, the height of the fluid in , the suppression t a n k  i s  measured t o  + - b 

inch (6.4 mm) and yielcka volume w i t h  an error of + - 5%. 

5.0 ~ o n c l  us ions and Recommendations 

These liquid level probes are capable of measuring the changes in liquid 

level in the suppression tank.' I f  turbulence i n  the tank i s  severe the rate 

of change may be dif f icul t  to  measure unless further development, such as 

surrounding the f loat  with a pipe with holes in the bottom and the t o p ,  

i s  undertaken to keep the f loat  from bouncing. Also, i f  any accuracy 

better than f 5% i s  desired, a second generation of probes should be designed 

. , t.0 measure smaller changes in fluid depth b u t  i f  the accuracy of the 

liquid level probe i s  acceptable, then instal1 as is .  

Therefore the following i s  recommended: 

1.. Estimate the cost t o  instal l  

2. Compare w i t h  a1 ternative f loat  method (See Appendix B )  

3. Test functionabi 1 i ty under sirnul ated LOFT - B l  owdown Suppression 
T a n k  6perating conditi,ons: 

a. Vibration . 
b. Bubble Test. 
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APPENDIX ' B 

TEMPSORICS , ' INC . .PROBE 

I Pulses ,, n 
launched I, 

Pulses 
! d l  n n 

received Ref. vol to e l  
Pulse train n-8 [ 1 7 

Averoge 
UC 

DC output 0 

The magnetrostrictive transducer 
This devlce developed by Ternpsonics, 
Inc.. Plainvtew. NY uses an eioctrlcal 
analog of an echo to measure d:stance. 
A maynel IS attached to the object 
whose dicplncemcnl i,: to be mr! isurcd 
1 tic rnagnel rldes .i I:. LI contc~lning a 
special ferromagr lcltc (magnc!tostric- 
live) wirc A pulse launched t3y a 
transmitlerlreceiver travels the wire at a 

controlled speed and rate The interac- 
tion of pulse current through the wire 
and magnetic field from the magnet 
causes the pulse to be reflected. The 
pulse returns to a fixed reference point. 
The transmitted and returned signal 
trigger the beginning and end of a pulse 
width output. 

The pulse train generated can gate a 
precision quartz clock for a count or 
dtgttal output. One can also fllter it to 
derive a dc voltage for an analog out- 
Put 

The system features prectston of 
~0.05 percent with a repeatability of 
~0.01 percent. Its range can go to 12 
feet or greater. The unit can ihrlthstand 
hlgh pressures and can be used m hy- 
drnullc actuators. Olher uses ir~clircle 
die castlrlg machines, ~IOI?)IC re,icI~:' 
rod controls and sawmill I uchinery. L 




