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1.0 PURPOSE 

The Royce Instrument Corporation Model 2511 Interface Level Analyzer 
(URSILLA) system uses an ultrasonic ranging technique (SONAR) to measure 
sludge depths in holding tanks. Three URSILLA instrument assemblies 
provided by the W-151 project are planned to be used during mixer pump 
testing to provide data for determining sludge mobilization 
effectiveness of the mixer pumps and sludge settling rates. 

The purpose of this test is to provide a documented means of verifying 
that the functional components of the three URSILLA instruments operate 
properly. Successful completion of this Shop Test Procedure (STP) is a 
prerequisite for installation in the AZ-101 tank. 

2.0 OBJECTIVE 

The objective of the test is to verify the operation of the URSILLA 
instruments and to verify data collection using a stand alone software 
program. 

3.0 REFERENCES 

3.1 Drawings 

H-2-68327, Sh.1 Tank AZ-101 Elec./Inst. Equipment Wire Run 
List 

H-2-68330, Sh. 2,4 Tank AZ-101 Elec./Inst. Equipment Wire Run 

H-2-68335, Sh. 7 IEFD Tank Farm 
List 

H-2-68423, Sh. 1 Tank Riser Air Lift Circulator Details 

H-2-78948, Sh. 7-9 Elec./Inst. Equipment Interconnection 

H-2-78982, Sh. 2 Control Console AZ-101-156 Assembly 

H-2-78983, Sh. 3,4 Console AZ-101-156 Wiring Diagram 

H-2-78984, Sh. 1,2 Console AZ-101-156 Cable Assemblies 

H-2-79212, Sh. 1,4,7,9 Elec/Instr/JB/Cnd Installation Tank AZ-101 

H-14-100454, Sh. 1,2,3 Ultra Sonic Interface Level Analyzer 

H-14-100736, Sh. 1,2 Interconnection Diag Ultrasonic Interface 
Analyzer Cab1 ing 

Diagram 

Assembl ies 
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3.2 

3.3 

3 . 4  

4.0 SAFETY 

Vendor In fo rma t ion  

ROYCE inst rument  Corporat ion,  Model 2511, I n t e r f a c c e  Level  
Analyzer  Operators  Manual, New Orleans, La., V I N  0022515, 
Supplement 041 

ROYCE inst rument  Corporat ion,  Model 2511, I n t e r f a c c e  Level  
Analyzer  P r o f i l e  Program I n s t r u c t i o n s ,  New Orleans, La., 
VIN 0022515, Supplement 041 

Other 

Flammable Gas Equipment Advisory Board I n t e r p r e t a t i o n /  
Recommendation Repor t ,  FGEAB-97-017, Rev. 2 

Witwer, K.  S., 1995a, S ta tus  on Royce I n t e r f a c e  Level  Detector ,  
I n t e r n a l  Memo t o  G. T. Maclean, May 3, 1995. 

Witwer, K.  S., 1995b, Current  S ta tus  and Resu l t s  o f  Royce 
U l t r a s o n i c  Sensor Test ing,  Memo t o  G. T. Maclean, September 19, 
1995. 

Witwer, K. S., 1999, Report on T e s t i n g  o f  t he  Royce I n t e r f a c e  
Level  Analyzer, HNF-3782, Rev. 0, February 25, 1999, Numatec 
Hanford Company, Rich land , Washington. 

Terms and D e f i n i t i o n s  

INSTM Inst rument  
PC Personal Computer 
STP Shop Test  Procedure 
URSILLA U1 t r a s o n i c  I n t e r f a c e  Level Analyzer  

I n d i v i d u a l s  s h a l l  c a r r y  ou t  t h e i r  assigned work i n  a safe manner t o  
p r o t e c t  themselves and o the rs  from undue hazards and t o  prevent  damage 
t o  p roper t y  and t h e  environment. F a c i l i t y  l i n e  managers s h a l l  assure 
the  s a f e t y  o f  a c t i v i t i e s  w i t h i n  t h e i r  areas t o  prevent  i n j u r y ,  p r o p e r t y  
damage, o r  i n t e r r u p t i o n  o f  ope ra t i on .  Performance o f  t e s t  a c t i v i t i e s  
s h a l l  always i n c l u d e  safety  and h e a l t h  aspects. 

3 
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5.0 RESPONSIBILITIES 

5.1 Test  D i r e c t o r  

The Test  D i r e c t o r  i s  respons ib le  f o r  coo rd ina t i ng  and d i r e c t i n g  the  
acceptance t e s t i n g ,  and s topping o r  suspending the  t e s t i n g  i f  t h e r e  i s  a 
p o s s i b i l i t y  o f  unsafe operat ions,  damage t o  equipment, o r  i n j u r y  t o  
personnel .  

5.2 Test Engineer 

The Test  Engineer w i l l  ensure t h a t  a l l  necessary p repara t i ons  f o r  t h e  
ATP have been completed p r i o r  t o  beginn ing t h e  t e s t .  The Test  Engineer 
w i l l  i n i t i a l  complet ion o f  t e s t  s teps and document t e s t  complet ion/  
approval on t h e  t e s t  acceptance page. 

5.3 Test Operator 

The Test Operator i s  respons ib le  f o r  per forming t h e  t e s t  under the  
d i r e c t i o n  o f  t he  Test  D i r e c t o r ,  and p r o v i d i n g  equipment and inst ruments 
r e q u i r e d  t o  pe r fo rm t h e  t e s t .  

5.4 Q u a l i t y  Assurance/Qual i ty  Contro l  (QA/QC) 

The QA/QC i s  respons ib le  f o r  w i tness ing  t h e  t e s t ,  v e r i f y i n g  complet ion 
o f  t e s t  sect ions,  approv ing d i s p o s i t i o n s  t o  t e s t  except ions,  and 
documenting complet ion/approval  o f  t he  t e s t  on t h e  t e s t  acceptance page. 

6.0 EQUIPMENT 

The Royce Inst rument  Corporat ion Model 2511 I n t e r f a c e  Level Analyzer  
system c o n s i s t s  o f  t h r e e  main components - a sensor u n i t ,  an analyzer  
u n i t ,  and a da ta  a c q u i s i t i o n  system. 
ranging technique (SONAR) t o  measure t h e  depth o f  sludge b lanke t  
i n t e r f a c e s  w i t h i n  h o l d i n g  tanks.  
3 / 4 "  diameter  p ipe  i s  p laced j u s t  under t h e  su r face  o f  t h e  l i q u i d .  
u l t r a s o n i c  s igna l  i s  sent  and rece ived  through t h e  sensor and forwarded 
by coax ia l  cable t o  the  analyzer  u n i t .  The analyzer  u n i t  processes t h e  
i n f o r m a t i o n  and p rov ides  a v i s u a l  readout  o f  t h e  s l u d g e / l i q u i d  i n t e r f a c e  
l a y e r ( s )  and/or t ank  bottom p o s i t i o n .  S p e c i f i c s  o f  t h e  opera t i on  o f  t h e  
components are g i ven  below. 

6.1 Sensor U n i t  

The sensing u n i t ,  Model 25MRA, i s  a 2" d iameter  by 3" l o n g  probe w i t h  a 
1/4"  t h i c k  o u t e r  s h e l l  made o f  carbon f i b e r l e p o x y  composite m a t e r i a l .  A 
p i e z o e l e c t r i c  c r y s t a l  w i t h i n  t h e  sensing u n i t  a c t s  as bo th  a t r a n s m i t t e r  
and r e c e i v e r  o r  " t ransce ive r " .  Shor t  212 hz b u r s t s  o f  u l t r a s o n i c  energy 

The system uses an u l t r a s o n i c  

A small  sensor mounted on t h e  end o f  a 
An 

4 
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t r a n s m i t t e d  from t h e  c r y s t a l  t r a v e l  i n  a narrow beam towards t h e  tank  
bottom and any r e s u l t i n g  echoes are rece ived  i n  t h e  same c r y s t a l .  

The o u t e r  s h e l l  o f  t h e  sensor i s  designed t o  w i ths tand  extreme 
environmental c o n d i t i o n s  such as h igh  temperatures and ve ry  c o r r o s i v e  
m a t e r i a l s .  Tes t i ng  has a l s o  shown t h a t  t h e r e  was no degradat ion o f  
sensor performance a f t e r  exposure t o  5 x lo6 RAD gamma r a d i a t i o n .  

6.2 Analyzer U n i t  

The analyzer  u n i t ,  Model 2511, measures the  t ime  de lay  and magnitude o f  
t h e  r e t u r n i n g  s i g n a l s  and s to res  t h i s  i n f o r m a t i o n  i n  i t s  memory i n  t h e  
form o f  a tank  p r o f i l e .  The procedure i s  repeated severa l  t imes t o  
f i l t e r  anomalous r e t u r n s  u n t i l  an average "c lean"  p r o f i l e  i s  developed. 
The analyzer  w i l l  a d j u s t  t he  power l e v e l  o f  t h e  t r a n s m i t t e d  s i g n a l  based 
on the  s t r e n g t h  o f  re tu rned  s igna ls .  Several f a c t o r s  w i l l  i n f l u e n c e  t h e  
s t r e n g t h  o f  t he  re tu rned  s igna ls .  
t he  power ou tpu t  t o  p rov ide  a s igna l  r e t u r n  t h a t  w i l l  be e a s i l y  
d i s t i n g u i s h a b l e  from the  background noise.  
i n  memory, t h e  analyzer  can determine t h e  depth o f  t h e  i n t e r f a c e ,  t h e  
depth o f  t he  tank  bottom, and the  depth o f  any " f l u f f "  l a y e r s  suspended 
above t h e  i n t e r f a c e .  
numer i ca l l y  and g r a p h i c a l l y  on the  f r o n t  panel readout, o r  sent  t o  a 
remote a c q u i s i t i o n  system where the  same i n f o r m a t i o n  can be d isp layed,  
manipulated and/or s to red  us ing  vendor supp l i ed  sof tware.  

6 .3  Data A c q u i s i t i o n  System 

A microcomputer i s  connected t o  the  analyzer  assembly v i a  an RS232 
s e r i a l  i n t e r f a c e .  Data from the  analyzer  i s  then viewed us ing  t h e  
sof tware program prov ided by the  vendor. 
t o  view and reco rd  da ta  from t h e  analyzer  t o  d i s k  as standard a s c i i  t e s t  
data.  
spreadsheet o r  o t h e r  programs. 

The analyzer  w i l l  a t tempt  t o  a d j u s t  

Once the  p r o f i l e  i s  s to red  

Th is  i n f o r m a t i o n  i s  then d i sp layed  both 

The sof tware enables t h e  user 

The data can be manipulated us ing  o t h e r  sof tware such as 

5 



HNF-4099, Rev. 0 

7 .0  EQUIPMENT REQUIRED FOR TESTING 

7.1 Equipment required 

7.1.1 Items Provided: 
URSILLA assembly 
Operator PC and monitor 

Software program 

Signal cable (temporary) from electronics box to analyzer, 
length as required (Ref. Dwg. H-14-100736, Sh. 1, Note 3 . )  

Power cable (temporary) from power supply to analyzer, 
length as required (Ref. Dwg. H-14-100736, Sh. 1) 
7.1.3 To Be Supplied by Test Facility 

Test tank, minimum height 6 feet 
Test simulant from sludge settlement testing 
Miscellaneous items for URSILLA assembly set up and 

Computer cable from PC to analyzer 

7.1.2 Procured Items 

electrical/instrument connections 

8.0 SHOP TEST 

The detailed steps of this Shop Test Procedure are provided in Appendix 
A. Approval signatures and associated data shall be recorded in the 
appropriate sections. 
procedure will be incorporated into the Acceptance Test Report. 

A copy of the completed and approved test 

9 . 0  DOCUMENTATION 

Editorial changes to this test procedure shall be by the redline method 
as determined and approved by the Test Director. Procedural and 
requirement changes must be processed on an Engineering Change Notice 
(ECN) in accordance with approved procedures. If a need for such a 
change is discovered in the course of running the test, the applicable 
portion of the test shall be stopped, and the test equipment shall be 
placed in a safe configuration, until the ECN is approved. However, 
this does not prevent the running of another portion of the test 
unaffected by the change. 

10.0 EXCEPTIONS 

Exceptions to the required test results shall be recorded and 
sequentially numbered on individual Exception forms (see figure 1). 
Actions taken to resolve the exceptions including retesting shall be 
documented and approved by the Test Director and QA/QC on the Exception 
Form. 

6 
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APPENDIX A 

ULTRASONIC INTERFACE LEVEL ANALYZER 
SHOP TEST PROCEDURE 

7 
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1.0 PREREQUISITES 

Th is  procedure s h a l l  be performed f o r  each o f  t h e  t h r e e  URSILLA 
inst rument  assemblies. 
URSILLA assembly. 
assembly number below. 

URSILLA Assembly No. 

1.1 Test  Set Up 

Assemble t e s t  equipment as f o l l o w s :  (See f i g u r e  2) 

Th i s  appendix can be copied f o r  use f o r  each 
P r i o r  t o  per forming the  t e s t  e n t e r  t h e  unique URSILLA 

1.1.1 I n s t a l l  URSILLA assembly and t e s t  t ank  a t  t e s t  l o c a t i o n .  

__ 1.1.2 F i l l  t ank  w i t h  t e s t  s imulant .  When t h e  sludge has s e t t l e d  
t h e r e  should be a minimum o f  4 f e e t  o f  l i q u i d  supernatant  
between t h e  sensor and the  sludge l a y e r .  

Connect power cable t o  power source. 1.1.2 

1.1.3 Connect s igna l  cable w i res  from e l e c t o n i c s  box t o  analyzer .  

1.1.4 Connect computer cable from analyzer  t o  PC. 

1.1.5 Load t h e  Royce Tank P r o f i l e  sof tware program on t h e  PC. 

QA/QC s i g n  below v e r i f y i n g  t e s t  s e t  up has been completed. 

QA/QC Date 

2.0 PROCEDURE 

2.1 URSILLA CONFIGURATION 

The f o l l o w i n g  s e t t i n g s  are requ i red  t o  be made i n  t h e  URSILLA analyzer  
enc losure p r i o r  t o  ope ra t i on .  

2. __ 1.1 Turn t h e  power o n / o f f  sw i t ch  t o  t h e  ON p o s i t i o n .  
u n i t  i s  t u rned  on f o r  t h e  f i r s t  t ime, i t  w i l l  be i n  t h e  
alarm cond i t i on .  A message w i l l  appear on the  g raph ic  panel 
t h a t  exp la ins  t h a t  t he  u n i t  w i l l  n o t  operate u n t i l  t h e  tank  
depth has been programmed. ( I f  t h e  u n i t  does n o t  g i v e  t h i s  
e r r o r  message, i t  means a non-zero tank  depth va lue  has 
a l ready been stored.  I n  t h i s  case, o n l y  t h e  RUN l i g h t  w i l l  
l i g h t  on the  f r o n t  panel . )  

When t h e  

8 
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2.1.3 Press the  PGM key t o  en te r  t h e  analyzer  "program" mode o f  
ope ra t i on .  

NOTE: f o r  purposes o f  t e s t i n g  t h e  i n s t a l l a t i o n ,  temporary 
program parameters w i l l  be entered t o  a l l o w  v e r i f i c a t i o n  o f  
connections. 

Press the  NEXT PAGE key t o  b r i n g  up t h e  "DISPLAY FORMAT" 
he lp  screen. 
d i s p l a y  t h e  depth o f  sludge i n  f e e t .  

The u n i t  should d i s p l a y  a HELP screen. 

2.1.4 
Use the  UP arrow key t o  s e l e c t  a va lue  o f  1 t o  

2.1.5 Press t h e  NEXT PAGE key again t o  b r i n g  up t h e  "ECHO PROFILE 
UPDATE RATE" screen. 
o f  4 t o  have t h e  URSILLA average a minutes wor th o f  t ank  
p r o f i l e s .  

Use the  arrow keys t o  s e l e c t  a va lue 

~ 2.1.6 Press the  NEXT PAGE key again t o  b r i n g  up t h e  "INTERFACE 
LEVEL AVERAGING CYCLES" screen. Use t h e  arrow keys t o  
s e l e c t  a va lue o f  5 t o  average 5 p r o f i l e  groups. 

~ 2.1.7 Use the  PREV PAGE key t o  s c r o l l  back t o  t h e  "TANK DEPTH" 
screen. Enter  a temporary tank  depth i n  f e e t  t h a t  i s  a t  
l e a s t  two f e e t  deeper than the  ac tua l  t ank  depth and reco rd  
be l  ow. 

Tank Depth . f e e t .  

o r  s o  w h i l e  the  u n i t  attempts t o  a d j u s t  t r a n s m i t t e r  power t o  
the  c o n d i t i o n  o f  t h e  tank.  A f t e r  t h i s  de lay,  an "echo 
p r o f i l e "  graph w i l l  appear i n  the  LCD d i s p l a y .  The numbers 
a long t h e  s ide  o f  t he  graph i n d i c a t e  t h e  depth i n  f e e t  from 
the  top  o f  t he  tank.  A t  each depth, t h e  magnitude o f  t h e  
graph i n d i c a t e s  the  s t r e n g t h  o f  t h e  echo energy t h a t  i s  
r e t u r n i n g  from t h a t  spot  on the  tank.  A t  t h e  very bottom o f  
t h e  graph, t he  u n i t  w i l l  d i s p l a y  a message t o  i n d i c a t e  the  
t r a n s m i t t e r  power (GAIN) t h a t  i s  be ing used t o  c rea te  t h i s  
graph. 
t he  graph ( i g n o r i n g  the  one a t  t he  ve ry  t o p ) .  

Examine the  graph t o  see i f  t h e  p o s i t i o n  o f  t h e  tank  bottom 
i s  apparent. The tank  bottom should appear as a sharp peak 
i n  the  graph a t  some read ing  above zero, depending on t h e  
va lue used i n  s tep 2.1.7. 
p o s i t i o n  shown on the  graph t o  t h e  nearest  t e n t h  o f  a f o o t  . 
Tank Bottom P o s i t i o n  . ~ f e e t .  

~ 2 .1 .8 Press t h e  RUN key. The d i s p l a y  w i l l  go b lank  f o r  a minute 

V e r i f y  t h a t  t h e r e  i s  a t  l e a s t  one obvious bump i n  

2.1.9 

Enter  t h e  exact  t ank  bottom 

9 
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2.1.10 Press the  PGM key t o  reprogram t h e  URSILLA f o r  normal 
ope ra t i on .  

2.1.11 Press t h e  NEXT PAGE key t o  b r i n g  up the  "DISPLAY FORMAT" 
he lp  screen. 
d i s p l a y  t h e  depth o f  sludge i n  f e e t .  

t he  bottom o f  t h e  tank.  

Use t h e  UP arrow key t o  s e l e c t  a va lue o f  1 t o  

~ 2.1.12 Measure the  ac tua l  d i s tance  from t h e  bottom o f  t he  sensor t o  

2.1.13 Press t h e  PREV PAGE key and e n t e r  t h e  c o r r e c t  t ank  depth. 
The c o r r e c t  depth can a l so  be obta ined by s u b t r a c t i n g  t h e  
tank  bottom p o s i t i o n  ( s tep  2.1.9) from assumed tank  depth 
from s tep  2.1.7. 

i n  Table 1. A d d i t i o n a l  i n f o r m a t i o n  on parameters a re  
conta ined i n  t h e  Operators Manual. 

2.1.14 Using t h e  NEXT PAGE and arrow keys, se t  t he  parameters g i ven  

QA/QC s i g n  below v e r i f y i n g  URSILLA c o n f i g u r a t i o n  requi rements have been 
completed. 

2.2 URSILLA OPERATION TESTING 

2.2.1 
~ 

2.2.3 
~ 

2.2.1 
~ 

2.2.2 

2.2.3 
~ 

2.2.4 
~ 

A l l ow  t e s t  s imulant  t o  s e t t l e  such t h a t  t h e r e  i s  a c l e a r  
s e t t l e d  s o l i d s  i n t e r f a c e .  

Measure the  sludge depth (d i s tance  from the  bottom o f  t h e  
tank  t o  the  top  o f  t he  s e t t l e d  s o l i d s  i n t e r f a c e )  and e n t e r  
i n  Table 2. 

Press the  RUN key t o  begin ope ra t i on .  
w i l l  be b lank f o r  approx imate ly  10 minutes. A f t e r  t h i s  
t ime, both t h e  numeric d i s p l a y  (s ludge depth) and t h e  
g raph ic  p r o f i l e  (echo p r o f i l e )  w i l l  be updated once every 
minute.  

V e r i f y  t h a t  t he  g raph ica l  p r o f i l e  readings and numerical 
sludge l e v e l  are d i sp layed  a t  t he  URSILLA PC mon i to r  

Read t h e  sludqe deDth (b lanke t  l e v e l )  from the  d i s p a l y  

The analyzer  d i s p l a y  

screen and e n i e r  t he  va lue i n  Table 2 .  

Mix tank  contents  u n t i l  s o l i d s  are f u l  y mob l i z e d .  

10 
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Measure and reco rd  sludge depth and - 2 . 2 . 5  Al low s o l i d s  t o  s e t t l e .  
reco rd  URSILLA readings i n  Table 2 w h i l e  t h e  s o l i d s  are 
s e t t l i n g  a t  h o u r l y  i n t e r v a l s  (minimum) f o r  5 hours. 
depth measurement should increase w i t h  each reading.  

Press the  NEXT PAGE key w h i l e  t h e  URSILLA i s  i n  t h e  RUN 
mode. 
shows the  sludge i n t e r f a c e  h e i g h t  over  t ime.  
PAGE key t o  r e t u r n  t o  t h e  p r o f i l e  graph. 

Sludge 

- 2.2.6 
A t r e n d  graph should be d i sp layed  on t h e  screen which 

Press the  PREV 

QA/QC s i g n  below v e r i f y i n g  URSILLA opera t i on  t e s t i n g  has been completed. 

Q A / W  Date 

2.6 TEST APPROVAL AND ACCEPTANCE 

Tes t ing  o f  t he  URSILLA assembly pe r  t h i s  shop t e s t  procedure i s  approved 
as f o l l o w s :  

Without With except ions Wi th except ions 
except ions ___ reso lved  - outs tand ing  ~ 

Test Engineer Date 

W / Q C  Date 

11 
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Speed o f  Sound 
Correction 

TABLE 1 

II 
~ ~ _ _ _  

Bottom Echo i n  I 0 1 T r i n z t L  Dower adjusted based on the size of tank bottom peak 

1.000 The speed of sound i n  the l i q u i d  u l l  be set t o  that of water 

I I I 
Lost Interface 

12 

1 Alarm point t o  sound when no interface i s  detected 

.. . . . _  .. . - .- 

11 Baud Rate 

4 m4 Level 

20 !?A Level 

Relay Number x 
Function 

Relay Nunber x 
"ON" Setpoint 

Relay Nunber x 
"OFF" Setpoint 

9600 Speed of  data exchange between the cowuter and analyzer 

terminals 

Meter reading that w i l l  cause a 20W leve l  a t  the current output 
terminals 

2 Meter reading that w i l l  cause a 4 m4 leve l  a t  the current output 

12 

1 Relays w i l l  act ivate for  readings higher than the setpoint 

1.9 T r i p  point for when the high alarm i s  act ivated 

T r i p  po int  f o r  when high alarm i s  turned o f f  1.9 
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TABLE 2 

M 
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I EXCEPTION Procedure Step No. Date Recorded by 

Requirement 

No* 

Description of Problem 

l e s t  Director 

PLanned Action 

Date QA Engineer Date 

Action Taken 

RETEST - APPROVAL AND ACCEPTANCE 

[ ] Retest Approved and Accepted [ ] Exception Accepted A S  IS* [ ] Other* 

'Explanation 

14 
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FIGURE 2 

ULTRASONIC INTERFACE LEVEL ANALYZER 
( u R s I LL A) 

I 
3' -5  7/16" 
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4' MIN 
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