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Summary Description:

Initial Capital Investment (C) 4,000$       

Implementation Cost (E) 1,820$       

Total Project Start Up Cost (C+E) 5,820$       

Termination Cost (D) -$               

Annual Recurring Cost Before (B) 32,200$     

Annual Recurring Cost After (A) 2,455$       

Net Annual Recurring Cost (B-A) 29,745$     

* Useful Project Life in Years (L) 10              

Total Savings ([(B - A) x L] - (C + E + D)) 291,630$   

Annualized Savings 29,163$     

Return on Investment 501            %

* The useful project life of 10 years reflects the useful life of the equipment. 
   Project work requiring liquid level detection extends through 10 years.

Information on standing liquid in vessels or piping is needed for planning 
decommissioning activities.  The Ultrasonic Liquid Level Detection System uses 
ultrasonic/acoustic wave transmission through solids and liquids to determine liquid 
levels.  A pulse-echo technique is used that employs a single sensor.

The Ultrasonic Liquid Level Detection System was deployed in the 221-U Facility at 
the Hanford Site during fiscal year 2000.  The results of the ultrasound examinations 
were identical to the results obtained using traditional methods and/or an infrared 
liquid level detection method.  Analysis of the costs associated with the Ultrasonic 
Liquid Level Detection System indicates significant savings compared to baseline.  
Cost savings are realized due to significant reductions in work scope planning, 
engineering, and operations costs.  In addition, personnel exposure to potentially 
hazardous conditions is significantly reduced using the Ultrasonic Liquid Level 
Detection technology.



1 . B ase l in e  D escr ip t io n  ( B r ie f d es crip tio n  o f cu rr en t b ase lin e  tech n o lo g y  an d /o r m eth o d s )  

D irec t v is u al i n sp ec t io n , b o ro s co p ic  v i su a l in sp ec t io n , an d  d i p stic k s ar e  th e  t rad i tio n a l
b as e lin e  tech n o lo g ies f o r d e te rm in in g  th e  p res en ce o r ab s en ce o f f reestan d in g  l iq u id s
in  eq u ip m en t an d  p ip in g .  T h e  eq u ip m en t  su b jec t to  e x am in a tio n  f o r t h e  p resen c e o f
f reestan d in g  l iq u id  fa l ls in to  tw o  g en er a l ca teg o ries:  tan k s o r  v esse ls, an d  p ip in g
s ec tio n s.

T an k s

T an k s, v es se ls , an d  o th er  eq u ip m en t in sta l led  as  p art o f fac i li ty  p ro c esses a re  ty p ica l ly
co n s tru c ted  o r eq u ip p ed  w ith  r em o v ab le  p ip in g  co n n ec t io n s, i n sp ec t io n  p o r ts, co v er s,
m an h o les, e tc .  Th e  b ase li n e  m eth o d  to  d e te rm in e th e  li q u id  l ev e l w it h in  a  t an k  lo ca ted
o n  t h e can y o n  d eck  in c lu d es, b u t  is n o t  lim i ted  to , th e  f o ll o w in g  step s :
• D ev e lo p  w o rk  in str u c ti o n  p ack ag e
• E rec t  sca ff o ld in g  a ro u n d  th e  tan k
• O p en  p o rt  o r p er fo rm  p en etr a ti o n  o f th e  e q u ip m e n t
• P erfo r m  v ap o r /g as m easu r em en ts an d  rad io lo g i ca l s u rv ey
• P er fo rm  li q u id  l ev e l d e tec ti o n  u sin g  trad i tio n a l b as eli n e m eth o d s
• Cl o se  p o rt  o r sea l p en et ra t io n
• Rem o v e sca f fo ld in g .

P ip in g  S ection s

Th e  b as eli n e li q u id  d et ec tio n  in  p i p es is  acco m p l is h ed  b y  fin d in g  lo w  p o in ts an d
o p e n in g  ex i sti n g  v a lv es  o r ta p p in g  th e  p ip e  fo r  in se rti o n  o f sam p lin g  ap p ara tu s.
B asel in e  l ev e l d e tec t io n  te ch n o lo g y  an d  ap p l ica t io n  i s s im i la r t o  th a t  asso c ia te d  w i th
tan k s  an d  v esse ls.
T h e b asel in e m eth o d  to  d ete r m in e  if l iq u id  is p r esen t  w i th in  th e  p ip e  in c lu d es, b u t i s
n o t  lim i ted  to , th e  f o llo w in g :
• D ev e lo p  w o r k  p ack ag e
• P rep are  w o rk  a rea
• H o t tap  p ip e /v erif y  li q u id  p res en ce
• C lean  u p  w o rk  a rea .



2 . Im p roved  T echno logy  D escr ip t ion  (B rie f des crip t ion  o f  im p roved  te chno logy  and /o r  
m ethods )

T he U l tras on ic  L iqu id  L evel D ete ction  S ystem  was  designed  a nd  m anu fa ctu re d  by  Pa c ific
N o rthw est  N a t ional  L abo rato ry .  T he tec hno logy  uses  u ltr ason ic  tra nsducer ( U T ) pu lse-e cho -
based  instr um en ts w i th  cus tom  e lec t ron ics  designed  fo r the m anual  de te c tion  o f fr eesta nd ing
liqu id  in  d rum s , tanks, and  p ipes.  T he U l tr ason ic  L i qu id  L evel  D etection  S ystem  p rov ides
the capab i li ty  f o r rea l -t im e, sim p le “ye s/no”  e lect ron ic  de tect ion /de ter m ina tion  o f  sta nd ing
liqu id .

T he ab il it y  fo r l iqu ids (e .g ., w ater ) to  coup le and  suppo r t acous tic  w aves  is the p rinc ip le  used
to  deter m ine liqu id  leve ls.  A  ge l is used  to  coup le the acoust ic  w ave f rom  the  p iez oe lect ri c -
based  s ensor in to  the w a l l o f  the  vess el to  be  tested .  T he m eta l w a l l has acous tic  im pedance
sim i la r  to  t hat o f the gel.  T h is acoust ic  im pedance  c om b ine d  w i th  low  at tenuat ion  conducts
the acoust ic w ave  to  the  o the r s ide o f the  w al l.  If  the tank  con ta ins w ater  o r a  l iqu id  w i th
sim ilar acoust ic  im pedanc e, then  the  inner w al l w ave w i ll  be tr ansm i tt ed  at the  in terf ace and
coup led  in t o  the l iqu id .  T he li qu id  w il l suppo r t the wave t ransm iss ion  acros s the  tank
d iam eter to  t he far  side, w here s om e o f  the  w ave w i ll  be re f lec ted  back  ac r oss the  li qu id .
T h is  re flec ted  w ave i s coup led  ba ck  in to  the near  w al l w here i t is detec ted  as a n  “echo ”  by
the s am e sens o r that  launc hed  the w ave .

In  a  s cann ing  m ode, the s enso r i s physicall y  m oved  a long  an  ins pecti on  ax is.  I f th e liqu id
leve l t ransi tions to  a i r, then  the re tu rn  echo  d isappear s; th is lo ca tion  is  the fi ll -l eve l l ine .  T he
instr um en t  w i ll  deno te th is po in t by  l igh t ing  the  “no  li qu id  detected ”  l igh t -em it ting  d iode
(L E D )  an d  tu r n in g  o ff  the “ l iqu id  de tec ted ” L E D .  S o l id s, s uch  as slu d g es, are  v e ry
at tenuat ive  and  p rodu ce the s am e appar en t r esu lt  as ai r; theref o re, t h is inst rum en t  is  rest ric ted
to  item s that con ta in  l iqu ids.

T w o  sim i la r  d ev ices  com prise the  U l tr aso n ic  L iq u id  L evel  D e tectio n  S yste m :  a  barre l/tank
tester  and  a p ipe tester.  T he bar re l /tank  tester m odel us es a 1- M H z  trans ducer and  i s
in tended  fo r use on  s ing le-w a lled  ste e l vess e ls w ith  d iam eter s rang ing fr om  at l east  0 .3  to  3  m
( 1  to  10 ft ).  T he p ipe tes ter us es 5-M H z tr ansducer and  is in tended  f o r use on  p ipe d iam eter s
o f  10  to  25 cm  (4  to  10  in .).  B o th  un it s use a  h igh - vo ltage (385  V ) exc i ta t ion  pu ls e sou rce  to
launch  the  u l tr ason ic  pu lse.  T he w id th  o f the  h igh-vo ltage pu ls e is ta il o red  to  the t ransduc er
fr equency .  T he un it s ar e pow er ed  by  a separate 12 -V  bat te ry  p ack  and  w i ll  operate fo r a t
least  4  hou rs.  A n  accom pany ing  A C ch arger i s ava i lab le  fo r ove rn igh t  rechar g ing  o f the
battery  pack .



3 . Des crip t ion  o f  Bene fit s  ( Li st  o f benefi ts exp ected  f rom  dep loym ent  o f im p rove d  techno logy )  

S af e ty  an d  H ea l th

T he use o f the U l tr ason ic  L iqu id  L evel  D etec tion  S ystem  to  detect  liqu ids in  vessels and
p ipes  e lim inates the need  to  phys ical ly  open  o r  perfo r m  in trus ive  penet ra t ion  o f e qu ipm e n t
s to red  o r  in sta lled  in  a f acil it y .  W o rkers  m ust  st il l com e in  d i rec t con tact  w i th  the vessel  o r
p ipe  be ing  e xam ined .  P o ten t ia l  ris ks to  w orker s, w h ich  are r educed  using  th is tec hno logy ,
incl ude the f o llow ing :
• E xposure to  unknow n o r  unsafe a ir s pace in  the  equ ipm en t unde r exam ina t ion
• Co n tact w ith  u n k n o w n  m ater ia l s (co n ten ts )
• E xposure to  po ten t ia l ly  p r essu r ized  p i p ing  o r e qu ipm e n t
• F a ll  hazards as soc ia ted  w ith  w o rk ing  fr om  sca f fo ld ing
• H eat  str ess conce rns fr om  m uch  g reater physica l  exert ion
• R ad io log ica l exposu r es dose to  personne l due to  c loser  p rox im ity  and  ex tended  con tac t

w i th  the equ ipm en t sub ject to  exam ina t ion .

S ch ed u l in g  an d  T im e M an agem en t

U se o f  the U lt rason i c L iqu id  L evel  D e tect ion  S ystem  m ethods r equ ir es si gn ifican t ly  le ss
p lann ing  and  m ay  typ ica l ly  be acc om p lished  using  ex is ting  rou tine w ork  p rocedu r es.
R egu lar ly  ass igned  fa c il ity  personnel  are capa b le o f pe rfo r m ing  l iqu id  leve l  exam ina t ion
w ithou t the  need  fo r ex tensive  suppo rt  fr om  s pec ia l ly  s k il led  techn ici ans.

D irect C ost S av in gs

D epend ing  on  the  type o f  equ ipm en t to  be exam ined , cost  reduct ion  fa c to rs  o f 17  to  18  m ay
be rea liz ed  using  U lt rason ic  L iqu id  L evel  D e tect ion  S ystem  techno logy  ve r sus t rad i tiona l
bas eli ne m ethods.



 Expense Cost Items *
Before (B) 

Annual Costs
After (A) 

Annual Costs

 1. Equipment -$               400.00$         

 2. Purchased Raw Materials and Supplies 2,900.00$      10.00$           

 3. Process Operation Costs:

     Utility Costs -$               -$               

Labor Costs 16,260.00$    1,176.00$      

Routine Maintenance Costs for Processes -$               -$               

        Subtotal 16,260.00$    1,176.00$      

 4. PPE and Related Health/Safety/Supply Costs 6,280.00$      381.00$         

 5. Waste Management Costs:

Waste Container Costs -$               -$               

Treatment/Storage/Disposal Costs -$               -$               

Inspection/Compliance Costs -$               -$               

     Subtotal -$               -$               

 6. Recycling Costs

Material Collection/Separation/Preparation Costs:

a) Material and Supply Costs -$               -$               

b) Operations and Maintenance Labor Costs -$               -$               

Vendor Costs for Recycling -$               -$               

     Subtotal -$               -$               

 7. Administrative/other Costs 6,760.00$      488.00$         

 Total Annual Cost: 32,200.00$    2,455.00$      

*  See attached Supporting Data and Calculations.

 

Worksheet 1: Operating & Maintenance Annual Recurring Costs



 Category

 INITIAL CAPITAL INVESTMENT

 1. Design

 2. Purchase

 3. Installation

 4. Other Capital Investment (explain)

Subtotal: Capital Investment= (C) 

 INSTALLATION OPERATING EXPENSES

 1. Planning/Procedure Development

 2. Training

 3. Miscellaneous Supplies

 4. Startup/testing

 5. Readiness Reviews/Management Assessment/Administrative Costs

 6. Other Installation Operating Expenses (explain)

Subtotal: Installation Operating Expense = (E) 

 7. All company adders (G & A/PHMC Fee, MPR, GFS, Overhead, 

 taxes, etc.)(if not contained in above items)

Total Project Funding Requirements=(C + E) 

 Useful Project Life = (L) 10  Years         Time to Implement: 0  Months

 Estimated Project Termination/Disassembly Cost (if applicable)  = (D)

 (Only for Projects where L<5 years; D=0 if L>5 years)

 RETURN ON INVESTMENT CALCULATION

 Return on Investment (ROI) % =

[Total Project Funding Requirements + Project Termination]  x 100

ROI =  x 100 = 501 %

 O&M Annual Recurring Costs: Project Funding Requirements:

 Annual Costs, Before=  (B) Capital Investment=  (C)

 Annual Costs, After=  (A) Installation Op. Exp=  (E)

 Net Annual Savings=  (B-A) Total Project Funds=  (C+E)
 Note: Before (B) and After (A) are Operating & Maintenance Annual Recurring Costs from Worksheet 1.

*  See attached Supporting Data and Calculations.

-$                 

Summary Worksheet : Itemized Project Funding Requirements*
(i.e., One Time Implementation Costs)

Cost $

-$                     

4,000$             

-$                     

-$                     

4,000$             

660$                

500$                

1,820$             

-$                     

5,820$             

-$                     

-$                     

660$                

-$                     

(B-A)-[(C+E+D)/L]

(Before - After) - [(Total Project Funding Requirements + Termination)/Useful Life]

(C+E+D)

32,200$           

29,745$           

4,000$             

1,820$             

5,820$             

2,455$             



Basis of  Recurring Labor Costs
     Before Labor Costs 6 tanks @$2,270 ea $13,620

10 pieces of pipe @$264 ea $2,640
Subtotal $16,260

     After Labor Costs 6 tanks @$141 ea $846
10 pieces of pipe @$33 ea $330
Subtotal $1,176

Planning/Procedure Development 10 hrs @$66/hr $660

Basis of Training Costs 5 people for 1 hr @$66/hr $330
$70 instructor time $70
$100 instruction materials $100
Subtotal $500

Administrative Costs 10 hrs @$66/hr $660

For additional informaiton see the Cost/Performance Report for
Ultrasonic Liquid Level Detection Technology.

Supporting Data and Calculations


