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ABSTRACT 

The performance of a three-phase centrifuge 
process in separating tank bottomo into 
salable oil, brine and solids was scaled 
using the sigma method. The profitability 
was analyzed for a range of processed 
volumes for three business scenarios: 
producer owned, service company and a 
disposal facility. Centrifuge processes 
operated at full capacity in these 
situations may be very profitable 
investments but any investment decision 
should be heavily influenced by the annual 
volume to be proce8sed8 the quality of the 
feed and the price received for separated 
o i l  . 

INTRODUC2102? 

Oilfield sludges and production tank 
bottom present major mate management 
problems in the petroleum industry both 
from the cost of dfapoaal and due to the 
perceived noxiousness of the waste by the 
public and regulatory personnel. The best 
waete managemant solution would ba to 
minimize such waetes, maximize recovery of 
ealable product and in doing so maximize 
profits. 

Tank-bottoms and sludges are usually three- 
phase (soZid, liquid hydrocarbon and brinp) 
emulsions of varying degrees of stability - 
There are many way8 to treat tank bottoms 
to recover oil: a major industry supplies 
chemicals to the oilfield to break 

~~ 

References and illustrations at end of 
Paper 
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emulsions t o  minimize t h e  volume of tank of u t i l i t i e s ,  and t h e  i n t e r e s t  rate charged 
bottoms from accumulating or to recover o i l  
from those which have accumulated, 
microwaves have been used t o  i r r a d i a t e  t h e  
emuleion and cause separa t ion  of t h e  phases 
w i t h  recovery of s a l a b l e  o i l ,  a s i zab le  
e e r v i c e  indus t ry  has  evolved t o  provide hot 
o i l  t rea tments  t o  break out  o i l  from tank 
bottoms and i n  parts of the  U.S., tank 
b o t t o m s  a r e  stored i n  immense, open 
e a r t h e r n  p i t s  where solar heating, 
evaporat ion,  g rav i ty  and t i m e  allow some 
o i l  t o  be separated and recovered. These 
t r ea tmen t  opera t ions  t a k e  place e i t h e r  a t  
t h e  producing site or at o i l  reclamation 
sites and t h e  processes are operated by t h e  
producing organizat ion using mobile or 
f ixed equipment, a ee rv ice  company w i t h  
mobile equipment, or by personnel whose 
on ly  job is  t o  treat  sludges using fixed 
equipment a t  d i sposa l  o r  reclamation sites. 

I n  a recent  p r o j e c t  t o  demonstrate 
c e n t r i f u g e  technology t o  producers i n  
sou theas t  New Mexico, a Wyoming based, 
commercially ava i lab le ,  trailer-mounted, 
three-phase cen t r i fuge  process was used t o  
separate o i l  from very d i f f i c u l L  to 
separate tank  bottoms a t  a nearly break 
even cost t o  tqe revenue6 generated from 
t h e  sale of o i l  . I n  t h e  ana lys i s  of t h e  
demonstration it w a s  noted t h a t  e a s i l y  
implemented improvements could reduce t h e  
costs of t h e  process and t h a t  the  
throughput of t h e  process w a s  inadequate 
for processing t h e  mi l l ion6  of barrels of 
t a n k  bottoms which had been accumulated a t  
t h e  disposal s i t e  where t h e  demonstration 
w a s  conducted. However, t h e  throughput of 
t h e  cen t r i fuge  wits thought t o  be adequate 
for meeting t h e  indus t ry  needs f o r  
s e p a r a t i n g  o i l  from new tank bottoms being 
genera ted  i n  t h e  na t ion  i f  mult iple  u n i t s  
were ava i l ab le .  Other e tudies  have 
r e p o r t e d  on t h e  cleanup of petj-$ez 
sludges  using two-phase centr i fuges.  
t h i a  paper w8 examine t h e  e f f e c t s  of  t h e  
e i z e  of t h e  cen t r i fuge  u n i t ,  and t h e  type 
of app l i ca t ion ,  whetker owned by a producer 
and located at a f ixed  site, owned and 
ope ra t ed  by a service company using ambile 
equipment or owned and operated by a 
commercial Treatment, Storage and Disposal 
(TSD) si te  using a fixed i n s t a l l a t i o n ,  on 
t h e  economic r e s u l t  from using a cent r i fuge  
t o  separate salable oil from production 
tank bottoms. The parameters we examine 
i n c l u d e  t h e  maintenance costs due t h e  
s e v e r i t y  of opera t ing  stress on t h e  
c e n t r i f u g e ,  q u a l i t y  of t h e  feed, t h e  price 
rece ived  for separated o i l ,  t h e  disposal 
cost8 f e e s  charged on throughput, t h e  cost 

on t h e  c a p i t a l  investment. 

SCALING TBEORY 

Ambler' introduced t h e  rigma (C) f ac to r  
which is useful  f o r  s ca l ing  of two-phase 
Centrifuges. For a given settling 
veloci ty ,  which is r e l a t e d  t o  t h e  goodness 
of separation, one cen t r i fuge  may be scaled 
t o  another by 

where: pi and p2 are empirical e f f i c i ency  
fac tors  for d i f f e r e n t  centr i fuges,  
reported t o  have a vglue o f  60% for  
decanter cen t r i fuges  
Q1 and Qz are t h e  volume flow rates 
through t h e  cent r i fuges ,  and 
Z1 and Z2 are t h e  sigma f ac to r s  
r e l a t ing  t h e  two cen t r i fuges  with 
area d h n 8 i O n S .  

The values of sigma are related t o  the 
geometry of t h e  cent r i fuge ;  the 
r e l a t ionsh ip  is :  

0 . .  . ( 2 )  

where: rl is  the  radial d i s t ance  t o  the 
f r e e  l i qu id  su r face  
r 2  is t h e  radial d i s t a n c e  t o  the 
sol id- l iquid i n t e r f a c e  
11 is t h e  length  of t h e  cent r i fuge  
a t  t h e  free l i q u i d  s u r f a c e  in the 
conical part 
12 irr the l ength  of tbe cent r i fuge  
a t  the free liquid su r face  in the 
cylindricdl part, &nd 
@ is t he  angular  v e l o c i t y  of the 
centrifuge. 

The exact r e l a t ionsh ip  for C used in t h i s  
study is r e l a t ed  t o  t h e  geometry of the 
cent r i fuge  from which t h e  data is scaled 
and is proprietary infotmation, but  tbe 
re la t ionship  used was very a imi l a r  to 
Equation (2). 

The sigma fac tor  has  been demonstrated to  
be va l id  fo r  , s c a l i n g  three-phaoe 
centr i fuges as w e l l  . 
Knowing t h e  flow rate of feed t o  the 
centr i fuge,  t he  q u a l i t y  o f  separated 
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streams, t h e  angular ve loc i ty ,  and t h e  
geometries of t h e  cen t r i fuge  used i n  t h e  
prev ious  demonstration project ,  flow rates 
through t h e  cen t r i fuge  were s c a l e d  f o r  
c e n t r i f u g e s  of o ther  s i z e s  and tu rn ing  a t  
d i f f e ren t  angular v e l o c i t i e s .  

SYSTEM DESCRIPTION AND ASSUMPTIONS 

Centrifuge Type; There are many 
conf igu ra t ions  of cen t r i fuges  which could 
conceivably be u s e d  t o  sepa ra t e  o i l  from 
t a n k  bottoms. T h i s  paper does n o t  address 
which type is  best f o r  these app l i ca t ions .  
A three-phase decanter conf igura t ion  is 
used  because we have da ta  from such a 
c e n t r i f u g e  from which w e  could scale t o  
other s i z e s  and t h i s  t y p e  of c e n t r i f u g e  
works i n  o u r  appl ica t ion .  Descr ip t ions  of  
c e n t r i f u g e s  and, i n  p a r t i c u l a r ,  three-phase 
decanter  c e n t r i q g e s  may be found i n  
Pols ton  * s t h e s i s  . Figure 1. is  a 
schematic of t h e  cen t r i fuge  system 
conf igu ra t ion  used. Tank bottoms are 
pumped from a s torage  tank through hea t  
recovery exchangers i n  t h e  in te rmedia te  
s to rage  t anks  containing separa ted  br ine ,  
o i l  Bnd s o l i d s ,  through an electric hea te r  
and i n t o  t h e  three-phase, decanter  
cen t r i fuge .  Separated water, o i l  and 
solids are diver ted  t o  the r e s p e c t i v e  
in te rmedia te  s torage  t anks  from which they  
are p e r i o d i c a l l y  t r a n s f e r r e d  v i a  
progress ive  c a v i t y  pumps t o  disposal or 
sales. The cen t r i fuge  is dr iven  by an 
electric motor. 

Business Scenarios; Figure 2. is a diagram 
showing t h e  matrix of opera t ing  scena r ios  
which were considered i n  t h i s  study. This 
ma t r ix  t a k e s  i n t o  account t h e  bus iness  type 
and loca t ion  of operation, t h e  q u a l i t y  of 
t h e  tank  bottoms being processed, how t h e  
c e n t r i f u g e  is being operated and t h e  site 
of t h e  cen t r i fuge ,  Business types inc lude  
producer owned and operated c e n t r i f u g e  
systems a t  a f ixed  site, a service company 
operated system a t  t h e  producing site, and 
a system loca ted  a t  a TSD site which 
r e c e i v e s  t a n k  bottoms from many producers, 
A f t e r  eepara t ing  t h e  tank  bottom i n t o  
salable oi l ,  water and solide, both t h e  
producer owned and TSD owned s c e n a r i o s  must 
still consider t h e  d isposa l  of solids and 
b r ine .  In  t h e  producer owned s c e n a r i o  it 
w a s  assumed t h a t  SOlfdS and b r i n e  could be 
disposed f o r  t h e  same charge per volume as 
t a n k  bottoms, or $2 per barrel. In t h e  TSD 
owned scenar io ,  it w a s  assumed t h a t  t he  
f a c i l i t y  received a f e e  of $2 per barrel of 
t a n k  bottoms and t h e  separated solids and 
b r i n e  w e r e  then processed as part of  t h e  
TSD opera t ions  w i t h  no a d d i t i o n a l  charge. 

For t h e  s e r v i c e  company scenario, it uas 
asaumed t h a t  a s e r v i c e  was performed b u t  no 
change of ownership of t h e  tank bottoms 
occurred. It w a s  thought t h a t  t hese  
business s i t ua t ions  covered t h e  spectrum 
l i k e l y  t o  be encountered. 

The q u a l i t y  of t h e  feed is an important 
parameter which a f f e c t s  t h e  p r o f i t s  d i r ec t ly ;  
i f  t he  feed has a l o w  proportion of oil, then 
a g rea t e r  volume of tank bottoms must be 
processed t o  obtain t h e  same volume of oil as 
a feed with a higher proportion of oil ,  lower 
qual i ty  tank bottoms are more d i f f i c u l t  t o  
separate i n t o  component phase8, and t h e r e  are 
greater  q u a n t i t i e s  of br ine and solids which 
must be disposed. The qua l i t y  of tank 
bottoma is measured as t h e  Basic Sediment and 
Water (BS&W).  I n  t h i s  study, two cases, a 
l i g h t  tank b o t t o m 8 8  or f lu id ,  and a heavy 
tank bott-s, or f l u i d ,  were considered. The 
qual i ty  of t h e  heavy f l u i d  was set a t  65% 
BShW (62% water and 3% sol ids)  while the 
qual i ty  of t h e  l i gh t  f l u i d  was set a t  5% BSCW 
(2.51 w a t e r  and 2.5%) which is a reasonable 
range of q u a l i t i e s  based on observations 
during t h e  demonstration project.  For 
purpoa%s of t h i s  study, a clean o i l  grav i ty  
of 25 API w a s  assumed, 

The c e n t r i f u g e  system i n  t h e  demonstration 
p ro jec t  w a s  operated a t  lower spgede than 
those  suggested by t h e  f a b r i c a t o r  because 
t h e  operatorl&elt t h a t  maintenance cos t s  
were reduced . Based on t h e  s c a l i n g  
r e l a t i o n s h i p s  presented  above, t h e  higher 
t h e  bowl speed, t h e  higher t h e  volume flow 
rate for a given  l e v e l  or degree of 
separation, bu t  also the  higher t he  stress 
f o r  a given s i z e  cent r i fuge .  To eva lua te  
t h e  economic e f f e c t  of t h e  speed of 
operation, two speeds were chosen: t h e  
f i r s t  being t h e  speed a t  which a cri t ical  
Rela t ive  C e n t r i f u g a l  Force (RCP) is 
achieved ( t h e  criteria used by t h e  operator 
in t h e  demonstrat ion)  and t h e  second being 
t b e  speed at which critical mechanical 
stress is achieved ( t h e  criteria suggested 
by t h e  Cent r i fuge  fabricator). Testa us- 
a fabora tory  c e n t r i f u g e  i n d i c a t e  t h a t  a 
minimum RCP of 2000 is necessary to 
separa te  tank bottoms emulsions and that  
va lue  was used as t h e  critical va lue  for 
the  RCF l i m i t e d  case8 i n  t h i s  analymb.  
The maximum stress suggested by the 
cen t r i fuge  fabricator for each cen t r i fuge  
s i z e  w a s  used i n  t h e  stress l imi t ed  cases 
i n  t h i s  ana lys i s .  

As indicated by Equations (1) and (2). the 
capacity of  a cent r i fuge  is r e l a t ed  t o  size. 
For t h i s  ana lys i s  carmercially available 
centrifuges 18, 24, 348 and 44 inches in 
diameter were considered. Lengths were 
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spec i f ied  t o  be 2.5 times t he  diameter. Both 
smaller and l a rge r  centr i fuges are also 
ccuxnercially available,  but t h e  range of  
sizes used was considered s u f  f i c i en t  t o  
e s t a b l i s h  any economic t rends  due  t o  size. 
The systems were numbered f o r  convenient 
reference based on t h e  s i z e  w i t h  eystem 1 
being t h e  18 inch diameter, system 2 t he  24 
inch diameter, system 3 t h e  34 inch diameter 
and system 4 t h e  44 inch diameter. Table  1 
is a summary of t h e  capacities calculated by 
sca l ing  f o r  t h e  four systems operating a t  
either t h e  RCF limited or stress l imited 
condition. The throughput rates varied from 
4 t o  24 gpa f o r  t h e  RCF l imited operation and 
froca 6 to 30 gpa for t h e  stress l imited 
operat ion. 

I n  each system a s tandard layout  of 
equipment was used. Each system w a s  
assumed t o  r e q u i r e  t w o  ful l - t ime opera tors  
and an a i r  conditioned cont ro l  house w a s  
included. C o s t s  of a t ra i ler  mounted 
system were used f o r  a l l  syatems, even 
though t w o  of t h e  three systems could be 
f ixed  f ac i l i t i e s ,  a s  t h e  c o s t  for t h e  
t ra i le r  was not  g r e a t  and it w a s  felt t h a t  
s u i t a b l e  f i x e d  foundations and e t r u c t u r e s  
would cost about t h e  same. 

Table 2 is a summary of t h e  est imated costs 
of cons t ruc t ion  f o r  t h e  four syetems. 
Assuming t h e r e  is  no addi t iona l  investment 
requi red  for  real estate, t h e  i n i t i a l  
investment var ied  f r o m  about $350K for  
system 1 t o  5585K for system 4. Comparing 
t h e  cons t ruc t ion  cost data i n  T a b l e  2 w i t h  
t h e  ra te  data i n  T a b l e  1, a f ive  or s i x  
times increase  i n  throughput rate may be 
achieved by bu i ld ing  a l a r g e r  cen t r i fuge  a t  
an i n i t i a l  cost of.  approximately two-thirds 
more than t h e  cost of t h e  smallest un i t .  

Associated equippent, such as pumpsr 
heaters, and motors, were s i z e d  based on 
t h e  estimated flow capacities, estimated 
thermal properties of f l u i d s  and t h e  site 
of t h e  cen t r i fuge  for each system. Heaters 
were sized wi th  a t e n  percent  safety 
factor. Two inch diameter steel piping w a s  
assumed. Power requ frements w e r e  
ca l cu la t ed  for  each eystem based on t h e  
f l aw  rates and t h e  s i z e  of e q u i p e n t  and 
t h e  cent r i fuge .g  Purther  de t a i l s  may be 
found i n  Pols ton . 
The producer owned and TSD owned systems 
w e r e  assumed t o  operate 300 days per year  
and 24 houre per day w i t h  a 2.S hour period 
for d a i l y  maintenance. Service companies 
were assumed t o  be 24 hour per day 
opera t ions  f o r  a t o t a l  of s i x  months per 
year.  

Waintenance and Operating Costs1 Decanter 
cen t r i fuges  w i l l  operate i n d e f i n i t e l y  i f  
overhauled a t  periodic in t e rva l s .  Overhaul 
i n t e r v a l 6  suggested by t h e  cgntr i fuge 
fabricator w e r e  used in t h i s  atudy I every 
30,000 hours for stress l imi t ed  operat ions 
and 15,000 hours for RCF l imited 
operat ions. During an overhaul  of a 
s tandard  des ign  of a large cent r i fuge ,  it 
is  cormon t o  exchange a re furb ished  unit 
f o r  t h e  u n i t  r equ i r ing  work. With such an 
exchange, a one day down t ime  w a s  assumed. 
C o s t s  for replacement suggested by the 
f a b r i c a t o r  were used; $15,000, 517,500, 
$28,000, and $55,000 for systems 1 through 
4 respec t ive ly .  

Maintenance of t h e  progressive c a v i t y  pumps 
was assumed to occur  a t  t h e  same t ime as 
t h e  c e n t r i f u g e  exchange. For est imat ion 
purposes, it w a s  considered t h a t  a t  that 
t h e  t h e  stators would be replaced. T h i s  
l i fe  of stator replacement. w a s  fel t  t o  be 
very conserva t ive  and adequate t o  include 
rotor and seal maintenance as w e l l .  Beater 
elements were also assumed to be replaced 

costs f o r  pump and heater maintenance were 
based on  t h e  manufacturers quoted prices. 
Labor  costs for c e n t r i f u g e  exchange and 
pump and heater maintenance were included 
i n  operating labor costs described belov. 
Motor replacement coste w e r e  eetiraated at 
1% of income. 

Electric power costs were estimated a t  
$0.04849 per kwh. 

T a b l e  3 is a a\mmary of t h e  procedure for 
ca lcu la t ing  labor costs which has also been 
used tolytimate costs in the petrochemical 
industry . Operation of a l l  systems was 
assumed t o  require t w o  operators. Wages were 
estimated to  be $lO/hour. Extra labor for 
maintenance itemm w a s  estimated at sir 
percent  of m c e  costs. Supervisory 
costs were estirated to be 20% of operating 
and maintenance labor costs aad 
adminis t ra t ive costs (vacations, dam-tb, 
FICA, and other benefits) were estimated to  

labor costs were then estimated t o  be the ~lul 
of labor, eupervieory and adminirrtrative 
costs. 

Annual insurance coste were estimated to be 
10% of t h e  capital inveatment. Tkis rate 
based on a c t u a l  experience with a simflar  
system opefgting in hazardous w a s t e  clean up 
s i t u a t i o n s  The es t imate  is p m b % b l Y  
conservative for t h e  producer owned scenariolr 
s ince  most producer owned sites w i l l  not be 
classified ae hazardous waste eites. Service 

during t h e  Centr i fuge exchange. Parts 

be 60% Of labar aad S U ~ l S ' b O Z y  COd6. Md 
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companies and TSD f a c i l i t i e s  are mote l i k e l y  
t o  require t h e  higher insurance rates. 

T a b l e  4 is a sumnary of marketing, R&D, and 
a n a l y t i c a l  coat rates f o r  each scenario which 
were derived frB values suggested by Peters 
and Timerhaus . Obviously a service 
company w i l l  have t o  spend a r e l a t i v e l y  high 
amount on marketing w h i l e  in t h e  producer 
owned scenario t h e  marketing cost  is r e a l l y  
an overhead associated with o i l  sales .  
Likewise, f o r  t he  R&D Cost68 i n  t h e  producer 
owned scenario, these c o s t s  are most l i k e l y  
corporate overheads but f o r  t he  TSD and 
service company they are neceaeary functions 
t o  s t a y  i n  business. Analytical cos t s  are  
assumed t o  be less for a service company 
s i n c e  they are performing a service and not 
t ak ing  ownership of t h e  separated streams and 
t h e  tests necessary €or good operation of t h e  
cen t r i fuge  are simple and can be done in t h e  
cen t r i fuge  control house. The total  of t h e  
Other Operating Costs (OOC) estimate came t o  
18%, 8% and 16% of t h e  total of labor, 
maintenance, operations and insurance costs. 

Interest, O i l  Prices and Taxes; For t h i s  
study, it w a s  assumed t h a t  t h e  i n i t i a l  
investment w a s  financed with a bank loan at  
10% annual i n t e r e s t  compounded monthly for 
the  base case wi th  var ia t ions  f ran 0 to 30% 
used i n  s e n s i t i v i t y  analyses. The p r i ce  
received f o r  separated o i l  f o r  a base case 
was set a t  $20 per barrel var ia t ions i n  t he  
price of o i l  were examined i n  s e n s i t i v i t y  
analyses. Taxes were allocated as a stand 
a lone  en te rp r i se  a t  c f p r a t e  r a t e s  based on 
t h e  1993 Federal Code and t h e  MAW method 
of depreciation. 

PROFITABILITX AND SMSITIVITP AX&LYSIS 

To assess t h e  econamfc v i a b i l i t y  of each of  
the operating scenarioe, compon p r o f i t a b i l i t y  
indicators were computed for the 48 canes of 

t h e  discounted Internal  Rate of Return (IRR) 
and payout t i m e  w i l l  be reported. R e s u l t s  
using g t h e r  indicators  may be found i n  
Polston . For t h e  producer owned and t h e  TSD 
scenarios,  the IRR was calculated using the 
base case assumptions as functions of t h e  
q u a l i t y  of t h e  feed and stress condition 
under which t h e  centrifuge w a s  operated. For 
the service company operation, p r o f i t s  were 
generated by throughput fees so IRR values 
w e r e  ca lcu la ted  as a function of those fees. 
The s e n s i t i v i t y  of t he  calculated values of 
the IRR t o  changes i n  t h e  i n t e r e s t  ra te ,  
u t i l i t i e s  rate, disposal r a t e  and t h e  p r i c e  
received for o i l  was examined f o r  the 
producer owned scenario. The s e n s i t i v i t y  to  

the mtrh Of Figure 2. For t h i s  Work, Only 

variations i n  parametelip for o the r  scenarios 
may be found i n  Polston . 
Figure 3 i8 a p l o t  of t h e  calculated values 
of IRR as  a function of t h e  project l i fe  f o r  
t he  four s i z e  systems opera t ing  on both l ight  
and heavy tank bottoms under t h e  base case 
parameters and RCP limited capacity a t  a 
producer owned f a c i l i t y .  The solid l i n e s  are 
f o r  t h e  l i g h t  (higher o i l  concentration) tank 
bottoms and t h e  dashed l i n e s  are for the 
heavy tank bottaw. A curve i s  not plotted 
f o r  t h e  emal l  system, system 1, proceasing 
heavy tank bottaaa ind ica t ing  t h a t  a positive 
cash f lou was not pro jec ted  under those 
conditions. In general, t h e  larger the size 
of the  system, t h e  greater t h e  value of the 
estimated IRR. A t  t e n  years  of operation, 
t h e  IRR values estimated when processing 
l igh t  tank bottoms w a s  about 40% or greater 
f o r  t h e  smallest system with an IRR of about 
180% for the l a r g e s t  system. Between f ive 
and ten years t h e  estimated IRR values were 
very close to  t h e  maximum values. P l o t s  w i t h  
similar features  were obtained for the  s t ress  
limited, producer owned f a c i l i t y  and for t he  
TSD f a c i l i t y  under both stress operations 
conditione. 

Table  5 i a  a eummary of  t h e  estimated values 
of IRR after t e n  years  of operation for t he  
producer owned and TSD facilities using the 
base case parameters. In a l l  cases t h e  
estimated IRR values were g r e a t e s t  for t h e  
l a rges t  size cen t r i fuge  opera t ing  under the 
stress 1-t- condition. For system 1 
processing heavy (low o i l  concentration) tank 
bottans, a positive cash flow was not 
projected. For system 2, only t h e  TSD 
f a c i l i t y  operating on a l i g h t  feed in t he  
stress l i m i t e d  regime w a s  profitable. 
Unsurprisingly, higher concentrations of oil 
i n  the feed produced g r e a t e r  estimated IRR 
values with everything else being equal. 

Figure 4 f. 8 plot of ca lcu la t ed  values of 

function of throughput charges for a remice 
ccnnpany scenario w i t h  a l l  four aysteme a t  
both t h e  streas l imi t ed  and RCF operating 
modes. Solid lines represent RCP limited 
operation and dashed r ep resen t  streaa limited 
operation. The curves are nearly l inear  w i t h  
IRR increasing a8 throughput charges increase 
with slope8 that fncrease a6 the s ize  of the 
centrifuge increases. Table 6 is a sumnary 
of service O W D ~ M Y  throughput charges 
necessary t o  a c h h  a 20% IRR at t en  years 
of project life for a l l  f o u r  size system a t  
both RCF and stress limited operations. 
Because the throughput ca lcu la ted  froto t h e  
scaling pmcedure d i d  not vary wi th  t h e  
quali ty of the  feed, and because service 
companies derive revenue from throughput 

8 

US- t;bcr ba- Ca8e  wamat;at., as 8 
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alone, t..ere was no need t o  include the  
q u a l i t y  of t h e  feed i n  t h i s  analyeis. The 
required throughput charges varied from $3.30 
per bbl to  $19.00 per bbl. The emaller s ized 
u n i t s  operating a t  RCF conditions were 
assoc ia ted  with t h e  higher charges and t h e  
stress l imited conditions and t h e  larger 
u n i t s  were associated w i t h  t he  lower charges. 

Sensi t iv i ty  Analysis; Figures  5 and 6 
i l l u s t r a t e  how calculated values of IRR vary 
w i t h  changes i n  parameters, chosen as l i ke ly  
t o  affect t h e  IRR, f o r  t h e  producer owned 
scenar io  using t h e  la rges t  system a t  stress 
limited operations fo r  both heavy and l i g h t  
tank bottoms. In t h e  figures, t h e  -cent 
change i n  IRR is plotted against  t h e  percent 
change i n  t h e  parameters. Parameters 
inves t iga ted  include t h e  price received for 
separated oil ,  i n t e r e s t  rate, disposal rate, 
u t i l i t y  ra te  and OOC rate. In  both cases, 
t he  value estimated for IRR w a s  most 
s e n s i t i v e  t o  changes i n  t h e  price received 
for separated o i l .  Suppose t h e  price 
received for o i l  w a s  only $15 when the  base 
case (0% deviat ion)  p r i ce  w a s  $20 per bbl. 
Referring t o  Figure 6 ,  a t  a -251 deviation i n  
t h e  price, t h e  reduction in t h e  IRR w a s  about. 
15%. Since t h e  value of rRR calculated for 
the  base case was h u t  210 1, t h e  IRR value 
estimated using $15 per bbl would be 178%. 
For t h e  case represent- t h e  l i g h t  tank 
bottoms feed, t h e  IRR - w a s  r e l a t ive ly  
in sens i t i ve  t o  change8 i n  t h e  other  
parameters. 

I n  the  scenario f o r  operations on heavy tank 
bottoms, t he  value of t h e  calculated IRR was 
more sens i t i ve  t o  changes i n  values of 
disposal rate, OOC rate, and u t i l i t y  rate 
than  did t h e  same un i t  operating on l i g h t  
tank bottoms. Calculated values of IRR were 
r e l a t i v e l y  in sens i t i ve  to  i n t e r e s t  rates. 

Dr swssropo 
The objective of t h i s  study was to determine 
under which conditions of voltme of tanlc 
bottoms t o  be processed, qua l i ty  of the tank 
bottoms, size and stress level of oparation 
of centr i fuge,  and business s t ruc tu re  that a 
cent r i fuge  system for separating production 
tank bottoms i n t o  salable oil,  brine and 
solids might be profitable. U s i n g  Ute base 
case parameters and a l l  three business 
scenarios,  t h e  r e s u l t s  c l ea r ly  indicate t h a t  
p r o f i t a b i l i t y  is improved i f  the centr i fuge 
is operated a t  t h e  maximum allowable stress. 
Pndet these operating conditio-, t h e  
cen t r i fuge  must be overhauled more often, but 
t h e  greater throughput and revenues generated 
outweigh t h e  greater maintenance cost#. 

The r e su l t a  also c l e a r l y  ind ica te  t h a t  for 
al l  three bushe88 scenarios ,  t h e  la rger  t h e  
volume t o  be p r ~ ~ e s s e d  t h e  more a t t r ac t ive  
the  fnvestment in a cen t r i fuge  system. M, 
i f  t h e  volumes of tank  bottoms are large 
enough, a l l  scenar ios  present  very attractive 
investment opportuni t ies .  Aa noted above, 
from a comparison of t h e  estimated cost8 f o r  
constructing a system (Table  2 )  and the 
throughput rates for t h e  systems (Table 1), 
the  throughput rate from t h e  smallest t o  t h e  
l a rges t  system may be increased by a factor 
of 5 or 6 f o r  a two-thirds increase in the 
i n i t i a l  investment. Thus for t h e  best return 
on investment, one should chose t h e  largest 
centr i fuge to  handle t h e  volume, not  multiple 
smaller uni ts .  

In t h e  producer owned scenarios,  the r e s u l t s  
ind ica te  t h a t  a minimum annual accumulation 
of tank bottome volume i s  necessary t o  
support a profitable, fixed cent r i fuge  system 
espec ia l ly  i f  the  concentration of o i l  in the 
tank bottoms is not high. For 24 hour per 
day, 300 day per year  operation using the 
base case parameters, the  adnimum volume of 
heavy tank bottaas which must be processed to 
be pro f i t ab le  f a  between 41,000 bbls (4 g p  X 
60 in/hr X 24 hr X 300 days /42 gal/bbl) and 
72,000 bbls. For scenario including l i gb t  
(high oil concentration) tank bot-, a 
profitable opera t ion  may be achieved 
processing accumulations of less than 41,000 
bbls. Many small operators have locatitxu 
for which 41,000 bbls is greater than tbe 
total  annual production of  crude oil. For 
producer operat ions i n  which less than the 
profitable volume is accumulated, a mervice 
company using mobile equipaent might be 
j u s t i f i e d  or t h e  tank bottans could be 
transported t o  a TSD f a c i l i t y  for processing. 

The r e s u l t s  of t h e  s e n s i t i v i t y  analysis fur 
the  largest cen t r i fuge  i n  a producer business 
s i t u a t i o n  were most dependent on tbe price 
received for the 3. Tbeprice 
used in the base case 0 per bbl. At 
t h e  t ime of preparation of t h i s  paper, tbe 
price of West Texas Intermediate (W!lT; c d  
o i l  is leas than $20. mrther, it is not 
unusual for tank bottoms to be subjected to 
heating and chemical treatment with an 
accumulatican of tank bottcmm which ate 
di f f icu l t  t o  separate and nbsing PolatiIe 
ccarponents. Such oil, even when separated 
might not comaand the same price as the oil 
taken from t h e  s tock  tank. Thus, even i f  tbe 
locat ion of a producer owned centr i fuge w e ~ e  
i n  a wTI producing area, it fs l i k e l y  that 
one might see a 25% reduction (-SS) in the 
price received. when t h e  oil concentratioa 
is high ( l i g h t  tank bottoms) a 251 reductban 
would cause a 20% reduct ion in estimated 
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IRR, or an IRR of 165%. For the heavy tank 
bottoms, low concentration of oil, the same - 
25% deviation in the price of oil would cause 
a 50% reduction in the estimated I-, or an 
IRR of 38%. While these adjusted values of 
IRR indicate a favorable investment, it is 
obvious that the quality of tank bottom and 
the price of oil should be considered in any 
investment decision. 

Finally, the method for scaling provides a 
convenient tool for studies such as this 
evaluation. Future work includes an effort 
to determine the empirical efficiency 
factors, p of Equation 2, with sufficient 
accuracy so that the results of laboratory 
tests on a particular tank bottoms sample 
could be used to project the economic 
viability of separating that fluid with any 
configuration of centrifuge. 

CONCLUSIONS 

1. The Z method for scaling centrifuge 
pefformance is a convenient method for 
performing economic analyses on centrifuge 
systems. 

2. Three-phase centrifuges for separating 
petroleum tank bottoms into salable oil, 
molids and brine may offer quite attractive 
investment opportunities, particularly if the 
concentration of oil in the tank bottoms is 
high. If the concentration of oil in the 
tank bottoms is not high, then the volume of 
tank bottoms to be processed becanes more 
critical in determining the profitability of 
these processes. In those cases, the volume 
of tank bottoahs. required to support a 
producer owned facility may be more than the 
total volume of crude oil produced annually 
at ggme locations but processing by a service 
canpany on site or trmwport to a TSD for 
processing may be a viabh alternative. 

3. The estimated profitability of all the 
scenarios in this study was more sensitive to 
variations in the price received for 
separated oil than any other parameter 
studied. If the oil concentration in the 
feed i8 high, then the disporral rate, utility 
rate, and OOC rate did not greatly affect 
profitability. If the o i l  concentration is 
low, then disposal rate, utility rate and 00C 
rate become more important. Profitability 
was not greatly affected by the interest 
rate. 

4. For the scenarios of this analysis, the 
centrifuge should be operated at the maximum 

stress condition uuggested by the 
manufacturer to maximize profits. 

5. The largest centrifuge necessary to 
process the volume should be ueed. 

This work was partially funded by the Rio 
Grande Technology Foundation as part of thek 
Environmentally Conscious Uanuf acturing 
Program and by Lo8 Namos National 
Laboratory. 
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Table 1. Scaled Capacities of Centrifuge System Operating 
at Bot& RCF and Stress Limited Conditions 

Throughput Rate, gpm 
I 

System RCF 1 stress Limited 
I 

I I I 4 I 6 I 
2 7 I 1  
3 14 18 

2 

I 4 I 24 I 30 I 



Table 2. Estimated Costs to Construct the Four Centrifuge Systems 

Electric. Circulation 

. 
Control Room 

Materials s 1,OOO S1,OOO S1,ooO s1,Ooo 
Funrishings s1,Ooo s1,OOO SI,OOO S1,OOo 
Electric Heater $80 $80 $80 $80 
Ai; conditioner so0 $300 $300 $300 

15% of Subtotal $45331 I $54,314 1 $60,983 1 S76,042 
GrandTotal $347,536 I $416,407 I $467,535 I S58&991 



Table 3. Procedure for Calcu!ating Labor Costs 

Base empIoyee salm'es S 2 0 h  
Maintenance personnel expense O.o6(Marn tenancc expense) 

Sa!ary base S 2 O h  + maintenance 
Supervisory expense 20% of splnry base 

Subtotal salary base +supervisory 
Administrative expense 60% of subtotal 

8 
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Table 4. Summary of Rates Used in CdcuIating OOC as a Percentage of 
the Sum of Labor, Maintenance, Operations and Insurance Costs 



r 
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Table 5. Summary of CalcuIated IRR Values After Ten Years of 
Operation Using the Base Case Paramdm 

owned 
TSD I RCF 
owned Istress 



Table 6. Minimum Service Company Tbrougbput Fees Required 
to Achieve an IRFt of 20% 



Electric 

I c I 

/ 

Figure 1. Schematic of the three-phase centrifuge process. 

Figure 2. Matrix of operating scenarios. 



RCF Limited Capacity 

0 5 10 15 20 
myr 

F i g u r e  3 .  
time for the producer owned scenarios for all four size 
centrifuges at  the RCF l i m i t e d  operating mode. 

Calculated values of IRR as a function of project 
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w Stress Limited Operation of System 4 
n 

Pereat Deviatioa of tbc Ecoaomic Parameter 
* 

Figure 6. 
percent deviation in selected parameters for a producer 
owned system w i t h  the largest size centrifuge operating 
the stresslimited condition on a light feed. 

Sensitivity of the IRR as a function of the 

at 


