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Minimizing Transmix With FFFuuueeelllCCChhheeeccckkk®®®    

What is Transmix? 
Those who have to deal with transmix best answer this question.  Below are 2 different per-

spectives, the first from an engineering consulting firm, and the second from a trans-mix re-

finer. 

 

Figure 1 

FFiigguurree  22  aannyy  ooff  aa  nnuummbbeerr  ooff  pprroodduuccttss..  FFoorr  eexxaammppllee,,  aa  ppiippeelliinnee  bbrraanncchh  lliinnkkiinngg  ttwwoo  mmaajjoorr  cciittiieess  
mmaayy  mmoovvee  aavviiaattiioonn  ffuueell  iinn  tthhee  mmoorrnniinngg,,  ggaassoolliinnee  iinn  tthhee  aafftteerrnnoooonn,,  aanndd  ffuueell  ooiill  iinn  tthhee  eevveenniinngg..  
TThhee  qquueessttiioonn  tthhaatt  iimmmmeeddiiaatteellyy  aarriisseess  iiss,,  hhooww  ccaann  yyoouu  ttrraannssppoorrtt  ttwwoo  ddiissssiimmiillaarr  pprroodduuccttss  iinn  
ssuucccceessssiioonn  wwiitthhoouutt  bblleennddiinngg  tthhee  ttwwoo??  TThhee  ffaacctt  iiss,,  ssoommee  bblleennddiinngg  wwiillll  ooccccuurr..  HHoowweevveerr,,  iiff  pplluugg  
ffllooww  ccoonnddiittiioonnss  ccaann  bbee  mmaaiinnttaaiinneedd  bbeettwweeeenn  oorriiggiinnaattiioonn  aanndd  ddeessttiinnaattiioonn  ppooiinnttss,,  bblleennddeedd  pprroodd--
uucctt  ccaann  bbee  mmiinniimmiizzeedd..  UUnnddeessiirraabbllee  pprroodduucctt  bblleennddiinngg  wwhhiicchh  ooccccuurrss  dduurriinngg  ttrraannssppoorrtt  iiss  ccoomm--
mmoonnllyy  rreeffeerrrreedd  ttoo  aass  ttrraannssmmiixx..      AA  cceerrttaaiinn  aammoouunntt  ooff  ttrraannssmmiixxiinngg  iiss  iinneevviittaabbllee..  IItt  rreepprreesseennttss  aa  
pprroobblleemm  tthhaatt  ccaann  ccoosstt  tthhee  ppiippeelliinnee  ccoommppaannyy  aanndd  tthhee  AAmmeerriiccaann  ccoonnssuummeerr  mmiilllliioonnss  ooff  ddoollllaarrss  
ppeerr  yyeeaarr..  TTrraannssmmiixxiinngg  eerrooddeess  tthhee  mmaarrggiinn  tthhaatt  eexxiissttss  bbeettwweeeenn  aa  pprreemmiiuumm  pprroodduucctt  aanndd  aa  lloowweerr  
ggrraaddee  aanndd  lleessss  eexxppeennssiivvee  pprroodduucctt..  FFrreeqquueennttllyy,,  aa  ttrraannssmmiixxeedd  sseeccttiioonn  ooff  ffuueellss  mmuusstt  eeiitthheerr  bbee  
bblleennddeedd  iinnttoo  lloowweerr  ggrraaddee  pprroodduucctt  ssttrreeaammss,,  oorr  ttrruucckkeedd  oouutt  aatt  aa  lloossss  ttoo  bbee  rreeccyycclleedd  ((rree--rreeffiinneedd))  
bbaacckk  iinnttoo  iinnddiivviidduuaall  pprroodduucctt  ssttrreeaammss..  IInn  tthhee  ccaassee  ooff  oonnee  SSoouutthh  TTeexxaass  ppiippeelliinnee,,  ttrraannssmmiixxiinngg  
wwaass  rreessppoonnssiibbllee  ffoorr  aapppprrooxxiimmaatteellyy  $$11  MMMM//mmoonntthh  iinn  lloosstt  rreevveennuueess..��11  

��MMiilllliioonnss  ooff  bbaarrrreellss  ooff  mmoottoorr  ggaassoolliinnee,,  ddiieesseell  ffuueell  aanndd  jjeett  ffuueell  mmoovvee  ddaaiillyy  iinn  bbaattcchheess  tthhrroouugghh  
ppiippeelliinneess  ccoonnnneeccttiinngg  rreeffiinneerriieess  ttoo  tteerrmmiinnaallss  iinn  mmaajjoorr  ppooppuullaattiioonn  aanndd  ddiissttrriibbuuttiioonn  cceenntteerrss  
aaccrroossss  tthhee  ccoouunnttrryy..  EEaacchh  rreeffiinneerr  aanndd  mmaarrkkeetteerr  sshhiippppiinngg  tthheessee  pprroodduuccttss  tthhrroouugghh  tthhee  ppiippeelliinneess  
iiss  rreessppoonnssiibbllee  ffoorr  ddiissppoossiinngg  ooff  tthhee  iinntteerrffaaccee  bbeettwweeeenn  bbaattcchheess  ooff  tthhee  iinnddiivviidduuaall  pprroodduuccttss..  TThhee  
iinntteerrffaaccee  bbeettwweeeenn  ddiiffffeerreenntt  rreeffiinneedd  ppeettrroolleeuumm  pprroodduuccttss  iiss  aa  pprroodduucctt  kknnoowwnn  aass  ��ttrraannssmmiixx..��    

TTrraannssmmiixx  hhaass  bbeeeenn  hhaannddlleedd  iinn  aa  vvaarriieettyy  ooff  wwaayyss  iinn  tthhee  ppaasstt  bbuutt  rreecceenntt  cchhaannggeess  iinn  tthhee  llaawwss  
rreeggaarrddiinngg  tthhee  eennvviirroonnmmeenntt,,  ddiieesseell  ddeessuullffuurriizzaattiioonn  rreegguullaattiioonnss  aanndd  mmaannddaattoorryy  ooxxyyggeenn--bbaasseedd  
aaddddiittiivveess  iinn  mmoottoorr  ggaassoolliinnee  hhaavvee  mmaaddee  ddiissppoossaall  ooff  tthhiiss  pprroodduucctt  mmoorree  ttrroouubblleessoommee  ffoorr  sshhiipp--
ppeerrss..  TThhee  vvoolluummee  ooff  ttrraannssmmiixx  iiss  eexxppeecctteedd  ttoo  iinnccrreeaassee  aass  mmoorree  kkiinnddss  ooff  pprroodduuccttss  aarree  sshhiippppeedd  
aass  aa  rreessuulltt  ooff  aaddddiittiioonnaall  rreegguullaattiioonnss..  TThhee  mmaajjoorr  rreeffiinniinngg  ccoommppaanniieess  nneeeedd  ssoommeeoonnee  ccaappaabbllee  ooff  
pphhyyssiiccaallllyy  rreemmoovviinngg  aanndd  ppaayyiinngg  ffoorr  llaarrggee  vvoolluummeess  oonn  sshhoorrtt  nnoottiiccee  ssoo  tthhaatt  ppiippeelliinnee  sshhiippmmeennttss  
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aarree  nnoott  iinntteerrrruupptteedd..  AAnnootthheerr  ccoonncceerrnn  ooff  tthhee  sshhiippppeerrss  iiss  tthhaatt  tthhee  ttrraannssmmiixx  bbee  hhaannddlleedd  bbyy  aa  ssaaffee  
aanndd  lleeggaall  ooppeerraattiioonn  aanndd  nnoott  ssiimmppllyy  bblleennddeedd  bbaacckk  iinnttoo  ccoonnvveennttiioonnaall  pprroodduuccttss  ssoolldd  iinn  tthhee  llooccaall  
mmaarrkkeettppllaaccee..��22  

What IS FFFuuueeelllCCChhheeeccckkk®®®   ? 
FFFuuueeelllCCChhheeeccckkk®®®   is a completely fiberoptic process refractometer used to perform accurate batch 

cuts in shared product pipelines.  FFFuuueeelllCCChhheeeccckkk®®®   is comprised of 3 major components; namely, 

the probe, the fiberoptic interconnect, and the controller.  The probe is installed into the pipe-

line through a 1-inch (or larger) full-opening valve.  The probe is normally inserted only until 

flush with the inside wall of the pipeline so that pigging can be conducted without removing  

 

Figure 2 

or retracting the probe.  The fiberoptic interconnect is used to convey light energy to and 

from the probe, and consists of a pair of optical fIbers packaged in various cable configura-

tions which are selected based on application environment.    The controller supplies the 

light energy to the probe and measures the light intensity returning from the probe, which is 

then converted into an electrical signal.  The controller can be located up to 2 km away from 

the probes, enabling cost-effective upstream placement of probes without the need for 



 

power or special piping.  Because the probes are completely fiberoptic, they are immune to 

lightning and other EMR and are also inherently safe devices.  

How does FFFuuueeelllCCChhheeeccckkk®®®   work? 
The FFFuuueeelllCCChhheeeccckkk®®®   sensor (U.S. patent number 

5,946,084) is a dual surface critical angle re-

fractometer.  Light enters the 5 mm diameter 

hemispherical sapphire lens through one of 

the attached optical fibers, reflects twice in-

side the lens, and leaves the lens via the 

other optical fiber.  Some light is refracted out 

of the lens into the fluid wetting the lens.  The 

amount of refraction (or loss) is proportional 

to the refractive index of the fluid.  Refractive 

index is defined as the ratio of the speed of 

light in a fluid to the speed of light in air; 

hence, the refractive index of air is 1.0000.  
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 faster in water than in air, its refractive index is 1.3333.  Refined prod-

s run from about 1.38 to 1.5.  With refined products containing no ddi-

ellent correlation between refractive index and density.  If the fluid tem-

lgorithm (described in the FFFuuueeelllCCChhheeeccckkk®®®   Installation & Operation Manual) 

lllCCChhheeeccckkk®®®   output, the system can be calibrated very closely to API gravity 

traordinarily robust sensing system.  The dynamic range between air (η 

 hydrocarbons (η = 1.5000) is over 40 dB optical.  This results in ex-

ity and SNR, enabling easy differentiation of similar products.  The 

demonstrate the sensitivity of the FFFuuueeelllCCChhheeeccckkk®®®   system. 

ix volumes minimized using FFFuuueeelllCCChhheeeccckkk®®®   ?  
perators are forced to rely on little more than experience and intuition 

cuts on incoming product streams.  Indeed, most batch cuts are per-
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formed using sight (color), smell, or a barrel counter.  Almost every terminal has a densi-

tometer located somewhere in the terminal; however, these are of little use in conducting 

batch cuts because of their location and speed.  Because most batch cuts are �seat-of-the-

pants� operations, unnecessarily large volumes of perfectly good product are diverted to the 

transmix tank to minimize the risk of contamination.  

 

Figure 4 

In order to significantly reduce transmix volume, one must be able to perform very accurate 

batch cuts during pipeline receipt.  For example, when switching tanks from diesel to gaso-

line, one must have the ability to perform the batch cut at the beginning of the interface.  A 

very small amount of low-sulfur diesel contamination in the gasoline tank generally will not 

cause an �out-of-spec� condition; however, a small amount of gasoline in a diesel tank will 

almost certainly cause unacceptable contamination. 

In order for accomplish highly accurate cuts on incoming batches of products, early detec-

tion and definition of the interface is necessary.  The best way to accomplish this is to place 

interface detectors several minutes upstream of the tank manifolds.  Because product inter-

faces are rarely �normal�, early detection and a definition of the interface is critical.  In order 

to do this, an interface sensor must be located sufficiently upstream of the tank manifold so 



 5

as to allow the operators enough time to identify the interface and decide where within it the 

batch cut should be performed. 

 

Figure 5 

Figure 5 shows the tandem FFFuuueeelllCCChhheeeccckkk®®®   sensor arrangement frequently implemented to 

conduct high-accuracy batch cuts in refined product pipelines.  In this simplified example, 

diesel is being delivered to the tank on the left, followed by a batch of gasoline.  Because of 

irregular valve operation at the originating pipeline terminal, or disruption of batch integrity in 

transit, abnormalities in interfaces such as the one shown in the example are extremely 

common.  When making a batch cut from diesel to gasoline, it is necessary to make the cut 

early in the interface so as to prevent introducing gasoline into the diesel tank.  If, however, 

only a single sensor located close to the incoming tank manifold is used, it is likely that the 

batch cut would be performed too early because of the anomalous �blip� just ahead of the 

actual interface.  This could result in the sulfur content of the gasoline being increased 

above acceptable limits. 

When tandem sensors are employed as shown in this example, Probe A would provide suf-

ficient time for the operator to properly assess the interface and decide where the batch cut 

should be conducted when it arrived at Probe B.  
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Figure 6 

Additional benefits to this system configuration include the ability to save the data onto a 

computer or data logger and thus provide documentation of the batch changes.  Certainly, 

identical response at 2 identical probes will assure high confidence in sensor integrity.  Also, 

by placing a sensor sufficiently upstream of the terminal, the line could be shut down and 

samples obtained before the interface arrived at the manifold should an extremely anoma-

lous event be observed. 
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