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( 57 ) ABSTRACT 
A method and system for blending natural gas liquids into 
liquid hydrocarbons may include using multiple blending 
tanks with internal mixer eductors , a plurality of analyzers , 
and , optionally , a recirculation tank , wherein natural gas 
liquid may be added into the system at each blending tank , 
creating a more accurately mixed final product . 
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METHOD AND SYSTEM FOR BLENDING 
NATURAL GAS LIQUIDS INTO 

HYDROCARBONS 

wherein natural gas liquid may be added into the system at 
each blending tank , creating a more accurately mixed final 
product . Because of the structure of the system , the blending 
system and method of the present disclosure may allow for 

5 continuous and accurate monitoring of the gasoline or crude 
product , ensuring effective blending and a reduction of 
producing off - specification blends . 

RELATED APPLICATION 
This application claims priority to provisional patent 

application U . S . Ser . No . 62 / 274 , 458 filed on Jan . 4 , 2016 
entire contents of which is herein incorporated by reference . BRIEF DESCRIPTION OF THE FIGURES 

10 
BACKGROUND The detailed description of some embodiments of the 

invention is made below with reference to the accompanying 
The embodiments herein relate generally to the blending figures , wherein like numerals represent corresponding parts 

of natural gas liquids into hydrocarbons and , more particu - of the figures . 
larly , to a method of blending natural gas liquids into liquid 15 FIG . 1 is a process flow diagram view of one embodiment 
hydrocarbons , such as gasoline , using a series of pressurized of the butane blending skid of the present disclosure . 
tanks with internal mixer - eductors . FIG . 2 is a schematic view of one embodiment of the 
Natural gas liquids ( NGLs ) either extracted from natural butane / gasoline mixing vessel of the present disclosure . 

gas or crude oil , or as a product or byproduct of refining , 
chemical processing , or biochemical processing may be 20 DETAILED DESCRIPTION OF CERTAIN 
blended into liquid hydrocarbons for a variety of reasons . EMBODIMENTS 
For example , butane may be blended into gasoline to 
increase the value of the butane , to increase the supply of In the following detailed description of the invention , 
gasoline , and to meet area specific and seasonal specific numerous details , examples , and embodiments of the inven 
volatility limits . 25 tion are described . However , it will be clear and apparent to 

Conventional methods for blending NGLs , such as one skilled in the art that the invention is not limited to the 
butane , into natural gasoline , motor gasoline , condensate , embodiments set forth and that the invention can be adapted 
crude oil , or the like include in - pipe or in - tank blend options for any of several applications . 
only . In - pipe blending does not provide a method of good The method and system of the present disclosure may be 
mixing , resulting in unstable and inconstant volatility mea - 30 used to blend natural gas liquids ( NGLs ) into liquid hydro 
surements . In - tank blending requires long time delays in carbons and may comprise the following elements . This list 
sampling and measurement and poses risks due to incom - of possible constituent elements is intended to be exemplary 
plete blending and the use of non - pressurized tanks . Thus , only , and it is not intended that this list be used to limit the 
conventional methods do not include a mixer and also do not method and system of the present application to just these 
continuously analyze downstream of the mix point , rather , 35 elements . Persons having ordinary skill in the art relevant to 
completion of analysis of conventional methods are a spot the present disclosure may understand there to be equivalent 
analysis in nature , and are delayed in reporting , often elements that may be substituted within the present disclo 
following delivery of product to the downstream equipment . sure without changing the essential function or operation of 
The gasoline or crude product quality is inconsistent and , as the device . 
a result , a significant amount of NGL upgrade value to 40 1 . Multiple Tanks with Internal Mixer / Eductor 
gasoline or crude product is lost due to the need to maintain 2 . Recirculation Pump 
a conservative margin of error . Incorrect blending , particu - 3 . Continuous Product Analysis Equipment 
larly on the high side , can result in large financial or civil The various elements of the method and system of the 
penalties for the blender . present disclosure may be related in the following exem 

Because the existing systems release hydrocarbon product 45 plary fashion . It is not intended to limit the scope or nature 
upon blending and sampling but prior to receiving results of of the relationships between the various elements and the 
sampling , the chance of off - specification products is following examples are presented as illustrative examples 
increased . To mitigate the risk of off - specification products , only . 
the existing systems reduce the amount of NGLs that are By way of example , and referring to FIGS . 1 and 2 , some 
blended , thereby being inefficient . 50 embodiments of the present disclosure include a system for 

In other words , existing systems do not retain blended blending NGLs into hydrocarbon liquids , such as gasoline 
product and certify the effectiveness of the blend . Moreover , and crude oil , the system comprising at least one blend tank 
existing systems are less effective in maximizing blending to comprising an internal mixer eductor , a mixer , and a recir 
reduce chances of off - specification production . culation pump . The internal mixer eductor may create blend 

Therefore , what is needed is a blending system and 55 ing within the tank and may provide stability in the quality 
method that provides a more consistent sample to analyze , method that provides a more consistent sample to analyze of the final product . In some embodiments , the consistency 
eliminates stratification and bad mixing , and allows for of the final blended product may be further improved by 
continuous and accurate monitoring of the gasoline or crude including at least one recirculation pump built into the 
product . system . 

60 In a particular embodiment , a liquid hydrocarbon , such as 
SUMMARY gasoline or crude oil , may be measured and may flow into 

a first blend tank . An NGL , such as butane , to be mixed with 
Some embodiments of the present disclosure include a the liquid hydrocarbon may flow into the first blend tank and 

method and system for blending natural gas liquids into may be mixed within the tank using an internal eductor . The 
liquid hydrocarbons . The method and system may include 65 resulting blend may then flow into a second blend tank , 
using multiple blending tanks with internal mixer eductors , wherein more NGL may be added . If desired , a recirculation 
a plurality of analyzers , and , optionally , a recirculation tank , pump may be used to recirculate the product for more 
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mixing and greater stability or to correct an off - spec product least one member selected from the group consisting of the 
Analyzers may continuously monitor the inlet and blended first blending tank and the second blending tank . 
material at all parts of the process and may adjust the control Gasoline from storage tanks may enter the system shown 
system to provide an on - spec and consistent gasoline prod - in FIG . 1 and , based upon its RVP and other allowable 
uct quality . An exemplary process flow diagram for the 5 parameters , be blended with NGL , such as butane , in Blend 
system and method of the present disclosure is shown in Tank 1 . The blended gasoline may flow past the RVP 
FIG . 1 . FIG . 2 shows an exemplary mixing or blending tank Analyzer 2 into Blend Tank 2 for checking of results . The 
that may be suitable for use within the system of the present RVP Analyzer 2 may check the achievement of the target 
disclosure . predicted by an algorithm and initiated by a ratio controller . 
As shown in FIG . 1 , the system may comprise multiple 1 10 The trim control may call for more butane in the event that 

the algorithm determines more butane is needed to meet the analyzers for improved blending . For example , an inlet targeted specifications . RVP Analyzer 3 may check the blend analyzer ( RVP analyzer 1 ) may measure Reid Vapor Pres results of Blend Tank 2 and either approve the gasoline for sure ( RVP ) of the incoming gasoline , which may be used to downstream use according to the volatility specification or 
calculate an initial estimate for the NGL blend flow rate . A 15 activate the recirculation pump to recycle the gasoline to first outlet analyzer ( RVP analyzer 2 ) may measure RVP and Blend Tank 1 for further blending with gasoline from stora 
may be used to fine tune the NGL blend rate to achieve a safe tanks to cure any off - specification product . 
but economic RVP target for the liquid hydrocarbon , More specifically , as shown in FIG . 1 , gasoline may enter 
wherein the RVP target may typically be within about 0 . 3 the system from storage tanks and pass through a gasoline 
psia of the target vapor pressure . For example , if the target 20 flow control , wherein its flow rate may be determined and 
vapor pressure is 15 . 0 psia , then the RVP target may be about controlled at the gasoline flow indicator controller ( FIC ) 
14 . 7 psia . A second outlet analyzer ( RVP analyzer 3 ) may prior to entering Blend Tank 1 . While the gasoline is 
also measure RVP , the value of which may be used to blend entering the system , RVP analyzer 1 measures the RVP of 
a natural gas liquid into a liquid hydrocarbon at an optimized the incoming gasoline . The RVP data is used to calculate an 
value , wherein the optimized value may be within about 0 . 1 25 initial estimate for the NGL blend flow rate by using a 
psia of the target vapor pressure . For example , the optimized predictive algorithm in a computer control system . The 
value may be about 14 . 9 psia when the target vapor pressure incoming gasoline is pumped into blend tank 1 . Simultane 
is 15 . 0 psia . Thus , the analyzers may help provide a product ously , an NGL , such as butane from storage is pumped into 
with the desired or required NGL / liquid hydrocarbon vola - blend tank 1 , wherein the flow rate of the incoming NGL is 
tility , which changes monthly or semi - monthly based on the 30 controlled by ratio controller based on the RVP data from 
time of year and is set forth for regulatory purposes in many RVP analyzer 1 and other factors in the algorithm . The ratio 
state fuel handbooks in the United States . In summary , the controller may determine an appropriate flow of NGLs , such 
incoming liquid hydrocarbon volatility may be measured by as butane , based on the algorithm , which considers the given 
the inlet analyzer , and the initial NGL blend may be esti - flow and RVP of gasoline together with other parameters , 
mated based on a predetermined factor , wherein such pre - 35 such as liquid vapor ratio of the gasoline , the handbook 
determined factor is based on the daily or hourly average requirements of the state or regulatory authority applicable 
volatility of gasoline at the location . The secondary NGL to the time of year , user specifications , and incorporated 
blend may be estimated based on the initial blended liquid modifications of recent learned history of the gasoline 
hydrocarbon volatility and a second predetermined factor , quality at the terminal . The butane from storage may enter 
wherein the second predetermined factor is the daily or 40 the FIC as called upon by the ratio controller in the quantity 
hourly effectiveness of incremental NGL addition to affect desired for Blend Tank 1 . Blending may occur at the eductor 
the desired outcome . The final liquid hydrocarbon / NGL in Blend Tank 1 . While in blend tank 1 , the gasoline and the 
volatility may be measured and the initial and second NGL are blending for about 1 minute to about 3 minutes , 
estimated may be adjusted , if needed , if the resulting vola - wherein an internal mixer eductor in the blend tank is mixing 
tility is in excess of the desired specification limit for RVP 45 the hydrocarbons using the flow dynamics of the gasoline . 
or hydrocarbon volatility . Once the mixture in blend tank 1 has reached the exit of 

In a particular embodiment , the system may include Blend Tank 1 , the mixture flows into blend tank 2 . During 
system for blending natural gas liquids into liquid hydro - the transfer from blend tank 1 to blend tank 2 , RVP analyzer 
carbons , the system comprising a first blending tank having 2 analyzes the RVP of the mixture to determine the NGL 
a first tank inlet , a first tank outlet , and a first tank internal 50 flow rate of NGL into blend tank 2 . Once in blend tank 2 , the 
mixer eductor configured to blend a natural gas liquid and a mixture from blend tank 1 along with a volume of NGL from 
liquid hydrocarbon held within the first blending tank , storage is blended for about 1 minute to about 3 minutes , 
producing a first blend configured to flow out of the first tank wherein an internal mixer eductor in the blend tank is mixing 
outlet ; an inlet analyzer configured to measure the RVP of the hydrocarbons using the flow dynamics of the mixture 
the liquid hydrocarbon configured to flow into the first tank 55 from blend tank 1 . The mixture leaving tank 2 is analyzed by 
inlet ; a first outlet analyzer configured to measure the RVP RVP analyzer 3 to ensure proper quality and that the product 
of the first blend flowing out of the first tank outlet ; a second meets specification requirements . Provided that the output 
blending tank having a second tank inlet operatively con - from mixing tank 2 meets all specification requirements , it 
nected to the first tank outlet , a second tank outlet , and a is pumped out of the system . If needed or desired , the output 
second tank internal mixer eductor configured to blend 60 from blend tank 2 may be recirculated through the system 
additional natural gas liquid with the blended natural gas via a recirculation pump , wherein the output is mixed with 
liquid and liquid hydrocarbon , producing a second blend the primary butane blend pumped into blend tank 1 . 
configured to exit the second blending tank through the In embodiments , the system may be modularized for 
second tank outlet ; a second outlet analyzer configured to incremental installation as follows : ( 1 ) an initial single tank 
measure the RVP of the second blend flowing out of the 65 system may be added as a first step ; ( 2 ) a second tank may 
second tank outlet ; and optionally , at least one recirculation be added in series with the first tank to get improved 
pump configured to recirculate a blended mixture through at blending results ; and ( 3 ) a recirculation pump may be added 
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for further consistency and optimization . Each of the blend Persons of ordinary skill in the art may appreciate that 
tanks must provide ample capacity for blending and mixing numerous design configurations may be possible to enjoy 
to occur within the tank for about 1 to about 3 minutes . The the functional benefits of the inventive systems . Thus , given 
recirculation pump , when used , must provide for sufficient the wide variety of configurations and arrangements of 
pressure increase to recycle the hydrocarbon product to 5 5 embodiments of the present invention the scope of the 
blend tank 1 . invention is reflected by the breadth of the claims below 

The system of the present disclosure may be made and rather than narrowed by the embodiments described above . 
used as a standalone system with standard equipment What is claimed is : 
arranged as a process unit , or the system may be skid 1 . A method for blending natural gas liquids into liquid 
mounted for easy manufacturing , transport , and hook up . 10 hydrocarbons , the method comprising : 10 hy blending a natural gas liquid ( NGL ) and a liquid hydro As compared to prior art systems , the system of the 
present disclosure may function as follows . If a prior art carbon in a first blending tank , producing a first blend ; 
system targets an RVP of 14 . 5 psia RVP when the specifi measuring a Reid Vapor Pressure ( RVP ) of the liquid 
cation is 15 . 0 psia RVP due to the risk of off - specification hydrocarbon before the liquid hydrocarbon enters the 
product , the system of the present disclosure may target 14 . 9 15 first blending tank ; 
psia RVP , thereby blending approximately twenty percent measuring the RVP of the first blend flowing out of the 
more butane into the gasoline while achieving assurance of first blending tank ; 

blending additional NGL with the first blend in a second an on - specification product . 
The system of the present disclosure may retain the blending tank , producing a second blend ; 

hydrocarbon product while it is blended with NGLs . The 20 measuring the RVP of the second blend flowing out of the 
system may also certify that the blended product is on second blending tank to determine whether the second 
specification after blending by before discharge into down blend meets desired specifications ; and 
stream trailers , tanks , barges , or pipelines . The system may if the second blend does not meet the desired specifica 
provide a method to retain hydrocarbons , even if off tion , recirculating the second blend through at least one 
specification , and recycle the hydrocarbons in the blending 25 member selected from the group consisting of the first 
apparatus . In embodiments , the system also provides for a blending tank and the second blending tank , 
method to blend the hydrocarbons more than once to further wherein : 
maximize blending and may provide a method to certify the the first blend tank includes a first tank internal mixer 
specifications of the blend in both the primary and the eductor ; and 
secondary blending apparatus . the second blend tank includes a second tank internal 
As a result of the structure of the system of the present mixer eductor . 

disclosure , the method of blending NGLs into liquid hydro 2 . The method of claim 1 , wherein blending in the first 
carbons using the system may allow better mixing and blending tank lasts for about 1 minute to about 3 minutes . 
control than conventional methods . The system and method 3 . The method of claim 1 , wherein blending in the second 
of the present disclosure may also allow more natural gas 35 atural gas 35 blending tank lasts for about 1 minute to about 3 minutes . 
liquids to be blended and may result in more consistent and 4 . The method of claim 1 , wherein an acceptable RVP of 

the first blend is within about 0 . 3 psia of a target vapor accurate product quality . Because of the in - tank mixing and pressure . the continuous monitoring downstream of the blend point , 5 . The method of claim 1 , wherein an acceptable RVP of the system and method of the present disclosure may pro 
vide a more consistent sample to analyze , may eliminate 40 40 the second blend is within about 0 . 1 psia of a target vapor 
stratification and bad mixing , and may provide for continu pressure . 
ous and accurate monitoring of the product . 
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