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Why does it occur?

Real world?

Are there any solutions?

Conclusions

How to win the lottery!
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Field A

Field B

Long Pipeline

Transit time takes days
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Field A

Field B

Inlet

Steady state
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200

100

100

Field A

Field B

Inlet

70%

30%

60%

40%

65%

𝐼𝐴 =
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝐼𝐼𝐴 =

70

70 + 60
130𝐼𝐴 = 70

Keep it simple!

But what happens 

when it’s not steady 

state?

How should the inlet 

be allocated?

70%EA

EB

I

35%

IA

IB
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Field A

Field B

Inlet

70%

30%

60%

40%

𝐼𝐴 =
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝐼𝐼𝐴 =

68

68 + 62
132 = 69.0𝐼𝐴 =

71

71 + 59
128 = 69.9𝐼𝐴 =

68

68 + 58
129 = 69.6𝐼𝐴 =

72

72 + 59
132 = 72.5

It will even out over 

time, won’t it?

Let’s model it….
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Field A

Field B

Inlet

70%

30%

60%

40%

Varies randomly

0 to 100

Varies randomly

0 to 100

Total flow out equals sum

of flow in on a day

Inlet composition varies
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Cumulative Difference Between 

Export and Allocation
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Cumulative Difference Between 

Export and Allocation
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Field B

Inlet

60%

40%

Varies randomly

0 to 100

Fixed at 100

Field A

70%

30%

What happens if one flow is more 

variable?
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Field A Varying 0 to 100/day

Field B Constant at 100/day
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Field A Varying 0 to 200/day

Field B Constant at 100/day
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Field A

Field B

Inlet

70%

30%

60%

40%

Flow fixed at 100

C1% 10%

Flow fixed at 100

C1% 10%

What happens if compositions 

vary?
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Field A & B Constant at 100/day

C110%
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Field A

Field B

Inlet

70%

30%

60%

40%

Flow fixed at 100

C1% 10%

Flow fixed at 100

Composition fixed

What happens if one composition 

varies?
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Field A & B Constant at 100/day

Field A C110%
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Field A & B Constant at 100/day

Field A C120%
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Is there an allocation problem?

Why does it occur?

Real world?

Are there any solutions?

Conclusions

How to win the lottery!
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4th Dimension

Time

23
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200

100

100

Field A

Field B

Inlet

80%

20%

60%

40%

65%

35%

𝐼𝐴 =
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝐼𝐼𝐴 =

80

80 + 60
130𝐼𝐴 = 74.3

70%

30%
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200

100

100

Field A

Field B

Inlet

60%

40%

65%

35%

𝐼𝐴 =
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝐼𝐼𝐴 =

60

60 + 60
130𝐼𝐴 = 65

60%

40%

In total exported 60+80 =140

Allocated 74.3 + 65= 139.3

Export systematically>inlet 

How can we calculate for 

randomly varying flows?

Calculate Expected Value
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Chance Winning UK Lottery
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P = 5 
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P = 4 
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P = 1 
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P = 6 x 5 x 4 x 3 x 2 x 1 = 1        

59x58x57x56x55x54     45,057,474
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Chance Winning UK Lottery
Match Probability Prize

6 balls 1 in 45,057,474 £3,000,000

5 balls 1 in 144,415 £50,000

4 balls 1 in 2,180 £100

3 balls 1 in 97 £25

2 balls 1 in 10.3 £2

11

23

30

38

40

44

Expected winnings = 

= (1/ 45,057,474) x 3,000,000

+ (1/ 144,415) x 50,000

+ (1/ 2,180) x 100

+ (1/ 97) x 25

+ (1/ 10.3) x 2

Expected winnings = £0.89

Less cost of ticket = £2.00

Expected value = -£1.11

or 45% return



NFOGM 2018 AllocationNFOGM 2018 Allocation

Field A

Field B

Inlet

70%

30%

60%

40%

Fixed Export Total Flows

Varying composition

Flow fixed at 100

C1% X%

Flow fixed at 100

C1% Y%
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Field A

Field B

Inlet

EA

EB

I

Expected value Field A’s 

allocated inlet:

𝐸 𝐼𝐴 =෍𝐼𝐴𝑃 𝐼𝐴𝐸 𝐼𝐴 = න

𝐼𝐴1

𝐼𝐴2

𝐼𝐴𝑃 𝐼𝐴 ⅆ𝐼𝐴

IA
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Field A

Field B

Inlet

EA

EB

I

𝐼𝐴 = 𝐼
𝐸𝐴

𝐸𝐴 + 𝐸𝐵

𝐸 𝐼𝐴 = න

𝐼𝐴1

𝐼𝐴2

𝐼𝐴𝑃 𝐼𝐴 ⅆ𝐼𝐴

𝐸 𝐼𝐴 = න

𝐸𝐵1

𝐸𝐵2

න

𝐸𝐴1

𝐸𝐴1

න

𝐼1

𝐼2

𝐼
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝑃 𝐼 𝑃 𝐸𝐴 𝑃 𝐸𝐵 ⅆ𝐼 ⅆ𝐸𝐴 ⅆ𝐸𝐵

IA
EA1

EA2

EB1

EB2



NFOGM 2018 AllocationNFOGM 2018 Allocation

Field A

Inlet

I

𝐸 𝐼𝐴 = න

𝐸𝐵1

𝐸𝐵2

න

𝐸𝐴1

𝐸𝐴1

න

𝐼1

𝐼2

𝐼
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝑃 𝐼 𝑃 𝐸𝐴 𝑃 𝐸𝐵 ⅆ𝐼 ⅆ𝐸𝐴 ⅆ𝐸𝐵

𝐼 = 𝐸′𝐴 + 𝐸′𝐵
IA

𝐸 𝐼𝐴 = න

𝐸𝐵1

𝐸𝐵2

න

𝐸𝐴1

𝐸𝐴2

න

𝐸′𝐵1

𝐸′𝐵2

න

𝐸′𝐴1

𝐸′𝐴2

𝐸′𝐴 + 𝐸′𝐵
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝑃 𝐸′𝐴 𝑃 𝐸′𝐵 𝑃 𝐸𝐴 𝑃 𝐸𝐵 ⅆ𝐸′𝐴 ⅆ𝐸′𝐵 ⅆ𝐸𝐴 ⅆ𝐸𝐵
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𝐸 𝐼𝐴 =
𝐸𝐴1 + 𝐸𝐴2 + 𝐸𝐵1 + 𝐸𝐵2 𝑭 𝑬𝑨𝟐, 𝑬𝑩𝟐 − 𝑭 𝑬𝑨𝟐, 𝑬𝑩𝟏 − 𝑭 𝑬𝑨𝟏, 𝑬𝑩𝟐 + 𝑭 𝑬𝑨𝟏, 𝑬𝑩𝟏

8 𝐸𝐴2 − 𝐸𝐴1 𝐸𝐵2 − 𝐸𝐵1

𝑭 𝑬𝑨, 𝑬𝑩 = 𝐸𝐴 − 𝐸𝐵 2 𝐸𝐴 + 𝐸𝐵 ln 𝐸𝐴 + 𝐸𝐵 − 𝐸𝐴 + 𝐸𝐵

𝐸 𝐼𝐴 = න

𝐸𝐵1

𝐸𝐵2

න

𝐸𝐴1

𝐸𝐴2

න

𝐸′𝐵1

𝐸′𝐵2

න

𝐸′𝐴1

𝐸′𝐴2

𝐸′𝐴 + 𝐸′𝐵
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝑃 𝐸′𝐴 𝑃 𝐸′𝐵 𝑃 𝐸𝐴 𝑃 𝐸𝐵 ⅆ𝐸′𝐴 ⅆ𝐸′𝐵 ⅆ𝐸𝐴 ⅆ𝐸𝐵

𝐸 𝐼𝐴 = න

𝐸𝐵1

𝐸𝐵2

න

𝐸𝐴1

𝐸𝐴2

න

𝐸′𝐵1

𝐸′𝐵2

න

𝐸′𝐴1

𝐸′𝐴2 𝐸′𝐴 + 𝐸′𝐵
𝐸𝐴

𝐸𝐴 + 𝐸𝐵
𝐸𝐴2 − 𝐸𝐴1

2 𝐸𝐵2 − 𝐸𝐵1
2 ⅆ𝐸′𝐴 ⅆ𝐸′𝐵 ⅆ𝐸𝐴 ⅆ𝐸𝐵

Where:
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Field A & B Constant at 100/day

Field A C110%
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Field A & B Constant at 100/day

Field A C120%
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But equations also predict a bias for 

this case…
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What about flow variation?
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Field A C1% Varies

Field B C1% constant at 60%

Field A 
C1%

Any variation results 

in under-allocation

Under-allocation 

increases with 

degree of variation



NFOGM 2018 AllocationNFOGM 2018 Allocation

Field A C1% Varies Around 70%

Field B C1% constant at 70%

Field A 
C1%

Any variation results 

in under-allocation

Under-allocation 

increases with 

degree of variation
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Field A C1% Varies Around 70%

Field B C1% constant at 50%

Field A 
C1%

Any variation results 

in under-allocation

Under-allocation 

increases with 

degree of variation
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Is there an allocation problem?

Why does it occur?

Real world?

Are there any solutions?

Conclusions

How to win the lottery!
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11.2 mcm/d

6.0 mcm/d

5.3 mcm/d

Field A

Field B Inlet

Real System
mole%

N2 1.3%

CO2 2.5%

C1 79.6%

C2 8.6%

C3 5.1%

iC4 0.8%

nC4 1.4%

iC5 0.3%

nC5 0.3%

C6 0.2%

C7 0.1%

C8P 0.0%

mole%

N2 0.8%

CO2 3.1%

C1 76.5%

C2 10.2%

C3 6.2%

iC4 0.8%

nC4 1.6%

iC5 0.3%

nC5 0.3%

C6 0.1%

C7 0.0%

C8P 0.0%

mole%

N2 1.0%

CO2 2.8%

C1 77.7%

C2 9.5%

C3 5.7%

iC4 0.8%

nC4 1.5%

iC5 0.3%

nC5 0.3%

C6 0.2%

C7 0.1%

C8P 0.0%
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Real System
Similar flows

Field A exhibits less 

variation than Field B

…and B under-

allocated

Field A appears to 

be over-allocated…

After measurement 

noise removed
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Is there an allocation problem?

Why does it occur?

Real world?

Are there any solutions?

Conclusions

How to win the lottery!
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Allocation Solutions (1)

Track pipeline contents

More feasible with liquid systems
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Allocation Solutions (2)

Allocate by-difference

Has other issues
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Allocation Solutions (3)

Incorporate feedback

mechanism

Use of pipeline stock

Calculate 

difference
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Allocation Over Extended Period (4)

How long is a long pipeline?

Residence time = 10 daysResidence time = 5 daysResidence time = 1 dayResidence time = 0.5 daysResidence time = 0.1 daysResidence time = 0.01 days
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Is there an allocation problem?

Why does it occur?

Real world?

Are there any solutions?

Conclusions

How to win the lottery!

Yes - difference in variability -

proved mathematically.

Not accounted for the time lag

Yes - effects subtle - comparable 

with measurement noise

Yes – presented 4

How many systems affected?

How to win the lottery!



NFOGM 2018 Allocation

Star Market Convenience Store in 

Boston, (2005)
I’d like to buy to 

buy 28,000 lottery 

tickets
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Chance Winning Massachusetts 

State Lottery (2005)

Match Probability Prize

6 balls 1 in 9.3 million $1,000,000

5 balls 1 in 39,000 $4,000

4 balls 1 in 800 $150

3 balls 1 in 47 £5

2 balls 1 in 6.8 £2

Expected winnings = $0.80

Less cost of ticket = $2.00

Expected value = -$1.20

or 40% return
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Chance Winning Massachusetts 

State Lottery (2005)

Match Probability Prize

6 balls 1 in 9.3 million $3,000,000

5 balls 1 in 39,000 $4,000

4 balls 1 in 800 $150

3 balls 1 in 47 £5

2 balls 1 in 6.8 £2

Expected winnings = $1.01

Less cost of ticket = $2.00

Expected value = -$0.99

or 51% return
Rollover
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Chance Winning Massachusetts 

State Lottery (2005)

Match Probability Prize

6 balls 1 in 9.3 million $1,000,000

5 balls 1 in 39,000 $50,000

4 balls 1 in 800 $2,385

3 balls 1 in 47 £60

2 balls 1 in 6.8 £2

Expected winnings = $5.94

Less cost of ticket = $2.00

Expected value = +$3.94

or 197% return
Winfall
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UK Lottery Jan (2016)
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Lottery of Life

1 in 40 million

1 in 400 quadrillion


