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Prudhoe Bay Unit, Oil and Water Production Rates

Prudhoe Bay Unit,
Total Fluid Production and Water Injection Rates
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Prudhoe Bay Water Oil Ratio



Kuparuk River, Oil and W ater Production Rates

Total Fluid Production and Water Injection Rates
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Kuparuk River Water Oil Ratio
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Kuparuk River Gas Oil Ratio

Kuparuk Gas Oil Ratio by Central Processing Facility

GOR behavior by facility indicates that CPF2 could have the largest issue with gas constraints if oil production were to 
increase



Capacity of North Slope Facilities
Unit

H

Oil and 

NGls, 

Standard 

barrels 

Per day

h ‘ b/ rf)....

Gas, million 

standard 

cubic 

feet per day 

(mmscfd)

Water

(bwpd)

Water

injection

(bwpd)

Handling limitations 

& comments

1998 35,000 25 12,000 30,000 No limits

i lV ' l l ' l l lM i l l 'M ® 2000, exp 2004,2005 140,000 180 100,000 140,000 We know of no limits

J Endicott 1986 115,000 455 225,000 245,000 Limited gas & water

a ûi - i iu i i j i lB i iM

CPF-1 1981 170,000 200 250,000 250,000

CPF-2 1983 160,000 260 250,000 300,000

CPF-3 1985 85,000 ISO 100,000 220,000 1
1983 75,000 42 99,000 None known for current development

2001 77,000 555 30,000 Limited by gas handling, water production is not at 

limit. Uncertain whether rated capacity is current

i u m .... _.....
FS-l 1977 360,000 2,800 140,000 M S S
FS-2 1977 360,000 1,200 650,000

FS-2 1979 360,000 2,300 300,000
. . ' ......................................  ;

GC-1 1977 330,000 2,600 180,000

GC-2 1977 250,000 1,070 300,000
i t S S S !

GC-3 1978 1,100 275,000

CGF 1977, exp 1986,1990, 

1994 , j

8,700
W B B B a s m m x f f l

CCP 6/1977, exp 1986,1990, 

1994

7,700

LPC Greater 

Pt. McIntyre

12/1986 205,000 450 120,000 Limited gas, water, and total fluid. Some wells from 

Pt. McIntyre flow into G C l

2008 Production to Kuparuk CPF-3. No known handling 

limits at Oooguruk

2011 40,000 Unknown 120,000 No lim its at this time

 i a

New Technologies

• Nodal technology

• Heavy Oil-CHOPS

• Gas Cap Water Injection



Nodal Technology

D e p lo y in g  la n d  n o d e s

State of the Art Technology
• R e c o rd in g  Im p a c t is M in im iz e d :

• Size a n d  w e ig h t  is up  to  9X less

• N o ca b le s  o n  la n d  m in im iz in g  im p a c t to  v e g e ta tio n  

a n d  w i ld l i fe  =  F o o tp r in t  m in im iz e d

• T im e  in  a re a  o f  o p e ra t io n  is re d u c e d

• A u to n o m o u s : T h e re  is n o  c o m m u n ic a tio n  b e tw e e n  any o f  th e  

c o m p o n e n ts .

• C a b le -F re e  O p e ra tio n : Each u n it  is 1 00  p e rc e n t f re e  o f 

e x te rn a l c a b le s /w ire le s s .

• R e lia b ility : T he  abse n ce  o f  a n y  e x te rn a l ca b le s  p ro v id e s  th e  

u n its  w ith  e x tra o rd in a ry  f ie ld  re lia b il ity .

• C o n tin u o u s  R e c o rd in g : Each n o d e  be g in s  a c q u ir in g  da ta , 

re c o rd in g  c o n t in u o u s ly  a n d  lo c a lly  s to r in g  th e  d a ta  o n to  

in te rn a l FLASH m e m o ry  u n til re tr ie v e d .

• S e lf C o n ta in e d : Each u n it  c o n ta in s  a ll o f  th e  e le m e n ts  a nd  

te c h n o lo g ie s  n e e d e d  t o  sense , a cq u ire , d ig it iz e , f i l t e r  a nd  

s to re  th e  se ism ic  d a ta .

Operation:
T h e  so u n d  w a v e s  th a t  a re  g e n e ra te d  a re  s e n t d e e p  in to  th e  s u b su rfa ce . 

W h e n  th e y  re f le c t  back  to  th e  su rfa ce , th e y  a re  c a p tu re d  b y  g e o p h o n e s  a nd  

re c o rd e d  b y  a c o m p u te r .

A n  im a g e  o f  th e  su b s u rfa c e , c a lle d  a se is m ic  p ro f ile ,  is c re a te d . Th is  

p ro f i le  a llo w s  g e o lo g is ts  t o  p re d ic t  w h e re  o i l  a n d  n a tu ra l gas d e p o s its  

m a y  b e  lo c a te d . A n  "Ultra-sound" o f  th e  e a r th  is c re a te d .

Recording truck 

i N ° ° l  Nodes

Geological

Apache Cook In let Novem ber 2011

Sa»»V!MX>

M a r in e  (W ire le ss ) N o d e s  d e p lo y e d  in  th e  C ook In le t f r o m  vesse ls  m a d e  

a n d  r ig g e d  in  A la ska ....a n d  m a n n e d  b y  A laskan  c re w s.

T h e  n o d e s  a re  te th e re d  to  ea ch  o th e r  w i th  ro p e  a nd  

re tr ie v e d  w ith in  15 days.

T h e  n o d e s  a re  ra te d  to  7 00  m e te rs  o f  w a te r  d e p th .

M in im iz e s  T id a l in f lu e n c e

N odes  Rest o n  th e  S eabed p ro v id in g  h ig h e r  q u a lity  da ta

S o u n d  w a ve s  a re  p ro d u c e d  u s in g  co m p re s s e d  a ir

M u lt i  vesse l a c q u is it io n  p e rm its  a la rg e r  "a c q u is it io n  a re a "  in  a s h o r te r

p e r io d  o f  t im e

D o w n lo a d in g

s e ism ic

in fo rm a t io n  and 

re ch a rg in g

Deploying and Retrieving nodes (data)
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Cold Heavy Oil Production with Sand

CHOPS Elements 0

• Unconsolidated rocks 
•PCP Pump
• Surface Drive 
•Heated Separation Tank
• Sand Disposal

Courtesy o f BP

Alaska Fluid Viscosity
Alaska fluids range over a  continuum o f viscosities

North Slope Oil Fields 
Oil viscosity versus Depth
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Milne Point S-Pad Heavy Oil Facility

Courtesy o f BP

Prudhoe Bay Unit, Ivishak Reservoir 
Gas Cap (GCWI)

Water Injection into the gas cap of the Ivishak reservoir was begun in late 
2002 to maintain reservoir pressure and increase oil reserves.

In 2001, the Prudhoe Bay Unit Working Interest Owners (WIO) testified to 
AOGCC that approximately 200 million Barrels additional recovery would 
result from the project.

Average pressure decline was approximately 25-35 psi per year before 
GCWI.

Since the start of GCWI, the reservoir pressure has increased by 
approximately 100 psi (approximate increase of 12 psi per year).



Trend in Reservoir Pressure 
Prior to GCWI

Prudhoe Bay Unit, Ivishak Initial Participating Area 
Gas Cap Water Injection 

g00 Effect upon Reservoir Pressurem 4400

Gas Cap Water Injection Rate, „ 
thousand barrels per day i
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Flood behavior is consistent with past

- L5-15 shows water is making it 
past the 2C truncation

- L2-28 shows Zone 1B water is now 
ahead of Zn 2A (dedicated 1B injection
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2010 B - B ’ into FS2 area
bp

j$}l

- Flood behavior is consistent with past

- GCW i is extending to FS2 waterflood

From March 22, 2011 PBU Annual Field O verview 
BP/WIO presenta tion  to  DNR and AOGCC Courtesy o f BP

Appendix

• Annotated slides of Prudhoe Bay and 
Kuparuk River units production history 
data relevant to expansion of gas 
processing and water handling facilities.
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Prudhoe Bay Unit

23

• Liquid throughput has declined considerably since the mid 90's due to oil rate decline
• Lisburne, Pt. McIntyre, Niakuk production into LPC began in 1997, increasing oil rates and 

water handling capacity.
• Western Satellite development after 1999 helped stem Prudhoe decline.
• Gas cap water injection began in '02, considerably increasing utilization of seawater injection 

capacity, and helped to stem decline with stabilized reservoir pressures
24
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Prudhoe Bay Liquids

1 Daily Liquid Production

  —  Daily O il P roduction
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• The water oil ratio has reached 4:1 at Prudhoe with continued waterflood maturity.

Prudhoe Bay W ater Oil Ratio

Prudhoe Water Production by Gathering Center and LPC

100,000

! 111 i! 111! 111111! 111111111

_GC1

GC2

GC3

_LIS_PROD_CTR GPMA

GC1 is nearer the gas cap and has less waterflood injection, so water production is lower. 
Expansion in water injection pumping capacity at LPC in 2004.
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Prudhoe W ater Production by Flow Station

-PBU_FS1

-PBU_FS2

-PBU_FS3

• Flow Station 2 is largely a waterflood area reflected in the higher water production rates

Prudhoe Bay Gas

4.000.000

3.000.000

2.000.000

Daily Gas Production 

Daily Gas In jection

12 M o n th  T ra iling  Average 
o f  Daily Production

1! S! 1S1!! 11 ?! 11! I
Gas Handling Expansion -  Greater Prudhoe Bay

-  CGF 198 7  -  Gas h a n d lin g  in c re a s e d  fro m  + / -  4 .2  BCFD f ro m  + / -  2 .7  BCFD. NGL p ro c e s s in g  a llo w s  fo r  sa les in to  TAPS a n d  use in  
m is c ib le  gas in je c tio n .

-  G HX1 1 9 9 0  - gas h a n d lin g  in c re a se d  fro m  + / -  4 .2  BCFD f ro m  + / -  5 .7  BCFD

-  G HX2 1 995  -  gas h a n d lin g  in c re a s e d  f ro m  + /-S .7  BCFD to  + / -  8 .0  BCFD

Total Prudhoe Bay gas throughput has fallen in recent years. 2006-2007 reduction due to 2006 corrosion and 
shutdown issues. The reductions after 2008 may be due to increased shut-downs for repair and line replacement 
after the 2006 shut-down.
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Prudhoe Bay Gas Oil Ratio

Average GOR is approaching 25,000 cubic feet per barrel, but this ranges widely among 
different parts of the field, even more so among individual wells.

29

Prudhoe Gas Production by Gathering Center and LPC
2,500,000

2,000,000

1,500,000

1,000,000

i 111111 i 111 i 111!!! 11! 1111!
GC2 was the main facility affected by the 2006 shutdown issues.

-PBU_GC1

-PBU_GC2

-PBU_GC3

-P B U  LIS PROD CTR GPMA
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Prudhoe Gas Production by Flow Station

2,000,000

1,500,000
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500,000

-PBU_FS1 

-PBU_FS2 

-PBU FS3

• FS3 gas production has dropped recently, indicating the possibility of spare capacity.
• FS1 and FS2 remain near their peak production

3 1

Prudhoe Bay Gas Oil Ratio by Gathering Center and LPC

-PBU_GC1

-PBU_GC2

-PBU_GC3

-PBU_LIS_PROD_CTR_GPMA

S1111! 11! 11 i 1111 i i 1111111 i 111111
Average GOR at GC2 and LPC is lower than other gathering centers.
GC2 leveling o f GOR starting in 1999 is a result o f western satellite development.
Gas partial processing plant being considered for GC2 may be needed fo r efficient continued 
development o f the western satellites (less oil backout when new wells are brought on line)
LPC gas handling increase may improve oil rates and allow  for additional drilling and facilities sharing 
w ith developments outside of PBU



Prudhoe Bay Gas Oil Ratio by Flow Station
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Prudhoe Bay Gas Injection by Facility
4,000,000

3,500,000

3.000.000

g  2,500,000

■ |  2, 000,000 

I
~  1,500,000

1.000.000

500,000

This plot does not reflect Ml injection.
Lisburne LGI gas cap injection reduction is due to gas compression use by Pt. McIntyre. Pt. McIntyre 
gas injection is not shown on the graph.
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Prudhoe Bay Well Count

• Significant increase in shut-in wells due to mechanical integrity problems, increasing gas 
rates, conversion to water and Ml injection, and the 2006 shut-down/corrosion problems

35

Cumulative Gas vs Cumulative Oil in Prudhoe Bay (2010)

Barrels o f Oil



Kuparuk River Unit

Kuparuk River Liquids
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• Current field wide water production is well below former peaks which indicates spare 
capacity

• Water production correlates strongly to water injection as it should in a late stage waterflood
• Current facility constraints would most likely be around integrity of all steel components
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Kuparuk River Water Oil Ratio

• The water oil ratio has recently exceeded 4:1 which corresponds to an 80% water cut
• It is not uncommon to see water cut for an individual well reach 95%+
• The dip seen in '02-'04 is due to a successful EOR program utilizing imported NGL from PBU

39

 KRU_CPF1

 KRU_CPF2

 KRU_CPF3

• Central Processing Facilities number one and two are likely not running at full capacity, 
number three may be

• If the quality of the produced oil changes in a way that it takes longer to separate from 
water, then it is possible that daily separation capacity could drop

Kuparuk River Liquid Production by Cental Processing Facility

40
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Kuparuk River Gas Oil Ratio

• The low gas oil ratio is what should be expected from an undersaturated reservoir such as 
Kuparuk

• It follows that there is no reason for GOR to increase significantly in the future unless a 
major secondary EOR (gas based) is pursued

Kuparuk River Gas

-D a ily  Gas P roduction 

-D a ily  Gas In jection

Gas production and consequently gas injection has steadily declined over the last decade 
ConocoPhillips plans on importing gas to the field in the near future to maintain optimum 
producing conditions
Field-wide there is spare capacity for gas, but there could be constraints at a specific facility

42
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• It appears that all three facilities are not currently operating at peak capacity
• CPF2 underwent an expansion project in 2002
• The expansion project increased oil production for approximately a two year period

250,000

200,000

150,000

100,000

Kuparuk River Gas Production by Central Processing Facility
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Kuparuk Gas Oil Ratio by Central Processing Facility

 KRU_CPF1

 KRU_CPF2

— KRU_CPF3

• GOR behavior by facility indicates that CPF2 could have the largest issue with gas 
constraints if oil production were to increase
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Kuparuk River Well Count

• Shut-in wells have been climbing steadily since 2005 due to casing integrity and mature 
patterns

• The total well count has climbed during this time as new wells are being drilled for field 
expansion

•Producers

•Injectors

•Shut-In

45



From: DNR Division of Oil and Gas

Re: North Slope Facilities Expansion

Enclosed is a docum ent sum m arizing facilities expansion at Prudhoe Bay and Kuparuk, as requested by 

e-mail from  you to Com m issioner Sullivan. W e have distilled m ost o f your questions down to three basic 

issues addressed in th is response.

1) Current and historical facilities (gas, water, and liquid handling) capacity

2) Effect upon oil production o f increasing gas-oil ratios and w ater cut, and the impact o f gas- and 

water-handling expansions

3) Are increases in gas- and water-handling lim its required to  increase North Slope oil recovery?

W e are lim iting th is summ ary to m ajor larger scale processing projects at the Prudhoe Bay Unit 

(emphasis upon Sadleroch it Initial Participating Area and W estern Satellites) and the Kuparuk River Unit. 

There are also public docum ents which provide m ore thorough descriptions o f capacities that may be of 

use to  you.1'2,3 You also requested in form ation on horsepower and investments. It would take a bit 

m ore tim e to track public in form ation  down on these items.

W h ile  we do not have suffic ient public in form ation to quantify the oil production benefits o f future gas 

and w ate r handling capacity investments, it is our be lie f that add itional gas and w ater handling capacity 

investm ents w ill be necessary in some cases fo r continu ing operation o f maturing fields, deve lopm ent 

and expansion o f satellite reservoirs, and to  allow  for facilities sharing w ith  o ther new developm ents 

outside o f current Units. These investments are unlikely to be as massive as that fo r such items as the 

Prudhoe Gas Handling expansions and Seawater Injection and Treatm ent plants; rather smaller, more 

localized projects, debottlenecking, and upgrades are anticipated w ith in  the nearby in frastructure o f the 

m ajor Units.

W e hope th is is useful to you. If you have questions or need fu rther in form ation, please let us know.

To: Senator Paskvan

1 State of Alaska, Department of Natural Resources, Division of Oil and Gas and and Petrotechnical Resources of 
Alaska; North Slope o f Alaska Facility Sharing Study; May 2004;
December, 2009
(http://www.dog.dnr.alaska.gov/oil/products/publications/otherreports/nsfacilitv/facilitv.share.report.pdf)

2 ConocoPhillips Alaska; Facilities Limits; updated 1/6/2010; 
http://www.conocophillipsalaska.com/facilitvaccess/FacilitvLimits.asp

3 BP Alaska, Inc; "BP in Alaska"; 2009;
(http://www.bp.com/liveassets/bp internet/globalbp/STAGING/global assets/downloads/A/abp wwd alaska bp 

in alaska 2009.pdf)

http://www.dog.dnr.alaska.gov/oil/products/publications/otherreports/nsfacilitv/facilitv.share.report.pdf
http://www.conocophillipsalaska.com/facilitvaccess/FacilitvLimits.asp
http://www.bp.com/liveassets/bp


North Slope Facilities Capacities and Expansions

The summ ary below addresses capacity lim its fo r processing units w ith in  the Prudhoe Bay Unit and 

Kuparuk River Unit. Specifically we address the fo llow ing aspects:

1) Current and historical facilities (gas, water, and liquid handling) capacity

2) H istorical production volumes, the effect upon oil production o f increasing gas-oil ratios and 

w ate r cut, and the im pact o f gas and w ater handling expansions

3) Add itiona l gas and w ate r handling lim its needed to increase North Slope Oil recovery

Figures illustrating historical production are provided in a separate Pow erPoint file as an appendix.

Prudhoe Bay Unit

The current oil processing capacity o f both the IPA facilities and the LPC is m ain ly lim ited by the am ount 

o f associated gas that can be processed and injected, how ever there are some lim its on w ater handling. 

In o ther words, some o f the processing capacities cannot be used because o f the inab ility  to process and 

inject the increasingly higher quantity  o f gas that is produced w ith  the oil and water. A lthough efforts to

shut o ff gas have been effective in some wells, in general higher GOR wells must be shut in w ith each

add itional new well addition. So, these new wells w ill "back-out" o il due to shut-in of o ther Prudhoe 

wells. The effects o f th is back-out vary by m ajor processing fac ilities as outlined below. The fo llow ing 

summarizes facilities capacities fo r the m ajor facilities at Prudhoe Bay.

Current Prudhoe Bay capacities

The fo llow ing tab le summ arizes public ly available oil, gas, and w ater handling capacities fo r the major 

fac ilities at Prudhoe Bay. W hile the sum of gas production capacity at the flow  stations may be as high 

as 10 BCF/D, the rated com pression capacity at the Central Gas Facilities lim its overall gas production to 

8.7 BCF/D .1

T a b l e  1
The capacity of each m ajor facility is shown in the following table. However, in actual 
operations, the capacity of a single facility for a given component cannot be viewed in 
isolation and instead m ust be viewed in the context of the overall PBU system  and other 
factors, such as weather and TAPS pro-rations. As such, rarely, if ever, can the capacity 
of more than one component (oil, water, or gas) be achieved sim ultaneously.

Facility
Oil

C ap acity
M BD

W ater
C ap acity

MBD

Gas
Cap acity
M M SCF

G as Lift Gas  
C o m press ion  

Cap acity  
M M SCF

FS-1 360 130 2800

FS-2 360 650 1150
FS-3 360 240 1350 460

GC-1 330 150 2600 900

G C-2 250 300 * 1070

GC-3 *  * 250 1100

LPC 205 160 470

CGF 8700
*  PW T ank  c u rre n t ly  o u t o f  se rv ice  lim its  w a te r  to  ~ 2 3 0  MBWPD
* *  G C -3 o il p ro ce ss in g  e q u ip m e n t w as ta k e n  o u t  o f  se rv ice ; m u s t c o n s id e r G C -3 and
FS-3 as s in g le  e n t i ty  fo r  o il p rocess ing  ca p a c ity  c o n s id e ra tio n s

1 ConocoPhillips Alaska Publication; "Facilities Limits"; initial publication 2002, updated 1/6/2010;

( h ttp : / /w w w .c o n o c o p h ill ip s a la s k a .c o m /fa c il itv a c c e s s /F a c il itv L im its .a s p )

http://www.conocophillipsalaska.com/facilitvaccess/FacilitvLimits.asp
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Production and M a jo r Facilities Expansion History

o

o

The fo llow ing summarizes production history and major facilities capacity additions w ith in the G reater 

Prudhoe Bay area (Sadlerochit plus W estern Satellites -  excludes Greater Point McIntyre). It should be 

noted that many sm aller facilities and in frastructure expansions have occurred over tim e to 

accom m odate new w ells and drillsites, however m ajor gas handling expansion has not occurred after 

1995 w ith  GHX2 addition.

G reater Prudhoe Bay Production History (Sadlerochit plus W estern Satellites)

•  Oil, MSTB/D 

Gas Rate (MMcfd)

-  Water Rate MBBL/D

-  Gas Inj Rate (MMcfd)

-  GOR, MSCF/STB

-  NGL Rate (MSTB/D)

Water Injection Rate (MBBL/D)

1983 - M a jo r Seawater Injection Plant and Seawater Treatm ent Plant; 2 Billion Barrels per day

in jection c a p a c it y - $2 Billion

Gas Handling Expansion -  G reater Prudhoe Bay

o CGF 1987 - Gas handling increased from  +/- 2.7 BCFD to  +/- 4.2 BCFD. NGL processing 

allows fo r sales into TAPS and use in m iscib le gas injection, 

o GHX1 1990 - gas handling increased from  +/- 4.2 BCFD to +/- 5.7 BCFD 

o GHX2 1995 -  gas handling increased from  + /-5.7 BCFD to +/- 8.0 BCFD 

2002 - Gas Cap W ater Injection

o Seawater is being injected into the Prudhoe Bay Ivishak gas cap to  stabilize reservo ir 

pressure.

o Approx im ate increm ental recovery 150-200 M M STB (per AOGCC testimony)

G reater Prudhoe Bay W estern Satellites - (Note -  Excludes GPMA) 

o M idn igh t Sun (1997), Polaris (production start date: 1999), Aurora (2000), Borealis

(production start date: 2001), Orion (production start date: 2002), Put River (production 

start date: 2008).



Prudhoe Bay Future Opportunities/Needs

W e do not have suffic ient public ly available in form ation to quantita tive ly address the oil production 

benefits o f fu ture gas and w ater handling capacity investments. However, investm ents in add itional gas 

and w ater handling may be necessary to realize effic ien t and econom ic oil recovery: 1) fo r deve lopm ent 

and expansion o f satellite reservoirs, 2) fo r fac ilities sharing w ith o ther new deve lopm ents outside of 

current units, and 3) fo r acce leration and increased oil rates in the maturing fields. These investments 

are unlike ly to be as massive as that fo r such items as the Prudhoe Gas Handling expansions and 

Seawater Injection and Treatm ent plants; rather sm aller m ore localized projects, debottlenecking, and 

upgrades are anticipated w ith in the nearby infrastructure o f the Prudhoe Bay Unit.

An exam ple o f a gas expansion opportun ity  being considered by the Prudhoe Bay Owners includes a 

"Gas Partial Processing Plant" which would be placed upstream  of Gathering Center 2 at a Z Pad 

(western portion o f the Prudhoe Bay Unit). Currently, the existing GORs are low at GC2 relative to other 

processing fac ilities because the fac ility  has not been upgraded w ith sufficient gas processing capability. 

As a result, the oil rate benefit from  drilling new wells in that part o f the fie ld is significantly reduced 

because even m oderate GOR wells have to be shut-in to  accom m odate the new production. The 

proposed gas partial processing plant would partia lly separate gas from  incom ing production Drill Pads 

Z, W, L, and V, then dehydrate and compress the gas fo r use in local gas lift. Such a p lant should 

significantly im prove the econom ics o f new w estern region drilling and is a key com ponent required for 

a new I Pad viscous oil developm ent. Our very rough ca lcu lation suggests that approxim ately 400 

M M SCF/D  added gas processing could a llow  for about 15,000-35,000 STB/D add itional oil rate (range 

depends upon new well and drills ite developments).

Prudhoe Bay Gas Oil Ratio Comparison by Major 
Processing Facility
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Kuparuk River Unit

Kuparuk River facilities were bu ilt and sized for the Kuparuk Partic ipating Area, which is the main PA in 

the Kuparuk River Unit. Peak liquid throughput was roughly 800,000 barrels o f liquid per day. This 

throughput was achieved both in the late 1990s-early 2000s as well as the 2004-05 period when NGL 

im ports were ended. Peak w ater production was reached during the 2004-05 liquids peak w ith 650,000 

barrels o f w ater per day. W ater injection peaked in the late 1990s, equaling the liquid production rate 

at the tim e which was 800,000 barrels per day. Gas production peaked at 400,000 MCF per day in 2002, 

co incid ing w ith  the last gas handling expansion at Kuparuk. These peaks aren 't necessarily hard lim its, 

nor can we be 100% certain they can be achieved again in the future. As equ ipm ent ages it may lose 

some capacity so those peaks may no longer be obtainable, but they provide a good guideline fo r what 

was possible to achieve w ith function ing equipm ent.

As any fie ld matures it is likely to encounter an increased am ount of gas and water per barrel o f oil. If 

the current fac ilities in a fie ld w ere not designed for the am ount o f liquid and gas being produced then 

wells w ith high GOR and high w ate r cut may need to be shut-in, curta iling production. A  facilities 

expansion w ou ld only increase recovery rate if there were shut-in wells to bring on line or new w ells that 

could be drilled to produce into the new facilities. In general there w ill be some tradeoff between how 

much oil can be gained by increasing facilities and how much those facilities cost. A balance must be 

achieved in both the in itia l sizing o f facilities as well as any decision to expand facilities later. Kuparuk 

River fac ilities were sized in a way where it did not need to  expand to deal w ith  increasing GOR and 

w ater cut. It is possible to design facilities large enough to  not have to be expanded, but that it may not 

always be optim al.

In som e cases new facilities may be necessary to increase North Slope production. There is no question 

that new  oil w ill need to  be processed somewhere, the question is w hether that should be som ew here 

in existing fac ilities or at a new facility. This comes down to an econom ic decision o f w hether it is 

cheaper to build new or pay to put production through an existing facility. A t Kuparuk there is little 

need to expand fac ilities fo r current operations, but if any new satellites were to be brought in, or a new 

EOR project was undertaken then facilities would likely need to be expanded to accom m odate increased 

volumes. Sim ilarly, the size o f a new deve lopm ent w ill have a lot to do w ith the decision to rent space 

or build new. If the deve lopm ent is o f a size where it can easily fit into available space, that may be the 

cheaper option, but if that deve lopm ent is large enough to pay fo r its own facilities then it is probably 

optim al to build new  and not deal w ith  the expenses and logistical issues o f running m ultip le 

deve lopm ents through a single set o f facilities.

o
5



o
North Slope Fields Map

O

See BP Alaska, Inc; "BP in Alaska"; 2009;

(http://www.bp.com/liveassets/bp internet/globalbp/STAGING/global assets/downloads/A/abp wwd alaska bp 
in alaska 2009.pdf)

Distance covered
Approximately 80 miles across from the eastern edge of 
Badami to the western edge of Kuparuk. Approximately 
30 miles from the northern edge o f Northstar to the south­
ern edge of Meltwater. (This includes open and roadless 
areas between facilities and open ocean around Northstar 
and Endicott.)
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Appendix

• Annotated slides of Prudhoe Bay and 
Kuparuk River units production history 
data relevant to expansion of gas 
processing and water handling facilities.

DNR Division o f Oil and Gas, June 8. 2011



Prudhoe Bay Unit

DNR D iv is io n  o f  O il and  Gas, Ju ne  8, 2011
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Prudhoe Bay Liquids
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«—  Daily Liquid Production 

" Daily Oil Production

  Daily Water Production

 Daily Water Injection

Liquid th ro u g h p u t has declined considerably since th e  m id 90's due to  o il rate decline

Lisburne, Pt. M cIn tyre , N iakuk p roduc tion  in to  LPC began in 1997, increasing o il rates and 
w a te r hand ling capacity.

W estern S ate llite  deve lopm en t a fte r 1999 helped stem  Prudhoe decline.

Gas cap w a te r in jec tion  began in '02, considerably increasing u tiliza tion  o f seaw ater in jec tion  
capacity, and helped to  stem  decline w ith  stabilized reservo ir pressures

DNR Division of Oil and Gas, June 8, 2011



The water oil ratio has reached 4:1 at Prudhoe with continued waterflood m atu rity .
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Prudhoe Water Production by Gathering Center and LPC

350,000

300,000

250,000

200,000

150,000

100,000

50,000

L n < x > r ^ o o c r > O T H r \ j c n < s t - L n t D r ^ o o c 7 > o < - H r v j c o ' 3 - L n < x > r ^ o o c r > oo o o o o o o o o o c r » c n c r > a > c T ) c r > c D o ^ o ^ c n o o o o o o o o o o T H

•PBU_GC1

>PBU_GC2

•PBU_GC3

•PBU LIS PROD CTR GPMA

c  c
3 3

C  C  
3 3

c  c  c  c
3  3  3 3

c
3

C
3

c c c c c c c c c c c
3 3 3 3 3 3 3 3 3 3 3

• GC1 is nearer th e  gas cap and has less w a te rflo o d  in jec tion , so w a te r p ro duc tion  is lower.

• Expansion in w a te r in jec tion  pum ping capacity a t LPC in 2004.

DNR Division o f Oil and Gas, June 8, 2011
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Prudhoe W ater Production by Flow Station
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• Flow S tation 2 is largely a w a te rflo o d  area re flected  in th e  h igher w a te r p rodu c tion  rates

DNR Division of Oil and Gas, June 8, 20J
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Daily Gas Production

•Daily Gas Injection

12 Month Trailing Average 
of Daily Production

Gas Handling Expansion -  Greater Prudhoe Bay
-  CGF 1987 - Gas handling increased from  +/- 4.2 BCFD from  +/- 2.7 BCFD. NGL processing allows fo r sales into TAPS and use in 

m iscib le gas injection.
-  GHX1 1990 - gas handling increased from  +/- 4.2 BCFD from  +/- 5.7 BCFD

-  GHX2 1995 -  gas handling increased from  +/-5.7 BCFD to +/- 8.0 BCFD

Total Prudhoe Bay gas throughput has fallen in recent years. 2006-2007 reduction due to 2006 corrosion and 
shutdown issues. The reductions after 2008 may be due to increased shut-downs for repair and line replacement

DNR Division o f Oil and Gas, June 8, 2011
after the 2006 shut-down.
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Prudhoe Bay Gas Oil Ratio

Gas Oil Ratio

• Average GOR is approach ing 25,000 cubic fe e t per barre l, bu t th is  ranges w id e ly  am ong 
d iffe re n t parts o f th e  fie ld , even m ore so am ong ind iv idua l wells.

DNR Division of Oil and Gas, June 8, JO I 1 8
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Prudhoe Gas Production by Gathering Center and LPC
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GC2 was th e  m ain fa c ility  a ffected by th e  2006 shu tdow n issues.

DNR Division o f Oil and Gas, June 8, 2011
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PBU FS3

• FS3 gas p rodu c tion  has dropped recently, ind ica ting  the  poss ib ility  o f spare capacity.

• FS1 and FS2 rem ain near th e ir  peak p roduction

DNR Division o f Oil and Gas, June 8, 2011 1 0
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Prudhoe Bay Gas Oil Ratio by Gathering Center and LPC

■PBU_GC1

PBU_GC2

PBU_GC3

PBU LIS PROD CTR GPMA

Average GOR at GC2 and LPC is lower than other gathering centers.
GC2 leveling o f GOR starting in 1999 is a result o f western satellite development.
Gas partial processing plant being considered fo r GC2 may be needed for efficient continued 
development o f the western satellites (less oil backout when new wells are brought on line)
LPC gas handling increase may improve oil rates and allow fo r additional drilling and facilities sharing 
w ith  developments outside o f PBU

DNR Division o f Oil and Gas, June 8, 2011 1 1
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PBU FS3

• FS2 has lo w e r GOR as it is largely a w a te rflo o d  area and fu r th e r  fro m  th e  gas cap

OMR Division o f Oil and Gas. June 8, 20.1.1 1 2
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Prudhoe Bay Gas Injection by Facility
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This p lot does not reflect Ml injection.
Lisburne LGI gas cap injection reduction is due to  gas compression use by Pt. McIntyre. Pt. McIntyre 
gas injection is not shown on the graph.
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DNR Division of Oil and Gas, June 8, 2011
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Prudhoe Bay Well Count

•Producers

■Injectors

Shut-In

• S ign ificant increase in shu t-in  w ells due to  m echanical in te g rity  problem s, increasing gas 
rates, conversion to  w a te r and M l in jec tion , and th e  2006 sh u t-d o w n /co rro s io n  prob lem s

DNR Division o f Oil and Gas, June 8, 2011 14
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Barrels of Oil
DNR Division of Oil and Gas, June 8, 201J. 15



Kuparuk River Unit

DNR D iv is io n  o f  O il and  Gas, June  8, 2011
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Kuparuk River Liquids

— Daily Liquid Production

— —  Daily Oil Production 

——  Daily Water Production 

• Daily Water Injection
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C urrent fie ld  w ide  w a te r p ro du c tion  is w e ll be low  fo rm e r peaks w h ich indicates spare 
capacity

W ate r p ro duc tion  corre la tes s trong ly  to  w a te r in jec tion  as it  should in a late stage w a te rflo o d  

C urrent fa c ility  constra in ts w ou ld  m ost likely be around in te g rity  o f all steel com ponents

DNR Division of Oil and Gas, June 8, 2011
1 7
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Kuparuk River Water Oil Ratio

• The w a te r oil ra tio  has recen tly  exceeded 4:1 w h ich corresponds to  an 80% w a te r cut

• It is no t uncom m on to  see w a te r cu t fo r  an ind iv idua l w e ll reach 95%+

• The d ip  seen in '02 -'04  is due to  a successful EOR program  u tiliz ing  im p o rted  NGL fro m  PBU

DNR Division o f Oil and Gas, June 8, 2011 18
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Kuparuk River Liquid Production by Cental Processing Facility
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• Central Processing Facilities num ber one and tw o  are like ly no t runn ing  at fu ll capacity, 
num ber th re e  may be

• If th e  q u a lity  o f th e  produced oil changes in a way th a t it takes longer to  separate from  
w ater, the n  it is possible th a t da ily  separation capacity could drop

DNR Division of Oil and Gas, June 8, 2011



Kuparuk River Gas Oil Ratio

• The low  gas oil ra tio  is w h a t should be expected fro m  an undersa tura ted  reservo ir such as 
Kuparuk

• It fo llow s th a t the re  is no reason fo r GOR to  increase s ign ifican tly  in th e  fu tu re  unless a 
m a jo r secondary EOR (gas based) is pursued

DNR Division o f Oil and Gas, June 8, 2011 2 0
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Gas p ro du c tion  and consequently  gas in jec tion  has stead ily  declined over th e  last decade

ConocoPhillips plans on im p o rtin g  gas to  the  fie ld  in th e  near fu tu re  to  m ain ta in  o p tim u m  
producing  cond itions

F ie ld-w ide the re  is spare capacity fo r  gas, bu t the re  could be constra in ts  at a specific fa c ility

DNR Division o f Oil and Gas, June 8, 2011 21
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Kuparuk River Gas Production by Central Processing Facility

It appears th a t all th re e  fac ilitie s  are no t cu rre n tly  opera ting  at peak capacity 

CPF2 un de rw e n t an expansion p ro jec t in 2002

The expansion p ro jec t increased oil p roduction  fo r  approx im a te ly  a tw o  year period

O

■KRU_CPF1 

■KRU_CPF2 

KRU CPF3

DNR Division o f Oil and Gas, June 8, 2011 22
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GOR behavio r by fa c ility  indicates th a t CPF2 could have th e  largest issue w ith  gas 
constra in ts  if  o il p ro du c tion  w ere to  increase

DNR Division o f Oil and Gas, June 8, 2011 23
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Kuparuk River Well Count

O

"Producers

•Injectors

Shut-In

• Shut-in w e lls  have been c lim b ing  stead ily  since 2005 due to  casing in te g rity  and m atu re  
pa tte rns

• The to ta l w e ll coun t has c lim bed during  th is  tim e  as new  w e lls  are being d rille d  fo r  fie ld  
expansion

DNR Division of Oil and Gas, June 8, 2011 24




