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Cq floods impose a number of artificial lift challenges to an operator. Typically as a flood matures, a siguificant number of 
the produaz.rs are affected by the (X&-water injection cycle. Prcducers swing through a broad range of producing 
charactetistics. It is not unusual, depending on the injection cycle, for a producer to load up during the water cycle and then 
flow strongly during the C@ injection cycle. These wide swings cause troublesome failures, a loss in producti~ and lead to 
higheroperatingmt. 

Sincelate1995,AlhnaEnergyhasbeentestingtwoC~gasliftinstallationsintheDenverUnitSanAndresCqrflood 
Resultshavebeenmixed. OneofthetwohasbeenumvertedtoaflowingwelL Theotherremainsinoperation Thispaper 
presents an overview of CQ gas lift candidate selection, equipment and selection and performance resultsdtheCQgaslift 
test 

candidate selection 
Denver Unit has about 60% wells on beam rod pumps, 20% on electric submersible centrift@ pumps, 18% flowing mll and 
2% on plunger lift Increased production, reduced downtime and reduced pulling or repair expense are incentives behind a 
propm to analyz well prodkng characteristics and to match the well’s behavior to lift type. Wells that produce with high 
flowing bottomhole pressure (BHP), at high gross rates and with significant gas are good candidates for gas lift. Another 
candidate~lltypeisproctucingatahighgrossr;be,plushigh~aadsomesolidssuchasasphaltinesor~sand 

Specific produdg characteristics favorable for gas lift in the Denver Unit are: 
l Pmhcing BHP exceeding 800 psig 
l Grossrateof5OObfpdorgreater 
l Gas-liquidratio exceeding 500 scf/LM and less than 1,500 s&bbl 
0 Frequent pump gas locking or asphaltine or solids fail-. 

Usingthesecriteriawilleliminatewellsbetterservedbyothertypesdlift AbeampumpcauattainalowerproducingBHP 
when gas qumtity is low. As gas quantity increases, pump performauce deteriorates and reservoir-driven lift such as flow or 
phmger lift becomes more at&active. Gas lift Ells the niche between beam and flow/phmger lift 

To identify those wells that met selection criteria, Denver Unit’s 700+ producers w first categorked using well tests, 
piduction history, failure history, and workover history and lease operator input Once categorized the primary list d 
potentscandidateswasMTrowed using bottomhole flowing and static went measurements and computer modeling 
aurentvrre~boreconfiguration,we~boreconditionanddistancesaadobstaclesbetweenthe~sourceand~~~ 
wellheadfluther namnd the list 

The first well chosen, Denver Unit 3715, to evaluate CQ gas lift was a flowing well that would become weaker when the 
injection cycle was on water. As the TV o&tting in&ctors alkrnated from a water-alter (WAG) cycle of 3 
MMcfgdto1,ooObwpd,productian’RFDuldswingfrom6obopd,4oObwpdand4oO~tonearlyzeropaoduction During 
the water injection cycle, the v&l was loading up aud dying Flow influenced by the WAG injection cycle, plus the benefit 
ofgreaterppoduction,madethisflowingwellagoodgasliftcandidate. 

Gas Lift Equipment and Facilities 
Several di&rent mechanical configurations were considered. After Ilumerous computer flow and economic modeling runs, 
the following configuration was settled upon as most &ective for the ~MJ evaltion installations 
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Well completion equipment consists of 2 7/8-in. production tubing (inside 5%in or 7-h casing) with a 2-3/8-in side pocket 
gasliftmancfrelinstalled90ftabavethepacker,Figl. ~gasliftgasisinjectedthroughal %-in coiledtubingstring 
strappedtotheoutsideafthetubingandconnectedtothes~pocketmandreL Gaswillpssthroughal-inorificevalvein 
the side pocket (valve has a %-in. or&e and a check assembly). Gas is isolated from casing to eliminate corrosion potential 
from the a and prevent undue pressure from being applied to the casing (some wells date Tom 1938). 

Mandrel and Orifice Valve 
Thesidepocketmandreiisthesameasthatusedforgaslift~~exceptthatthepockethasanexternalconnectian, 
similar to a chemical injection mandrel, Fig 2. A tube from the gas lift mandrel is wetted to 1 %-in coiled tubing for 
passage of CG. Deflectors on the outside of the mandrel protect the tube and corm&on Mandrel dimensional details are: 

l Tubingcomwtion=23/8-inAPI8rdEUEboxbybox 
0 hternal diameter = 1.995~in 
0 Side pocket diameter = l.O-in 
l Maximum diameter = 4.54~in (diameter of circle with eccentic pocket and co&on) 
0 Injection tube diameter = 0.75~in 
l Maadrellength=6.3ft 
. Material = ASTM A519 4130 with internal coating of epoxy-phenolic PC-400 
l Manufactwer = Production Specialties Inc. 

The~~side~tisdesilpledforawirelineretrievablevalveandlatch. Thegasliftvalvefortbisapplicationhasan 
orifice port, check assembly aad a BK latch The valve was pre-installed in the side pocket mandrel. The orifice port size is 
%-in based on gas passage as calculated with the Thomhill-Craver equation 

Coiled Tubing and Strapping 
Coiledtubingdiame&rwasselectedbasedw minimum friction losses for rates of 200-500 MC@. Cq delivery pmssure 
available permit injection rates 1 MMcF& even though friction loss will be a factor. In additioq high pressure enables the 
welltobeeasilylmloadedwithiDjectiongas. 

The me&a&al detail for coiled tubing is: 
. OD= 1.25~in 
. ID= 1.07&n 
. Wall = 0.087~in. 
. Weight = 1.081 Mt. 
l Yield Qrength = 83,500 psi 
. Ma&rial=AS’IMA606Type4 
. ThermalExpusim=6.5* 10-6un.its/uniVF 
. Supplier = Quality Tubing (Qr800) 

Fig3 provides a chart of surface injection gas presswe, bottomhole gas pressure at 4,686 ft and rate. The data is based on the 
Shell Zabaras model and has a gas composition with a CQ content of 92%. Nomiual rate is 200 M&d, aud pressures for 
gas lift injection are 1,800 psig at the control/metering skid, 800 psig at the wellhead (after choking at the skid) and 1,200 
psig downhole (calculated) at the gas lift mandrel just upstream of the orifice valve. 

Coiled tubing is &rapped to the 2 7/8-in witb stainless steel %-in bands, three per joint, and casing clearance perm&ing 
withpiuuedwqwroundptectors. Tenwraparouttdp~otectofiwereinstalledinthelatestwellthathad7-incasing 

Wellhead and Hanger 
The v&head assembly is shown in Fig 4. The components are: 

0 Lmertubi43headwith71/lbinflange 

. Tubing spool to hold doal hanger 
l Adapter flange with a 2 9/l&iu outlet on top for the pmduction master valve with a 2 l/ldin side outlet for 

the injection master valve 
0 Lowerandupper2-9/ldin. mastervalves-prod&on 
l A 2 g/16-in. tee and swab valv~pmduction 

, 
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l A 2 l/16-in. wing/emergency shut-down (BSD) valve -production 
l A 2 l/lGn master valve - injection 

ThetubinghangerisaduaIhaugerspeciaUyman&cturedto accommodate 2 7/&in. and 1 %-in parallel strings inside the 
5 %in, 17 lb& casing or 7-m, 23 lb& casiug. The assembly consists of several components, Fig 5. Dual hanger 
colmections are made to acarmmodate,1)27/8in8rdEuEtubingandtheslipand~~~sealassemMyfor1’/4--in 
coiledtubingonboaomand2)ontop,thehangerto~rsealsubfor27/8-inandthehangertoadaptersealsubfor 1% 
in 

Injection pipeline and Control Skid 
TheinjecticmpipelinelinhsCqgassupplytothe~lskidfromatie-inconnectionpointlocatedabout700ftfromeach 
well. The pipeline data is: 
Length=7OOft 
Diameter = 2.375 in OD (1.939 in ID, 0.218 wall) Sch 80 (X heavy) pipe 
Rating = 2,488 psig with ANSJIASMB B3 1.3 
hJIaterial=GradeB 
Charpy teat = 13 f&lb. minimum average and 10 ft-lb. minimum valve at -20°F 

The control and metering skid for two test installations were from existing injection equipment in the Denver Unit operation, 
Fig 6. Located at the wellhead area, its function is to provide, 1) shut aff from injection line, 2) rate control with the 
c~~and3)meteriagdtheC4gasliftinjectiongas. TheshortIzipelinefromtheskidcoIlnectstothe21/16-in, 
3,000 psig master valve on the well. A check valve is installed on piping adjacent to the wellhead, since none is on the skid. 

Cost 
Cost af complete installation ranged between $65,000 and $75,000. Target cost for each im&Ration was $50,000, Fig 7. 

The fht installation took longer than expected because of workover crew u&mGarity with equipment and operations. 
Severe cold w&her and a mechanical f&hue of the downhole blanking plug hampemd the second, rtqhingequipmenttobe 
pulled and rerun Cost of future installations is expected to decmase as rig crew pm&iency improves. However, distance to 
aC9souroeandavailabititydsurplusequipmentgreatlyinfluencesthe~costafaninstallalion 

Gas Lifl Results 
Gasliftinthe~ti~well,DenverUnit3715,hasperformedwwsethanforecast. Roductiondroppedratherthanincreaseas 
forecast Toealliquidsdroppedfrom460bfpdgross(50bopd)priortoinstallationtoapproximately370bfpdgross(70 
bopd),with2OOMcfgdinjectionFig 8. Thisislessthanthe65Obfpdgross(1OObopd)expec&d Thelowerprodwtionwas 
attributed to the change in o&et injection philosophy and rates. In mid-1997, the tubing phrgged off with pamtZn/aq&ines 
duetoasurvei&mcegIitch Duringthewwkovertoremovetheplug.itwasdecidedtoremovethe~liftequipment The 
~~bad~nastrongfl~foraarnsiderabletimepriortotheP31UWithOUttheassistancedlift~. Thewellamtinwsto 
flow strong during the second leg of the second alternating injection cycle. Well performance will be monitored during the 
mmaining6monthsdthewtercycle. CQgasliftwasinstalled2yeampriortoconvertingbacktoflow. 

Thesecond&allation,DenverUnit7604,isstillinopemtion Thiswelldieswhenliftgasisshut& Curmnthftgashas 
beenoptimizedto2OOMcfgd. Totaloil,wateraad~~~~hasdeclinedconstantlysinceinsrallationin~1995,Fig 
9. The 7604’s lower than expected performance isalsoattributedtoof&etinjection Thiswellhasnotyetcompletedafull 
altemating injection cycle. Since instaUatio4 no lifI ftim have occurmd Before being converted from beam to gas l& 
the7604hadfailedthreetimesinthepriarsix~atacostd$34,000. 

Findings 
Ressureandt empemhm surveys nm in both installations found reasonable matches to the Shell Zabams CQ multiphase 
correlation and the Bagedom-Browr multiphase correlation Injected Cq gas does, as expected, exhibit cooling during 
expansion ~~r,,e~~temperatured85”Fdoesnotposeathreataf&wnholefreezing 

Chemical-related problems are the biggest technical problem gas lift faces. A stable emulsion complicated prodwtion testing 
on the first installation A gas dispersible demulsifier was injected into the gas stream for downhole mixing, which pmtially 
broke the emulsion given stdYicient time and temperature. Jntem&& no trace of an emulsion has been detwted in the 
second imta&tion, but early on, asphaltme plugsed the gas lift mandrel Since be&ring injection cf gas dispemible 
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asphaltine solvent into the gas stream, asphaltine plugging has not been a problem The failure to continw injection into the 
Denver Unit 3715 led to its tubing being plugged. Corrosion coupons installed in both wells display a normal metal-loss rate. 

Economic viability of CQ gas lift is still in question. Long-texm performance over several WAG cycles is cwently 
underway. Typical WAG cycles are six to 12 months in duration Complete evaluation may take one to tw more years. 
Production pehrmance and operating costs of beam pumped, electric submersible pumped, natural flow and the two gas lift 
wells will be monitored and compared during this time period to determine the most economic solution to the CCh flood lifI 
solution. 
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Figure 1 - Well Completion Equipment 
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Figure 2 - Side Pocket Mandrel with External Connection 
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Figure 3 - CO2 Injection Pressure, 1 l/4 in. Coiled 
Tubing (ID = 1,078 in.) 
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Figure 4 - Wellhead Assembly 

Choke -ru~llw 
exhting mater 

- 
~TOwell FrnmCO, - 

pkpotino - 

Figure 6 - Control and Metering Skid 

Figure 5 - Components of the Tubing Hangar 
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Figure 7 - Equipment and Installation Costs 
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