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Multiple tasks finalize Weyburn
C0, injection modifications

Kenneth. J. Vargas
Falcon EDF Ltd.
Calgary

Modifications to the
Weyburn CO, injec
tion scheme required a
detailed engineering ap
proach followed by construction work
carried out by multiple companies

The first part of this two-part series
(OG}, Nov. 16, 2009, p. 43) on de
bottlenecking the Weyburn injection
scheme described the design param-
eters; this concluding part covers the
steps involved in the detailed design
and construction.

i

Production

P&IDs

Upon completion or near comple

tion of the new process flow diagrams
and material halances, as discussed in
Part 1, the next step involved revi

sion of the plant's existing piping and

instrumentation drawings (P&IDs). The

new P&IDs showed all new equipment
such as the pumps, heat exchangers,
and other skids

During the preparation of the P&IDs,

the detailed work also included the
sizing of all secondary equipment and
interconnecting piping and cable

After completion and approval by
Encana of the P&IDs, further detailed
engineering followed.

Acoustical design

The detailed engineering required
an acoustical analysis on each of the
newly reconfigured reciprocating com-

The injection pumps are in the two long buildings in the lower left. The pipe rack coming out of pump
buildings gocs towards the aerial compressor coolers. Two variable-frequency-drive buildings are to the
right of the pump buildings. Two transformers are behind the VFD buildings. The Heatric exchangers’

open skid is visible behi
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the pump-skid building (Fig. 1).

€O, INJECTION—
Conclusion

pressors. The analysis used an AP 618
Design Approach 2 (M.2-M 4).

The pulsation analysis also looked
at the existing pulsation bottles and
orifice plates and found that the bottles
were reusable but new orifice plates
were needed

The mechanical analysis recom
mended

* Dynamic rigid supports on the
first and second-stage suction piping

* Third-stage suction bottle rigidly
supported from a stiffened existing A-
frame support.

* Rigid support for all scrubbers
to maximize the mechanical natural
frequency. which is a potential vibra-
tions source.

« Adjustinent of the discharge bottle
supporl to maintain preload contact

During start-up, a piping vibration
survey was performed.

Interconnecting piping

Based on the P&IDs and the acousu
cal analysis, the design work created
the detailed 3D piping models for
fabricating all new spools and intercon
necting piping.

The plant piping 3D layout for the
restaged compressors, exchangers, and
pumps identified the valves and instru
ments to make the turnaround piping
installation and instrument replacement
more efficientand easy.

After completion of the 3D piping
design, the next step preformed a stress
analysis on the piping with Caesar I
software. This required importing the
3D Autocad model and analyzing all
the new headers with the program

The analysis passed all the stresses
to which the piping would be exposed,

il & Gas fournal / Nov. 23, 2009




% »
»,
s A\ (X H O ) () N\
CONSTRUCTION BREAKDOWN
Company Work camried out
Carson Weldmi& Piping and machanical (ield work:
Maintenance Ltd » Site work: Fencing, topsod stnp, trench, backfill compacting
Weyburn) « Foundation Structural: Drive finish piles, transformer concrete ped, pipe supportsfracks & access platforms
« Piping: Spoot fabncation per ISOs, manage pipe valves fittings defivery inventory, pipe equipment piping demoliuon, install new
, and install te-ins and instruments in turnaround
» Equipment instaflation: Offload and set all equipment and skids, such as pump VFD HEX skids.
» Instrument installation: In-ine instrument installation only.
. 'mﬁm ion painting and testing: All piping, equipment instruments to be fully instalied msulated and painted per company speck-
tions.
« Tumnaround commissioning and start-up: Provide sufficient resources as required and authonzed by EnCana for turnaround and
start-up.
« Clean up and move out: Site cleanup and environmental dirgence for disposal of all debns/equipment.
Maimii Ol Field Lum, bd of two skad buildings containing two Reda 64 pumps each to encompass
Servicas (Weybumn) installation of all equipment instrumants atc. Only waring to be done by others.
CanWaest Industnal Lump-sum bsd of two open skid contamning two Heatnc prnted circuit heat exchangers to encompass nstailation of all equipment
Inc. (Calgary) instrumants, etc. Only instrument hookup to be done by others
h?gg;g\s)lemc Comp Instaliation of high-voltage tie-in of transformer to feed new pumps insiallaton
Industnal Electrical All pump and electncal equipment instailation and winng of all new skids. All electrical feeder cables to MCC-transformer and VFDs
Waeybum Ltd. (IEW) 10 MOLors.
Autopro-Authomation Programming and start-up of PLC to control new recycle gas expansion
Consultants Lid
{Calgary)
B that during blow
LOWDOWN SEQUENCE Tablg 1 down, the compres
Time sor cylinders act as
owp P ka9 an it A ey ] check valves until
1 1241 8557 900 6.205 210 6,342 5,420 922 24 their suction and
2 1,045 7200 600 4,137 233 6,243 4,800 1.443 48 discharge pressures
3 600 4,137 350 2,413 497 6,209 4,216 1.994 n4
4 350 2,413 280 2,000 768 4,836 4,188 648 8.4 equahz& The gas
e = also can be heated
Total 5,007 250

and the other for instrument techni-
cians.

The 3D mechanical drawings had la-
bels showing the location of the instru-
ment electrical tags. This enabled the
construction technicians not familiar
with the plant to plan their activities by
physical location. These 3D drawings
proved useful throughout the project.

Compressor blowdown

Fig. 4 is a simplified schematic of a
single compression train to help visual-
ize the blowdown procedure.

In the event of a plant emergency,
1he standard procedure requires blow-
ing down the gas to the plant flare.
This entails the closing of the inlet and
outlet emergency shutdown valves and
depressuring the piping and equipment
to the flare.

The gas can form hydrates when it is
blown down from high pressure as in
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the EnCana Weyburn injection system
(15.300 kPa-g) and is water saturated or
wet, In addition, it is extremely hazard-
ous to try to contain this gas at high
pressure. With any minute temperature
change, the gas can expand and over-
pressure the piping or vessels.

Falcon performed the blowdown
calculations 1o avoid hydrates or con
taining the gas for long periods.

Fig. 4 shows by means of a color
schematic the piping and equipment
steps involved in the blowdown. Note

HYDRATE TEMPERATURES Tble3

o o Sl P
kPa psia F
15,000 2175 25 7?7
10,000 1.450 19 66
7280 1,066 16 681
5,000 725 15 59
3.000 435 13 55
1.500 218 8 46
1.000 145 5 41
500 73 -— 32

before the blow-
down valve (BV-1) to
avoid hydrates.

The following steps summarize the
partial blowdown sequence of the two
trains in parallel to a parual blowdown
10 500 kPa (75 psi). It 1s possible to
blow down one train while the other
remains in operation

* Step 1 involves activating a blow-
down valve (BV-1) instantaneously for
blowdown conditions. Regions blown
down are the full discharge of the
third stage of compression (cooler),
the recycle line and valves, recycle and
BP-2 10 the third stage of compression,
both Reda pumps. and all suction lines
including the strainer and heat ex-
changer. The starting pressure of these
regions is 8,412 kPa (1,220 psi) and the
final pressure 1s 6,205 kPa (900 psi)

* Step 2 opens the valves BP-1A
(Reda pump bypasses) and blows down
the combined region from the check
valve to ESD-2 on the Reda pump outlet
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and the remain-
ing inventory from

BLOWDOWN STEP TEMPERATURES, PRESSURES

. ~— Initial pressure — -~ Initial temp. — ~—- Final - —— Final temp. —
Step IhOn]e should Step pi L& \ oy P o 4
e pum = TR YT e : — =

note that the pump 1 1,241 8,567 5 3 900 6.205 75 2
discharge pressure g 1_888 Z%gg 72 2(75 % 3,13; 44 65°

’ a, a a1 12 -1
1s 15.275 kPa (2.215 2 350 2.413 12 -1 290 2 1 -7
psia) and upon *The final temperatures ara less than the hydra ) with the TIC m the discharge segment, one

: noeds to tho f vaive or biowdown vaive BA.2 until the s cater than P then and
muxing with the oyl Tigruipenss o mptarise: o gk bkl ticyclng

inventory left from
Step 1, the equalized

pressure will be 7,205 kPa (1,045 psia).

Next biown down are the combined

iventories from 7,205 kPa (1,045 psia)

10 4,135 kPa (600 psia)

* Step 3 blows down the third-stage
suction, third-stage scrubber, second-

stage cooler with associated piping, and

second-stage discharge line. The final
pressure obtained in this step is 2,415
kPa (350 psia)

* Step 4 blows down the second
stage suction, second-stage scrubber,
first-stage cooler with associated pip-
ing, and first-stage discharge hine. The

final pressure obtained in this step is
2,000 kPa (290 psia)

* Step § is optional and 1s for an
emergency. Usually blowdown stops at
Step 4. Step 5 involves blowing down
the first-stage suction, first-stage scrub
ber, and the piping from ESD-1. The

TURNAROUND SCHEDULE
e & JLOwmn W T F 0§ sT M T W
K701-1 ReCylindering § days
Align wefls n field 10 reduce gas to K701 1 16 he
Shut down purge K701 [
Crew | remove suct / diach prpe 10 Cylndars 10 he
Remove throw 1,24 & 6 cylinders hn
Assemblo tvow 1 2.4 & 8 cyfinders 48w
LComopressor maintengnce iube mods ol
Crow 1 151 s2age suchon 10 bomses & Cylinders 12 nm
Craw 1 2nd stage suctson to botties & cyfinders 12
Crew 1 3d stage suction to Botties & cytinders 2m
Crew 1 3 stage cyfinders to 3 stege cober 120
Crew 1 30 s13ge recycie vaive installation (15
Crow 2 152 stage cylitner dischers 10 151 [odd 2nd) cooler 18 My
Crew 2 remave Ind stage recycie fing connection W0h
Crowe 2 151 stage cooler to 2nd stage scrubber 12ne
Crow 7 2nd stage cynders o 20d $1age cooler 120
Crow 2 2nd stage coOM 10 Ird Rage scrubber 24
Crow 2 34 stage cooler 1 Rede suction 2Zh
Crem 7 changa ol PSVe & modity pipe 24 4w
Both crews all cyhinder botle 1e-ins #3 roquered 4N
S2a11-up COMPIESSO! COMMIIION 24N
K701.2 Re-Cylindering $.88 doy»

Alsgn wolly in field to reduce gss to K701-2

18 he

Shut down purge K702 ke Operstons
Crow i remove sact / disch pepo to Cytinders 18 h Heipers, weien, ppSAtan. opwanons
Romove throw 1.2.4 & 6 cytinders 16 N
Assombdis throw 1.2.4 & 8 cytinders 49 e | el
Compressor maintenance lube mods S he | Mechencs
Ceww 1 151 stage suction to botties & cykinders 2 piputzens, hetoens
Crew 1 2nd stage suction 10 batties & cylinders 12 he Ppsiinen. weiders, heipers
Crow 1 3d stage suction 1o Botttes & cyfinders 2he t:kban-«nm
Crow } 3d stage cylindsrs to 34 stage coller 12 he - wakiers. betpers.
Crow 1 3d stage recycie vaive mnstaitation one S.‘
Crow 2 151 stage cyhiiner dischare to 15t (old 2nd) cooler 18w
Crew 2 remove In0 stage recycle line connection 0N
Crow 2 131 sage coclker t0 2nd stege scrubber 12 e
Crow 2 2nd stage cylinders to Ind stage cooler Rhe
Crew 2 2nd stage cooler t0 37d 5tage scrubber 240
Crew 2 3¢ stage cooler to Reds suction 120
Crew 2 chenge afl PSVe & modity pipe Mm
Bath crews af cylindes HOte De-in3 as required 24 b
SW-up COMPressOr COMMLsHION 4t
e [ Crnest Teut [ 7] Rott up ERMNEEED
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SIMPLIFIED COMPRESSOR-PUMP BLOWDOWN

Step 1 Step 4
Slep 2 Step 5
Step 3

Recycle

(5) ;
S

BP-2

SC-1 - Inlet cylinder compressor scrubber stage 1 (same for 2 and 3)
C-1 - Compressor cylinder 1 {same for 2 and 3, 3A, 3B).

E-1 - Aerial cooler 1 {same for 2 and 3}

ESDV-1 and 2 - Emergency shut-in valve inlet/outlel

BP.1A, 2 - Bypass valve 1A and 2

sC
E-1
(4)

SC-1
eSO o .

-2 SC-3

8]

(mr
C3A
:El E-3
c3b

{1}

esp2 X0 BPIA

BV-1 - Blowdown valve to flare. All blowdown is downstream of all cylinders as the cylinder valves act
as check valves and they allow flow downstream only, so blowdown proceeds from ESOV-1 10 2

TIT -Temperature-indicating iransmitter
PIT - Pressure-indicating transmitter

final pressure obtained in this step is
500 kPa (75 psi), the final pressurc in
the partial blowdown sequence

Tables 1 and 2 summarize the blow
down sequence pressures, tempera-
tures, and times for depressuring each
step up to Step 4.

To prevent hydrates from plugging
the blowdown valve BV-1 and the flare
lines, the scheme includes a flare heater
before BV-1. Gas passes through the
{lare heater and a temperature indicator
controller (TIC) monitors the tempera-
ture before the blowdown valve BV-1.

When the low set point temperature
and pressure are not met, the valve
throttles or closes until the gas heats
up to the desired temperature. Using
Tables 2 and 3, one can predict the hy-
drate point (temperature and pressure)
and avoid blowing down at a critical
temperature for the steps involved in
Table 2

The temperature set points of the
TIC are pressure-dependent (measured
by a pressure-indicating transmitter)

48

and related 10 the hydrate temperature
at that pressure. Table 3 shows the
hydrate temperatures at different pres
sures

Construction

EnCana managed the construction
at the plant. The company divided the
work among four local companies and
two Calgary-based companies. All work
proceeded quickly and costs were kept
on budget. The accompanying box
shows a summary of the work per-
formed by each company

Construction and start-up went
very well. Only one issue arose during
construction. Operations requested 0
invert the compressor feeding the ini
tially designated respective pump.

This involved a change 1n the main
drawings; however, the skid drawings
tags were not changed because con
struction on the skids started consid
erably earlier. Subsequently, this led 1o
changing the equipment control and
indication wiring between pumps.

The pumps started up and ran
smoothly after 2 weeks.

As discussed in Part 1, the pump
curves did not reflect the required
horsepower per pump and required an
upgrade to 600-hp motors

Lessons learned

Several things were learned from
this project.

Designing the injection scheme
revealed that the gas behavior of mostly
CO, (76% and above) recycle gas varies
considerably for different temperatures
Above the critical point, the design
requires specific gravities from rehi-
able and consistent models. Although it
is possible to pump the recycle gas in
dense phase under cenain circumstanc-
es, knowing the temperature at which
it is pumped is critical because of the
rapid changes in density.

The design requires pump curves
that accurately predict pump horse
power draw (with the corresponding
operating efficiency) and liquid flow
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rate for the fluid’s specific gravay. If
possible, 115 advisable to run the pump
at the actual conditions of operation
and confirm the points on the curve for
flow vs horsepower draw and flow vs.
pressure differential (AP)

Pumping dense-phase CO, at the
right conditions is much more cost
effective than compression. There are
some constraints because the process
requires a compressor initially to obtain
the dense-phase pressure

The scheme requires a careful
study for selecting the optimal cost
for the compression-pumping of the
recycle gas. Retrofitting a reciprocating
compressor requires that restaging is
feasible and that the gas have the right
specific gravity/dense phase {controlled
by the temperature after compression
entering the pump)

FnCana operations reports that the
reciprocating compressor and pump
combination is stable and operates
smoothly when the ambient conditions
are below 15° C. (60° F) and easily
achieves a flow of 1134 million cu m/
day (40 MMscfd). During the sum-
mer months, the pump capacity varies
more, and the combination can vsually
be operated at 964,000 cu m/day (34
MMsctd)

The advamage of reciprocating
vs. centrifugal compressors 1s that
reciprocating compressors can com-
press water-saturated gas. Centrifugal
compressors cannot tolerate any water
saturation on the impellers

Printed circuit heat exchangers are
sensitive 1o napurites in the gas. They
are prone to fouling easily. The Wey-
burn project team installed strainers
before gas entry into the exchangers.
Unfortunately, asphaltienes and other
solids contaminate both the purchased
CO, and the EnCana recycle gas. Opera
tons found it problematic 1o maintain
the strainers on line for very long.
Because of the operating conditions of
both streams (high pressure and high
CO. content), the field considered the
strainers alimost inoperable. #
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