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Challenges Encountered When Expanding a
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Abstract—This paper describes the challenges encountered The site’s electrical demand is expected to increase to 110
when adding a new ethylene plant, a polyethylene plant, a cogen- MW when the plants achieve full production. To achieve a reli-
eration plant, and associated utilities to a major petrochemical able and full-capacity connection to the transmission grid, two
facility located in Joffre, AB, Canada. It covers load estimation, L . - !
power quality, reliability, common electrical specifications, and more transm|§5|0n !Ings were added to the utility subst_atloh ad-
projec’[ coordination with several major engineering, procure- ]acent tothe site, br|ng|ng the total of 138-kV transmission lines
ment, and construction firms. It also highlights the unique design to five.
and utility interconnection challenges of building Canada’s  |n addition to implementing the two process plant projects
largest cogeneration plant (rated at 420 MW) within an existing a4 the cogeneration plant project, a fourth project was com-
petrochemical plant. The challenges include transmission system leted ding th - h ilities. Thi di
capacity and connection, fault levels, stability, and voltage regu- pleted, expanding the existing site u_t' iies. This paper 'scu‘ofses
lation. The paper makes recommendations based on the learning the key challenges encountered during the term of these projects
experienced during the implementation of this project, to assist and makes recommendations based on the learning experienced.
the reader faced with a similar major plant expansion.

Index Terms—Cogeneration, power quality, power system de- [I. COGENERATION PLANT
sign, power system studies. o
Several factors led to the decision to locate a large cogenera-

tion plant at the Joffre site:

1) the need to install additional steam capacity of at least 4
HE Joffre, AB, Canada, manufacturing facility is located package boilers to provide steam to the new processes;
ten miles east of Red Deer, AB, Canada, and is considered?) a forecasted shortage of generation in the Province of Al-

one of North America’s largest petrochemical complexes. The  berta, Canada;

facility produces ethylene and polyethylene and is currently the 3) the favorable environment of the deregulated power

second largest ethylene production site in North America. market in Alberta.

The site’s first ethylene plant (E1) started production in 1979. The cogeneration plant sizes considered ranged from 100 to
The petrochemical complex has steadily expanded in the past2® MW. The largest size was chosen based on the economies
years to include a second ethylene plant (E2), a polyethyletiescale and increased efficiency the largest plant afforded.
plant (PE1), and hydrogen off-gas plant. The facilities initial The plant configuration, commonly referred to by the in-
electrical demand was 10 MW and grew to 60 MW in 199%ustry as a “2 on 1,” consists of two gas turbine/generators with
The site was initially supplied from the transmission grid by twheat-recovery steam generators and one steam turbine/gen-
separate 138- kV overhead feeders. This was later expandedrator. The gas turbines are natural-gas-fired 170-MW units
include a third 138-kV overhead feeder. connected to 18-kV 3600-r/min 190-MW generators. The steam

In 1996/1997, the Joffre 2000 expansion projects were amrbine is a 150-MW unit connected to an 18-kV 3600-r/min
nounced. These projects included the construction of a worlth0-MW generator. The steam requirement of the plant is the
class ethylene facility (E3), a polyethylene facility (PE2), a cazapacity of at least one gas turbine/steam generator. The second
generation plant, and their associated utilities. Another majgas turbine/steam generator was installed to provide better
petrochemical producer also built an ethylene derivative facilitgliability of the steam supply. Upon loss of all generation,
at the site. All these facilities started up in 2000 or 2001 (séackup power contracts are in place to cover power supplied
Fig. 1). from the Alberta transmission grid.

. INTRODUCTION
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Fig. 1. Joffre site.

The utility, upon knowing the actual short-circuit currensionswere made basedonwhatappearedtobetherightthingtodo.
available on the 138- kV system, checked the immediate ar®@pecifically, the owner hadto research the number of permits and
to ensure the actual equipment ratings within their systeinenses required, the technical interconnection specifications,
were adequate. In addition to the immediate area upgradede&sign standards, Western System Coordinating Council require-
manage the additional system load, six 138-kV breakers nments,andinterconnectionoperatingproceduresandagreements.
three remote substations were found to be underrated eve®ne particularly interesting aspect was the need for the site
before the generation came online. It was determined that thes®e designated with an Industrial Site Designation so that the
breakers were already destined to be replaced at some timgdmsmission grid would recognize that energy consumed from
the future, so the cost was not included in the project cost. jts own generation was not part of the energy transmitted on the
grid. Part of the Industrial Site Designation includes the Joffre
Utility Substation.

Being one of the first, and the largest cogeneration project
to be built in Allberta and in the i_nitial st_ages ina deregulat.eg' Defining Initial Regulator Exciter and Power System
market, all parties had to determine their roles and respon5|lglt—abilizer Settings
ities, many of which appeared to overlap.

Considerable time was spent researching the interconnectio\t one time the generation was put in by fully integrated util-
requirements and, in some cases, when none were found, ditigs, but with deregulation, certain services that were inherent

B. Deregulation of Industry and Lack of Information



DICKIN et al: EXPANDING A WORLD-CLASS PETROCHEMICAL FACILITY 1111

in their organizations were not readily available to independemsed to determine the allocation of power distribution costs and to
power developers. One service that had to be acquired fremsurethatpowerrateschosenwereappropriatefortheload.

the Transmission Administrator was the system studies to de-The peak load was the highest load anticipated and was used
termine exciter, governor, and power system stabilizer settings.set the maximum equipment sizing for the power system.
This was a challenge as not one particular group had the flilhis “engineered load” took into account the highest load used
accountability or all the information. A process where sharinghen the plant was at peak production with the greatest demand
of modeling information and results was implemented to ensurquirements or upset/abnormal conditions.

quality settings were in place for first synchronization. Itis important to note that the “engineered” and the “commer-
cial” electrical loads were different. This resulted in a challenge

D. Maintaining Acceptable Voltage Regulation for the during the design stage since the engineered load needed to be

Petrochemical Plant sized to ensure proper equipment rating, while the commercial

One of the benefits of a large generation plant within a corfpad needed to _be.sizgd to reflect a realistic alloca_ltion of the
plex is the ability to provide excellent voltage regulation usingareéd power distribution system and to not result in peak de-
the generator automatic voltage regulators when at least ¢hgnd penalties. _ _ o
generator is online. When the last generator trips, however, thel® Provide the required generation export, the existing
voltage drop can be very large, removing the var voltage su?ﬁd futur(_e plant loads were analyzed in order to determine
port. Studies were run to predict the maximum allowable vitads during planned, unplanned, full and partial shutdowns.
generation for all operating situations, i.e., number of generb€ main challenges were in making a realistic model for
tors on or off, predicted load, etc., so that the plant voltage & Plant loads, since plants can partially or fully shut down
all the buses would be maintained at an acceptable level. unexpectedly. The future plants were even more difficult to

To minimize the effect of the anticipated voltage drop wheffi0del, since there were no historical support data.
the last generator trips off, an operating procedure is initiated to! N€ decision was made to maximize the transmission system
limit the var generation when only one gas turbine/generator§¥Port capabilities without ambient temperature constraints.

online. The generation capability was limited during the summer
since gas turbines operating at a higher temperature have a
E. Operating Procedure Changes lower output than in the winter months. An analysis was done

to determine the frequency of occurrence of temperatures

Before a generation plant was on site, the interaction bemetﬂ?oughout the year. As expected, a bimodal curve was pro-

t_he plant and the utility were minor_ i.n many respects. Notificaduced_ The temperature ranged frem4 °C to 32°C and the
tion of plant turnaround events, utility sy;tem line, preaker, Mo resulting temperature peaks were &@and 12°C.
bus outages would be examples of routine interactions. Other

interactions would be reviews of any significant system events

that caused plant upsets or shutdowns. Examples of these would V. POWER QUALITY STUDY

be voltage sags due to storm activity. . : :
Plans for the interactions between the operations of th A power quality study was carried out to determine the level

. . : ; . ' L9Ffharmonics within the plant, ensure compliance with the utility

site and the utility will now also include daily generation " . .

nominations and generator availability, planned or unplanné%qulrements atthe point of common coupling (PCC) at 138 kv,
’ and meet the IEEE 519-1992 standard for harmonic guidelines

generation shutdowns, implementing voltage regulation prﬁr—' The study also identified whether harmonic resonance ex-

cedures, implementing generation capacity reductions due; ) : :
utility system element outages, and line reclosing, both plann'g’a?d :?md whether flltgrs were required to meet the harmonic
and unplanned. guidelines. Commercially avallz_;lble_ softyvare was used to cal-
culate the voltage total harmonic distortion (THD) and current

THD and IT product throughout the plant. (The IT productis a
factor that recognizes the interference between harmonics gen-

One of the design processes that all engineering, procuegated by nonlinear load and the communication circuits in the
ment, and construction (EPC) companies handled similarly wasoximity of power lines.) A model was developed covering
their estimation of plant electrical loads. The first step was tbe linear and nonlinear loads for the entire plant. The non-
set up a load list in a spreadsheet format. The initial data fiimear load in the new plants comprised of medium-voltage ad-
this load list was derived from the draft process and instrumepstable-speed drives (ASDs) and low-voltage ASDs. The non-
tation diagrams, and typically consisted of only the horsepow@rear loads in the existing plants consisted mostly of dc drives.
required for the motor. This data was reviewed by the EPC’sFig. 2 shows a simplified single-line diagram for the entire
electrical design group and then other loads were added at thadfre facility. All new medium-voltage ASDs were of 30-pulse
point, such as lighting, heat tracing, receptacles, HVAC, procedssign to suppress harmonics at the source. Low-voltage ASDs
computer power requirements, and other necessary loads. were of a six-pulse design producing lower order harmonics.

The summation of these loads was used to produce the ifkere was a total of five medium-voltage ASDs, with the largest
tial average and peak load estimates in terms of megawatts aethg 7240 hp for an extruder application. There was a total of
megavoltamperes required. The average load was defined asl#héow-voltage ASDs rated at 400 and 350 hp. All low-voltage
statistical average of the load over the operating period, with tA&Ds were purchased with 5% input line reactors to reduce the
plantconsideredasfully operational. This“commercialload” wasisceptibility to transient overvoltage.

I1l. L OAD AND GENERATION ESTIMATION
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Fig. 2. Joffre plant overall simplified single-line diagram.

Two main cases were thoroughly studied to determine the har- 8) All linear loads at 600 V and at 4160 V were combined

monic levels. The base case covered an operating condition with

the entire plant fed from the utility power with the cogeneration

where ASDs were connected.
9) Cableimpedance at 13.8kV and at 138 kV was included.

plant out of service. This case was analyzed when the utility ca-10) The electrical demand for the existing plants was based

pacitor bank was online and when it was offline. The second

case assumed that the new plants are fed from the cogeneration

on the utility power billing for the previous 12 months.

For the expanded new plants, it was estimated from the

plant with one generator in service. load-flow calculations.
The following assumptions were made to carry out harmonic The results of the harmonic study for the base case are

study. summarized in Table I, which lists the values of current THD,
1) The plant input data and system configuration wermltage THD, and IT product at all 13.8-kV levels and at 138 kV
based on the load-flow study and short— circuit studyor the new and existing plants. Also, the values of harmonics
The megavoltampere short-circuit level was calculateat 4.16-kV and 0.6-kV buses having connected nonlinear loads
at all buses without motor contribution. is shown. Each new process plant having nonlinear load was
2) The utility harmonic impedance profile was modeledhade accountable to meet the IEEE harmonic requirements at
based on the harmonic spectrum provided by the utilitPCC, which was selected at 13.8 kV.
3) All ASDs were assumed running at rated load and ratedThe short-circuit ratio (SCR) shown in Table | is equal to
speed for maximum harmonic generation. the short-circuit current without motor contribution divided by
4) The current spectrum for medium-voltage ASDs wagemand load. The higher the SCR the more relaxed is the IEEE
based on measurements taken during factory acceptastandard requirements. The capacity of a utility is defined by the
tests rather than the typical published values. short-circuit current at the PCC. The size of a plant is defined
5) The electric heaters were assumed not to produce dnythe maximum demand load. Table | also lists the levels of
harmonics. harmonic limitations as specified in IEEE 519-1992 standard. It
6) Typical harmonic spectrum was used for all existing dcan be seen that the entire plant complies with IEEE 519-1992
drives. harmonic requirements at the 138-kV utility bus. Also, all new
7) The harmonic spectrums for all low-voltage ASDs werplants do comply with the harmonic limits at 13.8 kV. However,
obtained from the manufacturers. harmonic levels at the E3 ethylene plant at 4.16 kV and at 0.6
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TABLE |
HARMONIC SUMMARY FOR NEW AND EXISTING PLANTS UTILITY POWER ONLY, GENERATOR OFFLINE, UTILITY CAPACITORS OFFLINE

Short Demand VIHD V-IEEE [THD  IEEE PT  N-IEEE

Bus ID (New Plant) Circuit (A) (%) Limit (%) Limit (%) Limit

Ratio (%)
330-BUS-1A / 138 kV 50.2 193 0.23 2.5 1.09 6.0 1,997 10,000
330-BUS-1B /138 kV 66.6 145 0.23 2.5 1.58 6.0 1,470 10,000
330-SWGR-2A / 13.8 kV 17.7 816 0.19 5.0 0.14 5.0 3,729 10,000
330-SWGR-2B / 13.8 kV 23.3 613 0.20 5.0 0.16 8.0 3,238 10,000
SWGR-01H-A / 13.8 kV 35.95 372 0.19 5.0 0.16 8.0 1,975 10,000
SWGR-01H-B/ 13.8 kV 45.9 287 0.20 5.0 0.17 8.0 1,739 10,000
330-SWGR-1A/13.8 kV 12.97 1111 1.05 5.0 1.94 5.0 21,867 10,000
330-SWGR-1B / 13.8 kV 17.27 833 0.97 5.0 2,79 5.0 16,295 10,000
SWGR-P-201A/13.8 kV 22.56 585 1.03 5.0 1.71 8.0 10,479 10,000
SWGR-P-201B / 13.8 kV 37.6 337 0.98 5.0 0.82 8.0 4,824 10,000
SWGR-P231A /4.16 kV 33.65 539 1.12 5.0 1.60 8.0 9,539 10,000
SWGR-P231B /4.16 kV 27.44 655 1.03 5.0 0.89 8.0 8,697 10,000
E3A /4.16 kV 16.8 1221 2.90 5.0 8.43 5.0 87,411 10,000
E3B/4.16 kV 22,5 907 2.38 5.0 8.64 8.0 70,286 10,000
SWGR-E301A /600 V 17.74 1845 8.76 5.0 20.04 5.0 49,854 10,000
SWGR-E301B / 600 V 40.63 798 5.22 5.0 23.51 8.0 26,111 10,000
SWGR-E302A /600 V 21.2 1536 8.75 5.0 24.36 8.0 51,774 10,000
SWGR-E302B /600 244 1324 8.26 5.0 28.54 8.0 53,417 10,000
Bus ID (Existing Plant)

Utility / 138 kV 15.8 634 0.23 2.5 0.30 25 3,155 10,000
Bus 101A/13.8 kV 12.4 1163 0.55 5.0 1.27 5.0 10,239 10,000
Bus 101B/ 13.8 kV 22.4 648 0.58 5.0 2.35 8.0 12,172 10,000
SWGR-104A/ 13.8 kV 394 366 0.55 5.0 417 8.0 13,236 10,000
SWGR-103B / 13.8 kV 42.0 346 0.58 5.0 4.47 8.0 14,001 10,000
- SUB1-SWGR-102A / 13.8 kV 61.5 234 0.55 5.0 0.46 12.0 2,404 10,000
SUB1-SWGR-102B / 13.8 kV 514 282 0.58 5.0 0.48 12.0 3,156 10,000
BUS150-1A/13.8 kV 26.1 560 0.19 5.0 0.16 8.0 3,107 10,000
BUS150-1B / 13.8 kV 29.2 504 0.19 5.0 0.16 8.0 2,861 10,000

kV exceed the IEEE limits because of the presence of six-pulseA transmission system’s capability to provide reliable elec-
ASDs. In spite of this, it was decided not to install any harmontcic power to the load and reliable export power was evaluated
filters, as it is believed that these harmonics should not causdwo ways. First, it was evaluated to determine the system ade-
significant overheating in motors at E3 plant. The step-dowquacy, or the reliability of the system configuration and capacity
transformers 13.8/4.16 kV for the E3 plant were all purchaséu order to provide the physical connection between the load,
to be suitable for nonlinear load. generation, and the Alberta transmission grid. Next, the system
The harmonic study also revealed that no resonance exissedurity or ability to respond to power quality disturbances that
because there were no capacitors throughout the plant. Tharfluence the entire transmission grid was evaluated.
product was calculated at 138 kV and found to be 3155, whichThe following combination of methodologies and techniques

is well within the IEEE requirements. were used to determine the reliability: Reliability Network
Reduction, Failure-Mode Effects Analysis, Minimal Cut Set
V. RELIABILITY Method, and Hierarchical Level Indices Technique. References

The reliability of the existing transmission system supplyingl and [3] provide a det_alled d|scu55|(_)n of_these techniques.
the Joffre site had been very good up to 1999. Only two eventlge results of the analysis are summarized in Table II.

causing a total shutdown had been recorded in the 20 years since

the site first came online. It was a goal of this project to maintajl  system Adequacy

a similar level of reliability after the expansion was complete.

The project benchmark was that any loss of a system compoA risk review was done of the entire transmission system
nent causing the petrochemical plant to have to reduce electaddentify single-point failures that might affect the export of
consumption was considered a failure to serve the load. One ®wver from the cogeneration plant. The utility and cogenera-
challenge was providing a transmission system that would bdibn substations were then designed to address these single point
import and export energy. Since the site would be a net exportijures. If elimination of a single-point failure was not achiev-

it was decided that if the reliability for export were met, then thable, appropriate operating procedures were developed with the
reliability for import would also be fulfilled. utility to ensure that one failure would not affect the export.
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TABLE I C. Maintaining Reliable Service for Existing Plants During

FREQUENCY OFEVENTS CAUSING FAILURE TO SERVE LOAD OR Modifications to the Transmission Grid
GENERATION OF THEJOFFRESITE

Due to the risk associated with such extensive modifications

Aﬁ?t:;:; ssg:::'r:l Total to the transmission system feeding the existing plant, the utility
FreqiYear  Froq/Year Freq/Year used an internal risk management plan to ensure the risks were
Plant Load 0.001 0.13 0.131 identified and safe work procedures were put in place. The
E . Failure-Mode Effect Analysis (FMEA) process allowed the
xport Generation . . . . .
Summer 0.006 0.13 0.136 project to review the risks associated with each segment of the
Average work and put safe work plans in place for each. The safe work
Winter Average  <0.001 0.13 <0.131 plans assisted in minimizing the chance of failure, but should
an event happen, they also provided a means to manage the
problem.

Two cases were identified as single-point failures. The first
was the 138-kV double-circuit overhead line configuration
of lines 330-Line-1 and 2, connecting cogeneration busses

330-BUS-1A and 1B and the utility substation. The second wasa power system study was carried out for the entire plant, and
the utility 138-kV double-circuit overhead line configurationt covered the load-flow, short-circuit, motor-starting, and sta-
of lines 756L and 793L. To manage the failure risk of linepijlity studies. Fig. 2 shows the single-line diagram. Numerous
330-Line-1 and 2, the lines were designed to maximize th@ses were studied to determine the system performance under
reliability, as outlined in Section VII. For lines 756L and 793Lnormal and abnormal operating conditions. A commercially
the lines follow a known route that has minimal road access #Qailable power system analysis and design program was
reduce vehicular impacts, and follow a route of lower elevatiafsed to model and predict system response. The model was
from the surrounding terrain making it less susceptible ieveloped based on the information and drawings provided by
lightning strikes. To prepare for the possibility of a coincidenthe plant and equipment vendors. The equivalent impedance
outage on this double circuit line, operating procedures wif each 138-kV incoming transmission line was modeled on
be implemented to ensure the cogeneration plant operatgig maximum available three-phase and single-line-to-ground
recognize the possible overload condition on the remainidggmmetrical short-circuit current provided by the power utility.
lines and reduce the export load. Under normal operation, all three generators are in service

Corporate separation between the generators, the transnsmeet the total plant power requirements and to export the
sion system, and the loads close to the Joffre plant, and the laekance. Design criteria were set for the power system studies
of full system visibility of the transmission grid by the cogenerand these included the following:

ation plant operator, hampered the development of automaticre-l) steady-state voltage regulation at 13.8 kV to be within
medial action schemes. These schemes would have helped limit”™ | 304 "_ 204

generation upon loss of load. Therefore, the design of the trans-) 13 8- kV short-circuit capacity to be 400 MVA with tie
mission system had to be robust enough to allow unplanned out- * yegker open and 800 MVA with tie breaker closed;
agesto occur that would notimmediately affect the cogeneration3) maximum voltage drop at bus during motor starting not to

production or overload the remaining system, until the cogener- ~ oy ceed 12%, assuming all load on one bus with tie breaker
ation and transmission grid operator could reduce generationto  jgsed and one transformer out of service:

allow for the outage. o 4) overall plant power factor 90% or greater.
In the event of islanding, the situation where some or all of
the Ioad' is being served py 'the Jqffre site generatlpn with ° Short-Circuit Study
connection to the transmission grid, adequate equipment and
controls were installed to allow for resynchronization back to The short-circuit calculations were performed based on the
the grid. ANSI/IEEE C37 standard for circuit breakers, switchgear,
substations, and fuses. Two different impedance networks were
used to calculate the momentary and interrupting three-phase
short-circuit currents and the result compared with the corre-
Results determined that the largest effect to both importirsponding ratings for high- and low-voltage switchgear circuit
and exporting power from the site was the system security ifreakers. The 1/2-cycle network (subtransient impedance
pacts. There were three main components of system secunigtwork) was used to calculate momentary short-circuit current
risks identified. The first risk, system voltage collapse due ttuties at 1/2 cycle after the fault had occurred. The 1.5-4-cycles
shortage of vars, was determined to have a frequency of Of&work (transient impedance network) was used to calculate
occurrences per year. The second risk, frequency instability dhe interrupting short circuit current duties at 1.5-4 cycles
to loss of major blocks of generation on the Alberta transmissiafter the fault had occurred. The entire plant was modeled as
grid, has a frequency of 0.016 occurrences per year. Finally, 80 buses, 149 branches, and 152 motors of which six were
third risk, the threat of a major storm disabling large parts of treynchronous motors and three were generators. The prefault
Alberta transmission grid, has a frequency of 0.034 occurrendass voltage was assumed at 1.05 per unit. The contractor and
per yeatr. the in-house project team cooperated in establishing the cases

VI. POWER SYSTEM STUDY

B. System Security
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TABLE 1lI
SUMMARY OF SHORT-CIRCUIT STUDY FOR THE NEW PLANT SHOWING 1.5-4.0-&/CLE THREE-PHASE INTERRUPTING (INT) AND 1/2-CyCLE THREE-PHASE
MOMENTARY (MOM) V ALUES IN KA. IT ALSO SHOWS THE CIRCUIT BREAKER THREE-PHASE INTERRUPTING ANDMOMENTARY RATING

CIRCUIT BREAKER
BUS NAME (ID) CASE SC1 CASE SC2 RATINGS
INT (kA) MOM (kA) INT (kA) MOM (kA) INT (kA) MOM (kA)
Utility / 138 kV 222 35.1 222 352 . .
330-SWGR-1A/ 13.8 kV 20.2 323 20.2 323 30.4 58
330-SWGR-1B / 13.8 kV 19.8 31.4 19.9 31.6 30.4 58
330-SWGR-2A/ 13.8 kV 19.1 30.0 375 60.3 30.4 58
330-SWGR-2B / 13.8 kV 20.8 33.7 37.5 60.3 30.4 58
SWGR-01H-A/ 13.8 kV 16.1 24.4 29.3 4.2 40.2 77
SWGR-01H-B / 13.8 kV 17.9 28.8 29.9 444 40.2 77
SWGR-P-201A / 13.8 kV 17.0 26.4 17.0 26.4 30.4 58
SWGR-P-201B/ 13.8 kV 17.0 23.1 15.9 233 304 58
to be studied. Five short-circuit case studies were performed TABLE IV

covering various scenarios of system configuration in order SUMMARY OF LOAD-FLOW STUDY FOR THE NEW PLANT

to determine the maximum fault current. Two cases are listed

here which describe the base case and the worst case. The base (%C:fk:‘;f,:?:a?;z: Sﬁﬁgze)
case designated short-circuit case #1 (SC1) covered the normal BUS NAME (ID) CASELFi | CASELF?
operating condition with the plant connected to five 138-kV Utility / 138 kV 100.000% _ 100.000%
utility lines, cogeneration online, and tie breakers at all voltage  330-SWGR-1A/ 13.8 kV 100.099% 94.439%
levels open. The result of the short-circuit study is given in  330-SWGR-1B/13.8 kV 100.304% 94.439%
Table Ill, which also includes the breaker three-phase symmet- 330-SWGR-2A /13.8 kV 100.618% 95.385%
rical interrupting and momentary rating in kiloamperes. The 330-SWGR-28/13.8 kv 100.573% 95.385%
o " : SWGR-01H-A/13.8 kV 100.487% 95.247%
short—cwc_un case #2 (SC2) covgred a condition whereby the  gwGR-01H-B / 13.8 kV 100.159% 94.946%
13.8-kV tie breaker for cogeneration buses 330-SWGR-2A and  sweR-P-201A / 13.8 kV 99.700% 94.036%
330-SWGR-2B is closed. This implies that the two 37.5-MVA SWGR-P-201B / 13.8 kV 100.020% 94.150%

step-down transformers T3 and T4 are connected in parallel,
thus providing minimal impedance. It can be seen that the
short-circuit levels are within the breakers interrupting anti38-kV lines (330-Line-1 and 330-Line-2) between the cogen-
momentary rating except for the 13.8-kV incoming breakers tration plant and utility out of service. In addition, it was as-
buses 330-SWGR-2A and 2B. It was decided not to upgragemed that the 13.8-kV main breakers to buses 330-SWGR-1B
these two breakers because operation of two transformersaitd 330-SWGR-2B are open and to buses 330-SWGR-1A and
parallel will only occur for a short period of time to allow330-SWGR-2A are closed as well as the tie breakers between
seamless transfer of power between the two transformers. Bus A and Bus B are closed. The results of load-flow study
for selected cases LF1 and LF2 are given in Table IV. It can
B. Load-Flow Study be seen that the design criteria-p8% and—2% was met for
The load-flow study was conducted for normal and abnormt e base case but exceeded for load flow LF2. The worse case
system configurations. The intent of this study was to determif\ @S at buses SWGR-P-201A and SWGR-P-201B whereby the
voltage was reduced to 94% of nominal value. The result of the

electrical loading of main feeders, transformers, and bus voltage . X
under different operating conditions and to study the effectsq ]ad—flpvy study for all scenarios revealedlthat the electrical load
wg_s within the cable and transformer ratings.

changes in equipment configuration. The base case is desi
nated LF1 and is identical to that of short-circuit study SC1. The )

total plant load for the new process units was estimated at 155 Motor-Starting Study

MVA and for the existing units it was 82 MVA. The cogenera- The motor-starting calculations were performed to determine
tion plant is connected to the utility at 138 kV via 2 km of twacompliance to design criteria of maximum 12% voltage dip set
over head lines, 330-Line-1A and 2A. For load-flow case LFIor the new plants during motor starting under various operating
the power carried by Line-1A was 257 MVA and by Line-2Aconditions. The study was based on estimated values of motor
was 124 MVA. Four more load-flow studies were carried owtnd transformer sizes, as these were not firmed at the design
covering possible scenarios, but only one abnormal case is pt&ge. The largest direct online induction motor for the new plant
sented here. Load-flow case LF2 represented a scenario that isasted 4300 hp connected to SWGR-P-201A (13.8 kV) via a
identical to LF1 except the cogeneration plant was operatingdaptive transformer. The largest induction motor in the existing
an islanded mode with one gas turbine generator (161.5 MVAJant is rated 8000 hp and is connected to bus SWGR-104A at
in service. This implies that the existing plant was supported 3.8 kV. Several scenarios were evaluated when the entire plant
utility power and the new plant by one generator with the twawas connected to the utility power and when it was fed from the
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cogeneration. The worst case was when the entire plant was fietiwveen relays for future connection. However, critical infor-
by a single generator (161.5 MVA) in an islanded mode (utilitynation such as breaker status is sent to the control room via a
out of service) and starting the 8000 hp motor in the existilgogrammable logic controller system.

plant. In this case, the motor starting voltage dip was calculatedAn extensive power monitoring system was installed to sup-
at 17% at 13.8 kV (SWGR-104A) and this is above the desigrort electrical power billing by the cogeneration plant and the al-
criteria. However, the maximum voltage dip for this case for tHecation of power costs across the site. A revenue quality system
new plantat 13.8 kV (SWGR-P-201A) was 7% and this is withiwas designed and installed where metering data was gathered
the design guideline for the new plant. For the existing plant,fiiom four central locations and transmitted to a metering/billing
was decided to tolerate 17% motor starting voltage dip becawsemputer system. All meter data are verified and allocations are

the likelihood of this situation arising is very rare. calculated based on rates and contracts set for each operating
plant.
One challenge was designing a protection and control system
VIl. ELECTRICAL DESIGN PHILOSOPHY that allowed for both import and export of power while main-

. I . . .. _taining the same level of protection for the system.
D.urlng the initial stages of the expansion prOject§ It was The protection and control design of the existing 138-kV
?Oecl;(;leﬂsteo d dbe Ve;cl)lpE?D c(::ofrir: mgnin\ell(ister('jcﬂnd?;égrj]o?f?'elozggh\’iIity system followed the utility “standard” protection phi-
y osophy based on that voltage classification. The “138-kV”

expansion. This design philosophy would incorporate some e&- . . .
g . . . ) . rotection philosophy was based on primary and backup pro-
isting site philosophies, some common EPC philosophies, at%@tion concept with slow clearing in event of single protection

leading-edge industry philosophies. These design ph|Iosophf ﬁ’ure, which is generally applied for local area transmission

would, in t_u_rn, _be used to develop common electrl_cal standar, Rd distribution to medium and large industrial plant loads. The
and specifications across all projects. By having commaon

standards and specifications, the projects were able to Iever%ve?he ; W;ZOS llit\iltie;?;l::agigivmﬂl?Seol;'il]lItybgil(laodsoopnhyptlapnq[raaf:%d
electrical equipment purchases. y

system consequences of protection failure with export of major
o _ _ cogeneration plant and import to very large industrial load. The
A. Power Distribution Design Philosophy “240 kV” protection philosophy is based on dual redundant

The purpose of the electrical system protection and coordirfimary protections with high-speed clearing maintained in the
tion was to prevent injury to personnel, to minimize damage &Y€nt of single protection failure.
the system components, and to limit the extent and duration ofThe owner found itself in the position of having to coordi-
service interruption whenever equipment failure, human erréi@té and facilitate between many parties so that an acceptable
or adverse natural events occur on any portion of the systend@sign was achieved. All parties, the utility, the cogeneration
would also ensure that maintenance could be safely perfornfé@tractor, and the other four project contractors, had to under-
on the electrical distribution equipment without causing or réfand the others’ philosophies and look for reasonable compro-
quiring a power interruption. mises to .their design SO that all could be accommodated.

The power distribution system was designed to employ a dual "€ primary protection on the 138/13.8-kV transformers fol-
feed philosophy at the primary distribution level of 13.8 kyowed industry practice by using transformer differential pro-
and a secondary selective philosophy at the 4.16-kV and 6od&gtion. Overcurrent protection is used as a backup for this dif-
levels. The 13.8-kV, 4.16-kV, and 600-V switchgear all incorpd‘erential protection. The trip and lockout scheme for the over-
rate a main-tie-main automatic transfer system with an open gidrent relays is used to provide true redundancy between the

breaker scheme. The benefits and features of this design schéfRarate trip and lockout scheme from the transformer differ-
are documented in [4]. ential relay. The nonelectrical transformer protection was com-

bined with the overcurrent protection, to provide two separate,
independent, high-speed tripping packages.

Again, for the 138-kV overhead transmission line, industry

The protective relaying and power monitoring standard wasactice was followed. The breaker failure protection is used to
to use modern microprocessor based devices, rather than thegravide backup protection for the self-reset tripping relays. The
ditional induction disc types. The site’s experience with the r@rimary protection on the 138-kV overhead line between the co-
liability and repeatability with these types of devices had begeneration substation and the utility substation is dual differ-
very positive, resulting in strong support for their site wide inential protection and communicates via the fiber-optic ground
stallation. Not all EPC electrical design personnel supported tiigre. The overcurrent line protection is used to provide backup
position, so it was a challenge to ensure that each EPC followgidtection for the 138-kV overhead line between cogeneration
the above power monitoring and protective relaying standard.dnd the utility substation and the utility 138-kV buses and trans-
most instances, the owner was successful in implementing thesigsion grid lines. This will only trip the 138-kV line breaker
common standards. in the cogeneration substation. Backup for this relay is provided

The installation of these microprocessor-based devices magesimilar protection at the utility substation.
it possible to set up a network and bring data from these de-In the process plants, critical motors are provided with con-
vices to one central location. Because of the high capital costtattors that have an undervoltage ridethrough circuit that will
was decided to leave the installation of communication cablikgep the motor connected to the bus for up to 2 s in the event

B. Protective Relaying/Power Monitoring
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of a plant voltage dip. Tests will be carried out during commisdnced that an overhead line was the only feasible alternative,

sioning to determine the motor open circuit voltage decay curtlee design began.

to ensure that motor damage cannot occur on restart. Many studies were performed to assess the safety hazards, re-
During power outages of less than 10 s, critical motors aliability, grounding requirements, the probability and impact of a

programmed to restart automatically. This requirement is ndightning strike, and other site impacts of installing a high-voltage

essary since it can take up to 6 s for an automatic bus transée@erhead power lineinthe middle of apetrochemicalfacility.

to occur on a bus failure. The key challenge here was to ensuréfter numerous consultations, it was decided to use a double-

that the critical motor restarts are sequenced. circuit 138-kV overhead line with two composite fiber-optic
ground wire cables and a single steel galvanized monopole base.
C. Switchgear and Motor Control Centers Steel poles were used to alleviate concern raised by site per-

In the case of 13.8- and 4.16-kV indoor switchgear, it was d%‘?”.“e' that wooden poles might catch fire should an explosion
cided to deviate from the site standard of metal-clad and moveotroflre oceur on the site.

arc-resistant switchgear. The increased safety of this switchgeallI was pu'lt to 2_40—kV spemﬁqanons, which |_n_cluded heav_y
far outweighed the increased cost. Ice and wind loading, upgraded insulators, additional grounding

The cogeneration substation’s 13.8-kV switchgear was spgé-the base of the tower, upgraded ratings on the ground wire,

ified as indoor Class-B arc-resistant type. The 13.8-kV diStl‘ibl‘?l‘pd higher ground clearances. It should be realized that the de-

tion equipment inside the process plants utilize outdoor, met3|9" of this overhead line occurred around the time of the major

enclosed, fused disconnect switches. The 4.16-kV switchgea'cg storm in Quebec, Canada. Site personnel were very sensitive

indoor Class-B arc-resistant design. The 4.16- KV motor contnfa a design that would not withstand a major ice storm. A single

centers (MCCs) are of the drawout vacuum contactors equippDeO e was used because it was found that the reliability of the line

with current-limiting fuses type. WaSeSsin:;frt;c; u;ér;%igﬁ(;lpgtlaessi. n enhancements for the trans-
The 600-V motor control and distribution feeders utilize P 9

. . . . . _mission line, there were many concerns from the existing site
MCCs located indoors in an acclimatized environment wnﬁ] y 9

drawout-type starters equipped with HRCII, Class C fuses f trarsonnel around possible contact of large machinery with the

motor control and HRCI, Class J fuses for distribution feederg."’ routing of the overhead line and the uncertainty around the

The site standard of using fused disconnects is based on ffeects of electromagnetic fields (EMFs). These concerns were

fact that they operate quicker than a circuit breaker, there%I eviated by education and design enhancements. Warning

providing better personal protection and less damage shoul %r.k er wires were .'n.Sta”.ed ?t all road crossings to. protect
fault occur. Another advantage of fused disconnects is that tha Ainst machinery hitting live lines. The routing of the line was
' ne to avoid all hazardous areas, even for the case where the

are easier to coordinate. A disadvantage of fuses is that ﬂ?fee fell down. The EMF concerns were addressed by citing

must be replaced, whereas a circuit breaker can be manu%ﬁ’merous studies, routing the line through unpopulated areas
reset, potentially resulting in increased downtime. » fouting | 9 Pop
\9f the plant, and meeting with plant personnel.

Provisions to start the motor from the front of the 4.16-k
motor controllers are not provided so as to protect personnel .
from electrical flash hazard, by only allowing remote motof- Aboveground versus Underground Cabling

starting or remote switching from a mimic panel. The mimic ope design philosophy that addressed the reliability of the
panels are designed as freestanding panels that house R8s was whether or not the electrical and instrument cabling
switches and status indicators for all 13.8-kV, 4.16-kV, angouid be aloveground in a cable tray or underground.

600-V breakers as well as for the 4.16-kV motor starters. They|, the past, the site had installed power distribution cabling,
are incorporated in a graphic single-line diagram on the front gfotor feeder cabling, and instrument cabling using direct burial
the panel. Even though arc-resistant switchgear is made to pifid cable duct installation practices. One of the challenges
tect personnel from electrical flashovers, site safety guidelinggs in changing the site standard of underground cabling.

still required the project team to utilize mimic panels. By installing cabling underground, the site Loss Prevention
Standard’s concern for fire and explosion hazard protection
D. 138-kV Overhead Line Design Philosophy could easily be met. Unfortunately, this practice compromised

the reliability of power to the plants since frequent frost

The site 138-kV overhead lines, 330-Line-1A and 33Qyo4ye5 and thaws lead to numerous cable faults. A fault in

Line-2A, are another example of a balance between maximizigg underground cable would require an extended outage to a
reliability and minimizing capital costs. This overhead ling|ant while the fault was located, exposed, and then repaired.
connects the existing substation (and thereby the Alberta Trapgmother reliability issue encountered was the deterioration of
mission Grid) tothe new cogeneration substation (see Fig. 2). Qre direct buried cables that were exposed to hydrocarbons.
of the most difficult design challenges encountered was routingame further advantages to installing the cables in a cable tray
high-voltage line through a petrochemical facility, where manyn the top of pipe racks are as follows.
areas are classified as hazardous. An additional challenge was t@) The sizing of distribution cables could be decided later
provide areliable and cost-effective system. into the detailed design. Since the installation timing of
Both underground and overhead installations were investi-  underground cabling is earlier in the design, there is a po-
gated. An underground route proved to be prohibitive in both  tential to install oversized cables to ensure project require-
implementation and cost. Once the site personnel were con- ments are met.
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2) Itis easier and normally faster to locate and repair dam-The challenge was to get each EPC to use similar engineering
aged cables in a cable tray than underground cable. standards and specifications for equipment and installations.
3) Power cables do not have to be derated in a cable traljis proved to be a challenge, as each EPC had its own
(assuming adequate spacing is maintained), resultinggreferred equipment vendors and installation details.
smaller and more economical cables being installed thantg add to this challenge, the cogeneration project was built
would be required in a direct buried installation. under a lump-sum contract so the owner’s input was limited.
One disadvantage to a cable in tray installation is that the firewith the site in the midst of developing cross-company stan-
and explosion risk exposure is greater than in an undergrougtds, the owner decided to revise one of the EPCs existing stan-
installation. To minimize these risks, industry standards weggirds and specifications by incorporating owner and industry
used to protect the cable trays. Critical instrumentation cablipgactices into them. The result was common electrical design
was either routed outside fire hazard areas or was protectedpbfosophies across all projects. In the end, the EPCs influenced
heat shields in high-fire-risks areas. The existing polyethylefige standards and specifications in such a way that some incon-
plant used cable in tray on a piperack raceway, and history hstencies do exist.

shown that this installation is safer and more reliable. Ultimately, it was feasible to use common equipment vendors
with each EPC making minor changes to the equipment specifi-

F. Hazardous Area Classification cations. These specification changes resulted in some confusion
ta the equipment vendors, but, generally, the impact was man-

One challenge facing the Joffre 2000 projects was the Clasgl'eable
fication of hazardous locations and the installation of electrica1g '
equipment in these locations. In 1997, the Canadian Electrical
Code (CEC) was in the process of adopting the International
Electrotechnical Commission (IEC) approach to area classifica-

tion which would give users the ability to select North American he joffre plant underwent a major expansion that resulted in
or IEC equipment, or a combination of the two [5]. Since th'Eyilding a new ethylene plant, a polyethylene plant, a cogener-
approach to area classification was new to some of the EPGig plant, and associated utilities. Based on the learning expe-

electrical design personnel, numerous discussions and seminAis-a of carrying out this major project, the following conclu-
were required before the IEC system was adopted for use on ghens and recommendations are made.

projects. The main advantages to using this method of area clas-
sification are as follows:

IX. CONCLUSIONS AND RECOMMENDATIONS

1) Modifying a transmission system primarily designed for
) . supply of load to one that had to handle a very large ex-
* many more methods of protection available for Zone 1 port of power can challenge how one views a system.
Iocat.|ons; . Standard terms of reference of how load flows through
* provides the EPC the option to choose between the  yhe system, the reliability issues around an islanded gen-
existing class and division rated equipment and wiring  grat0r and how to predict the effect of elements out of
methods and/or the IEC rated equipment and methods, or  coice all change.
a combination of the wo; i . 2) The use of computer modeling, engineering knowledge,
+ allows the EPC to take advantage of any economic benefits * 4 EPC work processes can lead to an accurate elec-
that may exist by using the IEC system. trical load for a plant.
~ Another reason for adopting the IEC method of area classi- 3y adopting common electrical design philosophies that in-
fication was that the 1998 CEC required all new construction corporate owner and standard industry practices can pro-
to use this method. Even though the Joffre 2000 projects were iqe for a reliable electrical distribution system. Atten-
started before the CEC had adopted this new method of area  tion must be given to ensuring that all EPCs follow the
classification, the above advantages supported this direction. standards and specifications consistently.

Although an in-depth study has not been performed, project g4) | was fairly difficult relating the load-flow studies that
experience seems to indicate that there are not any substantial * yere independently conducted by the utility and the en-
cost savings in the purchase of the increased safety devices al- gineering contractor for the cogeneration plant. Each had
lowed by the IEC system. However, it is believed that there will its own terms of references and own standards on system
be savings in installation costs. _ _ modeling. More upfront time should have been spent in

Finally, there did not appear to be a downside to adopting the defining the scope of the studies and determining the in-
IEC standard of area classification as the EPCs retained the op-  {erface between the involved parties.
tion of using the old practices of class and division, if required. 5) A challenging aspect of the project was the project man-
agement of four EPC firms working simultaneously to-
ward the same goal. It is recommended that a single

VIIl. PROJECTCOORDINATION ) : i o
engineering company be charged with coordinating the

The magnitude of the Joffre expansion resulted in the deci- overall site power system protective relaying, control, in-
sion to use multiple EPC firms to implement the engineering de- dication, and annunciation philosophy.
sign, procurement, and construction. Separate EPC firms were 6) The utility FMEA process for managing risks of work
retained for each of the following projects: E3, PE2, cogenera- on energized substations and lines was very successful

tion plant, and the existing site utility expansion. and would be followed again to manage risks.
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7) Being the first large generation project after deregul; John Dickin (S'73-M'74) received the B.Sc. degree

tion had its own merits, as some rules and requiremer in electrical engineering from the University of Cal-
gary, Calgary, AB, Canada, in 1974.

were not well defined at the time. These mterface re He has worked in various industries, including
quirements were effectively developed by the in-hous electrical equipment manufacturing, electric utility,
project team and the Alberta transmission grid author gas transmission, oil refining, and steel manufac-

. h h hi . turing before joining NOVA Chemicals Corporation
ties throug Ou” IS project. ) ) in 1989. In 1997, he became the Electrical Engi-
8) The responsibility of conducting a plant wide protec neering Lead for the Joffre Cogeneration Project.

tive coordination study should have been assigned to o He is presently a Senior Electrical Engineer for the
her th lit to several contractors NOVA Chemicals Joffre, AB, Canada, site. He is a
ContraCt_or rat er. an spl V. ] : member of the Electrical Technical Committee for the Alberta Safety Codes
9) A new intermediate role of the industrial owner wagouncil.
created because of the presence of the new cogeneré’”- Dickin is a member of the Association of Professional Engineers, Geol-
. L . ... 0gists and Geophysicists of Alberta, Canada.

tion plant. The new role was one of a distribution utility
taking power from a cogeneration plant and delivering
power to individual industrial plant customers within the
site.

10) The studies conducted for the cogeneration plant 1
vealed that there is little value in islanding voluntarily
to protect the generation from system disturbances.

11) The selection of the multipulse ASD concept has signi
!cantly rgduced harmonp; at source. The gntlre plant Following a short teaching career, in 1981 he
in compliance with the utility harmonic requirements joined Gulf Canada (now Petro Canada) as a Central

138 kV for voltage THD, current THD, and IT product Engineering Specialist, providing technical support

; Fgr= to the refineries in implementing capital projects and equipment selection. In
without the use of any harmonic ﬂlters'. 995, he founded RPM Engineering Ltd., Mississauga, ON, Canada, a certified
12) The IEEE 519-1992 standard was applied throughout tigsulting company specializing in adjustable-speed drive applications, power

plant to determine that harmonics are within accepta_bigality studies, and power system analysis. He has been an invited speaker to

imi eral utilities in Canada.
limits. The PCC for all new process plants was assumeé r. Hanna is a Designated Consulting Engineer of the Association of Profes-

at 13.8 kV. sional Engineers, Ontario, Canada, and a Fellow of the Institution of Electrical
13) The method of cabling used for this project proved tengineers, U.K. He is the Vice-Chair of the IEEE Toronto Section and IEEE

; ; ; troleum and Chemical Industry Technical Conference to be held in Toronto,
be reliable and economical. The connection betwe , Canada, in 2001. He has authored 15 technical papers for the Petroleum

the cogeneration project and the utility was made usiRgd chemical Industry Committee of the IEEE Industry Applications Society.
138-kV overhead transmission line. The main cabling

within the plants was alveground on pipe racks.

14) Common equipment standards and specifications
purchasing strategy lead to the selection of commc
equipment vendors and inherent cost savings.

15) When embarking on a major project, it is important t
check exiting utility breaker ratings to determine if they
are already overdutied. In this case, it is the respon:
bility of the utility to upgrade its equipment.
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