City of Seattle Request for Proposal 
Addendum 3 – Best and Final Phase
Updated on: 2/21/14

The following is additional information regarding the Best and Final Phase of Request for Proposal # SCL-1199 titled Denny Substation Major Equipment released on 11/1/13.  The “New” due date and time for responses is 5 weeks after bidders 2 day workshop, 4:00PM (Pacific); Proposal Due Dates are: 3/13/14 (1st Bidder), 3/21/14 (2nd Bidder) and 3/28/14 (3rd Bidder).  This addendum includes both questions from prospective proposers and the City’s answers, and revisions to the RFP. This addendum is hereby made part of the RFP and therefore, the information contained herein shall be taken into consideration when preparing and submitting a bid/proposal.
	Item #
	Date Received
	Date Answered
	Vendor’s Question
	City’s Answer
	RFP Revisions

	Addendum 1

	1
	
	2/11/14
	
	For logistical reasons, Proposal Workshops have been changed from a maximum of 2.5 days to a maximum of 2 days.  Each day shall consist of 6 hours of meeting time with 3 hours sessions in each of the morning and afternoon with an hour break for lunch and a 15 minute break in each of the AM and PM sessions.
	8:30 – 9AM Set up

9 – 10:30AM Workshop

10:30 – 10:45AM Break

10:45AM – 12:15PM: Workshop

12:15 – 1:15PM Lunch

1:15 – 2:45PM Workshop

2:45 – 3PM Break

3 – 4:30PM Workshop

	2
	
	2/11/14
	
	Metalclad switchgear is required to be Type 2BC for arc flash protection.
	

	3
	
	2/11/14
	
	15kV circuit breakers in Metalclad switchgear shall have magnetic actuated mechanisms
	

	4
	
	2/11/14
	
	When vendors provide study results, include N-1 results similar to attached plots in study similar to those in appendix A that prove voltage will not become unstable and power factor will remain within limits.  In this example voltage became unstable due to excessive impedance.
	
[image: image1.emf]112-963_MASTER_D enny_Volt_Reg_25Z_XFMR_Rev-B_08-09-2013.pdf



	5
	
	2/11/14
	
	All vendors are required to place their equipment (and buildings) into the AUTOCAD drawing for general arrangement drawing for the ultimate build-out with the understanding that the future equipment, structure, drive aisles, control building, maintenance building cannot be moved. Multiple versions may be supplied that show different building options for GIS switchgear.  Buildings shall be dimensioned and to scale.


	

	6
	
	2/11/14
	
	To facilitate model validation, all vendors are required to provide their study cases as unique models so that SCL does not have to re-create every case.
	

	7
	
	2/11/14
	
	All vendors are required to provide a switching diagram for their solution and a narrative description of how their solution works (limits fault current, meets N-1 criteria, avoids voltage collapse in N-1, explain bus rating, explain transformer size selection, explain how the solution benefits customers and operations and meets other RFP criteria).
	

	8
	
	2/11/14
	
	On all 115kV GIS, include high speed grounding switches for all lines and transformers.
	

	9
	
	2/11/14
	
	On all 115kV GIS, include a grounding switch on each side of a breaker
	

	10
	
	2/11/14
	
	On all 115kV GIS, include a grounding switch on each bus segment
	

	11
	
	2/11/14
	
	Include options for 115 kV GIS breaker and a half for a building and no building (indoor and outdoor gear including building).
	

	12
	
	2/11/14
	
	Include options for 115 kV GIS with reactor for a building and no building (indoor and outdoor gear including building).
	

	13
	
	2/11/14
	
	Add full set of breakers with LCCs for each of 4 bays for breaker and a half 115 kV switchgear (4 full diameters).
	

	14
	
	2/11/14
	
	For a 4th 115:13.8kV transformer, provide a cost index that will last at least 5 years (longer would be preferable).
	

	15
	
	2/11/14
	
	SCL has had several of the G&W CLiP fault current limiting devices in service at Mass. Substation limiting fault current on “feeders” to capacitor banks since the late 1980s.  These are installed in pad mounted enclosures.  Space may be an issue at Denny substation for this approach so alternatives may be desirable depending on method selected to limit fault current.
	

	16
	
	2/11/14
	
	The BIL rating for the 13.8kV Metalclad switchgear at 95kV BIL is acceptable (which is the IEEE rating for 15kV Metalclad switchgear).
	

	17
	
	2/11/14
	
	Forced air cooled, 4000 Amp rated 15kV Metalclad breakers are acceptable.
	

	18
	
	2/11/14
	
	Please provide price adders for the available levels of gas monitoring systems that you provide that can provide the lowest guaranteed leak rate for the 115kV GIS system – please provide a combined adder for both 115 kV GIS systems.  The prices shall include complete, installation, programming, commissioning, training and fiber connection to and integration with the SCADA system in control building. The system hardware would be installed in the LCC.
	

	19
	
	2/11/14
	
	Please provide the volume of SF6 gas and the guaranteed leak rate that will be supplied for the entire system that is bid (in the breakdown please include the custom section with the reactor, each 115kV bus and each 115kV bay).
	

	20
	
	2/11/14
	
	GIS building(s) shall include  LCCs, power distribution panels, 120 volt ac outlets, outlets for gas carts, OH crane, ventilation, lights, white interior, fire protection, and 1 hour fire rating on walls less than 50 feet away from future or initially installed transformers and fire rating for ceilings.
	

	21
	
	2/11/14
	
	Light load for the ultimate buildout is estimated at 120 MVA.
	

	22
	
	2/11/14
	
	The latest schedules show a 4 month delay in the availability of the pads for major equipment to be installed on from the schedule as shown in the RFP.
	

	23
	
	2/11/14
	
	While SCL prefers the more spacious 115kV GIS breaker and a half layouts, it is preferable to have the GIS lineup fit in a building.  Please provide scale representations of options on general arrangement drawings..
	

	24
	
	2/11/14
	
	Please indicate if your GIS breakers are built and tested to IEEE standards or IEC standards.  If built and tested to IEC standards, we require a matrix that describes the differences between the two and explanation of locations where IEC is less stringent than IEEE.
	

	25
	
	2/11/14
	
	115kV reactors must be 6 ohms as specified as the size of these reactors has been coordinated with other regional projects.
	

	26
	
	2/11/14
	
	It is not possible to add 230kV reactors for this project in this or subsequent build outs.
	

	27
	
	2/11/14
	
	Series reactor shall be as specified, without deviation allowed, 6 ohm, three-phase, ONAN rated.
	

	28
	
	2/11/14
	
	Studies shall indicate amount of derating of 15kV breakers required for transformer limited faults due to TRV.
	

	29
	
	2/11/14
	
	Switchgear building will need to have additional supports for possible solar panel additions – loading 4 lb per square foot with factory installed mounting brackets and nipples for future solar panels.  Details will be developed in preliminary design.
	

	30
	
	2/11/14
	
	A centralized access hatch in the floor of the switchgear building is required.  SCL shall provide a size dimension.  This will be worked in during the design process.
	

	31
	
	2/11/14
	
	On line tap changers on the transformer lowside are acceptable provided a high side de-energized tap changer is provided (DETC with two taps up and down of 2.5% each tap position for total range of 5% up and down off center tap)
	

	32
	
	2/11/14
	
	Propose an arc flash detection system for the entire 13.8 kV breaker lineup that includes current monitoring to detect a rise in current along with the flash.  ABB and SEL or other systems may be acceptable.  Please include installed price with conceptual design, drawings, programming, checkout commissioning and installation.  The equipment will be installed in the 15kV lineup and shall be a separate, stand alone system that is not integrated or part of another system (as the relays are installed in the control building).
	

	33
	
	2/11/14
	
	Please provide a statement on the amount of reactive power your design draws from the 115kV transmission system or 115kV grid in normal and contingency conditions for both the initial and ultimate build out (same comment for the 230kV system for the ultimate buildout).
	

	34
	
	2/11/14
	
	Please comment on the loss of one of the autotransformers and substation bus voltages at full load in study of ultimate buildout.
	

	35
	
	2/11/14
	
	Aluminum conductors in GIS are acceptable.
	

	36
	
	2/11/14
	
	Best and Final proposals are due 3 weeks after the proposer’s last workshop date.
	

	37
	
	2/11/14
	
	Indicate the amount of fault current available at the 15kV bus with and without the fault current limiting solution that you are employing.
	

	38
	
	2/11/14
	
	Please provide updated equipment rating spreadsheets in Excel format with your Best and Final Proposal
	

	39
	
	2/11/14
	
	Best and Final Proposals shall include revised narratives, drawings, minimum qualifications, elements, etc. to fully reflect a complete technical proposal.
	

	40
	
	2/11/14
	
	The question and answer period for all general questions pertaining to the RFP is 2/24/14 at 3PM Pacific. This does not include the ongoing dialog specific to the bidders individual designs where question can be asked up until the bid is due. 
	

	Addendum 2

	41
	
	2/19/14
	
	No future solar panels mounted on switchgear buildings (delete #29 above)
	

	42
	
	2/19/14
	
	Revised Denny Substation AutoCAD General Arrangement drawings emailed to your primary contact persons.
	

	43
	
	2/19/14
	
	SCL is requiring the switchgear buildings be expanded so that there is a minimum of 7 feet of additional internal building space from the back panel of the switchgear enclosure to the building along any portion of the building that includes network cable terminations.  This access is required for cable grounding and testing.  This will mean the sides of the building are enclosed.  Further the building side facing the power transformer and roof shall be fire rated for 1 hour per IEEE 979. 
	

	44
	
	2/19/14
	
	Include in proposal a vendor specific methodology to determine there is no voltage on lines leaving/entering GIS and each bus segment and circuit breaker of the GIS for both the breaker and a half line up and the reactor GIS lineup.
	

	45
	
	2/19/14
	
	Please include qty 4, 45/60/75 MVA rated transformers in your base bid.
	

	46
	
	2/19/14
	
	Please add thermostatically controlled space heaters mounted from the ceiling to each GIS building (for personnel comfort). 
	

	47
	
	2/19/14
	
	Each proposer is required to provide minimum, standard impedance ratings for the 115/230/13.8 kV autobank (wye-wye-delta tertiary) that will limit the 115kV GIS bus fault current ratings to 40 kA.
	

	48
	
	2/19/14
	
	SCL provided clarification – Each Proposer is providing a functioning system, it is the proposer’s responsibility to provide an accurate system study and accurately size the equipment.  Please be sure that the worst case system conditions are considered in the ultimate design build out when analyzing fault current conditions (also referred to as Phase 3 in drawings) is accurately modeled:  (1) consider both 115 kV reactors bypassed and in service (2) the East Pine line has been upgraded from 115 kV to 230 kV – this has been done using the same, existing HPFF pipe with uprated conductors (3) note that the Aspen model as originally supplied by SCL does not correctly reflect the ultimate build out nor the Proposers design and must be corrected by the Proposer 
	

	Addendum 3

	49
	
	2/21/14
	
	All proposers shall bid 50kA rated 115kV GIS. Please adjust your proposal accordingly.
	

	50
	
	2/21/14
	
	The proposal due dates have been extended from 3 weeks after the end of the bidder’s workshop sessions to 5 weeks after the end of the bidder’s workshop session at @4:00PM Pacific. Please contact Buyer if there are questions on your exact due date.
	

	51
	
	2/21/14
	
	Fire rate north, south wall and roof 115kV switchgear building (1 hour fire rating per IEEE 979).
	

	52
	
	2/21/14
	
	Fire rate south wall and roof of 115kV reactor switchgear building (1 hour fire rating per IEEE 979).
	

	53
	
	2/21/14
	
	Fire rate east, south wall and roof 13.8kV switchgear building (1 hour fire rating per IEEE 979).
	

	54
	
	2/21/14
	
	Gas Insulated Bus required between 6 ohm reactor and Denny-Broad Street 115kV GIS.
	

	55
	
	2/21/14
	
	Please only include 12 feeder breakers plus 2 installed spare feeder breakers in addition to those already specified in bid (plus all required accessories and other required breakers per spec).  All cubicles shall be fully wired with arc detection system fully installed and prepared so that only the breaker needs to be installed for that cubicle to be fully functional/operational.
	

	56
	
	2/21/14
	
	Capacitor banks shall be sized for 50MVA for initial buildout (Phase 1) light load condition and 125 MVA for initial buildout (Phase 1) peak load conditions. 
	

	57
	
	2/21/14
	
	This item replaces #45 - Please include quantity 3, 45/60/75 MVA rated transformers in your base bid.
	

	58
	
	2/21/14
	
	Clarification to #10 above – “On all 115kV GIS, include a grounding switch on each bus segment” This requirement is so SCL shall be able to ground every electrical piece of bus –an electrical piece of bus can consist of several pipe segments that are connected together to form one piece of electrical bus.  There cannot be an electrical piece of bus that could be isolated by one or more disconnect switch(s) and not have a ground switch on that piece of electrical bus.  
	

	59
	
	2/21/14
	
	Each individual electrical circuit supplying power to a GIS disconnect or grounding switch shall have a control power disconnecting means that is lockable (if fuses supplied for this application, fuses shall have blown fuse indication) for the power control circuit located in the LCC.  
	

	60
	
	2/21/14
	
	Bid options & alternatives - optional or alternative bid items shall be placed in the Bid Form in the section titled, “Non Evaluated Optional Bid Items”
	

	61
	
	2/21/14
	
	Per the Master Specification, all initial drawing submittals are required within 45 days of award of contract (include all material and drawing submittals in best and final schedule).
	

	62
	
	2/21/14
	
	Due to the above addendum changes, The City has revised Bid Offer Form (as of 2/21/14). Please submit the attached Bid Offer Form with your best and final offer.
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POWER ENGINEERS, INC.

EXECUTIVE SUMMARY

This report documents the analysis performed to determine the feasibility of using four 45/60/75
MVA transformers with 25% impedance to serve 225 MVA of load. The maximum power transfer of
the substation was evaluated for reliable operation with the loss of a single element (N-1). A load
flow study was conducted using PV analysis. Five cases were developed for the PV analysis to
determine the maximum load that the substation could reliably serve in Phase 3 and to identify the
configuration that resulted in the weakest system. During the PV analysis it was assumed that the
load was corrected to unity power factor with the 13.8 kV capacitor banks within the substation. The
transformers were modeled with +/- 5% DETCs and +/- 10% LTC’s. The weakest system MVA (or
configuration) was used to determine the maximum step size of the 13.8 kV capacitor bank to limit
voltage step changes within SCL’s criteria. The worst case N-1 condition in Phase 3 is the loss of a
single transformer. With one transformer out of service, the substation can only serve up to 160 MW
and meet SCL’s minimum voltage criteria. Operating above this limit in the Phase 3 with all
transformers in service would risk violating the voltage criteria or voltage collapse for the sudden loss
of a transformer. SCL specified that the 13.8 kV load would be at a 0.92 power factor and should be
corrected to unity; this would roughly require 88 MV AR of capacitance at the substation. The
weakest system occurs in Phase 1 with one transformer out of service. To limit voltage changes to
3% of nominal, the maximum allowable step size would be 3.9 MVAR. This would require an
excessive amount of equipment and a difficult switching scheme since the 13.8 kV capacitor bank
would contain 22 individual switchable steps. The transformers with 25% impedance are not capable
of meeting the load demands specified by SCL.

SCL has two procurement methodologies available. These being to buy individual components on a
bid item basis and the other being to procure a system of components based on a technical or scored
analysis. The results of this study indicate that use of transformer impedance to limit fault current
cannot meet SCL's desired operating criteria and that a specialized solution is necessary. To achieve
the required results, the substation needs to either be designed and the components procured based
solely upon that design or proposers allowed to provide studies and solutions and SCL selects the best
solution for the Denny Substation.

INTRODUCTION

Seattle City Light (SCL) is designing its first new electrical power substation in 30 years. The Denny
Substation will serve businesses and residents in the commercial areas and residential neighborhoods
throughout their service territory, as well as alleviate the distribution congestion in the areas of South
Lake Union, Cascade, Denny Triangle, Uptown, Belltown and First Hill. It will provide the higher
level of reliability and electrical load density needed by its major medical centers, bio-tech research
facilities, and high tech industries, and by current and future manufacturing and innovative
entrepreneurial industries.

SCL operates 13.8 kV distribution networks in the downtown area of Seattle. The new Denny
Substation will feed a portion of the downtown Seattle networks known as Denny Triangle and the
new South Lake Union. The 115/13.8 kV transformers operate in parallel to maintain a high level of
reliability on the 13.8 kV network that includes one on-line, in-service spare transformer. Having all
of these transformers connected in parallel as part of a network distribution system, can let a large
amount of fault current through to the distribution in network. In the case of Denny Substation on the
13.8 kV networks, depending on several factors, enough fault current may be passed through to the
distribution system that may exceed the short circuit rating of the distribution system equipment of 25
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POWER ENGINEERS, INC.

kA. The method employed in the preliminary one-line by the previous project team was to utilize
high impedance transformers to limit the fault currents within the ratings of SCL’s standard
distribution equipment (this was considered more cost effective and better use of limited space at the
Denny Substation by SCL than installing separate 115 kV or 13.8 kV inductors for limiting fault
current). However, designing very high transformer impedance has tradeoffs against other operating
criteria and different operating conditions must be considered.

The one-line is the foundation for the project. At the heart of the Denny Substation one-line is
evaluating the aforementioned tradeoffs (meeting operating criteria for the substation and distribution
equipment fault duty). The results of this study would feed into more detailed studies and influence
the equipment procurement methodology.

SCL has contracted POWER Engineers, Inc (POWER) to evaluate the feasibility of using high
impedance 115/13.8 kV transformers at their new Denny Substation to serve the projected load and
maintain the voltage on the 13.8 kV bus within SCL’s operating criteria. Additionally, POWER was
contracted to determine the total amount of shunt capacitance and maximum step size for the 13.8 kV
capacitor banks within the Denny Substation.

ASSUMPTIONS

e The ASPEN Oneliner file named “DENNY_ULTIMATE 2012 PE A.OLR”provided by
SCL is assumed to be up to date and accurate.

e The 115 kV transmission system is assumed to be capable of supplying the power required by
the substation.

e The uncorrected power factor of the 13.8 kV load is 0.92 lagging.

METHODOLOGY

To evaluate the voltage performance of the substation the PV Analysis tool available in PSSE Version
33 was used. The 13.8 kV bus voltage was recorded for various load values starting from no load to
the maximum amount of load that would result in a bus voltage lower than 0.8 pu or a non-
converging solution. Five cases considering the first three phases of the Denny Substation were
developed to evaluate the maximum power transfer of the substation and the maximum allowable step
size of the 13.8 kV capacitor bank.

SCL specified that the 13.8 kV capacitor bank should correct the power factor of the load to unity.
To correct the power factor to unity the 13.8 kV capacitor bank would need to supply all the reactive
power demanded by the load. The overall size of the 13.8 kV capacitor bank was estimated using the
peak load anticipated at Phase 3 assuming a lagging power factor of 0.92. To determine the
maximum step size of the 13.8 kV capacitor bank an initial estimate was made and then verified by
performing switching of a single capacitor step for each of the five cases for varying loads. The
switching of a single capacitor step was performed near unity voltage and unity power factor to
emulate actual operating conditions.

The following summarizes the steps taken during this study:
e Develop cases for configurations that represent: the worst N-1 condition in Phase 3 (lowest
system impedance) to evaluate maximum reliable power transfer capability and the worst
N-1 condition in Phase 1 (highest system impedance) to evaluate the maximum step size of
the 13.8 kV capacitor bank. The system impedance in Phase 2 would not represent either
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POWER ENGINEERS, INC.

the minimum or maximum system impedance and therefore is not represented in the cases
developed.

e Use PV Analysis to determine the maximum power transfer of each case.

e Perform 13.8 kV cap bank switching for each case at varying loads to verify initial
estimate of cap bank step size.

The following diagrams illustrate the first three phases of the Denny Substation known at the time of
this study:

DENNY PHASE 1

P

f

U\L—/ 115 kV
T

115/13.8 kV 115/13.8 kV 115/13.8 kV BR
Transformer #3 Transformer #1 Transformer #2

(o

Figure 1: Loop East Pine-Broad 115 kV line, inductor on Denny-Broad 115 kV line, and three 115/13.8 kV transformers

DENNY PHASE 2
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>
m
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o
}

115 kv

T

Lo L
o

115/13.8 kV 115/13.8 kV 115/13.8 kV BR
Transformer #3 Transformer #1  Transformer #2

Figure 2: Add Denny-Mass 115 kV line
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DENNY PHASE 3

CA
230/115 kV
NODO Transformer #1
L E 23%/1 15 kV
NODO Transformer #2
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|* 115 kV 230kV
115/13.8 kV 115/13.8 kV 115/13.8 kV BR Upgraded Upgraded
Transformer #3 Transformer #1 Transformer #2 EP MA
IS

~rre

\
Future 115/13.8 kV
Transformer #4

Figure 3: Add fourth 115/13.8 kV transformer, remove East Pine 230/115 kV transformer (not shown), add two 230/115
kV transformers, convert the Denny-Mass and Denny-East Pine lines to 230 kV, and add Denny-Canal 115 kV line with
inductor at Denny

The following list represents the five cases that were developed:
e (Case 1: Phase 1 (N-1) with Denny-Broad 115 kV out of service
Case 2: Phase 1 normal configuration
Case 3: Phase 1 (N-1) with one 115/13.8 kV transformer out of service
Case 4: Phase 3 normal configuration
Case 5: Phase 3 (N-1) with one 115/13.8 kV transformer out of service

SCL provided POWER with an ASPEN Oneliner file that contained a model of their transmission
system. The ASPEN file was used to create the 115 kV source equivalents for all cases. SCL
requested that the capacitive effect of one mile of 1000 kemil cable for each feeder be included in the
analysis. The 115/13.8 kV transformers were modeled with low side DETCs having +/- 5% offset in
4 steps and high side LTCs having +/- 10% offset in 32 steps. Table 1 shows the equipment
parameters used for this study. Appendix D contains a diagram of the elements modeled as well as a
one-line diagram for the project.
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TABLE 1 - EQUIPMENT PARAMETERS

EQUIPMENT POSITIVE SEQUENCE Z (PU)*  X/R RATIO SHUNT SUSCEPTANCE (PU)*
Case 1: 115 kV Source 0.1028 21.38

Case 2 & 3: 115 kV Source 0.02064 9.80

Case 4 & 5: 115 kV Source 0.01459 9.80

115/13.8 kV transformers** 0.25 35

13.8 kV Cable** 0.1080 2.35 0.0193

*100 MVA Base used for per unit calculation

**Transformer impedance specified on a 45 MVA base

*** 1000 kemil 15 kV cable used per Seattle City Light Material Standard 6025.60. Positive sequence impedance for 1 mile of
cable and shunt susceptance for 30 miles of cable.

PV Analysis
During the PV analysis, the load was modeled at unity power factor for all cases. Modeling the load
at unity power factor simulates the effect of the 13.8 kV capacitor bank and represents the best case
performance of the system. The study considered the following three scenarios in the PV analysis:

e Scenario 1: DETC and LTC at Neutral Taps

e Scenario 2: DETC at Neutral Tap and LTC Control Enabled

e Scenario 3: DETC at Maximum Tap and LTC at Minimum Tap.

The PV analysis was performed considering the following criteria:
e Phase 3 peak load is estimated to be 225 MVA
e The substation must be able to serve the Phase 3 peak demand with the loss of a single
element (N-1)
e 13.8 kV bus operating range is 13.42-13.75 kV

Capacitor Bank Overall Size and Step Size

The overall capacitor bank size and step size were calculated using the following criteria:
o The 13.8 kV capacitor bank shall correct the Phase 3 peak load of 225 MVA at 0.92 power
factor at the substation to unity power factor.
e The switching of a capacitor step should result in a voltage change no greater than 3% of
nominal

To correct the load of 225 MVA at 0.92 power factor to unity the 13.8 kV capacitor bank must supply
all reactive power demanded by the load. The size of the 13.8 kV capacitor bank was calculated
using the following equations.

Opr = cos™1(0.92)
QC = 225 MVA X Sin(epp)

where

Opp: Power Factor Angle
Qc:13.8 kV Capacitor Bank Size
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An initial estimate of the maximum allowable step size for the 13.8 kV capacitor bank was made
using the source impedance of Case 3 (weakest system). Further analysis was done in each case at
five discrete loading levels to verify the voltage change caused by the switching of a capacitor bank
met SCL’s criteria. Capacitor switching was performed near unity power factor and near nominal
voltage. The initial estimate of the step size for the 13.8 kV capacitor bank was calculated using the
following equation. Note that the equation below estimates the capacitor bank step size when no load
is being served by the system. The change in voltage due to a given step size increases with load, so a
AV of 1.15% was used for the initial estimate.

138KV x AV

where

Qg:: 13.8 kV Capacitor Step Size
AV: Percent Voltage Change
Zs:13.8 kV Source Impedance

RESULTS

Scenario 1 with the DETC and LTC taps at neutral gives an initial estimate of the maximum power
transfer capability of the system. Table 2 shows the 13.8 kV bus voltage for varying amounts of load
for DETC and LTC taps at neutral setting for the five cases analyzed.

TABLE 2: 13.8 KV BUS VOLTAGE - SCENARIO 1

CASE 1: BUS CASE 2: BUS CASE 3: BUS CASE 4: BUS CASE 5: BUS

LOAD (MW)  y0 TAGE (PU) VOLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU)  VOLTAGE (PU)
0 1.149 1.146 1.149 1.145 1146
10 1.147 1.145 1.147 1.144 1145
20 1.144 1143 1.144 1.143 1143
20 1.140 1141 1.140 1141 1141
40 1133 1137 1133 1.139 1138
50 1.125 1133 1.126 1.136 1134
60 1.116 1128 1.116 1132 1129
70 1.104 1122 1.104 1128 1123
80 1,089 1113 1,090 1124 1116
% 1071 1105 1072 1118 1107
100 1,049 1.094 1,049 1112 1.097
110 1,020 1.082 1,020 1.105 1.086
120 0.974 1.067 0974 1,007 1072
130 0.273 1.049 0272 1.087 1.056
PRT 112-963 (SR-06) SCL (08/09/13) IM 127359 REV.B
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TABLE 2: 13.8 KV BUS VOLTAGE - SCENARIO 1

LOAD (W) \%\ﬁ pj 5 EBus CASE2:BUS  CASE3:BUS  CASE4:BUS  CASE5:BUS
(PU) VOLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU)  VOLTAGE (PU)

140 1.027 1.076 1.036

150 0.998 1.063 1.010

160 0.949 1.048 0.973

170 0.356 1.029 0.365

180 1.004

190 0.966

200 0.433

Scenario 2 with LTC control enabled shows how effective the LTC is in maintaining the voltage
within SCL’s criteria but doesn’t significantly increase the transfer capability of the system. Table 3
shows the 13.8 kV bus voltage for varying amounts of load for DETC at neutral tap and LTC control
enabled for the five cases analyzed. Note the LTC was set to maintain the 13.8 kV bus voltage within

SCL’s operating range of 13.75 kV (0.996 PU) to 13.42 kV (0.973 PU).

TABLE 3: 13.8 KV BUS VOLTAGE - SCENARIO 2

LOAD (W) \(;ASE 1:BUS  CASE2:BUS  CASE3:BUS CASE4:BUS  CASE5:BUS
OLTAGE (PU)  VOLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU)  VOLTAGE (PU)
0 0.993 0.992 0.993 0.991 0.991
10 0.991 0.990 0.992 0.996 0.990
20 0.994 0.994 0.994 0.995 0.995
30 0.990 0.991 0.989 0.993 0.992
40 0.983 0.988 0.982 0.990 0.988
50 0.974 0.982 0.973 0.993 0.983
60 0.977 0.976 0.975 0.989 0.977
70 0.977 0.975 0.976 0.984 0.976
80 0.975 0.973 0.975 0.978 0.975
90 0.980 0.976 0.980 0.978 0.979
100 0.982 0.979 0.974 0.978 0.975
110 0.992 0.982 0.988 0.977 0.978
120 0.966 0.983 0.977 0.975 0.979
130 0.899 0.993 0.925 0.981 0.989
140 0.617 0.992 0.646 0.979 0.990
150 0.978 0.974 0.988
160 0.957 0.934 0.972
PRT 112-963 (SR-06) SCL (08/09/13) IM 127359 REV.B

Page 7





POWER ENGINEERS, INC.

TABLE 3: 13.8 KV BUS VOLTAGE - SCENARIO 2

CASE 1: BUS CASE 2: BUS CASE 3: BUS CASE 4: BUS CASE 5: BUS

LOAD(MW)  yoTAGE (PU) VOLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU)  VOLTAGE (PU)
170 - 0.774 - 0870 0926

180 - - - 0.746 0.716

190

200

Scenario 3 with the DETC at maximum tap and LTC at minimum tap shows the performance of the
system with all available voltage compensation but doesn’t result in a significant increase in the
transfer capability of the system. Table 4 shows the 13.8 kV bus voltage for varying amounts of load
for DETC at maximum tap and LTC at minimum tap for the five cases analyzed.

TABLE 4: 13.8 KV BUS VOLTAGE - SCENARIO 3

CASE 1: BUS CASE 2: BUS CASE 3: BUS CASE 4: BUS CASE 5: BUS

LOAD (MW)  \yoLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU)  VOLTAGE (PU)
0 1.166 1.164 1.166 1.162 1163
10 1.164 1162 1.164 1.161 1162
20 1.161 1.160 1.162 1.160 1160
30 1.157 1.158 1.158 1.158 1158
40 1.150 1.154 1.150 1.156 1.155
50 1143 1.150 1.143 1.153 1151
60 1133 1145 1133 1.149 1146
70 1121 1139 1121 1145 1140
80 1.106 1130 1.106 1141 1133
% 1.088 1121 1.088 1.135 1124
100 1.066 1111 1,066 1129 1.144
110 1.036 1,098 1,037 1122 1102
120 0.992 1.084 0990 1113 1.089
130 0.889 1,066 0880 1.104 1072
140 0.270 1.044 - 1.093 1.052
150 - 1015 - 1.080 1.027
160 - 0.969 - 1.065 0992
170 - 0353 - 1.046 0982
180 - - - 1022 0362
190 - - - 0.987
PRT 112-963 (SR-06) SCL (08/09/13) IM 127359 REV.B
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TABLE 4: 13.8 KV BUS VOLTAGE - SCENARIO 3

LOAD (MW) CASE 1: BUS CASE 2: BUS CASE 3: BUS CASE 4: BUS CASE 5: BUS

VOLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU) VOLTAGE (PU)  VOLTAGE (PU)

200 0.430

Table 5 summarizes the results of the PV analysis and shows the maximum power transfer capability
of each case for each scenario along with the short circuit current for each case. Plots from the PV
analysis can be found in Appendix A.

TABLE 5: PV RESULTS SUMMARY

CASE SCENARIO 1 (MW) ~ SCENARIO 2 (MW) ~ SCENARIO 3 (MW) CIRSCI-lIJ(I)'IBZ-K A
1: Ph-1 DN-BR 00S 120 120 120 145
2:Ph-1ALIS 150 150 150 203
3: Ph-1 N-1 XFMR 120 120 120 14.0
4 Ph-3ALIS 180 150 190 213
5: Ph-3 N-1 XFMR 160 160 170 20.9

Using the source impedance of Case 3 an initial cap bank step size was estimated at 3.9 MVAR. No
capacitor switching results are reported for load levels above the maximum power transfer capability
of any given case. Table 6 summarizes the results of the capacitor switching analysis and shows the
largest AV observed for each case for the given load.

TABLE 6: 13.8 KV CAPACITOR SWITCHING SUMMARY

LOAD (MW) CASE1AV (%) CASE2AV(%) CASE3AV(%) CASE4AV (%) CASES5AV (%)

36 131 0.89 1.37 0.65 0.86
72 1.75 1.05 1.82 0.72 1.01
108 3.32 1.47 3.39 0.87 1.40
144 - 2.90 - 1.23 2.30
180 - - - 11.22

Appendix B shows detailed results of switching the steps of 3.9 MV AR for five evenly spaced
loading levels for each case.

CONCLUSIONS

The PV curves in Appendix A show that the power transfer capabilities of Case 1 and Case 3
are the same and that Case 2 and Case 5 are approximately the same. The addition of two
transmission lines and two 230/115 kV autotransformers made little difference between Case
2 and Case 5 because both cases have 3 115/13.8 kV transformers in service.

The 115/13.8 kV transformer impedance is the dominant factor in the power transfer
capability of the substation.

PRT 112-963 (SR-06) SCL (08/09/13) JM 127359 REV.B
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e A decrease in the transformer impedance or increase in the number of transformers would be
required to increase the power transfer capability of the system, for the studied assumptions.

o The loss of a transformer is the worst single contingency and reduces the transfer capability
of the system significantly. To meet SCL’s N-1 reliability criteria, the substation should not
be operated above 120 MW with three transformers in service and should not be operated
above 160 MW with four transformers in service.

o The 25% impedance transformers are not capable of meeting the load demands as specified
by SCL.

e To correct the power factor to unity and maintain voltage changes within 3%, 88 MVAR in
22 individual switchable steps of 3.9 MVAR would ultimately be required. The AV observed
for capacitor switching in Case 1 and 3 at 108 MW was above 3%. This is typically deemed
acceptable since operation in a contingency configuration is seldom encountered. This
configuration would be impractical and impose an excessive switching duty on capacitor
equipment.

RECOMMENDATIONS

e POWER recommends additional studies be performed to determine the acceptable
transformer impedance and short circuit mitigation that will meet the power demands of the
substation.

¢ POWER recommends that a higher distribution voltage be considered. For a given power
flow, some advantages of higher system voltage are: less percent voltage drop, feeders extend
farther from substation due to less voltage drop, a reduction in required ampacity of circuit
conductors, and reduced power losses. Disadvantages for higher voltages do exist and
include: higher equipment costs and costs of replacing existing equipment. Although, higher
voltage equipment generally costs more than lower voltage; equipment with custom ratings
costs more than equipment with standard ratings. In order to serve 225 MVA at a voltage of
13.8 kV use of equipment with custom current ratings greater than standard offerings would
be required.

REFERENCES

1. Western Electric Coordinating Council, Voltage Stability Criteria, Undervoltage and Load
Shedding Strategy, and Reactive Power Reserve Monitoring, WECC Guideline, April 2010

2. The Institute of Electronic and Electrical Engineers, Inc., Std 399-1997 IEEE Recommended
Practice for Industrial and Commercial Power Systems Analysis, IEEE, New York, 2010,
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3. The Institute of Electronic and Electrical Engineers, Inc., Std 1036-1992 IEEE Guide for
Application of Shunt Power Capacitors, IEEE, New York, 1992, ISBN 1-55937-257-5
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APPENDIX A — PV ANALYSIS

This appendix contains plots of the Denny 13.8 kV bus voltage vs. load from the PV Analysis. See
the Methodology section for a description of the Cases and Scenarios analyzed in the study.
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Denny 13.8 kV Bus Voltages - Scenario 1
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Denny 13.8 kV Bus Voltages - Scenario 3
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APPENDIX B — CAPACITOR STEP SIZE

This appendix contains tables with results from the capacitor step switching analysis. See the
Methodology section for a description of the Cases and Scenarios analyzed in the study.
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Load
MVA

36
72
108
144
180

Initial
Capacitance

Initial
Capacitance

3.3

3.9

6.3
12.0

Starting
Voltage

0.9799
0.9739

Bus
Voltage
After 1
More

Bus
Voltage
After 1

Bus
Voltage
After 1

More

Case 1 Minimum 115 kV Voltage and Phase 1, 3 Transformers in Service, Each Cap Step = 3.9 MVAr

Bus
Voltage
After 2
More

Bus
Voltage
After 2
More

Bus
Voltage
After 2
More

Largest
AV for
Switching

1.31%
1.75%
3.32%

Largest
AV for
Switching

0.89%
1.05%
1.47%
2.90%

Largest
AV for
Switching

36 15.3 -1 32.2 3.2 09890 1.0024 10161  1.37%
72 37.3 -3 63.9 52 09781 0.9962 10144  1.82%
108 62.8 -8 98.3 80 09731 1.0070 1.0386  3.39%
144 - - - - - - - -
180 - - - - - - - -
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Case 4 Maximum 115 kV Voltage and Phase 3, 4 Transformers in Service, Each Cap Step = 3.9 MVAr
Bus Bus
Voltage | Voltage Largest
- . After 2 AV for
Initial Switching
Capacitance

36 154 N 31.2 3.2 0.9923 0.9987 1.0052 0.65%
72 38.4 -1 63.7 3.6 0.9923 0.9993 1.0065 0.72%
108 64.6 -2 98.1 5.6 0.9869 0.9956 1.0043 0.87%
144 95.6 -5 135.1 8.4 0.9900 1.0023 1.0145 1.23%
180 106.8 -9 181.7 45.4 0.8973 1.0095 1.0354 11.22%

Case 5 Minimum 115 kV Voltage and Phase 3, 3 Transformers in Service, Each Cap Step = 3.9 MVAr
Bus

Voltage | Voltage Largest

After 1 After 2 AV for

Initial MW i Switching
Capacitance LTC From

MVAR Setting XFMRs
36 15.3 N 32.2 3.3 0.9894 0.9979 1.0065 0.86%
72 38.4 -2 63.7 3.6 0.9928 1.0027 1.0128 1.01%
108 63.3 -3 98.5 7.5 0.9768 0.9908 1.0040 1.40%
144 91.5 -9 135.0 12.3 0.9887 @ 1.0117 @ 1.0339 2.30%
180 = = = = = = = =

PRT 112-963 (SR-06) SCL (08/09/13) JM 127359 REV. B
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APPENDIX C — WORK SCOPE

This appendix contains the work scope as it was written at the initiation of the study.
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3940 GLENBROOK DRIVE
PO BOX 1066

< POWER HAILEY, ID 83333 USA
J‘b ENGI‘NEERS pHone 208-788-3456

rAax 208-788-2082

November 8, 2012

Greg Stamatiou

Senior Project Manager
Seattle City Light

700 5" Ave, Suite 3200
Seattle, WA 98124

Subject: Seattle City Light — Denny Substation — Load Flow, Capacitor Bank Sizing, Short
Circuit, and Harmonic Screening.

Dear Mr. Stamatiou:

Below is POWER’s proposal to perform load flow, capacitor bank sizing, short circuit, and
harmonic screening studies for the Denny Substation. We appreciate the opportunity and
look forward to working with Seattle City Light (SCL) on this project.

Project Understanding

It is POWER’s understanding that the new Denny Substation will be built to strengthen
SCL’s distribution network by providing capacity for new developments and relieving
demand on existing substations. The substation will have two incoming 115 kV
transmission lines, two 115 kV buses in a breaker-and-a-half arrangement, three distribution
transformers each rated at 115/13.8 kV and 75MVA, two 13.8 kV distribution buses in a
breaker-and-a-half arrangement, 24 distribution feeders, and two capacitor banks attached to
the 13.8 kV buses. The distribution feeders will serve the Denny Triangle and South Lake
Union 13.8 kV distribution networks. The set of 13.8kV feeders supply secondary networks
consisting of 5 subnets with each subnet having 6 feeders and each subnet's capacity at 45
MVA. No subnet will have more than one feeder in a breaker-and-a-half bay.

The objectives of the study are to:

1. Determine the feasibility of operating the system within SCL’s criteria for voltage
regulation given the use of high impedance (25% Z) distribution transformers.

2. Determine the transformer secondary voltage and basic LTC settings necessary to
achieve the desired voltage regulation.

3. Determine the overall value of capacitance to correct the power factor to within
SCL’s operating criteria and to determine the individual capacitor bank stage sizes
to limit changes in voltage to less than 1.25% of nominal.

4. Calculate the 3-phase and single-line-to-ground fault currents on the 13.8 kV buses

and verify that SCL’s 30 kA limit is not exceeded.

Provide a recommended bus ampacity rating for the 13.8 kV buses.

6. Complete a harmonic susceptibility screening analysis to identify resonant
frequencies on the 13.8 kV bus due to possible combinations of reactive and
capacitive elements.

o

CLK 112-1959 (06 Prop 12) JL
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Project Approach
The following tasks describe POWER’s approach for accomplishing the above objectives:

Task 0 Project Management

Supervise and coordinate all activities within POWER’s scope of work. Direct the
implementation of the work plan, schedule, and budgets for on-time completion of the
project within approved parameters. Supervise and verify conformance with quality control
processes and procedures.

Task 1 Data Acquisition

Prepare and submit a request for information (RFI) that lists the data needed from SCL to
complete the study. Work with POWER’s substation group to acquire information already
available in-house. Review information as it is received and follow-up with SCL to clarify
any questions. ldentify data or system components that rely on assumptions and document
these assumptions in project reporting.

Task 2 Voltage Regulation

Create a computer model of the Denny substation to be used for load flow and voltage
regulation analysis. Build the model in the Siemens PTI PSS/E software (version 32).
Include the following:

1. System source equivalents for the incoming 115 kV transmission lines from the East
Pine and Broad Street substations. Review the broader transmission system
topology and confirm that the source equivalents will adequately reflect
transmission system voltage regulation characteristics. Consider maximum and
minimum transmission system operating voltages.

2. Denny substation 115 kV and 13.8 kV buses. Modeling the complete breaker-and-
a-half schemes will not be necessary for the load flow analysis.

3. Model of the 75 MVA Wye-Delta transformers with 25% impedance. Include de-
energized tap changer (DETC) and on-load tap changer (OLTC) options.

4. Equivalent capacitance of a one mile section from each 13.8 kV feeder.

5. Lumped load models representing maximum feeder load at 0.85 lagging power
factor.

6. Substation capacitors modeled in steps (size to be determined).

Implement quality control review and backcheck of the model before beginning the studies.

Prepare two load flow base cases which bookend operation of the system in terms of voltage
performance. Typically these will include a case for maximum load and minimum
transmission system voltage and a case for no-load with maximum transmission system
voltage. Consider appropriate single outage contingencies. Prepare a third base case that is
representative of nominal conditions. Work with SCL engineers to verify that the selected
base cases are realistic representations of extreme and nominal system conditions. Use the
load flow base cases to determine how the following equipment parameters can be selected
to correct power factor and meet SCL’s voltage criteria of 13,200-14,080V on the
distribution buses:

1. DETC position and basic LTC settings (LTC provides a maximum voltage offset of

+ 10% in 32 steps)

PRT 112-963 (SR-06) SCL (08/09/13) IM 127359 C-3 REV.B
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2. Total capacitor bank size and appropriate step sizes to limit voltage changes to no
more than 1.25% of nominal voltage
3. Transformer nominal secondary voltage

Prepare report sections to document the load flow methodology, results, source data,
assumptions and critical notes, and conclusions and recommendations. Include general
discussion about the issues related to capacitor bank design: inrush/outrush, transient
recovery voltage, properly rating switching devices, etc. As part of final project
documentation, provide PSS/E model output files which SCL can import into PowerWorld
software.

Task 3 Short Circuit

Prepare a basic model in ASPEN OneL.iner of the Denny Substation 115 kV and 13.8 kV
buses and connecting transformers. Complete internal review and backcheck of the model.
Calculate and tabulate 3-phase and single-line-to-ground fault currents on the 13.8 kV bus
assuming an infinite capacity 115 kV source. Verify that fault currents are below SCL’s
maximum limit of 30 KA.

Perform calculations to determine recommended bus ampacity and short circuit ratings for
the 13.8 kV buses.

Prepare report sections documenting the short circuit methodology, results, and grounding
approach recommendation. As part of final project documentation, provide a copy of the
ASPEN short circuit model database.

Task 4 Harmonic Susceptibility

Prepare a basic model of the Denny substation electrical system in software appropriate for
Harmonic analysis (ETAP, Alternative Transients Program etc.). Include the major
inductive and capacitive elements (transformers, source equivalents, feeder cables, and
capacitor banks). Complete internal review and backcheck of the model. Perform
frequency sweep analysis at appropriate locations to identify system resonant frequencies.
Consider possible combinations of capacitor bank steps and equipment single outage
contingencies.

Prepare a report section documenting the harmonic susceptibility analysis and results.
Provide a copy of the computer model with final documentation.

Task 5 Documentation

Assemble each of the above report sections into a final document. Complete internal review
and submit draft copies of the report to SCL. Within two weeks of draft report submission,
hold a conference call with SCL to discuss the report and conclusions. Incorporate agreed
upon changes and prepare a final record copy of the report. Submit the final report to SCL
in electronic format and include the computer models used for the study.

Assumptions
1. Studies are for the initial build-out of the substation. Items indicated as future on
the one-line are not included.
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Budget is based on no more than three load flow base case models.
Detailed feeder modeling is not required for any of these studies.

Budget assumes existing computer models of this system are unavailable.
One review cycle by SCL is required to reach final report.

arwN

Schedule
POWER will provide the completed draft study report by December 30th based on receiving
a notice to proceed within one week of the date of this proposal.

Budget

POWER proposes to provide the services for this project on a time and expense not to
exceed basis. POWER will not exceed this budget without prior authorization from SCL.

SCL DENNY SUB STUDIES BUDGET ESTIMATE

TASK DESCRIPTION HRS LABOR & EXPENSES
0 Project Management 64 $12,200

1 Data Acquisition 32 $ 5470

2 Voltage Regulation 156 $ 24,928

3 Short Circuit 64 $10,191

4 Harmonic Susceptibility 68 $ 11,058

5 Documentation 60 $ 8,677
Project Total 444 $72,524

Thank you again for the opportunity to provide this proposal; we look forward to
performing this work for you. Please feel free to contact me to discuss any aspect of our
submittal at 509-758-6029 or by e-mail at Jon.Leman@powereng.com.

Sincerely,

Jon Leman, P.E.
Sr. Project Engineer

c. BD
Joseph Orth (SCL)
Jay Keeling (POWER)
Brad Hennessey (POWER)
Juan Montez (POWER)
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Richelle Younger 6424

From: Orth, Joseph <Joseph.Orth@seattle.gov>
Sent: Tuesday, October 09, 2012 9:22 AM

To: Jon Leman 2607

Cc: Juan Montez 7193

Subject: RE: Study Scope

Sounds good - | just talked to Jay this AM. Thanks!

From: Jon Leman [mailto:jon.leman@powereng.com]
Sent: Monday, October 08, 2012 3:21 PM

To: Orth, Joseph

Cc: Juan Montez

Subject: RE: Study Scope

Hi Joe,

Hope you enjoyed your weekend. We finished the Denny Substation study proposal and forwarded it to Jay Keeling for
review and to forward on to you. | have not been able to reach him on his phone so it may be tomorrow morning before
he forwards it over.

Best Regards,

Jon

Jon T. Leman, P.E.

Area Lead | Clarkston, WA = Syracuse, NY = Freeport, ME
SCADA and Analytical Services

509-758-6029 / 208-720-9226 cell
jon.leman@powereng.com

POWER Engineers, Inc.
Energy = Facilities * Communications = Environmental
WWww.powereng.com

From: Orth, Joseph [mailto:Joseph.Orth@seattle.gov]
Sent: Friday, October 05, 2012 1:03 PM

To: Jon Leman 2607

Subject: RE: Study Scope

Hi Jon - He may have mentioned it but | may have missed it as well. Monday is great. I'm happy to report that nothing
has changed from our side :-)

Thanks.

From: Jon Leman [mailto:jon.leman@powereng.com]
Sent: Friday, October 05, 2012 10:26 AM

To: Orth, Joseph; Keeling, Jay; Jay Keeling

Cc: Stamatiou, Greg

Subject: RE: Study Scope
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Hi Joe,

Jay may have already passed this on, but | told him | would have this done Monday.

Thanks,

Jon

Jon T. Leman, P.E.

Area Lead | Clarkston, WA = Syracuse, NY = Freeport, ME
SCADA and Analytical Services

509-758-6029 / 208-720-9226 cell
jon.leman@powereng.com

POWER Engineers, Inc.
Energy = Facilities * Communications = Environmental
WwWWw.powereng.com

From: Orth, Joseph [mailto:Joseph.Orth@seattle.gov]
Sent: Friday, October 05, 2012 8:51 AM

To: Jon Leman 2607; Keeling, Jay; Jay Keeling 5018
Cc: Stamatiou, Greg

Subject: RE: Study Scope

Hi Jon, how is this looking? Thanks.

From: Jon Leman [mailto:jon.leman@powereng.com]
Sent: Friday, September 28, 2012 1:54 PM

To: Orth, Joseph; Keeling, Jay; Jay Keeling

Cc: Stamatiou, Greg

Subject: RE: Study Scope

Thanks Joe,
I'll let you know if | have any questions.
Best Regards,

Jon Leman

Jon T. Leman, P.E.

Area Lead | Clarkston, WA = Syracuse, NY = Freeport, ME
SCADA and Analytical Services

509-758-6029 / 208-720-9226 cell
jon.leman@powereng.com

POWER Engineers, Inc.
Energy = Facilities * Communications = Environmental
WWw.powereng.com
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From: Orth, Joseph [mailto:Joseph.Orth@seattle.gov]
Sent: Thursday, September 27, 2012 5:19 PM

To: Keeling, Jay; Jay Keeling 5018; Jon Leman 2607
Cc: Stamatiou, Greg

Subject: Study Scope

HiJohn & Jay - | think this takes care of all the outstanding issues. We got prices for the external reactors for
fault current limiting and they were very expensive versus the extra cost of the transformer so that took care
of the reactor option unless the study indicates a total disaster with the higher impedance

transformer... Please let me know what you think (if this is enough to provide a quote). Thanks for your
assistance

Low Voltage Bus Configuration — SCL has determined that breaker-and-a-half switchyard configuration will
provide the most reliable and best cost alternative for the substation low voltage power supplies (both 13.8kV
& 26kV). On the 13.8kV bus layout, capacitor banks will be installed on each bus in size and quantity
connected to the bus through a circuit breaker (for protection) and sequentially operated switches on each
bank to place them in and out of service. The entire set of 13.8kV feeders supplies secondary networks
consisting of 5 subnets with each subnet having 6 feeders and each subnet's capacity at 45 MVA. No subnet
should have more than one feeder in a breaker-and-a-half bay. A rough one-line is attached.

SCL requests Power to provide a capacitor sizing study to determine the correct overall amount of capacitance
for the 13.8kV buses and to provide the individual cap bank sizing (bank sizing such that switching of an
individual bank doesn’t cause voltage changes higher than 1.5 volts, approximately, on a 120 volt base) and to
correct load at 0.85 pf. Also include the capacitive effect of an average of a mile of 1000 kcmil underground
cable for each feeder. SCL does not ground our capacitor banks. For reliability reasons a minimum of three
banks connected to one breaker is required.

Fault Current Limiting and Voltage Regulation — SCL needs to limit the fault current at the 13.8kV bus to 30kA
to prevent over duty of distribution equipment. SCL requests Power Engineers to provide a study to
determine the feasibility of voltage regulation using 25% impedance transformers (45/60/75 MVA) for the
115kV:13.8kV banks. An infinite capacity 115kV bus is assumed. We need to verify that it is feasible to
operate with a single bank and banks in parallel with 2, 3, or 4 transformers in each configuration and still be
able to regulate bus voltages within our operating criteria. The study should also consider if it is necessary for
SCL to utilize a different transformer secondary voltage than 13.8kV to provide acceptable voltage control
from the LTC, e.g., 14-16kV. The acceptable bus voltage range is 13,200-14,080V (LTCs are specified on high-
side of SCL transformers and provide +10% regulation with total 32 steps; each step is 10/16%). Basically, do
we need to offset the center tap to get proper voltage regulation.

The 26kV ultimate system does not need to be analyzed because we have similar sized systems in service with
acceptable fault current levels and in good operating condition.

SCL uses ASPEN for fault study purposes and Power World for power flow study purposes. SCL does not presently

have a model for the substation. The study can be done in another software and the model subsequently
exported to Power World at the end of the study.

Please include comments regarding the sensitivity of outputs (or study results) to modification of the input variables.
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Please include a high level screen for problems with harmonics and transients. We have found isolated
problems in our secondary networks with 7th harmonics but these are in isolated locations out in the network
and have not been problems back at the substation.

Please determine the power flow on an individual 13.8kV bus if one bus us out of service.
Please consider and comment on an alternate bank configuration. As opposed to 115kV:13.8kV Wye-Delta banks with

zig-zag transformers, using 115kV:13.8kV Delta-Wye banks with a high impedance ground for ground fault detection (as
opposed to zig-zag transformers).
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POWER ENGINEERS, INC.

APPENDIX D — ONE-LINE DIAGRAM

This appendix contains a diagram of the model used for this study and a one-diagram of the project.
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Ideal Voltage Source

O_

207R

102
SWING

313

Equivalent 115 kV
Transmission System
Impedance

1
DENNY 115KV

1.0000 1 0 1.08p0
WA % 115/13.8 kV
YV 1.0400 oA Al A
1.0400 - 1040 Transformers
45/60/75 MVA
25% Z
101 201 301 401
XFMR 1|LS XFMR LS XFMR 3LS XFMR 4 LS
I T I I
34 134 134 34
3
DENNY 13.8KV

13.8 kV Capacitor Bank

L 13.8 kV Cable
1 mile of series impedance
30 miles of shunt capacitance

4
LOAD BUS

129

13.8 kV Load
225 MVA @ 0.92 PF
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POWER ENGINEERS, INC.

APPENDIX E — ATTACHED FILES

This appendix contains a list and description of files that are attached to this report.
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POWER ENGINEERS, INC.

1. Denny.sav: This file is a PSSE project file that contains the equipment parameters of the
model.

2. Denny.sld: This file is a PSSE single line diagram file that contains a graphical representation
of the model. A screen shot of this diagram is contained in Appendix B.

3. Denny.dfx: This is a PSSE distribution factor file that contains data necessary to run the PV
Analysis tool in PSSE.

4. Denny PV _XXPF.pv: The files with the .pv extension contain the results from the PV
Analysis tool. The filenames of these files are intended to describe the various scenarios that
were analyzed.

5. Denny PV XXPF .xls: These files are Excel spreadsheets that contain the exported results
from the corresponding .pv file.

6. Load Flow Report Text Files: These text files are PSSE generated reports showing power
flow results. The convention used for file name is as follows: Case #, load, # of capacitor
steps (Stage), and LTC tap.
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		BID OFFER  FORM

Revised 2/21/2014


SEATTLE CITY LIGHT


DENNY SUBSTATION EQUIPMNET RFP SCL- 1199



		By Completing this form the I/we hereby certifies that I/we have personally and carefully examined the Request for Proposal (RFP), all Addenda issued, plans, specifications, and instructions for furnishing, installing, and testing of Major Equipment for Denny Substation as described herein; 


All Pricing is to be FOB destination prepaid and allowed in U.S. Dollars; the prices include and cover all duties, handling and transportation charges, installation, testing, Technical Service Advisor,  and all charges incidental to the requested work excluding Sales Tax or Use Tax. 

If you make an error in typing your prices or any corrections to your Offer Submittal, you may mark it in ink and initial the correction.  If it is not marked in ink and or it is not initialed, the Buyer may reject your bid.  Do not use whiteout.



		



		Item

		Description of Bid Item

		Quantity

		Unit Price

		Subtotal Excluding sales tax 



		

		Primary Equipment

		

		

		



		1

		115kV Gas Insulated Switchgear (GIS), 4 complete sections/diameters, 1&1/2 breaker with building

		1

		

		$



		2

		115kV:13.8kV, 45/60/75 MVA rated Power Transformers

		3

		

		$



		3

		115kV, 6-ohm, Oil Filled Reactor (OIR) with integrated GIS (with gas insulated bus) with building for GIS

		1

		

		$



		4

		115kV Solid Dielectric Cable and Terminations

		

		

		$



		5

		13.8kV Distribution Switchgear

		1

		

		$



		6

		13.8kV Grounding Transformers

		3

		

		$



		7

		13.8kV Capacitor Banks

		

		

		$



		8

		13.8kV Solid Dielectric Cable and Terminations 

		

		

		$



		

		List additional items below, If more space is needed please attach as additional page.

		

		

		



		1a

		

		

		

		$



		2a

		

		

		

		$



		3a

		

		

		

		$



		4a

		

		

		

		$



		5a

		

		

		

		$



		6a

		

		

		

		$



		7a

		

		

		

		$



		8a

		

		

		

		$



		

		

		Subtotal Primary Equipment

		$



		

		



		

		Primary Services

		

		

		



		9

		Additional Factory Testing

		Number of Days

		Unit Price




		Subtotal Excluding sales tax



		

		Number of days to complete Additional Owner Required tests: ____15_____ x $_____

		15

		$__________

		$



		

		

		Subtotal Services

		$



		

		Loss (LL)/No Loss (NL) Calculations

		

		



		10

		Losses

		Losses in kW

		Unit Price

		Subtotal Excluding sales tax



		

		Calculated Load Loss in kW (per IEEE Standards) ________ x $3,500/kW

		

		$3,500

		$



		

		Calculated No-Load Loss in KW (per IEEE Standards)  _______ x $7,000/kW

		

		$7,000

		$



		

		Calculated Auxiliary Losses in kW:


 ________ x $7,000/kW

		

		$7,000

		$



		

		Zig-Zag Calculated No-Load Loss in KW (per IEEE Standards)  _______ x $7,000/kW

		

		$7,000

		$



		

		Reactor Calculated Load Loss in kW (per IEEE Standards) ________ x $1,750/kW

		

		$1,750

		$



		

		*Total cost to include number of units supplied

		

		

		



		

		

		Subtotal LL Loss/NL Loss

		$



		

		

		Bid Total 

		$





Non Evaluated Optional Bid Items


		Not Evaluated



		Optional Equipment



		Item

		Description of Bid Item

		Quantity

		Unit Price

		Part/Catalog #


(If Applicable)

		Subtotal Excluding sales tax 



		1

		Match Line 3 - (different site)

		

		

		

		$



		2

		10 Year Maintenance Plan for SF6 Gas Insulated Equipment

		

		

		

		$



		3

		Spare Parts (Itemized List Grouped by Primary Equipment Line Item)

		

		

		

		



		

		a)

		

		

		

		$



		

		b)

		

		

		

		$



		

		c)

		

		

		

		$



		

		d)

		

		

		

		$



		

		e)

		

		

		

		$



		

		f)

		

		

		

		$



		

		g)

		

		

		

		$



		

		h)

		

		

		

		$



		

		i)

		

		

		

		$



		

		j)

		

		

		

		$



		

		k)

		

		

		

		$



		

		l)

		

		

		

		$



		

		m)

		

		

		

		$



		

		n)

		

		

		

		$



		

		o)

		

		

		

		$



		

		p)

		

		

		

		$



		

		q)

		

		

		

		$



		

		r)

		

		

		

		$



		

		s)

		

		

		

		$
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