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EXECUTIVE SUMMARY 
 

1.1 INTRODUCTION 

This report identifies options for the replacement of the existing backup generator located at the Fire 
Administration Building; potential design problems and suggested resolutions; confirms design and 
construction schedules; and, includes an opinion of probable construction cost. This report includes a 
Design Technical Memorandum – Electrical, Structural and Mechanical (Appendix A) as well as project 
specific vendor information (Appendix B), a Construction Cost Opinion (Appendix C), a Construction 
Phasing Plan (Appendix D), and Project Schedule (Appendix E). The next phase of the design, the Plans 
and Specifications, will proceed per the recommendations of this Report. 

The City’s primary objective for this project is to replace the existing diesel generator with a natural gas 
generator. 

1.2 ELECTRICAL DESIGN 

The Design Technical Memorandum – Electrical, Structural and Mechanical establishes design criteria for 
a new natural gas generator. The memorandum also presents alternate locations evaluated for the 
generator to be installed.  

The following is a summary of recommendations:  

 Install a new generator sized to operate critical loads in the Fire Administration Building and Fire 

House #1 

 Install new natural gas meter and regulator to accommodate increased demand from the 

addition of the generator 

 Install the generator in the same location as the existing due to the structural uncertainty and 

limited work space on the roof 

 Install new intake louver and ventilation duct  

 Install new exhaust piping 
    

1.3 DESIGN CONCEPT DRAWINGS 

The drawings provided in Appendix B graphically depict major features of the design basis for the 
generator. 

1.4 CONSTRUCTION COST OPINION 

Our opinion of probable construction cost for this Basis of Design is $94k for a generator sized to power 
the emergency panels in the Fire Administration Building and Fire House #1. The construction cost 
opinion includes a cost breakdown for the project. 

1.5 CONSTRUCTION PHASING PLAN 

The Bidding Documents will not dictate specific means and methods for the Work; however, they will 
define construction sequences and constraints that are necessary to maintain operation during 
construction. The most significant constraint for the project is to keep the Fire Administration Building 
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and Fire House #1 operational during the generator replacement. The Construction Phasing Plan  
presents a sequence of major construction tasks to meet these constraints.  The Construction Phasing 
Plan will be developed in greater detail during subsequent phases of the design to identify more 
detailed constraints that may be required and to establish the Contract Times to be specified in the 
Bidding Documents. 

1.6 PROJECT SCHEDULE 

There is no agency-required compliance schedule for the project.  Therefore, the design schedule shown 
below has been developed to comply with the City’s goal to construct the project in the next year.   

ACTIVITY COMPLETION 

Submit DRAFT Basis of Design 05/08/2017 

Complete Master Plan /  

Basis of Design  
05/22/2017 

Design  

 Pre-final Plans*  07/03/2017 

 Bidding Documents 07/17/2017 

Bid and Award  

 Advertisement August 2017 

 Bid Closing/Opening September 2017 

 Award of Contract October 2017 

Construction  

Notice to Proceed October 2017 

Substantial Completion May 2018 

Final Completion June 2018 

 

*Pre-Final plans will be provided within four (4) weeks of detailed design Notice To Proceed (NTP).  
Dates assume NTP of June 5, 2017. 

The Bid and Award dates and significant Construction completion dates will be refined as the design 
progresses.  The construction completion dates are based on the Possible Construction Schedule 
prepared for critical construction tasks. 
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Electrical Design       
Technical Memorandum 

Fire Administration and Fire House #1 
Backup Generator 
City of West Allis 
 

 

Date: May 8, 2017 
 
To: Michael Lewis, Director of Public Works / City Engineer  
 
Copy: Peter Daniels, Principal Design Engineer 
  
From: Mike Stohl, P.E., Project Manager 
 

 
Purpose 
 
The purpose of this Technical Memorandum is to document the established electrical design basis for 
the project.  The following electrical and structural design basis have been developed for the project: 
  

▪ Generator Design 
▪ Electrical Design Guidelines  
▪ Structural Evaluation  
▪ Ventilation Requirements 
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Generator Design 

Facility Description 

 
Electrical service for the Fire Administration Building come through a WE Energies (W.E.) owned pole 
mounted transformer located near the Northeast corner of the building. The transformer steps down 
the voltage to 208/120V 3 phase 4 wire and connects to metering equipment located on the Northeast 
side of the building. From the utility meter the conductors enter a 400A, 208/120V, 3 phase, 4 wire Main 
Distribution Panel (MDP).  

 
Service Entrance and Utility Meter  

Fire Administration Building 
 

Electrical service for Fire House #1 come through a WE Energies (W.E.) owned pole mounted 
transformer located near the Northwest corner of the building. The transformer steps down the voltage 
to 208/120V 3 phase 4 wire and connects to metering equipment located on the Northwest side of the 
building. From the utility meter the conductors enter a 400A, 208/120V, 3 phase, 4 wire Main 
Distribution Panel (MDP).  

 
Service Entrance and Utility Meter  

Fire House #1 
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The Fire Administration Building has an existing 100 kilowatt (kW) diesel generator located in the garage 
that provides power to emergency panels located in the Fire Administration Building and Fire House #1. 
Each building has an Automatic Transfer Switch (ATS) with power and control wiring to start the 
generator in the event of a power outage. The Fire Administration Building and Fire House #1 have a 
150A and 225A ATS respectively. 
 

 
Existing Generator Located in Garage 

 
 

Generator Design  

 
1. Generator sized equivalent to existing diesel generator will be replaced with a natural gas 

generator with the same kilowatt rating of 100kW. Natural gas service to the facility will be 
modified to increase the supply pressure from 7-inches water column to 2-psig and the meter 
change to allow for the additional gas flow. Supplier has indicated there will be no charge for 
this meter change. 

 
2. Generator Location:  A structural analysis was performed on the existing roof above the garage 

to determine if relocating the generator to the roof is a feasible option.  The roof was 
constructed in 1929 and consists of steel beams supporting a concrete slab.  Results of the 
analysis indicate the existing roof beams would be overstressed with the addition of the new 
generator.  Further locating the generator on the roof will allow limited work space around the 
enclosure and likely limit the ability to fully open the enclosure doors to 90 degrees. Therefore, 
Donohue does not recommend relocating the generator to the roof above the garage.   
 

3. Generator Airflow Considerations: Existing space has inadequate ventilation to reject both the 
radiator heat and the radiated heat from the engine. It is recommended that the new generator 
be installed with its radiator ducted to the building exterior through the existing wall louver. A 
new intake air louver should also be provided to allow the required radiator airflow into the 
space which will require increasing the size of the existing opening.  
 

4. Generator Exhaust: The existing exhaust piping has significant rust as well as the brackets 
securing it. It is recommended to replace the exhaust piping and brackets.  
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Conclusions 
 
It is recommended to replace the existing generator with a new generator with the same kilowatt rating  
to power the emergency panels for the Fire Administration Building and Fire House #1. Structural review 
has eliminated the feasibility of installing the generator on the roof due to insufficient support strength 
of the supporting structure. To avoid adding additional capital costs as well as allow for straight forward 
construction sequencing and minimize downtime, it is recommended to install the new generator in the 
same location as the existing with ducted radiator discharge, a new intake air louver and new exhaust 
piping.  
 



Fire Admin 

Backup Generator 

Design Technical  

Memorandum – Electrical 

 

Donohue Project No. 13021   Electrical Design Criteria:  Page 1 of 1 
 

Electrical Design 

 
General Design 
 

1. Applicable Codes 
 

a. National Electrical Code (NEC) 
b. NFPA 110: Standard for Emergency and Standby Power Systems 
c. Wisconsin Administrative Code, Department of Safety and Professional Services (SPS), 

Chapter 316 – Electrical  
 

2. Backup Generator 
 
a. Sized equivalent to the existing generator that supplies power to the emergency panels 

at the Fire Administration Building and Fire House #1. 
b. Natural gas generator complete with control and auxiliary equipment as well as an 

integrated electrical panel with dual 200A and 250A breaker for the Fire Administration 
Building and Fire House #1.   

c. Skid mounted located indoor at east end of the garage. 
d. Manufactured by Cummins Power Generation, MTU Onsite Energy, Caterpillar, or Kohler 

Power Systems.   
 

3. Conduit 
 

a. Interior Conduit:  
1. Exposed Dry Locations - Galvanized rigid steel conduit: 
2. Flexible Conduit – Liquidtight flexible metal conduit. 

b. Minimum Size:  ¾ inch 
c. Threaded, no set screw or indentor type fittings 

 
4. Conductors (600V and less) 

 
a. Branch Circuits – Single conductor THHN/THWN (90oC) copper conductors. 
b. Feeders and Conduit Duct Banks – Single conductor XHHW-2 copper conductors. 
c. Minimum size #12 AWG. 
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Vendor Information   
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Generator Set Data Sheet

Model: C100 N6
Frequency: 60 Hz
Fuel type: Natural gas/propane
kW rating: 100 natural gas standby

100 propane standby
Emissions level: EPA Emissions

NaturalNatural gasgas PropanePropane
StandbyStandby StandbyStandbyFuelFuel consumptionconsumption
kWkW (kVA)(kVA) kWkW (kVA)(kVA)

Ratings 100 (125) 100 (125)
Load 1/4 1/2 3/4 Full 1/4 1/2 3/4 Full
scfh 549.6 805.4 1050.8 1317.7 207.5 311.8 411.2 518.7
m3/hr 15.6 22.8 29.8 37.3 5.9 8.8 11.7 14.7

NaturalNatural gasgas PropanePropaneEngineEngine StandbyStandby ratingrating StandbyStandby ratingrating
Engine model QSJ5.9G-G3
Configuration Cast Iron, In line, 6 cylinder
Aspiration Turbocharged and aftercooled
Gross engine power output, kWm (bhp) 122 (163.9)
BMEP , kPa (psi) 1381.0 (200.3)
Bore, mm (in) 102.1 (4.02)
Stroke, mm (in) 119.9 (4.72)
Rated speed, rpm 1800
Piston speed, m/s (ft/min) 7.2 (1416)
Compression ratio 8.5:1
Lube oil capacity, L (qt) 14.2 (15)
Overspeed limit, rpm 2250

Fuel supply pressure
Minimum operating pressure, kPa (in H2O) 1.5 (6)
Maximum operating pressure, kPa (in H2O) 3.5 (14)

Air
Combustion air, m3/min (scfm) 8.4 (297.8) 8.5 (298.5)
Maximum normal duty air cleaner restriction, kPa (in H2O) 0.4 (1.5) 0.4 (1.5)
Maximum heavy duty air cleaner restriction, kPa (in H2O) 3.7 (15) 3.7 (15)

Exhaust
Exhaust flow at set rated load, m3/min (cfm) 27.3 (965) 25.7 (908.7)
Exhaust temperature at set rated load, °C (°F) 635.2 (1175.4) 645.7 (1194.3)
Maximum back pressure, kPa (inH2O) 8.5 (34.1) 8.5 (34.1)

power.cummins.comOur energy working for you.™
©2015 Cummins Power Generation Inc | NAD-6098a-EN (08/15)
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NaturalNatural gasgas PropanePropaneStandardStandard set-mountedset-mounted radiatorradiator coolingcooling StandbyStandby ratingrating StandbyStandby ratingrating
Ambient design, °C (°F) 50 (122) 50 (122)
Fan load, kWm (HP) 9.0 (12) 9.0 (12)
Coolant capacity (with radiator), L (US gal) 16 (4.2) 16 (4.2)
Cooling system air flow, m3/min (scfm) 218.0 (7700) 218.0 (7700)
Total heat rejection, MJ/min (Btu/min) 8.9 (8428) 8.9 (8428)
Maximum cooling air flow static restriction, kPa (inH2O) 0.12 (0.5) 0.12 (0.5)

NaturalNatural gasgas PropanePropaneWeightsWeights
Unit dry weight kg (lb) 1276 (2812) 1276 (2812)
Unit wet weight kg (lb) 1315 (2898) 1315 (2898)

Note: Weights represent a set with standard features. See outline drawing for weights of other configurations.

Derating factors
Natural gas

Engine power available up to 488 m (1600 ft) at ambient temperatures up to 25°C (77°F). Above theseStandby elevations derate at 4% per 305m (1000ft) and 2% per 10°C above 25°C (77°F).

Propane
Engine power available up to 488 m (1600 ft) at ambient temperatures up to 25°C (77°F). Above theseStandby elevations derate at 4% per 305m (1000ft) and 2% per 10°C above 25°C (77°F).

Ratings definitions
Emergency standby power Limited-time running power Base load (continuous)
(ESP) (LTP) Prime power (PRP) power (COP)
Applicable for supplying power to Applicable for supplying power to Applicable for supplying power to Applicable for supplying power
varying electrical load for the a constant electrical load for varying electrical load for continuously to a constant
duration of power interruption of a limited hours. Limited Time unlimited hours. Prime Power electrical load for unlimited hours.
reliable utility source. Emergency Running Power (LTP) is in (PRP) is in accordance with Continuous Power (COP) is in
Standby Power (ESP) is in accordance with ISO 8528. ISO 8528. Ten percent overload accordance with ISO 8528,
accordance with ISO 8528. Fuel capability is available in ISO 3046, AS 2789, DIN 6271
Stop power in accordance with accordance with ISO 3046, and BS 5514.
ISO 3046, AS 2789, DIN 6271 AS 2789, DIN 6271 and BS 5514.
and BS 5514.

power.cummins.comOur energy working for you.™
©2015 Cummins Power Generation Inc | NAD-6098a-EN (08/15)



Alternator data
Natural gas/

propane Natural gas/propane Full singleStandard alternators single phase three phase phase output,
table table reconnectable

Maximum temperature rise
above 40 °C ambient 120 °C 120 °C 120 °C 120 °C 120 °C 120 °C 120 °C
Feature code BB90-2 B986-2 B946-2 B943-2 B952-2 BB86-2 BB88-2
Alternator data sheet number ADS-207 ADS-207 ADS-207 ADS-207 ADS-207 ADS-207 ADS-209
Voltage ranges 120/240 120/240 120/208 277/480 347/600 127/220 120 - 480
Voltage feature code R104-2 R106-2 R098-2 R002-2 R114-2 R020-2 Varies by voltage
Surge kW 98.7 102.7 102.7 103.9 103.9 103.2 Varies by voltage

Shunt 360 360 360 360 360 360 516Motor starting kVA (at
90% sustained voltage) PMG 423 423 423 423 423 423 607
Full load current amps at standby rating 417 301 347 150 120 328 Varies by voltage

Natural gas/
Optional alternators for propane Natural gas/propane Full single
improved starting capability single phase three phase phase output,

table table reconnectable
Maximum temperature rise
above 40 °C ambient 105 °C 105 °C 105 °C 105 °C 105 °C 105 °C
Feature code BB91-2 BB94-2 BB93-2 BB95-2 BB92-2 BB85-2
Alternator data sheet number ADS-208 ADS-208 ADS-208 ADS-207 ADS-207 ADS-207
Voltage ranges 120/240 120/240 120/208 277/480 347/600 127/220

Not availableVoltage feature code R104-2 R106-2 R098-2 R002-2 R114-2 R020-2
Surge kW 100.1 104.5 104.5 103.9 103.9 103.2

Shunt 422 422 422 360 360 360Motor starting kVA (at
90% sustained voltage) PMG 497 497 497 423 423 423
Full load current amps at standby rating 417 301 347 150 120 328

Warning: Back feed to a utility system can cause electrocution and/or property damage. Do not connect to any building's electrical system
except through an approved device or after building main switch is open.

Our energy working for you.™
©2015 Cummins Power Generation Inc
Cummins Power Generation and Cummins are registered trademark of Cummins Inc. PowerCommand, AmpSentry, InPower and "Our energy
working for you" are trademarks of Cummins Power Generation. Other company, product, or service names may be trademarks or service
marks of others. Specifications are subject to change without notice. power.cummins.comNAD-6098a-EN (08/15)
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General Description

Replacement of backup generator at the Fire Administration Building; generator sized equivalent to existing. 

Unit Cost Initial Cost

ITEM Units Quantity ($) ($)

Electrical  

100 kW Generator Each 1 33,600 33,600

Conduit Lump Sum 1 1,000 1,000

Wire Lump Sum 1 3,200 3,500

Removals Lump Sum 1 3,600 3,600

 

Mechanical  

   Natural Gas Piping Lump Sum 1 3,750 3,750

   Ductwork and Louvers Lump Sum 1 11,000 11,000

Exhaust Piping Lump Sum 1 1,200 1,200

 

 

 

 

 

 

 

 

 

Subtotal 57,650

Contingency 30% 17,295

Subtotal 74,945

Contractor Overhead & Profit 25% 18,736

Total Construction Cost 93,681

City of West Allis

Fire Administration Backup Generator Replacement

INITIAL COST ESTIMATE

West Allis  /  13021  /  11 Appendix C - Construction Cost - Fire Admin Building.xls  /  Estimate  05/8/2017
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Construction Phasing Plan       
Memorandum 

Fire Administration and Fire House #1 
Backup Generator Replacement 
City of West Allis 
 

 

Date: May 8, 2017 
 
To: Michael Lewis, Director of Public Works / City Engineer  
 
Copy: Peter Daniels, Principal Design Engineer 
  
From: Mike Stohl, P.E., Project Manager 
 

 
The Bidding Documents will not dictate specific means and methods for the Work; however, they will 
define construction sequences and constraints that are necessary to maintain power to the Fire 
Administration Building and Fire House #1 during construction. It will be necessary to remove the 
existing generator and install the new generator and associated equipment efficiently to limit the 
amount of time that Administration Building and Fire House #1 are without emergency backup power.  
 
This Construction Phasing Plan presents a sequence of major construction tasks to meet these 
constraints. Generally, only major tasks considered to be on the critical path to establish the specified 
Contract Times are identified. These will be developed in greater detail during subsequent phases of the 
design to identify more detailed constraints that may be required and to establish the Contract Times to 
be specified in the Bidding Documents.  
 

Replacement Phasing for Existing Generator 
 

1. Removal of existing generator. 
2. Removal of existing fan and louver.  
3. Site preparation and installation of fan, duct and louver.  
4. Installation of conduit, conductors and control wires from each transfer switch to the generator.   
5. Installation and testing of new generator. 
6. Test transfer switches and generator as a whole system.  
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Possible Construction Schedule 



ID

TASKS

1 Meet with City to discuss report

2 City review of Report

3 Complete Basis of Design

4 Prepare Bidding Documents

5 Meet with City to discuss pre-final documents

6 Internal document QC and incorporation

7 Meet with City to review bidding documents

8 Incorporate City Comments

9 Submit bidding documents to City

10 Bid Advertisement

11 Bid Opening

12 Notice of Award

13 Notice to Proceed

14 Shop Drawing Prep (by Contractor)

15 Shop Drawing Reviews

16 Equipment Production (Based on 6 week LT)

17 Equipment Install

18 Project Close-out

05/09 05/19

05/22

05/23 07/03

07/03

07/05 07/07

07/10

07/11 07/14

07/17

08/07

09/04 09/25

10/02

10/16

10/17 11/13

11/14 12/12

12/13 03/12

03/13 05/31

06/15

E B M E B M E B M E B M E B M E B M E B M E B M E B M E B M E B M E B M E B M E B M E B M E B
h April May June July August ptemb October ovemb ecemb January ebruar March April May June J

2017 2018

City of West Allis

Fire Administration Building and Fire House #1 Backup Generator

Design Completion and Possible Construction Schedule

May 8, 2017 Donohue & Associates, Inc. Project #13021
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