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King Open School – Electrical Service Evaluation 

TO: Dana Ham, Facilities Manager, City of Cambridge Public Schools 

 TIM MCINTOSH, VHB – PROJECT MANAGER 

FROM: Ron Maniscalco, P.E. – Electrical Engineer 

  

DATE: January 24, 2014 

 

1 Introduction 
As per the Request for House Doctor Engineering Services Memorandum from the City of 

Cambridge, dated September 27, 2013 (see appendix A), Vanasse Hangen Brustlin, Inc. 

(VHB) and Tighe & Bond (T&B) were retained by the City of Cambridge School Department 

to perform an electrical survey of the King Open School located at 850 Cambridge Street. 

The purpose of the survey is to evaluate the existing electrical distribution system with the 

anticipation of adding air conditioning loads in selected areas. It is also the intent of the 

survey to recommend options for expanding the existing electrical service to accommodate 

future loads and to provide probable construction cost estimates for each of the stated 

options. 

 

2 Existing Conditions 
The following existing conditions report is based on design drawings and field observations 

of the King Open School. The City of Cambridge Public Schools Facilities Department was 

able to make available the original M.A. Dyer construction blue prints dated from January 

15, 1959. At that time the school was called the New Donnalley Field School. Two site visits 

were also performed to verify the status and condition of the electrical equipment. The first 

visit was prior to school on the morning of Monday, October 5, 2012. The second site visit 

was after school on Wednesday, November 20, 2013.  

The existing King Open School was built in 1959 and retains much of the existing electrical 

service and distribution panelboards. Adjacent to the Generator Room is an Nstar utility 

vault that provides 208/120 volt power to the school. The secondary feeds enter the 

Generator Room as bus bars mounted in a caged cable tray. The service feeds the free 

standing main switchboard. 

The main switchboard is the original 1200 ampere (amp) 208/120 volt I-T-E/Bulldog 

switchboard from the 1960’s. It is a rear accessible, two section and freestanding unit. Bare 

copper bolt-on bus bars are enclosed in the back of the switchboard to provide power to 

both sections. The branch circuit breakers that feed the distribution panels throughout the 

building are bolted directly to the bus bar. 

The first switchboard section houses the main 1200 amp circuit breaker. There are also two 

(2) circuit breakers (125 amp and 100 amp) in the first section that feed panelboards #2 

and #1 respectively. The second section has accommodations for eighteen (18) 100 amp 

frame and two (2) 200 amp frame distribution circuit breakers. Except for two (2) 100 amp 

frame blank spaces all other knockouts are being used to power distribution panel boards 

throughout the building.   
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There are two taps to the switchboard. One is a 100 amp tap which feeds Panelboard “EDP” 

in the generator room. The second is a 200 amp switch that acts as a theatrical company 

switch and is connected to an extension cord that runs to the adjacent auditorium. 

There is a small (75 Kilowatt (KW)) standby Katolight generator located in the Generator 

Room. This generator provides backup power to panelboard “EDP” through a 100 amp 

automatic transfer switch. Panel “EDP” is an emergency distribution panel and provides 

power to five (5) emergency lighting (“EL”) panels throughout the building.  

Aside from the normal wear from 54 years of use, the switchboard is in remarkable 

condition. There is little sign of rust or aging and the unit does not appear to have water 

damage. However the circuit breakers are well beyond their 40 year expected useful life. 

The build-up of dust suggests that they are not regularly exercised. There is a good 

probability that once tripped the breakers may not reset.  

The electrical distribution panelboards on the floors are also I-T-E/Bulldog type that are 

original to the building. The design drawings indicate that the distribution was intended to 

have separate lighting and power panels. The lighting loads fed from lighting panels (“LP”’s) 

and power loads fed from power panels (“PP”’s). Each individual branch lighting circuit 

powers the lights in two classrooms. Each individual branch power circuit feeds receptacles 

in three classrooms.  

Over time many loads have been added where space was available. Computer loads were 

inserted on both lighting and power panels. In order to accommodate these new loads, 

several power and/or lighting branch circuits have been combined. The existing panelboard 

schedules have been erased and edited many times and are difficult to read. In contrast to 

the switchboard in the generator room, the electrical distribution panels on the floors are in 

poor condition.  

The classrooms have been renovated to accommodate energy efficient lighting. However 

there are only a couple of general purpose power receptacles in each classroom. To 

accommodate the computers and other electronic teaching aids in the classroom, multi-

outlet surge protected strips are plugged in to each receptacle. In addition, some 

classrooms also have personal items such as microwaves, open coiled electric toaster ovens, 

hot pots and portable stereo sound systems connected to these power strips. In one case all 

four items were present. Refer to Appendix B – Photos. 

3 Utility Demand Load 
The existing switchboard is fed from a bare copper bus originating in the NStar utility vault. 

As such, it is not possible to meter the incoming service directly from the utility. However, 

the peak demand load was determined by reviewing the last 18 months of utility statements 

from Nstar. From the utility statement the largest single peak load recorded was 153.0 KVA 

recorded on January 24, 2013. The resulting current used during this peak load was 420 

amp.  

Note that this demand was during the heating season, not during a time when air 

conditioning would normally be operating. The 2013 cooling season was defined as May 29th 

through September 24th. During that time the largest peak load measured was 124.0 KW or 

340 amps, used on June 3rd 2013 at 12:45 PM.  

Although the switchboard is listed at 1200 amp, it is only rated to carry a maximum of 80% 

of that load. Due to the age of the equipment, a further de-rating of 20% is the realistic 

capacity that the switchboard should be expected to withstand before over heating will 

occur. The switchboard should not subjected to currents greater than 720 amps. At the 
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present time the switchboard is realistically 50% load during the cooling season. The 

switchboard is 60% loaded during the heating season. 

4 Air Conditioning Renovations 
The intent of the survey is to review the possibility of adding air conditioning to the school. 

During this evaluation, two scenarios were proposed. The first scenario involves adding 

window mounted air conditioning units to all 45 classrooms and 25 offices. The second 

scenario is to add air conditioning to only the three southernmost rooms on the second floor 

of Building A; Room 218, Room 220 and Room 212.   

4.1 Air Conditioning All Classrooms (70 Rooms) 
An 18,000 BTU air conditioner can cool a typical 20’ x 30’ classroom with 20 students. An 

energy star rated 18,000 BTU window mounted air conditioner typically uses 2000 watts of 

power or 8.2 amps of 230 volt single phase power. Air condition all 45 classrooms with 

window mounted units would require an additional 369 amps. A 12,000 BTU air conditioner 

can cool a typical 20’ x 20’ office space uses 1400 watts or 6.1 amps of 230 volt single 

phase power. Air conditioning all 25 offices with window mounted units would require an 

additional 152 amps. The total new load would be 521 amps at 230 single phase volts. That 

translates to 125kW of additional electrical load just for the new air conditioning window 

units.  The existing electrical service cannot handle this additional load. Therefore, a new 

electrical service would be needed to accommodate the additional air conditioning loads. 

4.2 Air Conditioning 3 Classrooms (Rms 218,220 & 221) 
The second scenario is to install three (3) window mounted air conditioning units into 

classrooms 218, 220 and 221. These classrooms are located at the south end on the second 

floor of Building A. During the last spring and early fall, these rooms receive the maximum 

amount of sunlight. These classrooms are fed from lighting panel “A2” and power panel 

“B2”. Although these panels have been modified several times through the years, they are 

still supplied from the original 100 amp breaker in the I-T-E/Bulldog switchboard described 

above. The panel schedule is written in pencil on faded masking tape. There are two (2) 

three-pole blanks in each panel board.  

Therefore, it is possible to add air conditioning into the three classrooms. However it not a 

simple matter of finding an outlet for the air conditioning units. The existing circuits are 

loaded to capacity and not clearly marked. Additional power must be brought from the main 

switchboard to the second floor to power the window units. Either a new electrical air 

conditioning panel need to be installed to accommodate the additional loads or the existing 

electrical distribution system need to be revised. 

5 Options 
Unfortunately, due to the age and condition of the existing distribution system, simply 

installing a window unit and plugging it into the nearest receptacle is not an option. The 

existing branch circuits are currently operating at maximum capacity. 

Based on the observed conditions, there are a few options available to modify the electrical 

system to accommodate the new electrical loads. These include; a new electrical service, 

providing a new electrical a/c panelboard or upgrading the size of the feeders to the existing 

panelboards. 

5.1 Option 1 - New Electric Service 
The option to provide an air conditioning system throughout all 45 classrooms/25 offices 

would require additional electrical capacity to the building. The building would need to be 
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upgraded to 1600 amps at a minimum. Any upgrade must be coordinated with the utility 

and may result in additional utility charges.  

Unfortunately the I-T-E/Bulldog Type K-1600 main circuit breakers are no long available 

from the manufacturer. To upgrade the switchboard, either a used or retrofitted circuit 

breaker would be required or a whole new switchboard would need to be constructed. 

Occasionally retrofitted circuit breakers are available on-line but they are very expensive 

and very unreliable. We only recommend this course of action in emergency situations. 

A better option would be to install a completely new electric service. This would require a 

complete shutdown of the building and re-feeding the existing panelboard from the new 

switchgear.  The new switchboard can be sized for the current load and for future planned 

loads. Additional accessible spares can also be included into the new switchboard for future 

renovations.  

5.2 Option 2 - New A/C Panelboard  
Short of air conditioning the entire building there are two options for air conditioning only 

rooms 218, 220 & 221. One way would be to eliminate the 200 amp theatrical company 

switch in the generator room and install a new a/c panelboard. Due to the fact that the 

existing switchboard has already been tapped twice any additional taps would require 

oversized feeders. Also, with exposed copper busses running the length of the existing 

switchgear, any additional taps would require a complete building shutdown either at the 

main or at the utility. A better solution would be to use the tap created by the theatrical 

switch to feed the a/c panelboard. 

A new feeder would be run from the existing fused disconnect to a new a/c panelboard. In 

order to minimize cost it would be preferable to mount the new panelboard as close as 

possible to the loads on second floor of building “A”. The masonry construction in building 

“A” will require and new panel or conduits to be surface mounted. It would be best to mount 

the new panelboard in a space with only authorized access. Depending on the size of the 

breakers up to 24 classrooms could be fitted for air conditioning.  

5.3 Option 3 - Upgrading the Feeders 
Another option, is to increase the capacity of the feeders to the existing panelboards, by 

replacing the 100 amp circuit breakers in the switchboard with, 200 amp circuit breaker. 

According to the original wiring diagrams form 1959, the size of the feeders to panels “A2” 

and ”B2” are #4/0 and #250 kcmil respectively. A #4/0 conductor has a rated capacity of 

230 amps. A #250 kcmil conductor has a rated capacity of 255 amps. These sizes should be 

visually inspected by an electrician and the condition of the conductors should be noted. 

Reviewing the existing circuits on the panels “A2” and “B2”, it appears that the panels are 

close to fully loaded. There are three (3) spaces in the panels that could be used to power 

additional air conditioning loads if the main feeder sizes where to be increased. New circuit 

breakers and branch wiring could then be run to the three (3) new classrooms window 

units. 

As was mentioned earlier, the I-T-E/Bulldog Type K circuit breakers are difficult to find and 

difficult to replace. Under this scenario a minimum of five (5) ITE Type K circuit breakers 

would need to be acquired and installed.  

6 Construction Cost Estimates 
The construction costs for each option vary widely and will depend on availability of parts 

and scheduling. Below is a best estimate based on current data and 2014 RS Means 
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installation and labor rates. Included with each cost estimate are the pros and cons of each 

option. The estimate also include the design and construction administration costs.   

Note that the cost of each option does not include the actual window mounted air 

conditioning unit. An 18,000 BTU window unit retails at about $600 each. 

These budgetary cost estimates do not include hazardous material abatement. Based on the 

age of the school (constructed in 1959) there is a strong possibility that any construction 

will encounter hazardous material. We recommend that the city get pricing from an on call 

abatement company for removal pricing.  

6.1 Option 1 - New Electric Service 
A new electric service is the most costly of the options but does provide the maximum 

flexibility. 

Pros:  a) Provides additional power for the school for future renovations 

b) Eliminates obsolete electrical switches that are beyond their useful life 

c) Allows for the entire school to air conditioned 

 

Cons: a) It is a very expensive project 

b) Project would require a large amount of down time and must be scheduled during 

school vacation.  

c) It would require coordination with the utility company and it may also trigger 

additional costs such as a pad mounted transformer or higher utility fees. 

 

Estimated Cost of Construction: $120,000 - $140,000 

6.2 Option 2 - New A/C Panelboard  
The new A/C panelboard is not as costly as the new switchgear and does not require 

retrofitting of any existing equipment. However this solution is limited to 24 window units 

and elimination of the theatrical company switch.  

Pros:  a) Less expensive than a new service 

b) All new equipment will be installed 

c) Changes can be made without disconnecting power to the building 

 

Cons: a) It is limited to a maximum of 24 air conditioners 

b) It reduces the flexibility of the auditorium by preventing theater companies from 

powering their equipment such as spot lights, amplifiers, border lights, colored 

lights, batten mounted equipment, fresnels or mixers. 

c) A surface mounted panel and a large number of surface mounted conduits would 

need to be installed  

 

Estimated Cost of Construction: $55,000 - $70,000 

6.3 Option 3 - Upgrading the Feeders 
Upgrading the feeders would be the least expensive option. However much of the cost 

depends on the availability of retrofitted equipment and the existing condition of 

conductors.  

Pros:  a) Least expensive option 

b) New feeders are not needed only branch circuit wiring 
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Cons:  a) Project would require down time and must be scheduled during school vacation. 

b) The project is dependent on the availability of parts from retrofitting shops 

c) Retrofitted parts have questionable reliability 

d) The maximum number of air conditioners that can be installed in three (3) 

 

Estimated Cost of Construction: $50,000 - $60,000 

7 Recommendations 
Based on the options and estimated cost of construction, we recommend option #2, the 

new A/C panelboard. Option #1 – New Electrical Service is ideal however the size and 

condition of the school makes this unfeasible. The option of upgrading the feeders is too 

costly for only three classrooms.  

We believe that given the cost and condition of the building Option 2 is best. However 

$45,000 to $60,000 is a considerable sum of money and this does not include the actual 

cost of the air conditioning unit. Under this scenario the School Department could expect to 

pay $2,700 to $3,200 per classroom just for the installation of the window units. 

Ultimately it would best for the School Department to consider a complete building electrical 

and HVAC upgrade. 

8 Summary 
In summary, the King Open School has an old electrical service with an antiquated 

switchboard, panel boards and circuit breakers. There are three options for upgrading the 

electrical distribution system to accommodate air conditioning in King Open School, but in 

order to provide air conditioning to all 45 classrooms/25 offices the existing electric service 

must be upgraded. If only selected classroom are to have air conditioning then either a new 

panelboard should be installed or the feeders the existing panels increased.  

Sincerely, 

 

Ron Maniscalco 

Ron Maniscalco, PE | Senior Engineer 

Tighe & Bond | 53 Southampton Road | Westfield, MA 01085 | 413.875.1309 | 413.563.2153 (cell)
 

www.tighebond.com | Follow us on: Twitter Facebook LinkedIn

 

  

http://www.tighebond.com/
http://twitter.com/@tighebond
http://www.facebook.com/pages/Tighe-Bond/184703991579117
http://www.linkedin.com/company/246167
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Appendix A – Request for Proposals (text) 
 

Cambridge Public Schools, Facilities Department 
456 Broadway Cambridge, Massachusetts 02138 
 
Mr. Dana Ham 

Director of Facilities 

(617)349-6855 

FAX (617)349-6477 

Email dham@cpsd.us 

 
MEMORANDUM 
To: Cynthia H. Griffin, Purchasing Agent 

From: Dana Ham, Director of Facilities 

Date: September 27, 2013 

Subject: Request for House Doctor Engineering Services, King Open School 

 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

The Cambridge Public School Department is soliciting proposals for the evaluation of the 

existing electrical power system at the King Open School and its ability to meet the current 

and proposed air conditioning load. 

 

Scope of work 

Provide a report, 5 copies that include the following for each requirement listed. 

 

A. Condition of existing electrical service. Assessment covers Switchgear to switchboard to 

distribution panels, Normal Power. Assess the equipment/service equipment and wiring 

Ability to meet present and proposed needs, current condition, identify weaknesses in 

existing electrical system, provide recommendations to enhance function and corrections 

prior to possible failure. 

B. Capacity of existing switchgear to support proposed loads. 

C. Capacity of panels on each floor to support proposed loads. 

D. Verify incoming service has capacity to support proposed loads. 

E. Outline diagram of any proposed new electrical distribution panels to support proposed 

loads. 

F. Provide cost estimate to make corrections, maintain existing functionality, or enhance 

reliability. 

G. Cost estimate of any electrical upgrades and installations to support addition of air 

conditioning units listed, includes switchgear upgrades, circuit breaker additions or 

changes, conduit, wire, new panels, electrical outlets, etc. i.e all new electrical work 

required to allow installation of new portable air conditioning units listed below. 

H. King Open School Assessment, 850 Cambridge Street, Cambridge, MA: 
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1. Assess ability of existing electrical system to allow addition of new air conditioning 

units in select non-air conditioned classrooms and offices. (Rooms 218, 220 and 

221.)3 AC Units, 18,000 BTUH each. Including Safety assessment of existing electrical 

system to allow the addition air conditioning units in selected area. (rooms 218, 220 

and 221) 

2. Assess the existing electrical system capacity to allow addition of new air conditioning 

units in all non-air conditioned classrooms and offices in the King Open School, 850 

Cambridge Street. (45 air conditioners in Classrooms and 25 AC Units in offices on first 

and second floor) Classroom AC Unit assumed to be 18,000 BTUH, Office units 

assumed to be 12,000 BTUH). Including Safety assessment of existing electrical 

system to allow the addition of air conditioning units in all non-air conditioned 

classrooms and offices in the King Open School, 850 Cambridge Street. 

Notes: 

1. Classroom space includes spaces such as library, OT/PT, after school, pre-school, etc. 

2. Prior experience 

a. An experienced professional electrical engineer who is intimately familiar with the 

design, compatibility, arid functionality of sophisticated electrical equipment and 

complex interconnected power distribution systems. 

3. No power outages or exposure of live components during school hours. No power outages 

without prior written approval of CPSD administration. A minimum of working days is 

required to schedule any power outage. Power outages are limited to non-school hours. 

4. CPSD electricians will provide limited access to electrical switchgear and panels to allow 

visual inspection of interior components. CPSD electricians will be available to assist 

service provider's personnel as needed. 

5. Time Frame- Submit Assessment Report within 60 days of award. 

6. Meetings: 

a. Kick off meeting to tour school with CPSD electricians to familiarize service provider 

with location of electrical switchgear and distribution panel locations and conditions. 

b. Progress meeting at 30 and 60 days to review status, clarify questions, and coordinate 

work 

c. Assessment Report Review meeting, present findings to School Department 

administration. To occur one week after delivery of report with system assessments. 

7. Proposals are due by October 10th 

 

The Cambridge Public School Department is an equal opportunity/affirmative action 

employer 
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Appendix B - Photos 
1. Electrical switchboard 
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2. Main circuit breaker 
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3. Interior of the electrical switchboard with bare copper bus 

 

 
 

4. Typical Classroom Wiring 
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5. Panelboard “A2” 
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6. Panelboard “B2” 

 

 
 

 

7. Classroom with toaster oven, microwave, hot pot and portable stereo 

 

 
  

 

  

 


