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[bookmark: _Toc139251085][bookmark: _Toc139690203][bookmark: _Toc139690646][bookmark: _Toc151365060]A modified Data Center Survey of the existing computer rooms was conducted and findings summarized in Section 5.0. 
Existing conditions of the areas reviewed in this survey are reported, along with any risk identified in the analysis, to provide background to support the need for a dedicated space for student affairs.  These findings are not intended to be a full assessment nor is it a recommendation for any changes to the existing facilities, as that not the scope of this report. 
Below is a visual summary of the findings from a survey of existing Data Center facilities.
Items flagged as “High” represent critical items that could result in the loss of data, damage to network equipment or present a life safety risk. 
“Medium” items, under certain circumstances, could result in data loss or damage to network equipment but do not present an imminent threat to the network.  
“Low” risk items present some degree of inefficiency to data center operations but do not pose a risk to data or network equipment.
A number of medium to high risk issues were observed during the University of Montana Division of Student Affairs survey.  

	
University of Montana Division of Student Affairs Data Center Risk Matrix

	Risk
	N/A
	Low
	Medium
	High

	Physical Location
	
	X
	
	

	Cooling Configuration
	
	
	X
	

	Cooling Capacity
	
	
	X
	

	Recorded Temperatures
	
	
	X
	

	Recorded Humidity Levels
	
	X
	
	

	Distribution Air Flow
	
	
	X
	

	Fire Suppression
	
	X
	
	

	Equipment Grounding
	
	X
	
	

	Raised Floor
	
	X
	
	

	Cable Management
	
	
	X
	

	Electrical Systems
	
	
	
	X

	Seismic Bracing
	
	X
	
	

	Green Grid Efficiency Rating
	
	
	X
	


[bookmark: _Toc208743856][bookmark: _Toc137995137][bookmark: _Toc137999297]Objectives
University of Montana Division of Student Affairs desires a single data center space to provide an environment suitable for current and future data processing needs. It is also desired that this space be utilized in the most efficient manner as a first step to generate the smallest carbon footprint to align with campus green initiatives.  Growth is expected to continue over the next five to eight years along with a separate consolidation through virtualization initiative. As a result, University of Montana Division of Student Affairs is planning now to build data center capability and is seeking help to incorporate design considerations for HVAC, Power/Cooling, Plumbing and Space for their data center to support up to 10 Racks of Servers in a 12 X 24 foot space.
University of Montana Division of Student Affairs has decided conduct a cursory Data Center Survey.  University of Montana Division of Student Affairs wishes to do this in order to assist in capturing current requirements and aid in the conceptual facility design requirements to meet current future needs. 
University of Montana Division of Student Affairs has made significant investments in its server infrastructure over the years and with increased server density proper cooling and power density of the data center has become a concern under the existing shared services model.
University of Montana Division of Student Affairs has experienced unexplained shutdowns of some servers within the data center as well as repeated maintenance periods to rebalance balance power within the cabinets.
University of Montana Division of Student Affairs has committed to the deployment of higher density server solutions and focused consolidation and virtualization efforts within the next 12 months.  As such, University of Montana Division of Student Affairs is undertaking a pro-active analysis of their data center environment.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]With this in mind, University of Montana Division of Student Affairs plans to assess its server infrastructure to:
Gain an understanding of the cooling issues present in the data center.
Eliminate server thermal shutdowns and increase uptime and enterprise reliability.
Understand how to reduce energy consumption.
Determine if they are in compliance with data center cooling and power best practices.
Substantially eliminate downtime for planned server maintenance.

[bookmark: _Toc165098073][bookmark: _Toc208743857]Data Center Survey 
To pinpoint specific areas of concern regarding data center cooling, Dell Services conducted a modified Data Center Survey of University of Montana Division of Student Affairs’ current shared data center environment.
Dell has designed this Survey to: help you make informed decisions on how to provide proper cooling for your server infrastructure; evaluate the impact of deploying additional servers in your data centers; and determine the benefits that you can achieve through implementation of proper precision cooling best practices and proper sizing of cooling systems to the environment they must support.
In this modified survey, Dell explored how University of Montana Division of Student Affairs shared facilities presently provides precision cooling of its existing data center, the capacity of the current cooling infrastructure and the impact that the deployment of additional server hardware would have on the data center environment.
The goals of the modified assessment were to: 
Document the environmental conditions present in University of Montana Division of Student Affairs’ existing data centers.
Document, where possible, the server equipment deployed in University of Montana Division of Student Affairs’ shared data centers along with the equipment’s associated connected electrical load specifications. 
Based on the data gathered:
Project the requirements into the proposed new dedicated data center space once preliminary conceptual designs are approved.
Develop a set of three-dimensional data center Computational Fluid Dynamic Model of the new facility.
Deliver a Proposed Budget for the project based on CSI categories.
Deliver an estimated Schedule for the project.
In conducting this modified assessment, Dell deployed a highly skilled engineer to University of Montana Division of Student Affairs’ shared data centers, conducted on site interviews, collected a set of thermal data, performed a basic survey of data center systems and gathered connected electrical load data on approximately 50 servers.  Drawing on our data center physical infrastructure experience, we then analyzed the data to assess the thermal conditions, operating efficiencies and expansion possibilities for University of Montana Division of Student Affairs new data center. 
[bookmark: _Toc208743858]  Summary of Findings
Connected Load

The approximate total connected load of the enterprise in room LA004, as measured by the individual circuits and verified from the dedicated UPS measured load, is approximately 8 kW.  The additional shared spaces add an additional 2 kW.  However, based on the server inventory the maximum anticipated load is approximately 13.1 kW.
Thermal Load
The approximate total thermal load generated by the enterprise, as derived from the maximum anticipated load, is approximately 42,572 BTU/Hr.
Recorded Rack Temperatures
Even though the average temperature of the equipment racks throughout the data center is 75°F, there are three (3) racks of equipment that have reached temperatures at the 35U level that have exceeded or are close to exceeding the manufacturer’s 77.0°F guideline for maximum inlet air temperature. The three (3) racks in question are located in LA004 Racks 13-15.
The temperatures at these equipment racks range from 63.0°F to 95.0°F (see Section 2.0). With temperatures exceeding manufacturer’s guidelines the MTBF (mean time between failures) could decrease and the life expectancy of the equipment could be shortened.  As a general guideline, every 18°F +/- increase above nominal ambient temperatures produces a 50% reduction in long-term reliability of IT hardware.
The majority of the variance in these racks is due to the short cycling of the exhaust to the intake side of the rack.  This can be minimized or eliminated by the use of blanking panels in the racks.
Recorded Humidity Levels
The average relative humidity in front of the racks was recorded as 54.1%. The optimal ambient relative humidity is 50%. Normal industry practice is to maintain a relative humidity level of 40% – 50% relative humidity (where 50% humidity is optimal) in a data center environment to ensure the possibility of Electrostatic Discharge (ESD) is kept to a minimum.
The highest recorded relative humidity level at the front of the racks was 66% at Room LA034B Rack 1 RU42.  This level is 16% above the optimal relative humidity level of 50%.
Humidity levels above 50% will increase the likelihood of corrosion in metal chassis and structures while levels below 50% will increase the danger of electrostatic discharge (ESD).  Humidity below 35% constitutes an extreme danger to a data center due to the likelihood of electrostatic discharge. 
The three equipment cabinets in the main shared services data center Room LA004 are not equipped with filler panels in their unoccupied “U” spaces. Installing filler panels will allow cool air to flow evenly from the bottom of the rack to the top and will help prevent the intrusion of warm exhaust air into cool air supply areas. By installing filler panels, network equipment will stay cooler and help to maximize the life expectancy of the electronics and load on the precision cooling. 

Precision Cooling
Shared data center area cooling is provided by a wide variety of small precision computer room air conditioners (CRAC’s) and floor fans configured in a stand-alone, non-redundant fashion. The cooling plant is not supplied with back-up power except in Room LA004.  
The cooling capacity is sufficient to handle the total calculated worst case thermal load presented by the enterprise today.  The existing method of cooling is not sufficient to handle a modest additional load of 15%.

Recorded Temperatures
The average ambient temperature recorded at the front of the racks was 75.0° F.
The optimal ambient temperature is 70.0° F.
The highest temperature recorded at the front of the racks was 95.5° F at Room LA004 Rack 15 RU 20.  This temperature is 25.5° F above the optimal temperature of 70° F.
Cable Management
Cable management is a significant problem in the shared cabinets.  No stress clips we observed to keep power plugs from being pulled out of the server or power strip by the weight of the cord or by a technician manipulating power or network cabling.  The excess cable is a significant contributor to the “short cycling” within the cabinets of the exhaust air to the intake side of the servers.
The cable management in the shared services data center needs significant attention to address.  This is considered High Risk for short cycling of exhaust, cable and power tension issues causing unplanned outages, as well as making troubleshooting extreme difficult.

[bookmark: _Toc208743859]Recommendations
Based on the results of our modified Data Center Survey of the existing shared services data center areas, we strongly recommend that University of Montana Division of Student Affairs undertake the following remediation measures for the existing shared services data centers.
Cooling Configuration
LA004 area cabinets should be restacked to better utilize the rack unit space.  By closing the open spaces between the servers and cleaning up the cabling the cabinets will run much cooler and minimize short cycling air flows.  The use of a product such as APC InRow RC units should be used due to the limited amount of floor space and overhead clearance for placing traditional cooling systems. These units have variable capacity to reject up to 30 kW per unit.
Temperatures
Making rack configuration adjustments the wide variance of temperatures within the racks will become more uniform.
Humidity Levels
Consider adding small dehumidifiers in the smaller areas where high humidity is becoming and issue.  This may be seasonal. 
Bypass Airflow
By sealing the raised floor cutouts the distribution air flow can be better controlled and the static pressure under the raised floor will increase and help direct a larger volume of cool air to the intake sides of the server racks.
Equipment Grounding
Ensure that the data center is compliant with applicable standards including the NEC, ANSI/TIA-942, J-STD-607-A-2002, IEEE Std 1100-1999, etc.
Raised Floor System/Sub-floor Plenum
Floor cutouts should be properly sealed and the under floor plenum be thoroughly cleaned to remove debris, replace damaged floor tiles, install of appropriate grounding kits, seal wall joints, and add/remove perforated tiles where needed.
Cable Management
Install additional or appropriate cable management devices, label cables, patch panels, replace damaged cables, remove unused cables and shorten power and network cables to minimize excess and airflow obstructions.
Electrical Systems
Replacing 120V power strips with 208V power strips will increase efficiency of the power supplies and UPS by 5-8%.  Care should be taken to verify older equipment which may be using manually switched power supplies.
[bookmark: _Toc208743860]Data Center Survey Observations
[bookmark: _Toc170791588][bookmark: _Toc208743861]  Description
The University of Montana Division of Student Affairs shared data center spaces are located across the University of Montana – Missoula Campus.  The enterprise consists of approximately 50 server devices deployed in 5 equipment enclosures.  Enclosures are located in shared data center areas and closets in Room LA004 (3) and in Room LA034B (1) of the Liberal Arts Building, as well as in Griz Card Center office (1) in the University Center.  The enterprise is mission critical and provides support services to a user base of approximately 14,000 students.
[bookmark: _Toc208743862]Recorded Observations


 
Fig. 1	Equipment Inventory




Fig. 2	Power Readings





Fig. 3	Perforated Tile Air Flow Volumes and Velocities Readings






Fig. 4	Temperature Readings





Fig. 5	Humidity Readings

[bookmark: _Toc170791603]Equipment Enclosures
Inspection of the shared data center LA004 equipment enclosures revealed the absence of blanking panels to prevent the mixing of warm and cool air between the equipment cool air intakes at the front of the enclosure and the hot exhaust air at the rear.



Fig. 6	LA004 Racks 15, 14, 13 Exterior (Left to Right)
   

Fig. 7	LA004 Racks 15, 14, 13 Front (Left to Right)


Cable Management
Cable management is a significant problem in the shared cabinets.  No stress clips we observed to keep power plugs from being pulled out of the server or power strip by the weight of the cord or by a technician manipulating power or network cabling.  The excess cable is a significant contributor to the “short cycling” within the cabinets of the exhaust air to the intake side of the servers.

   

Fig. 8	LA004 Rack 15 Top and Bottom Rear
   

Fig. 9	LA004 Racks 14 and 13 Rear


  

Fig. 10	LA004 Racks 13, 14, 15 Top Rear


Fig. 11	LA004 Racks 13, 14 Tile Cutouts Rear

[bookmark: _Toc170791602]Tile Cuts
The shared data center in LA004 is equipped with a raised floor and 3 tile cuts penetrating the floor have been made to accommodate the passage of data and power cabling from the sub-floor plenum to the data center equipment. The total tile cut area is 123 sq. in.  Inspection of the tile cuts revealed that they are inadequately sealed to maintain plenum pressure. 
Raised Floor System/Sub-floor Plenum 
The shared data center area in LA004 is equipped with a raised access floor system.  The sub-floor plenum is 4-6 inches in depth, used for cable distribution and management, as well as to distribute cool air throughout the data center.  Cable observed in the plenum was disorganized and obstructed cool air flow.  Plenum space was observed to have significant dust and debris.
[bookmark: _Toc170791604]Building Air
With the exception of LA004, the shared data center areas are cooled by the building air system or spot coolers.  The building air system is not configured to prevent the infiltration of warm air into the data center.  The building air system provides adequate filtration to prevent the introduction of particulate matter into the data center. 
Physical Access and Security 
The shared data center areas are equipped with physical security and access control systems consisting of one of the following: badge, cipher lock, or key lock.


Fig. 12	LA034B Rack Front

Seismic Bracing
The shared data center areas are not equipped with seismic bracing.

[bookmark: _Toc208743863]Proposed Data Center
This section provides a conceptual design based on the findings and observations from University of Montana Division of Student Affairs Data Center Survey. 
[bookmark: _Toc208743864]Physical Location
The proposed University of Montana Division of Student Affairs data center is being considered for the basement floor of the Curry Health Center Building located at:

634 Eddy Ave
Missoula, MT 59812

Analysis of the location indicates the site is at low to moderate risk from external hazards due to Seismic area. 



Fig. 13	United States Geological Survey Seismic Zone Map

Flood – The proposed building does not appear to be within the flood plain.
Aircraft Approach/Departure Route – The building is not to be on the final approach path or departure route of the airport which is ~7 miles away.
Railway Vibration – The proposed building is not adjacent to a railroad track.
Tornado - The proposed building is not in an area prone to tornadic activity.
Hurricane - The proposed building is not in an area prone to Hurricane force winds and tidal surge.
Wildfire - The proposed building is not in an area where forest/brush fires present a hazard.
Landslide/Avalanche The proposed building is not situated in an area that is in the path of debris from a landslide or avalanche.
Severe Winter Weather - The proposed building is located in an area of the Country in which severe weather could interrupt operations, electricity or WAN connectivity. 


Fig. 14	Curry Health Center Building


  

Fig. 15	Aerial View of Data Center Site Location





Fig. 16	Existing Shared Sites (Blue) and Future Dedicated Data Center (Red) Site Locations
[bookmark: _Toc208743865]Data Center Description
The Curry Health Center building is a three story brick building of sound construction which has been expanded from its original footprint.  Basement floor areas are accessible from street level by an elevator and stairs.  Ingress and egress to the facility are provided by a single 3 ft door with standard key locks.

The proposed data center space is generally rectangular in shape and measures 12 feet in width by 21 feet in depth.  The total enclosed area of the room is 252 square feet and enclosed volume is 2,604 cubic feet.  The slab to slab vertical dimension of the data center is 11 feet 8 inches (10 ft 4 inches clear).
Room 072, the proposed data center space, is a vacant file storage room at the same elevation as the adjoining hallway and rooms.  The space is in the process of being emptied and is expected to be unoccupied by the end of August 2008.  Rooms 070 and 071 are the expanded building’s electrical and mechanical rooms respectively.  

The proposed data center space is not equipped with a raised floor and the existing interior walls are approximately 8 ft 6 in high.  The only notable obstruction is above the existing drop ceiling is the 4 in fire sprinkler main line approximately 6 in above the drop ceiling.
 
The room is currently cooled by the building dual well chilled water system with VAV zone control.  There are no UPS or power distribution units currently installed. 

Fig. 17	Building Basement Floor Plan
[bookmark: _Toc208743866]Room 070 Electrical Room Photos
   




   

   
[bookmark: _Toc208743867]Room 071 Mechanical Room Photos
   

   
   













[bookmark: _Toc208743868]Room 072 Data Center Photos
  

   


  
  
   







[bookmark: _Toc208743869]Room 073 Adjoining Conference Room Photos
  [image: U0fM_ 054]  [image: U0fM_ 073]
[image: U0fM_ 074]
[bookmark: _Toc208743870]  Building Generator Photos
[image: U0fM_ 075]

[bookmark: _Toc208743871][bookmark: _Toc137995130][bookmark: _Toc137999290][bookmark: _Toc163974848][bookmark: _Toc165098076]Conceptual Design
[bookmark: _Toc208743872]Electrical and Mechanical Room Plan


[bookmark: _Toc208743873]Data Center Cooling Plan

[image: C:\Users\Tony Massing\Desktop\Visio-DataCenter_Proposal_v3.jpg]

[bookmark: _Toc208743874]Data Center Power Plan


[bookmark: _Toc208743875]Data Center Consolidated Plan

[bookmark: _Toc208743876]Connected Load
A beginning critical load of 13.1 kVA was used.  Assuming an 8 year growth rate of 10%/yr the design load should be baselined at 28.2 kVA of server load.  Extrapolating a 20%/yr growth rate would require 56.5 kVA.



Fig. 18	Connected Load Growth Projections

[bookmark: _Toc208743877]Thermal Load
The maximum heat load produced by the existing equipment is calculated to be 42,570 BTUs/Hour requiring a total of 5.5 tons of sensible cooling capacity to dissipate.  Best practice recommends that the cooling unit(s) be sized to operate at 80% of maximum load in an N+1 capacity.  To dissipate the thermal load at 10% and 20% growth rate would require total of 12 and 24 tons, respectively.



Fig. 19	Thermal Load Growth Projections

[bookmark: _Toc208743878]Enterprise Growth
University of Montana Division of Student Affairs plans to grow its technical computing environment density at a rate of between 10 - 20% per year over an eight (8) year period for a projected growth of 214 - 430%.  The charts below represent the technical infrastructure capacity required to support the growth over the next eight (8) years.  
Based on the design of the new facility there will be footprint area for a 140% increase in space although the densification of the hardware and software technologies should outpace the need for additional space within the time period.

	University of Montana Division of Student Affairs
Data Center Future Growth Chart (10% yr/yr)

	Time Frame
	Watts 
	10% Growth
	Total Watts
	BTU’s
	Tons
	kVA

	Present
	12,484
	N/A
	12,484
	42,572
	3.5
	13.1

	Year 1
	13,733
	1,373
	15,106
	51,512
	4.3
	14.5

	Year 2
	15,106
	1,511
	16,617
	56,663
	4.7
	15.9

	Year 3
	16,617
	1,662
	18,278
	62,329
	5.2
	17.5

	Year 4
	18,278
	1,828
	20,106
	68,562
	5.7
	19.2

	Year 5
	20,106
	2,011
	22,117
	75,418
	6.3
	21.2

	Year 6
	22,117
	2,212
	24,329
	82,960
	6.9
	23.3

	Year 7
	24,329
	2,433
	26,761
	91,256
	7.6
	25.6

	Year 8
	26,761
	2,676
	29,437
	100,382
	8.4
	28.2

	
	
	
	

	
	
	

	University of Montana Division of Student Affairs
Data Center Future Growth Chart (20% yr/yr)

	Time Frame
	Watts 
	20% Growth
	Total Watts
	BTU’s
	Tons
	kVA

	Present
	12,484
	N/A
	12,484
	42,572
	3.5
	13.1

	Year 1
	14,981
	2,996
	17,977
	61,303
	5.1
	15.8

	Year 2
	17,977
	3,595
	21,573
	73,564
	6.1
	18.9

	Year 3
	21,573
	4,315
	25,888
	88,277
	7.4
	22.7

	Year 4
	25,888
	5,178
	31,065
	105,932
	8.8
	27.3

	Year 5
	31,065
	6,213
	37,278
	127,118
	10.6
	32.7

	Year 6
	37,278
	7,456
	44,734
	152,542
	12.7
	39.2

	Year 7
	44,734
	8,947
	53,680
	183,050
	15.3
	47.1

	Year 8
	53,680
	10,736
	64,417
	219,661
	18.3
	56.5



Fig. 20	Enterprise Load Growth Projections
[bookmark: _Toc208743879]Cooling Configuration
For this conceptual design Dell recommends the use of the existing chilled water loop used for building cooling.  In-Row Computer Room Air Conditioning (CRAC) units provide cooling distribution within the data center needed to maintain the data center environment at optimal temperatures depending on the growth rate.  A piping grid in the ceiling of the adjacent hallway will provide supply and return chilled water between the CRAC units and the adjacent mechanical room (Room 071).  No raised floor is required and piping, power and signal cabling will be overhead.
To achieve the optimal data center temperature of 75° we recommend installing three 10 ton In-Row CRAC units of similar size for N+1 redundancy.

[bookmark: _Toc208743880]Cooling Capacity
The optimal ambient temperature, per ASHRE Guidelines is 67-77.0° F.  Computational Fluid Dynamics (CFD) Modeling is used to validate the design for various loading and failure scenarios (see section 7.0 for results). 
As you can see from the models, when all units are running the intake temperatures remain within ASRAE specifications for the Yr 1 initial load (Figure 21 - 13kW), Yr 8 10% yr/yr growth (Figure 22 - 28kW), and Yr 8 20% yr/yr growth (Figure 23 - 57kW).  The only marginal coverage within the data center area is when the single unit failure (or maintenance) scenarios are tested.
Although the inlet temperatures rise during the left and center unit failure modes they are at the upper range of ASHRAE specification for normal operating temperatures.  (See Figures 24 and 25).  Only in the right unit (closest to the door) scenario do the inlet temperatures rise to unhealthy levels (~95+° F).  Servers can run at the elevated temperature for short durations < 4 hrs at these temperatures but longer periods can begin to affect MTBF and can increase component failure or thermal shutdown.  The design is such that opening the entrance door, providing a floor fan, or simply reducing the Row C load fan while the unit is being repaired will significantly reduce this exposure.

[bookmark: _Toc208743881]Fire Suppression
For this data center, it is recommended that a FM200 Gaseous (waterless) Fire Suppression system be implemented. This FM200 Fire Suppression system is manufactured by Chemetron Fire Systems.  In addition, the data center should be equipped with a VESDA aspirating smoke detection system with alarms provided by a general building fire alarm as required by NFPA 72.

[bookmark: _Toc208743882]Electrical Systems
[bookmark: _Toc208743883]Service Entrance
The proposed data center facility Main power (“grid power”) is fed via a single path from the local electric utility company.  The grid-supplied power feeds the expanded building via a 1600 Amp, 208 Volt, Three Phase entrance.  Power will be supplied to the data center via this main panel board.  There are three existing circuit breakers of 400A (Panel Main F1), 600A (Panel K), and 800A (Panel 3E4-P) respectively.  
There is sufficient capacity within this switchgear to provide up to ~335 kVA to a potential data center and still be within the 80% recommended rating.
[bookmark: _Toc208743884]UPS (Uninterruptible Power System)
 A UPS system could be feed from the main panel with a 208/120V power feed protected by a main circuit breaker. 
The connected load of the existing equipment being relocated and consolidated to this new area is calculated as 13.1 kVA (see the Data Center Study Observations presented in Section 2.0). Utilizing the maximum connected load as the benchmark for UPS sizing, and allowing for a 25% margin above the maximum connected load, a 35 kVA (10%/yr growth) or up to a 70 kVA (20%/yr growth) UPS system would be theoretically sized for the present and future eight year computing equipment.  We recommend a redundant UPS capacity of at least 40 kVA with expandability to support the existing and future needs of the enterprise.
[bookmark: _Toc208743885]PDU (Power Distribution Unit)
Although a UPS could be selected with a PDU cabinet attached for local power “whip” or wire mold outlet distribution Dell recommends considering using an overhead busway.  Universal Electric Corporation Track Busway system provides maximum flexibility for power distribution to the cabinets.
Power outlets can be added with a simple plug-in module without requiring an electrician.  In this manner power to the equipment racks can be delivered directly overhead in a 208V, three (3) phase busway (up to 225A) and then stepped down to single or three phase 208V or single phase 120V 20A or 30A outlets by inserting the appropriate module. 
[bookmark: _Toc208743886]Emergency Power Off (EPO) System
Emergency Power Off (EPO) buttons should be installed at each ingress/egress door. EPO’s are critical life safety devices designed to interrupt the flow of power when a situation demands that electricity be cut off over preserving the integrity of computer equipment and data. When activated, the EPO system instantaneously de-energizes the enterprise. Typically EPO’s are activated in the case of fire or electrocution.
[bookmark: _Toc208743887]Generator
The proposed building is partially protected by a Cummins Onan Power Generation generator of undetermined capacity (See section 3.8 for photos).  Cummins generator is fueled by diesel and is in a sound attenuated enclosure.  An Automatic Transfer Switch (ATS) was not determined or located during the inspection.
Cabinets Loading Profiles


Fig. 21	Scenario 1 – 13 kW Load - Y1 Load


Fig. 22	Scenario 3 – 28 kW – Y8 (10% yr/yr) Growth Projection



Fig. 23	Scenario 3 – 57 kW – Y8 (20% yr/yr) Growth Projection
v

[bookmark: _Toc208743888]Physical Security & Access Control
The new data center facility should utilize a badge access with so some level of logging is created when the room is accessed.

[bookmark: _Toc208743889]Seismic Bracing
According to the United States Geologic Survey (USGS), the proposed University of Montana Student Affairs data center location indicates the site is at low to moderate risk from external hazards due to seismic activity and does not require seismic bracing for compliance.  However, dor critical systems this is still recommended as a best practice. (See Section 3.1 for map)

[bookmark: _Toc208743890]Red Flag Items
The proposed new facility area is expected to have sufficient power and cooling in close proximity to the load.  However, the facility is located adjacent to a heavily used conference room.  Vibration and equipment mechanical noise abatement could pose a medium risk to the project (See Section 3.6 for photos). 

[bookmark: 1033924][bookmark: 1033938][bookmark: 1033940][bookmark: 1033943][bookmark: 1033946][bookmark: 1034026][bookmark: _Toc208743891]Next Steps
Based on the approval of the conceptual design provided in Section 4.0 Dell can help University of Montana Division of Student Affairs finalize the design and implement an environment suitable for current and future data processing needs.












[bookmark: _Toc170791667][bookmark: _Toc208743892]  Power and Cooling Conventions Used in this Assessment
Dell is a member of the Thermal Management Consortium. As a contributing member of this consortium, Dell is aligned with its fellow members in the belief it is critical to support the practice of determining equipment load by its “as-configured” state rather than the nameplate rating. 

The nameplate rating is a power rating mandated by IEC 60950[7] which states under clause 1.7.1 that manufacturers must ensure that, “Equipment shall be provided with a power rating marking, the purpose of which is to specify a supply of correct voltage and frequency, and of adequate current carrying capacity.” In the case of Dell and other major manufacturers, that value is determined early in the product development cycle and by design will grossly overstate the equipment load. Engineers are tasked with determining the very worst possible case scenario and then adding some to arrive at this number. If this process is done correctly, equipment load will never reach the nameplate rating because exceeding this value would violate the mandate. 

 To assist customers in this effort to understand the expected load for planned purchases and existing inventory, Dell provides a tool at www.dell.com/calc called the, “Data Center Capacity Planner” that provides a means to quickly and accurately determine cooling and power requirements based on actual components installed in devices.

Allowable and acceptable environmental condition ranges discussed in this report adhere to American Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc. (ASHRAE) technical committee 9.9 (TC 9.9) recommendations for data processing environments. 

ASHRAE is recognized as the unbiased engineering leader in HVAC and an effective provider of technical information for the industry. As an international standard-setting body for data center design and air quality, they are committed to the development of standards, compliance and promulgation of data center, “best practices.” 
   
For more information on ASHRAE, visit www.ashrae.org  

Once the as-configured maximum current draw data is determined, it is recorded and, for each component, the maximum wattage or amperage is multiplied by the number of installed power supplies to develop the baseline totals from which the temperature calculations are made.
Maximum Wattage or Amperage is accepted as a “best practice” baseline for calculating theoretical potential heat loads generated by a network device. The potential heat load is expressed in British Thermal Units produced per hour of operation (BTU/Hr.). This is calculated using the conversion factor of 3.414 BTU/Hr. per Watt of electrical energy consumed.  For example, if a network device is specified by the manufacturer to consume 100 watts at its maximum operational output, the corresponding heat load of that device would be 341.4 BTU’s/Hr.
Conversely, real time power measurements represent only a snapshot in time. The instantaneous real time measurement of electrical loads may be recorded during a down cycle or other anomaly causing an unrealistic view of power consumption.  Additionally, variations in real-time power usage preclude and the development of an accurate baseline unless usage data is recorded over extended periods of time and the raw data subjected to rigorous statistical analysis that is beyond the scope of this Assessment.
It is often necessary to convert voltage, amperage and wattage values into kW, kVA and BTU. These mathematical conversions allow a broad range of calculations that provide insight to the overall power consumption and thermal loads found in IT spaces.  




[bookmark: _Toc208743893]Appendix A – CFD Modeling


Fig. 21	13kW Load – All Units Running (Yr 1 – Present)


Fig. 22	28kW Load – All Units Running (Yr 8 – 10% yr/yr)


Fig. 23	57kW Load – All Units Running (Yr 8 – 20% yr/yr)


Fig. 24	57kW Load – Left Unit Fail (Yr 8 – 20% yr/yr)


Fig. 25	57kW Load – Center Unit Fail (Yr 8 – 20% yr/yr)


Fig. 26	57kW Load – Right Unit Fail (Yr 8 – 20% yr/yr)
[bookmark: _Toc208743894]Appendix B – Preliminary Bill of Materials

	Bill of Materials
	
	
	

	
	
	
	

	Description
	Qty
	Price
	Extended

	Liebert NX UPS (40-80 kVA Expandable Capacity)
	2
	
	

	APC 30 kW In-Row RC (Chilled Water)
	3
	
	

	  Supply and Return Header (LF)
	100
	
	

	  Horizontal TAP Runs (LF)
	90
	
	

	Starline Busway (225 A)
	
	
	

	    10 ft Housing section cut to 9 ft
	6
	
	

	    CT (Circuit Monitoring)
	2
	
	

	    Double Lug End Power Feed
	4
	
	

	    Single Lug End Power Feed
	2
	
	

	    Circuit Breaker Plugin w/2xL620 Receptacles
	10
	
	

	    Install Tool
	1
	
	

	    Hangers
	20
	
	

	    End Cap
	6
	
	

	    Housing Coupler
	6
	
	

	Power Strips (C-24VD2-C20)
	10
	
	

	Cabinets
	10
	
	

	Grounding Bus
	1
	
	

	FM200 Fire Supression System
	1
	
	

	VESDA
	
	
	

	Patch Panels (24 Port RJ45 CAT6)
	24
	
	

	DEMARC Patch Panel (Fiber) To IT Network
	1
	
	

	48 Port Network Switch (10/100/1000)
	
	
	

	  Root Switch (Uplink) - 3COM 4500G
	1
	
	

	  LAN Switch - 3COM 2948
	2
	
	

	12" Ladder Rack (LF)
	48
	
	

	  All Thread Hangers
	6
	
	

	  Wall Attachments
	5
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc208743895]Appendix C – Preliminary Project Schedule




















[bookmark: _Toc208743896]	Appendix D – Proposed CSI Formatted Budget
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