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1. Introduction

The AO Enclosure system design is described in this note. It is based on NGAO Functional Requirements section 7.2 and KAON 501, Background and Transmission Budgets. Keck 2 was chosen for this level for design interface control decisions. The design is constrained by the telescope interface control model that was developed as part of this effort. The enclosure will house the optical relay subsystem in a clean/cold room located on the left Nasmyth platform. A proposal for a cold/clean room has been offered by Harris Environmental Systems. This proposal demonstrates our effort in applying industry proven solutions to the requirements for this enclosure.
2. Requirements
a. Emission, reflectivity and transmission of optical surfaces that can be control within the enclosure with temperature and contamination level controls.

KAON 501 concluded that ‘all candidate NGAO architectures require cooling the AO enclosure to 259 to 263 K’. There is some discussion that this analysis was done with clean optical surfaces, however no clear ‘clean room requirement was established. NGAO Functional Requirements section 7.2.1 specifies that the’ optical components are enclosed and cooled to -20° C. To establish a baseline for the cleanroom requirements for the system design a class 10,000 was chosen.
b. Humidity requirements for optics, electro-mechanical and electronic components.
Humidity requirements for electronics are typically below 90% relative humidity, non-condensing. To prevent ice buildup on optics the frostpoint must be below the ambient temperature within the cold room and because of the high risk to science the humidity will be control to 50%, giving a wide margin to prevent the buildup of ice. The humidity in the ante-room will also be controlled to 50% to prevent large changes when personnel enter the room. 
c. ICD for the K2 Left Nasmyth Platform including the Elevation Bearing
A 3 D model of the K2 telescope was made using Solidworks. This model is suitable for preliminary design. Critical dimensions need to be field verified before any components are manufactured to ensure proper clearances and connections. The model is maintained in CIT’s PDM Works database. A model of the system design AO enclosure has been added to the model.
d. Interaction with the Optical, Opto-mechanical, Electrical and Instrument design efforts to address issues of the limited volume for components.

The system design for the AO enclosure has made use of the full area of the left Nasmyth Platform of the K2 telescope. It has a working height of 8’6” with an overall height of 11’. The system design is based on rectangular measurement of 20’ x  30’. This will need to be changed during preliminary design to account for the outer radius of the platform and the snout the protrudes into the elevation bearing.
e. Output beam for IF

The optical design doesn’t provide output beams for the interferometer thus this system design for the AO Enclosure does not include this.
3. Budget and Schedule

a. Commercial Proposal
A proposal for feasibility and budgetary coast was solicited from a commercial supplier of cold/clean rooms, Harris Environmental Systems, Inc. The equipment supplied as part of the proposal includes all floors, walls, ceiling, redundant cooling and clean room process equipment, piping from the Keck machinery room and installation. The proposal is included in the appendix. 
b. Preliminary Design
The following tasks need to be done for the preliminary design:
1. Provide exact dimensions to the vendor for the room. Can they make a curved wall? This will require a set of interface control drawings.
2. Can the temperature/humidity control respond quickly enough to prevent temperatures swings above the frostpoint when people enter the room.

3. We will need to access the roof of the enclosures so the roof needs to have a live load specification.

4. A safety cage must be provided around the perimeter of the roof. All equipment on the roof must be design so that it does not interfere with the JLG access to the top of the dome of segment crane operation.

5. The insulation must be Factory Mutual approved.

6. The existing azimuth wrap is full. The gas bypass system requires fairly large lines and the wraps will need to be enlarged.
7. Need to add vibration isolation mounts to the fans and refrigerant lines.

8.  An insulated heated line needs to be added to the design to remove water from the dehumidified. The humidifier proposed is not acceptable.

9. A snout protruding into the elevation bearing needs to be added.

10. Dimming needs to be added to the lighting.

11. Adequate power might not be available and additional service to the telescope might be required.
12. There is enough room to install refrigeration system in K2 mechanical room, but not in K1.  

13. Additional power is required. This could be very expensive. A facilities engineer will need to design and specify the power system and installation of all equipment in the machinery rooms.
It is estimated that an engineer working with the vendor will spend 300 hrs specifying performance of the above for the preliminary design and 120 hours for the production of drawings. The above changes are not included in the vendor’s proposal. Modifications to the azimuth wrap and electrical service are not included.
c. Detailed Design
The detailed design will require production of fabrication drawings, final interface control drawings, and construction specifications. 
d. Fabrication, Installation and Test
Fabrication will be done by qualified vendors selected by competitive bid or sole sourced following Keck procurement guidelines. The enclosure vendor’s preliminary schedule quotes 7 weeks for fabrication, 6 weeks for installation, 2 weeks for test and 1 day for customer orientation. Given the nature of working on the summit of Mauna Kea the above times, except for fabrication should be doubled. This yields 7 weeks for fabrication and 16 weeks for installation and test. Shipping will most likely take 6 weeks by sea. 

The vendor quote includes 4 crewman for the installation and test. They will need to be supported by observatory personnel estimated to consist of one engineer and 2 technicians for the full 16 weeks.

The modifications to the azimuth wrap, machinery room and electrical power supply are not estimated here.

Appendix
Harris Environmental Proposal 

	Description:
	Furnish and install one (1) Freezer/ Clean Room, 20’0” x 30’0” x 11’0” H OD. The “working height” inside the room will be ~8’6”.

The Cleanroom is designed to operate at -20°C temperature and ±0.3°C control. Humidity in the room will be maintained below dew point to assure frost-free operation. Cleanliness in the Room will be Class 10,000 (ISO Class 7)

The entrance into the Main Room will be via the ante-room. The ante-room, 8’0”x8’0”x11’0” H OD, will operate at 0°C and ±0.3°C control. Humidity in the ante-room will be maintained below the dew point as well. Cleanliness in he ante-room will be Class 100,000 (ISO Class 8).

 Area surrounding the Room will be at -20°C to 30°C/5% to 95% RH and 14,000 ft elevation.
1. Wall Panels: 

The room structures supplied by Harris Environmental Systems will consist of 4” cam-lock type urethane insulated panels with 0.032” white embossed aluminum interior and exterior finishes. All panels will join with camlocks at panel edges. 

For this project, Harris will furnish Class 1 panels complying with ASTM E84 standard: flame spread less than 25 and smoke density less than 450. 
Seismic restrains, engineering calculations with PE stamp are included in this proposal.

2. Doors: 


· Equipment: Double leaf door, 8” x 8’, in-fitting, flush-mounted type will be provided for handling instrumentation

· Personnel: entrance doors for the Main Room and ante-room will be 36”x80”in-fitting, flush mounted type. The door will have heated jamb, chrome-plated hardware with satin finish, and 14”x14” heated window located 4’6” AFL.

3. Floor: 

Both rooms will be supplied with 4” insulated floor. The floor will have 16 ga galvanized steel top rated for 600 PSF load capacity. 

4. Conditioning System: 

Pressurized ceiling plenum, 3-line hot gas by-pass design and fan/filter HEPA modules will be employed to achieve desired uniformity and cleanliness. The plenum will be fabricated from 1 ½” cleanroom gasketed aluminum grid and cleanroom solid tiles. The cooling system for the room will have 100% redundancy.

Return Air Wall will be employed to supply air to evaporators in both rooms. Return Air Walls will be fabricated from 0.062 white smooth aluminum.

The Main Room plenum will house four (4) evaporators (two are for redundancy), twelve (12) grid-mounted cleanroom style light fixtures and eight (8) HEPA fan/filter modules. 

The ante-room plenum will house two (2) evaporators (one is for redundancy), two (2) grid-mounted cleanroom style light fixtures and two (2) HEPA fan/filter modules.

All HEPA fan/filter modules are configured for operating in a freezer.

All evaporators will have copper tube-aluminum fins coil, aluminum housing and drain pan. Additionally, evaporators will be configured for manual hot gas defrost (emergency). 7/8” copper tubing will be furnished for the condensate drain.

Munters Ice-Dry 1400 desiccant dryer specifically designed for freezer application will be employed for reducing humidity in both rooms below dew point. The dryer will be located in the main room. 

5. Lighting:

Fluorescent-type, grid-mounted Troffer fixtures with 48” F32 T8 3500K bulbs will be employed for lighting. 

Illumination in each room will be 70 ft-candles at 36” AFL.

Power for light fixtures will be 120 V. 

6. Control Panel: 

Controls for both rooms will be housed in white NEMA-1 enclosure. The Control Panel will be surface-mounted and will be located next to the entrance into ante-room. The control panel will include two (2) Honeywell UDC 2500 PID controllers for independent temperature monitoring and control, alarm board, auto-switch-over for redundancy and 10” two-pen circular chart recorder. Additionally, speed controller for HEPA fan/filter modules in the main room is included.

3-wire RTD probe will be employed for temperature measurement.

Complete Control Panel assembly complies with UL 508 standard and will be labeled as such. 

Personnel emergency alarm for the Main Room is included.

Power to control panel will be 208V/3ph/4-wire.

7. Refrigeration:

Two (2) air-cooled condensing units (one (1) for redundancy) and R-404A refrigerant will be employed for each room. 15 HP semi-hermetic compressors will be employed for the Mane Room whilst 2 HP semi-hermetic compressors will be employed for the ante-room. 

Power to each condensing unit will be 208V/3ph/3-wire.

8. Installation:
This project will be open shop. Start-up and test will be by Harris union personnel.

9. Warranty (from the substantial completion):

· Compressors are guaranteed for 5 years

· All other major components are guaranteed for 1 year




Total Budgetary Price:

                            $599,950.00

Taxes are not included

Clarifications:
· EMT conduit and fittings will be employed for concealed wiring; all exposed conduits will be PVC coated conduits

· Power to the desiccant dryer will be from the room Control Panel

· Electrical and data outlets are not included

· Desiccant dryer will operate continuously

· 250’ of refrigeration piping for each system is included in this proposal

· This proposal assumes availability of loading dock and freight elevator (if required)

· Due to specialized nature of the project, four (4) men crew from the Continental US will be employed for installation

· 8” dia. Optical insulated window is not included in this proposal

Preliminary project schedule:

· Submittal package: 2 weeks after receipt of the order

· Fabrication: 6-7 weeks after approval of the submittal package

· Installation: 5-6 weeks

· Start-up and test: 2 weeks

· Customer orientation: 1 day

Reference Projects:

· Abbott Laboratories, MA

· Cold/Clean Room (Class 1,000/Class 10,000)

· $225K

· 2006

· Duke University, NC

· Archival Vault (50°F/30%RH)

· $1M

· 2006

· Amgen, RI

· Cold and Freezer Vaults (4°C/-20°C)
· $3.8M
· 2002
· Roche Molecular Systems
· Freezer and Cold Rooms (4°C/-20°C)
· $2M
· 2003
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