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Summary 

ALS BEAMLINES INITIATIVE 

SECTION 1 

INTRODUCTION 

This section summarizes the Conventional Facilities included in the scope of the 
Advanced Light Source (ALS) Beamlines Initiative project. More detailed information 
covering scope, cost and schedule is included in sections that follow. 

The ALS Beamlines Initiative facilities will be located on the second floor of existing 
Building 6 within the ALS Complex as shown on the drawings in Section 5. Drawing 
A-1 shows the location of the proposed facilities on the Lawrence Berkeley Laboratory 
(LBL) site. 

The ALS Beamlines Initiative facilities will occupy a total of 25,200 gross square feet 
(GSF). The floor area is developed in two sections, A and B, as shown on Drawing A-
2. Section B, 5,000 gross square feet , is also included in the FY 1992 Conceptual 
Design Report for "ALS Structural Biology Support Facilities." Section B will be 
deleted from this submittal in case the ALS Structural Biology Support Facilities is 
funded. 

Project Justification 

Important new research opportunities in fields ranging from material and surface 
science to structural biology will come about as a result of the construction, currently 
under way, of the Advanced Light Source (ALS) at the Lawrence Berkeley Laboratory. 
Investigators from industry, universities, and national laboratories will have access to 
this facility's unique product: very short pulses of high-brightness ultraviolet radiation 
and soft x-rays. Funds provided for the construction of ALS, however, did not provide 
for construction of laboratory and office support spaces for the several hundreds users 
expected at the fully developed facility. This project will provide much needed 
laboratory, office and other support spaces as a step toward full utilization ,of this 
unique national resource. 

The ALS will support a host of new scientific studies, both basic and applied. In 
chemistry, for example, the ALS's output in the ultraviolet will offer new insights into 
chemical reactivity: The high brightness and picosecond time structure of the radiation 
will permit high-resolution dynamical studies of reaction kinetics, excited-state 
processes, and molecular photoprocesses. In materials and surface science, the 
capabilities of the facility will permit new investigations of bulk materials, as well as 
surfaces and interfaces. Time-resolved studies in catalysis will also be undertaken, 
and it will be possible to verify microscopic models for catalysis, oxidation, corrosion, 
and interface growth. In the life sciences, the ALS will offer a unique opportunity to 
expand the nascent fields of x-ray microimaging and biological photography, at the 
same providing radiation for the worldwide efforts in x-ray crystallography. 
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As the use of synchrotron radiation continues to grow, new techniques and new 
research directions continue to emerge, and research priorities are certain to evolve in 
response both to growing understanding of the natural world and to currently 
unimagined research possibilities. 

The ALS Beamlines Initiative conventional facilities will be a part of a national user 
facility, available to qualified researchers, in accordance with the ALS User Policy. 

Alternative Solutions Considered 

The ALS Beamlines Initiative laboratory and office support facilities must be in close 
proximity and have direct access to the ALS for optimum integration of associated 
research and development. 

The Light Source Building Addition to Building 6 was completed in FY 1991. 
Construction of an enclosed shell for the second floor above the ALS experimental 
area was included in the ALS project to be made available for research users as 
unfinished open space. No other solution was considered. 

Basis of Conceptual Design for Conventional Facilities 

The conceptual design of conventional facilities for the ALS Beamlines Initiative 
project was developed by the LBL Plant Engineering staff with the assistance of the 
following consultants. 

• Keller and Gannon, Engineers-Architects 

Cost estimates for conventional facilities were prepared by Gosliner/McLean 
Associates, Inc., Professional Estimators, based upon quantity take-off from drawings 
and specifications produced by LBL and the above consultants. Estimates for Special 
Building Facilities and Standard Equipment listed in Schedules I and II were based on 
recent experience, vendor quotations, and catalog data with appropriate discounts. 
Estimates were prepared in April 1992. 

Back-up data for the estimates are included in Section 9, Detailed Supporting Data. 

Method of Performance 

General 

A Project Manager, assigned by LBL, will be responsible for coordinating efforts of the 
project team and for reporting status relative to scope, schedule and cost for the 
duration of the project. 

Design 

A Design Program will be prepared by the LBL Plant Engineering Department based 
upon programmatic criteria supplied by the ALS users groups. 
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An Architect-Engineering firm with appropriate laboratory design experience will be 
selected for Titles I and II design services and for technical oversight during 
construction. Independent reviews of the structural design and the cost estimate will 
be arranged by LBL. 

Construction 

Construction will be accomplished by a lump-sum Subcontract awarded after 
competitive bidding. Construction contract administration and inspection will be 
accomplished by LBL. 

Procurement 

Standard equipment and certain special building facilities will be procured directly by 
LBL after competitive bidding. Otherwise procurement will be the responsibility of the 
construction Subcontractor. 

4/24/92 
PE:ALS·Beam:CDR 

1-3 



General 

ALS BEAMLINES INITIATIVE 

SECTION 2 

PROJECT DESCRIPTION 

This section describes conceptual design and project design criteria for the ALS 
Beamlines Initiative conventional facilities construction on the second floor of ALS 
Building 6. 

Conventional Facilities Design Criteria 

A. General 

1. In compliance with the 1991 Lawrence Berkeley Laboratory (LBL) Long 
Range Development Plan, and approved by DOE. 

2. Environmental Safety: In compliance with DOE, OSHA, State of California, 
and LBL standards. 

B. Architectural 

1. Occupancy: 76 

2. Occupancy Classification: B-2 

3. Construction Type: II-one hour, noncombustible. 

4. Fire Resistivity : ALS Building : One hour at external walls, two hours at 
adjacent buildings, noncombustible construction, sprinklered. 
Laboratories separated from each other by one hour walls. 

5. Schedule of Net Areas (chart follows) . 

6. Code Compliance: 1991 Uniform Building Code. 

7. Handicapped Requirements : In compliance with ANSI standards. 

The program for the completion of the ALS second floor includes wet and dry 
laboratories, support spaces, private offices and open office landscape areas. The 
second floor area will be classified as B-2 occupancy permitting exempt amounts of 
hazardous materials. 

The existing second floor shell includes structural steel framework, metal floor deck 
with concrete fill, metal stud/gypsum board inside perimeter wall separating the 
mezzanine from the ALS Experimental Hall and three stairways to the lower level. The 
separating wall is set back five feet from the edge of the mezzanine to provide a 
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service right-of-way for electrical cable trays and process piping. Ventilation ducts for 
the experimental hall are located above this walkway with drops in each bay. 

The second floor has 24 bays ringing the experimental hall around the outside 
perimeter. Seven truncated bays are occupied by mechanical and electrical 
equipment and one bay is dedicated to a reception/exhibit/lobby area. The project 
proposes development of the remaining 16 bays for ALS users. A typical second floor 
bay is 44 feet wide, excluding the service area, 39 feet remain for user development. 

New partitions throughout the second floor will be of metal stud/gypsum board 
construction. Offices will have 9' high suspended acoustical ceilings and corridors will 
have exposed plenums with suspended open grid 4' on centers for acoustic and sight 
control. Laboratory areas will have 13'-6" clearance to the underside of major roof 
beams with similar suspended open grid as in the corridor. The offices, conference 
rooms and library will be carpeted while flooring in laboratories will be acid resistant 
sheet vinyl with heat-welded seams. Windows and thermal insulated wall along the 
exterior perimeter are existing. Horizontal blinds will be added for sun control. 

The second floor spaces will be air-conditioned. Air to laboratory areas will be 
supplied by a variable air volume system with terminal boxes in the ceiling spaces. To 
provide the required makeup air for the fume hoods and to ensure safe working 
environment, the laboratory HVAC system will utilize 100% outside air. Offices and 
support areas will be served by fan powered variable air volume terminal units with 
direct digital control (DOC) system. Ventilation and fume hood exhaust units for the 
laboratories will be housed in three new rooftop enclosures similar to the three 
existing units. 

The second floor completion work will include the addition of two elevators; one in the 
reception/lobby area to provide handicapped access, and a 7,000 lb. combination 
passenger/freight elevator located near the delivery area on the south side of the 
building. The existing sprinkler system will be modified to reflect the new layout. The 
existing second floor is designed for 50 Ib/sq. ft. load; the floor framing will be 
strengthened to provide flexibility for user needs. 

The laboratory spaces will be equipped with an acid neutralization system, laboratory 
mechanical and electrical systems, laboratory benches, fume hoods, laminar flow 
hoods, and chemical storage cabinets. 

Utilities, including compressed air, hot and cold industrial water, low conductivity 
water, natural gas, and 480/277V and 208/120V power, are available for distribution 
on the second floor. A new electrical transformer and new switchgear equipment will 
be provided for the needs of the second floor as well as to provide additional power 
capacity for new ALS beamlines. 

c. Structural (See Basis of Design in Section 9) 

1. Conventional facilities are improvements within existing structures. 
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2. Floor framing will be strengthened to increase floor capacity from the 
existing 50 Ibs'/sf to 125 Ibs'/sf recommended for light laboratories. 

3. EXisting structures comply with 1991 Uniform Building Code and LBL 
"Lateral Force (Wind and Earthquake) Design Criteria," August 15, 1989. 

D. Mechanical (see Basis of Design and HVAC Load Calculations in Section 9) 

1. Inside Design Conditions : Laboratories and administrative offices 
provided with air conditioning : 

Summer: 76°F db 
Winter: 72°F db 

2. Heating : Hot water supplied from the existing system. 

3. Air Handling Systems: Tempered 100% outside air to static pressure 
controlled variable air volume (VAV) terminal boxes for laboratory spaces. 
Fan-powered variable air volume terminal units for office spaces. Fume 
hoods incorporating face velocity controllers and variable air volume 
laboratory exhaust systems. 

4. Automatic Control System: Direct Digital Control (DOC) with connection to 
the existing facility automation system on site. 

5. Mechanical Cooling : Chilled water supplied from the existing system. 

6. Fire Protection: Modification of the existing fire sprinkler systems to suit the 
new layouts. 

7. Utilities Provided 

Compressed air 
Nonpotable industrial hot and cold water 
Low conductivity water (LCW) 
Natural gas 
Laboratory acid waste separation and collection 

Industrial water, low conductivity water, natural gas, and compressed air 
will be extended into these areas from the existing systems located in the 
facility. 
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E. Electrical (See Basis of Design in Section 9) 

1. Power and Lighting 

Large process loads - 480V 
Area lighting - 277V 
Standby generator - 300KVA (existing) 
Interior lighting - fluorescent 
Lighting level - 50 footcandles 

2. Communications 

Integrated Communications System (ICS) 
Closed-circuit intercom 
Local paging system 

3. Energy Monitoring and Control System (existing) 

4. Fire Alarm and Security 

Fire alarm stations 
Fire alarm horns 
Card key door entry control 
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SCHEDULE OF NET AREAS 

Section A 

Wet Laboratories 
Dry Laboratories 
Laboratory Offices 
Conference/Meetirtg Rooms 
Library 
UHV Workstations 
Dark Rooms 
Storage 
Mail Room 
Visitors' Area 
Reception/Exhibit Area 
Kitchenette 

Subtotal Section A: 

Section B 

Wet Laboratories 
Laboratory Offices 
UHV Workstations 
Dark Room 
Storage 

Subtotal Section B: 

Subtotal All Floors: 

Total Net Area: 

Gross Enclosed Areas 

Section A: 

Section B: 

Total Gross Enclosed: 
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Net Area - Sq. Ft. 
Lab 

Labs Offices Support 

3,200 
2,200 

5,220 
710 
790 
120 
110 
580 
110 
370 
980 

60 

5,400 5,220 3,830 

1,990 
1,470 

120 
60 

170 

1,990 1,470 350 

7,390 6,690 4,180 

18,260 sq. ft. 

20,200 sq. ft. 

5,000 sq. ft . 

25,200 sq. ft . 
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APPLICABLE CODES AND DESIGN REFERENCES 

Applicable requirements and recommendations in the following codes and references 
will be followed in the design. These codes, as listed, should be included in the 
construction specifications. Codes and references will be the latest editions except 
where specifically noted otherwise: 

A. Codes 

1. 10 CFR Part 435 Energy Conservation Voluntary Energy Performance 
Standards (Mandatory for Federal Buildings) 

2. 29 CFR Part 1926, Safety and Health Regulations for Construction, 
Department of Labor 

3. 29 CFR Part 1910, Occupational Safety and Health Standards, Department 
of Labor 

4. 40 CFR Parts 264 and 265, Environmental Protection Agency 

5. National Fire Codes, National Fire Protection Association (NFPA) 

6. National Electrical Safety Code, ANSI C2 

7. National Electric Code, NFPA 70 (NEC-1990) latest edition 

8. Safety Code for Building Construction, ANSI AI 0.2 

9. California Code of Regulations, Title 8, General Industrial Safety Orders, 
Construction Safety Orders 

10. California Code of Regulations, Title 19 - Public Safety, Chapter 1; Title 24, 
Part 2 - California Building Code; and Title 24, Part 3 - California Electrical 
Code 

11. Uniform Building Code 

12. Uniform Mechanical Code 

13. Uniform Fire Code 

14. Uniform Plumbing Code 

15. Occupational Safety and Health Act 

16. Federal, state, and local air-pollution and water-pollution control regulations 

17. AMCA Fan Test Code 
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18. NBSIR 78-1305A Test Procedures 

19. LBL Lateral Force (Wind and Earthquake) Design Criteria, August 15, 1989 

B. Design References 

1. Department of Energy General Design Criteria Manual, DOE 6430.1A 

2. Rules and Procedures for the Design and Operation of Hazardous Research 
Equipment, LBL Pub 3001 

3. LBL Long Range Site Development Plan 

4. NBS Handbook 135, Life Cycle Cost Manual for the Federal Energy 
Management Program 

5. The ASH RAE Handbook and Product Directory: 

a. HVAC Systems and Applications Volume: 1987 
b. Fundamentals Volume: 1989 
c. Equipment Volume: 1988 
d. Refrigeration Volume : 1986 

6. Standards for Natural and Mechanical Ventilating, ASHRAE Standard 62-73 
(ANSI B194.1-1977) 

7. Sheet Metal and Air Conditioning Contractors' National Association 
(SMACNA) Standards 

8. Standards and Codes of the American Society of Mechanical Engineers 
(ASME) 

9. American Water Works Association (AWWA) Standards 

10. National Environmental Balancing Bureau (NEBB) 

11. American Welding Society Handbook and Standards (AWS) 

12. Standards of the American Society for Testing and Materials (ASTM) 

13. American National Standard Specifications for Making Buildings and 
Facilities Accessible and Usable by the Physically Handicapped. ANSI 
Al17.1-1961. REAF-1971 

14. Recommended Outdoor Design Temperatures, Northern California Golden 
Gate Chapter, ASH RAE, November 1977 

15. Industrial Ventilation Manual by the American Conference of Governmental 
Industrial Hygienists (ACGIH) 
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16. Earthquake-Resistive Construction for Mechanical Systems, Light Fixtures, 
and Ceilings, Ayres & Hayakawa, July 1972 

17. Guidelines for Seismic Restraints of Mechanical Systems and Plumbing 
Piping Systems, SMACNA, October 13, 1982 

18. Design Evaluation Guidelines for DOE Facilities Subject to Natural 
Phenomena, UCRL 15910, Draft May 1989 

19. American National Standards Institute (ANSI) Standards 

20. National Electrical Manufacturers' Association (NEMA) Standards 

21 . Institute of Electrical and Electronics Engineers (IEEE) Standards 

22. Underwriters' Laboratories, Inc. (UL) Standards and "Building Materials, Fire 
Protection Equipment, and Fire Resistive Directories" 

23. Factory Mutual Engineering Corp. (FM) Approval Guide and FM Loss 
Prevention Data 

24. Insulated Cable Engineers' Association (ICEA) Standards 

25. National Electrical Testing Association (NETA) Standards 

26. Illuminating Engineering Society (IES) Lighting Handbook 

27. Department of Energy Electrical Safety Criteria for Research and 
Development Activities, DOE/EV-0051/1 , August 1979 

28. Standard for Fire Protection of DOE Electronic Computer/Data Processing 
Systems, Jan 1984 (DOE/EP-0108, Formerly Wash 1245-1). See paragraph 
101.4. 

29. A Building Planning Guide for Communication Wi ring , International 
Business Machines Corp., G320-8059-1, March 1984 

30. American Institute of Steel Construction, Manual of Steel Construction, 
eighth edition 

31 . American Concrete Institute, ACI Manual of Concrete Practice, Parts 1 
through 5, latest edition 

32. ANSI/IES RP7 "Practice for Industrial Lighting" 

33 . LBL Building Automation System Design Criteria and Design Guidelines 

4 /2 4 /92 
PE:ALS-Beam:CDR 

2-8 



QUALITY ASSURANCE PROCEDURES FOR DESIGN, 

CONSTRUCTION, FACILITY ACCEPTANCE AND PROJECT CLOSEOUT 

Quality assurance procedures during project development, design, and construction 
assure that all safety, operational and Subcontract requirements will be met. The 
established system to review, inventory, and document facility construction, 
acceptance, and project closeout includes the following elements: 

• Engineering 

The LBL Plant Engineering Department assisted by selected consultants 
provides quality control and assurance measures during design and 
construction. 

The Plant Engineering Department includes a multidisciplinary Design 
Management Group and a Project Management Group. Each significant project 
is assigned to a Project Manager (PM) who is responsible for the management 
of cost, scope and schedule. The PM is also responsible for quality assurance 
during project formulation and implementation, and is assigned a staff including 
a Project Architect or Engineer (PAlE), a multidisciplinary support team, a 
construction manager if necessary, a contract administrator, and a construction 
inspector. The PAlE is responsible for design and technical quality control. The 
work of each member of the PAlE's support team is reviewed by the appropriate 
Section Leader from the Design Management Group. The PM develops a 
Project Management Plan which is reviewed and approved by Plant 
Management and DOE/SF. 

Design and cost estimates are reviewed and a plan check carried out by LBL at 
completion of schematics and during and after Title I and Title II designs are 
completed. An independent third party plan check is made of the seismic 
design and an independent cost estimate is made by a consulting cost 
estimator at completion of Title I and Title II to compare with the AlE's cost 
estimates. Plans and specifications are also reviewed by the LBL Fire 
Protection Engineer, the LBL Fire Marshal, the LBL Environment, Health and 
Safety (EH&S) Division, the LBL Energy Conservation Engineer, and the LBL 
Construction and Maintenance Department at each stage of design 
development. When applicable, a consulting geotechnical firm provides 
appropriate geotechnical data and reviews the design at each stage of design 
and during construction. . 

An internal sign-off sheet covering all LBL design disciplines, PAlE, PM, Fire 
Protection Engineer, Fire Marshal, EH&S, Plant Management, third party 
reviews, and the Client is completed at the end of Title I, Title II and Title III. (A 
sample form follows.) 
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• Construction 

Subcontract documents are reviewed by LBL's technical staff for compliance 
with DOE and LBL design criteria. 

The Construction Inspector reviews and the Executive Architect/Engineer (AlE 
of Record) and Plant Engineering's staff of engineers accept or reject all 
materials and workmanship in accordance with Subcontract documents. 

A submittal control system for materials, shop drawings, test reports, and 
certifications assures that all necessary reviews for compliance with 
specifications, codes, environmental mitigation measures and other 
requirements including provisions for the handicapped and energy 
conservation have been made. 

A Construction Inspector observes construction activities and reports 
discrepancies to LBL's Project Manager (or Construction Manager, if 
applicable) and the Project ArchitectlEngineer. Daily inspection reports are 
maintained in a file or a project logbook. 

A Contract Administrator (from the Purchasing Department) reviews 
documentation for compliance with Subcontract provisions. 

A Safety Inspector (from LBL's Environment, Health and Safety Division) and 
the Fire Marshal make periodic inspections of construction to assure 
compliance with safety and fire codes and regulations. 

Specialty inspections are made of rebar, structural steel, welding, concrete, and 
geotechnical conditions to assure compliance with codes and specifications. 
Appropriate testing laboratories are utilized for support as necessary. The AlE 
of Record is required to inspect the construction during appropriate times and 
provide interpretation of the Subcontract documents whenever necessary. 

Subcontract Change Orders 

Reviewed in accordance with UCLBL Construction Subcontracting Manual. 

If project contingency funds are involved, the proposed change is reviewed 
to ensure that it is due to unforeseen, uncertain, andlor unpredictable 
conditions or incomplete design. 

• Final Inspection and Acceptance 

The following items are accomplished by the Inspector and the AlE of Record 
working together: 

• Preliminary inspection and list of incomplete work. 

Equipment testing and operational instruction of LBL personnel. 
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• Final inspection walk-through and punch list. 

• Inspection of correctional and completion work (punch list work). 

• Inventory of all operational manuals, instructions, guarantees. 

• Internal sign-off sheet: Acknowledgment of completion and acceptance of all 
work under construction Subcontract by the LBL project team and all interested 
parties, i.e., Fire Marshal, EH&S, etc. 

Subcontract Change Orders 

The LBL A/E team and Executive Architect/Engineer review any proposed 
change and provide justification and an independent cost estimate. The 
Subcontractor's proposed cost is evaluated relative to LBL's cost estimate, 
and a Subcontract price is negotiated. Availability of project funds is 
verified. If all project and Subcontract requirements are met, a Change 
Order is executed. 

• Project Closeout 

After final acceptance of the facility, LBL audits all charges to assure that all 
costs are in proper accounts. 

LBL sends the cost closing statement to DOE/SF. 

Project authorization closed by DOE/SF. 
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Job Number 

PROJECT REVIEW AND APPROVAL 
(Projects ~ $250K TEC) 

Project Title 

Subcontract No/PB No Documents Prepared By: 

D PRELIM (TITLE I) D FINAL (TITLE II) D CONSTR COMPLETE (TITLE III) 

D SPECIFICATIONS D DRAWINGS 

1. DESIGN MANAGEMENT 2. PROJECT MANAGEMENT 

DesiQn Team Section Leaders 

Proj AlE 

Arch Arch 

Civil Civil 

Mech Mech 

Elec Elec 

Energy Energy 

FP Engr 

4. Environment. Health and Safety 
Division 

5. Fire Marshal 

6. Construction and Maintenance 
Dept 

7. Disabled Barriers Review 

8. Third Party Hazardous Material 
Review or Recommendation 
(Memo Attached) 

Date 

Date 

Date 

Date 

Date 

Project Manager 

Inspector 

3. PURCHASING 

Contract Admin 
(Tilles II & III only) 
(Las! to sign for Tille III) 

9. Third Party Structural Review or 
Recommendation (Memo Attached) 

10. Quality Assurance 

11. Value Engineering Coordinator 

12. Client/Division Head 

13. Plant Engineering Dept 

Sign·offs (Title I) indicate that project scope and criteria fully define Title II design requirements. 

Date 

Date 

Date 

Date 

Date 

Sign-offs (Title II) indicate that construction documents comply with applicable sections of DOE General Design Criteria 
Manual 6430.1 A and that they're complete and ready for construction. 

Sign-offs (Title III) indicate that work was completed in accordance with construction documents. 
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SUPPLEMENTARY PROJECT DATA 
FACILITY UTILIZATION 

Title and Location of Project _A;.;::LS=--=B:.;e:.;a::.m"'l:::.in"'e"'s"'l:.,:n"'iti:::a::.tiv:.,:e::...... _________________ _ 

Lawrence Berkeley Laboratory, Berkeley, California 

Site-wide Requirements/Assets for CATEGORY --'-.7;:.3 ___ _ Light Lab 

Project No. 94-LBL 

Other Projects Affecting this Category: Human Genome Lab, Environmental Monitoring & Industrial Hygiene Building , etc. 

Unit of Measure: GSF (square feet (SF) or other unit) 

UTILIZATION OF EXISTING ASSETS (FACILITIES) IN THIS CATEGORY: 

A . Total requirement for this category: 

B. The 1Q1.a! existing assets in this category: 

C. Less amount of existing, substandard assets : 

D. Equals amount of existing, adeauate assets : 

E. Existing adequate assets, less total requirement for this category equals excess/(deficiency) of 
adeauate assets: 

CHANGES TO ASSET LEVELS RESULTING FROM THIS PROJECT: 

F. The additional assets created in this category by the project: 

G. Less assets removed from this category by the project through excessing, demolition, etc.: 

H. Equals net increase/(decrease) of assests in this category due to the project: 

. PROJECTED ASSET STATUS AFTER COMPLETION OF THIS PROJECT: 

I. Existing excess or (deficiency) of adequate assets, plus this project's increases, equal excess or 
(deficiency) of adequate assets projected for this category: 

J. I2lal existing as sets, plus net increase/(decrease) of assets in this category due to the project, 
less total requirement, equal1Q1.a! excess/(deficiency) of assets projected for this category : 
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349 ,400 in SF or other unit. 

278,700 SF, 

186,900 SF, 

91 ,800 SF. 

(257,600) SF. (D minus A) 

7,600 SF, 

o SF, 

7,600 SF. (F minus G) 

(250,000) SF. (E plus F) 

(63 ,100) SF. (B plus H minus A) 

'" P> 

"" '" ~ 
o ..... 
w 



SUPPLEMENTARY PROJECT DATA 
FACILITY UTILIZATION 

Title and Location of Project -'A'-!L::::S:::....:::B:;:e!!am=lin~e::.:s:..;l~n:!;iji~a!!.tiv~e'--________________ _ 

Lawrence Berkeley Laboratory, Berkeley, California 

Site-wide Requirements/Assets for CATEGORY _1-'-0"-___ _ Office 

Project No. 94-LBL 

Other Projects Affecting this Category: Environmental Monitoring & Industrial Hygiene Building, Human Genome Lab , etc. 

N 
r 
f-' 

Unit of Measure: GSF (square feet (SF) or other unit) 

UTILIZATION OF EXISTING ASSETS (FACILITIES) IN THIS CATEGORY: 

A. Total requirement for this category: 

B. The JQ1a! existing assets in this category: 

C. Less amount of existing, substandard assets: 

D. Equals amount of existing, adequate assets: 

E. Existing adequate assets, less total requirement for this category equals excess/(deficiency) of 
adequate assets: 

CHANGES TO ASSET LEVELS RESULTING FROM THIS PROJECT: 

F. The additional assets created in this category by the project: 

G. Less assets removed from this category by the project through excessing, demolition, etc.: 

H. Equals net increase/(decrease) of assests in this category due to the project: 

. PROJECTED ASSET STATUS AFTER COMPLETION OF THIS PROJECT: 

I. Existing excess or (deficiency) of adequate assets, plus this project's increases, equal excess or 
(deficiency) of adequate assets projected for this category: 

J. IQ1a! existing as sets, plus net increase/(decrease) of assets in this category due to the project, 
less total requirement, equal JQ1a! excess/(deficiency) of assets prOjected for this category: 

.I'- 4/23/92 Figure II' -
Facilitv Utilil PE:ALS n:CPDS Data 

547,100 in SF or other unit. 

460,300 SF, 

353,700 SF, 

106,600 SF. 

(440,500) SF. (0 minus A) 

7,300 SF, 

o SF, 

7,300 SF. (F minus G) 

(433,200) SF. (E plus F) 

(79,500) SF. (B plus H minus A) 
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SUPPLEMENTARY PROJECT DATA 
FACILITY UTILIZATION 

Title and Location of Project ALS Beamlines Initiative Project No. 94-LBL 

Lawrence Berkeley Laboratory, Berkeley, California 

Site-wide Requirements/Assets for CATEGORY --"8"'0 ___ _ Miscellaneous 

Other Projects Affecting this Category: Human Genome Lab, Environmental Monitoring & Industrial Hygiene Building , etc. 

Unit of Measure: GSF (square feet (SF) or other unit) 

UTILIZATION OF EXISTING ASSETS (FACILITIES) IN THIS CATEGORY: 

A. Total requirement for this category: 

B. The lQill! existing assets in this category : 

C. Less amount of existing, substandard assets: 

D. Equals amount of existing, adequate assets: 

E. Existing adequate assets, less total requirement for this category equals excess/(deficiency) of 
adeauate assets: 

CHANGES TO ASSET LEVELS RESULTING FROM THIS PROJECT: 

F. The additional assets created in this category by the project: 

G. Less assets removed from this category by the project through excessing, demolition, etc. : 

H. Equals net increase/(decrease) of assests in this category due to the project: 

PROJECTED ASSET STATUS AFTER COMPLETION OF THIS PROJECT: 

I. Existing excess or (deficiency) of adequate assets, plus this project's increases, equal excess or 
(deficiency) of adequate assets projected for this category : 

J. I21a! existing as sets, plus net increase/(decrease) of assets in this category due to the project, 
less total requirement, equallQill! excess/(deficiency) of assets projected for this category: 
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Figure 111-5 
Facilitv Utilization Data 

187,700 in SF or other unit. 

161,900 SF, 

117,700 SF, 

44,200 SF. 

(143,500) SF. (D minus A) 

5,300 SF, 

o SF, 

5,300 SF. (F minus G) 

(138,200) SF. (E plus F) 

(20,500) SF. (B plus H minus A) 
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ALS BEAMLINES INITIATIVE 

SECTION 3 

BASIS OF COST ESTIMATE 
FOR CONVENTIONAL FACILITIES 

The cost estimate for the construction of conventional facilities improvements for the 
ALS Beamlines Initiative on the second floor of Building 6 was prepared by 
Gosliner/McLean Associates, Inc., Consultants, based upon quantity take-oils from 
conceptual design drawings and specifications developed by Keller and Gannon, 
Engineers and Architects. The estimate was developed separately for Section A and 
Section B portions of the second floor of Building 6 as indicated on Drawings A-2 and 
A-3 . Section B is included also in the Conceptual Design Report for the "ALS 
Structural Biology Support Facilities" submitted for 1994 funding request. If the ALS 
Structural Biology Support Facilities project is funded, Section B will be a deduct 
from the Total Estimated Cost as shown on the following pages. 

Conventional Construction Cost Estimates are dated April 1992 and represent FY 
1992 costs. Summary Cost Estimates in FY 1992 $K and "Then Year" (TY) $K for 
Conventional Facilities are included in this section. Detailed cost estimates are 
included in Section 9. Escalation is based upon "Anticipated Economic Escalation 
Rates for DOE Construction Projects" updated February 1992, namely 2.1 % in FY 
1992, 3.4% in FY 1993, 4.3% in FY 1994, 4.5% in FY 1995 and 4.7% in FY 1996. 
Escalation rates are compounded from the date of the estimate to the midpoint of 
construction. 

Cost estimates for the Special Building Facilities, Schedule I, and Standard 
Equipment, Schedule II, are based upon recent experience, vendor quotations, and 
discounted catalog data which have been included in Section 9. 

An ED&I Analysis for Conventional Facilities is included in Section 9. All Conventional 
Facilities estimates have been integrated into the Work Breakdown Structure for the 
entire project (see Appendix B). 
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ALS BEAMLINES INITIATIVE 

SUMMARY COST ESTIMATE AND FINANCIAL SCHEDULE 

CONVENTIONAL FACILITIES 

(TY $K) 

Date AlE Work Initiated: 
Date Physical Construction Starts : 
Date Construction Ends: 

Financial Schedule (Conventional Facilities Only) : 

Fiscal Year 

1994 
1995 
1996 

Summary of Cost Estimate: 

Obligations 

$ 780 
5,760 

560 

1.3.1 ED&I (@ about 15% of Construction) 

1.3.2 CONSTRUCTION 

Land Improvements 
Building (25,200 GSF @ $145/SF) 
Special Building Facilities (Summary Schedule I) 
Utilities 

1.3.3 STANDARD EQUIPMENT (Summary Schedule II) 

Contingency (approximately 16%) 

Conventional Facilities - Total Estimated Cost 

2nd Qtr. FY 1994 
2nd Qtr. FY 1995 
3rd Qtr. FY 1996 

Costs 

$ 620 
3,840 
2,640 

3,650 
740 
750 

Subtotal 

$ 790 

5,140 

....1.§Q 

6,090 

.1....Q.1.Q 

7,100' 

'If the ALS Structural Biology Support Facilities project is funded, the TEC will be reduced by 
$1,360K. (See Basis of Estimate on Page 3-1 and Estimate Summary for Section B on Page 
3-4.) 
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ALS BEAMLINES INITIATIVE 

SUMMARY COST ESTIMATE AND FINANCIAL SCHEDULE 

CONVENTIONAL FACILITIES 

Financial Schedule: 

Fiscal Year 

1994 
1995 
1996 

Summary of Cost Estimate: 

SECTION A 

(TY $K) 

Obligations 

$ 630 
4,660 

450 

1.3.1 ED&I (@ about 15% of Construction) 

1.3.2 CONSTRUCTION 

Land Improvements 
Building 
Special Building Facilities (Summary Schedule II) 
Utilities 

1.3.3 STANDARD EQUIPMENT (Summary Schedule II) 

Contingency (approximately 16%) 

Conventional Facilities - Total Estimated Cost 
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Costs 

$ 500 
3,100 
2,140 

2,880 
520 
750 

Subtotal 

$ 640 

4,150 

---1JQ 

4,920 

~ 

5,740 
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ALS BEAMLINES INITIATIVE 

SUMMARY COST ESTIMATE AND FINANCIAL SCHEDULE 

CONVENTIONAL FACILITIES 

Financial Schedule: 

Fiscal year 

1994 
1995 
1996 

Summary of Cost Estimate: 

SECTION B 

(TY $K) 

Obligations 

$ 150 
1,100 

110 

1.3.1 ED&I (@ about 15% of Construction) 

1.3.2 CONSTRUCTION 

Land Improvements 
Building 
Special Building Facilities (Summary Schedule II) 
Utilities 

1.3.3 STANDARD EQUIPMENT (Summary Schedule II) 

Contingency (approximately 16%) 

Conventional Facilities - Total Estimated Cost 

5 /2/92 
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$ 120 
740 
500 

770 
220 

Subtotal 

$ 150 

990 

30 

1,170 

~ 

1,360 
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ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

Special Facilities 

Laboratory Furniture 

Chemical Storage Cabinets 

Fume Hoods 

Laminar Flow Hoods 

Acid Neutralization System 

UHV Workstations 

SCHEDULE I 
(FY 1992 $K) 

Demountable Office Systems Furniture 
and Partitions 

Standard EQuipment 

Laboratory Furniture 

Office Furniture 

Office Equipment 

Total 

SCHEDULE II 
(FY 1992 $K) 

Total 

, Included in Construction and AlE Subcontracts 
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Section A 

150 

13 

71 

42 

5 

42 

Section A 

31 

80 

-1.6 

127 

Section B 

100 

4 

59 

14 

3 

42 

222' 740' 
== 

Section B 

6 

27 
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ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

CONSTRUCTION COST SUMMARY 

SECTION A 

Land Improvements 

Building 

Special Building Facilities 

Utilities 

Total Estimated Construction Cost 

SECTION B 

Land Improvements 

Building 

Special Building Facilities 

Utilities 

Total Estimated Construction Cost 

Total (Section A and B) 
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Estimate 
April 1992 

2,515,560 

452,400 

657,720 

~,625,68Q 

Estimate 
April 1992 

669,810 

194,860 

864.27Q 

4,490,350 

Escalate 14.4% to 
November 1995 

2,877,800 

517,550 

752430 

4.147,78Q 

Escalate 14.4% to 
Noyember 1995 

766,260 

222,920 

989,180 

5,136,960 
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ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

ESTIMATE SUMMARY 

CONSTRUCTION - BUILDING 

3 Concrete 
5 Metals 
6 Wood and Plastics 
7 Thermal/Moisture Protection 
8 DoorslWi ndows 
9 Finishes 

10 Specialties 
11 Equipment 
12 Furnishings 
14 Conveying Systems 
15 Mechanical : Plumbing 

HVAC 
Fire Protection 

16 Electrical 

Subtotal Direct Cost 

General Conditions/Mobilize 
Estimating Contingency 

Bond 
Prime Contractor OH & Fee 

Total Estimated Construction Cost 
at April 1992 

Total Escalated Construction Cost 

SECTION A 

26,790 
162,030 
42,240 
41 ,030 

133,350 
404,130 

22,540 
3,000 

15,450 
140,000 
285,990 
496,770 

52,200 
239,800 

2,065,320 

5% 103,270 
In PrQilZr<t Q.QntinglZnr<'i 

2,168,590 
2% 43,370 

14% 303,600 

2,515,560 

to November 1995 14.4% 2,877,800 
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SECTION B 

6,190 
3,850 

19,780 
9,200 

30,190 
117,760 

4,300 

2,140 

94,290 
177,700 

15,620 
68,900 

549,920 

27,500 
In ElQilZr<t Q.QatinglZnr<'i 

577,420 
11,550 
80.840 

669,810 

766,260 3,644,060 
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ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

ESTIMATE SUMMARY 

CONSTRUCTION - SPECIAL 
BUILDING FACILITIES 

Laboratory Benches 
Chemical Storage Cabinets 
Fume Hoods 
Laminar Flow Hoods 
Acid Neutralization System 
UHV Workstations 
Demountable Office Systems 

Furniture and Partitions 

Subtotal Direct Cost 
General Conditions/Mobilize 5% 
Estimating Contingency 

Bond 2% 
'prime Contractor OH & Fee 14% 

Total Estimated Construction Cost 
at April 1992 

Total Estimated Construction Cost 

SECTION A 

108,000 
9,000 

51,000 
30,000 

3,430 
30,000 

140,000 

SECTION B 

72,000 
3,000 

42,500 
10,000 
2,480 

30,000 

371,430 159,980 
18,570 8,000 

In Project Contingency 
390,000 167,980 

7,800 
54,600 

452,400 

3,360 
23,520 

194,860 

to November 1995 14,4% 517,550 222,920 740,470 
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ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

ESTIMATE SUMMARY 

CONSTRUCTION · UTILITIES 

Transformer and Switchgear Equipment 
Ethernet Distribution 

Subtotal Direct Cost 
5% 

SECTION A 

475,000 
65,000 

540 ,000 
27,000 

SECTION B 

General Conditions/Mobilize 
Estimating Contingency In Project Contingency 

Bond 2% 
Prime Contractor OH & Fee 14% 
Total Estimated Construction Cost 

at April 1992 
Total Escalated Construction Cost 

to November 1995 14.4% 

4124192 
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567,000 

11 ,340 
79.380 

657.720 

752,430 

3·9 



ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

ESTIMATE SUMMARY 

STANDARD EQUIPMENT SECTION A 

Laboratory Furniture 
Office Furniture 
Office Equipment 

Subtotal Direct Cost 
Storage, Handling, 
Delivery and Set-up 

Total Estimated Construction Cost 
at April 1992 

Total Escalated Construction Cost 
to November 1995 
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25,960 
66 ,500 
13,000 

105,460 

5% 5,270 

110,730 

14.4% 126,680 

SECTION B 

5,440 
22,500 

27,940 

1 ,400 

29,340 

33,570 160,570 
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ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

ESCALATION ANALYSIS 

Based on DOE "Anticipated Economic Escalation Rates" (updated February 1992). 

Start Construction : 
Construction Period: 
Finish Construction : 
Midpoint Construction: 
Estimate Date : 

FY 1992 Apr 1992 Sep 1992 
FY 1993 Oct 1992 Sep 1993 
FY 1994 Oct 1993 Sep 1994 
FY 1995 Oct 1994 - Sep 1995 
FY 1996 Oct 1995 - Nov 1995 

Total Compounded 
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February 1995 
16 Months 
May 1996 
November 1995 
April 1992 

0/ 0 

6 mo @ 2.1 = 1 .1 
12 mo @ 3.4 = 3.4 
12 mo @ 4.3 = 4.3 
12 mo @ 4.5 = 4.5 

1 mo @ 4.7 = 0.4 

Escalation 14.4 
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ALS BEAMLINES INITIATIVE 

OBLIGATIONS AND COSTS SCHEDULE 
(TV $K) 

DESCRIPTION 

LBL Activities 

Engineering 

Consultants 

Inspection 

Subtotal 

ArcbjtecUEngineer 

Title I 

Title II 

Title III 

Subtotal 

Total ED&I 

Construction 

Land Improvements 

Building 

Special Building Facilities 

Utilities 

Subtotal 

Siaodatd E;QuigmllOI 

Subtotal 

Contingency (16%) 

TOTAL 

4/24/92 
PE:ALS·Beam :CDR 

TOTAL 

125 

19 

~ 

200 

177 

295 

ill 

590 

790 

0 

3,650 

740 

~ 

5,140 

---1.!iO 

6,090 

1....Q.1Q 

7,100 

FY 1994 FY 1995 

0 C 0 C 

73 73 30 30 

9 9 10 10 

2.6 2.6 

82 82 66 66 

177 177 

295 275 0 20 

ill ~ 0. ~ 

590 452 0 78 

672 534 66 144 

3,650 2,190 

470 300 

~ ~ 

4,870 3,150 

672 534 4,936 3,294 

~ -B..6 ~ ~ 

780 620 5,760 3,840 

FY 1996 

0 C 

22 22 

J..Q J..Q 

52 52 

0. .!iO 

0 60 

52 112 

0 1,460 

270 440 

~~ 

270 1,990 

.l.!iO ---1..!iO 

482 2,262 

......z.a .....ml 

560 2,640 

3·12 



w , 
~ 

w 

IMlS '" 
..... a.a.err 

1.0 Engiooemg, Design & lnspec1ioo 

1.1 LBL Activities 

1.1.1 E~ 

1.1.2 Consull"",. 
1.1.3 Inspection 

1.2 AlE Activities 

1.2.1 Tile 1 

12.2 Tile II 

1.2.3 Tile 111 

2.0 Construction 
2. 1.1 BUlding 

2.1.2 SpedallUIding Facifities 

2.1.3 Utilities 

3.0 S1andard Equipmofl. 

ecn_ by Y_ 
ToMil BMJO bot v .. 
CumIn. F"'*" _ 

a.tcaI:AL.8-UFE SCENCES CENTER:8A090 Als.tSC 
4I30Il2 

ALS BEAMLINES INITIATIVE 
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LBL Activities 

Engineering 

Consultants 

Inspection 

Architect/Engineer 

Title I 

Title II 

Title III 

Construction Contract 

ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

CONTINGENCY ANALYSIS 
(FY 1992 $K) 

Estimated Cost 
($K) 

108 

16 

48 

155 

258 

103 

Improvements to Land 

Building 

Special Building Facilities 

Utilities 

Standard EQuipment 

Subtotal 

Contingency (16%) 

TOTAL 
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3,185 

647 

658 

140 

5,318 

882 

6,200 

Contingency 
(%) ($K) 

15 16 

15 2 

15 7 

18 28 

18 46 

18 19 

15 482 

20 129 

20 132 

15 ----'1 

882 
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ALS BEAMLINES INITIATIVE 

SECTION 4 

BASIS OF PROJECT TIME SCHEDULE 
FOR CONVENTIONAL FACILITIES 

It is assumed that project funding will be made available for commitments by the 
Lawrence Berkeley Laboratory on January 1, 1994. 

Prior to that time LBL will evaluate environmental conditions and prepare 
recommendations for NEPA documentation for DOE consideration beginning in 
November 1992 for completion by July 1993. It is anticipated that an Environmental 
Assessment (EA) will be performed with a finding of no significant impact, however the 
EA will be scheduled with sufficient contingency to permit an Environmental Impact 
Statement to be prepared if necessary before construction is scheduled. 

AlE selection will take place between January and July 1993 during which time the 
Design Program necessary for AlE fee negotiations and a Project Management Plan 
for DOE will also be completed. 

AlE fee negotiations will take place between October 1 and December 1, 1993 
contingent upon assurance by DOEISF that the project is in the FY 1994 budget. 

Alternative solutions including environmental considerations have been carefully 
studied in the process of developing this conceptual design, thus it is anticipated that 
the existing solution will be specified for AlE design. 

The Project Time Schedule that follows is based upon the foregoing assumptions. 
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ALS BEAMLINES INITIATIVE 

SECTION 5 

PROJECT DRAWINGS 

Location Plan 

2nd Floor Plan - North 

2nd Floor Plan - South 

Roof Plan 

Sections 

HVAC Plan - North 

HVAC Plan - South 

Airflow and Control Diagram 

Fixture Schedule and Single Line Diagram 

Lighting Plan - North 

Lighting Plan - South 

Power Plan - North 

Power Plan - South 
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DIVISION 1 - GENERAL REQUIREMENTS 

SECTION 01060: REGULATORY REQUIREMENTS 

A. Codes and Design Standards 

1. Codes listed in Section 2 of this Conceptual Design Report should be 
included in the construction specifications; codes shall be latest editions 
except where specifically noted otherwise. 

2. Design Standards 

a. Structural Steel 

1) AISC Standard Specifications for the Design, Fabrication, and 
Erection of Structural Steel for Buildings. 

2) AISC Code of Standard Practice for Steel Buildings and Bridges. 

3) AWS Structural Welding Code D1.1. 

4) AISC Specification for Structural Joints Using ASTM A325 or 
A490 Bolts. 

5) ASTM Standards. 

6) SSPC Steel Structures Painting Council. 

b. Metal Decking 

1) Steel Deck Institute - SDI Standard #1. 

2) AISI Specification for the Design of Light Gauge, Cold Formed, 
Steel Structural Members. 

3) American Welding Society Standards. 

SECTION 01200: PROJECT MEETINGS 

A. Preconstruction conference. 

B. Billing meetings, at the last progress meeting each month. 

C. Periodic progress meetings, twice each month. 

D. Guarantees, bonds, and service and maintenance contracts meetings. 

4/24/92 
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SECTION 01300 : SUBMITTALS 

A. Schedules 

1. Progress schedule. 

2. Proposed cash-flow schedule. 

3. Schedule of values. 

4. Submittal schedule. 

B. Products list. 

C. Shop drawings, product data, and samples. 

D. Certificates of compliance. 

SECTION 01400 : QUALITY CONTROL 

A. Testing laboratory's services. 

B. Testing agency's services. 

SECTION 01530: BARRIERS 

A. Tree and plant protection . 

B. Barricades. 
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PE :ALS-Beam:CDR 

6-5 



DIVISION 3 - CONCRETE 

SECTION 03100: CONCRETE FORMWORK 

PART 2 PRODUCTS 

2.01 MATERIALS 

A. Form Lumber: Douglas fir, construction grade. 

B. Plywood Forms: Douglas fir plywood, Grade B-B, Class 1, exterior 
type, 5/8 inch thick maximum. 

C. Form Sealer: Nonbonding and nonstaining. 

D. Form Accessories: Standard types, as required. 

SECTION 03200: CONCRETE REINFORCEMENT 

PART 2 PRODUCTS 

2.01 MATERIALS 

A. Reinforcing Steel : ASTM A615, Grade 40 for No.4 bars and smaller, 
Grade 60 for No.5 bars and larger. 

B. Welded-Wire Fabric: ASTM A185 or ASTM A497. 

C. Tie Wire: No. 16 AWG or heavier, black annealed. 

D. Spirals: ASTM A82. 

SECTION 03300: CAST-IN-PLACE CONCRETE 

PART 2 PRODUCTS 

2.01 MATERIALS 

A. Portland Cement Concrete 

1. Compressive Strength, 28-day minimum 

a) All concrete: 4,000 psi. 

2. Portland Cement: ASTM C150, Type II. 
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3. Aggregates: ASTM C33 . Coarse aggregates shall be either 
granite or limestone. 

4. Water: Clean and potable. 

5. Admixtures : ASTM C494 or C290, as approved. 

B. Concrete Curing 

1. Liquid Membrane-Forming Compound : ASTM C309, Type I. 

2. Sheet Materials: ASTM C171. 

3. Clean, nonstaining burlap. 

C. Patching Mortar: Concrete materials, except with coarse aggregate 
omitted. 

D. Grout 

1. Regular: Concrete materials, except with coarse aggregate 
omitted. 

2. Metallic Nonshrink: "Embeco 153," manufactured by Master 
Builders, or approved equal. 
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DIVISION 5 - METALS 

SECTION 05340: METAL PANELS 

A. Metal panels at new roof exhaust fan enclosures: Non-load-bearing, factory
fabricated panels, profiled and finished to match Advanced Light Source 
panels. 

B. Finish: 70% PVF2 thermosetting fluorocarbon over one coat of acrylic primer; 
PPG, Glidden, or equal. 

C. Trim pieces: 22 ga., finish matching panels. 

D. Fasteners: Exposed fasteners shall have neoprene washers and finish 
matching wall panels. 

SECTION 05500: METAL FABRICATIONS 

A. All miscellaneous metal and metal fabrications (10 gao or heavier): 

1. Custom steel stairs, combination spiral and straight sections. 

2. Interior guardrails and handrails. 

3. Elevator sill plates. 

4. Miscellaneous rough hardware. 

4/24/92 
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DIVISION 6 - WOOD AND PLASTICS 

SECTION 06200: CARPENTRY 

A. Lumber: Douglas fir, construction grade, WCLIP No. 16, S4S; exterior nailers to 
be pressure-treated. 

B. Fire retardant: Clean, odorless, paintable, non-corrosive pressure process 
using mineral salts; use on all lumber and plywood. 

C. Rough Hardware : Types, strengths, materials, and sizes suitable for the 
intended purposes; galvanized, cadmium-plated, or non-corrosive metal for 
exterior use. 

D. Wood Shelving at Janitor's Room: 1" Douglas fir, S4S. 

E. Installation of interior doors, hardware, and miscellaneous specialties. 

SECTION 06400: CABINETWORK 

A. Custom Casework (toilet room counters and team area cabinets): Laminated
plastic types ; WIC "Custom" grade. 

B. Exposed Hardware : Polished chrome. 

C. Plastic Laminate : See ALS COLOR SCHEDULE. 
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DIVISION 7 - THERMAL AND MOISTURE PROTECTION 

SECTION 07253: SPRAYED-ON FIREPROOFING 

A Repair of sprayed-on mineral-fiber fireproofing damaged during this work: 
Applied directly to steel framing; 1-hour fire rating per ASTM E 119; no 
asbestos; Grace "Monokote," Albi "Duraspray," Pyrocrete, or equal. 

SECTION 07260: FIRESTOPPING 

A Safing insulation: FS HH-I-521, Type I. 

B. Fire-rated foam: DOW CORNING #3-6548, G.E. "RTV 850," or approved equal. 

C. Fire-rated sealant and putty: UL listed systems. 

D. Application: Seal penetrations in time-rated assemblies, including flutes of 
metal decks above rated wall partitions. 

SECTION 07500: SINGLE PLY ROOFING REPAIR 

A Repair of single ply EPDM roofing over tapered insulation at supports for new 
roof exhaust fan enclosures. 

B. Single ply roofing : Non-reinforced EPDM sheets, 0.06" thick sheets plus related 
flashing, adhesive, splicing cement, lap sealant, and prefabricated pipe seals; 
match Building 6 roofing system. 

C. Walk-way surfacing : Precast concrete pavers, 2 feet square, weighing 
10lbs/sf minimum. 

SECTION 07600: FLASHING AND SHEETMETAL 

A Flashing : 22-gauge sheet steel, galvanized in conformance with ASTM A 361, 
G90 coating designation. Note: Flashing at metal wall panels to have baked 
fluoropolymer coating . 

B. Fasteners: Types, strengths, and sizes suitable for the intended purposes, 
galvanized or of non-corrosive materials compatible with fl ashing material. 

C. Solder: ASTM C 32. Alloy Grade 50A 

D. Flux: FS O-F-506. 

4/24/92 
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SECTION 07920: SEALANTS 

A. General Exterior Building Sealing: Two-component gun-grade non-sag rubber
based elastomeric; FS TT-S-00227E, Type II, Class A. 

B. General Interior Building Sealing: Single-component gun-grade paintable 
acrylic-latex water-based; WOOD MONT "Chem-Calk 600" or equal. 

C. Acoustical Sealing : Permanently plastic non-skinning paintable synthetic
polymer-based; PRESSTITE "No. 579.64 Acoustical Sealant" or equal. 

D. Sanitary Sealing: FS TT-S-001543A, Class A single-component primerless 
flexible mildew-resistant silicone rubber; DOW CORNING "Dow Corning 
Silicone Rubber Bathtub Caulk," Catalog No. 8640, or equal. 

E. Sealant Backup: Compatible with sealant material. 

4/24/92 
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DIVISION 8 - DOORS AND WINDOWS 

SECTION 08100: HOLLOW METAL DOORS AND FRAMES 

A. Doors 

1. Steel: Commercial-quality cold-rolled sheet steel, heavy-duty seamless 
flush-panel doors complying with SOl 100; UL labels as scheduled for fire
rated openings (labs 1-hour). Interior Doors: 18-gauge minimum. 

2. Insulation, Sound and Thermal: Chemically inert, non-combustible, and 
moisture-resistant. 

B. Frames 

1. Steel: Cold- or hot-rolled sheet steel, 16-gauge. 

2. Finish : Manufacturer's standard baked-on rust-inhibitive primer. 

C. Installation is specified in Section 06200. 

SECTION 08210: WOOD DOORS 

A. Solid core wood doors, stain-grade ash face veneers, UL labels where 
scheduled (1 /3-hour); metal stops at glazed openings; typical at offices. 

B. Installation is specified in Section 06200. 

SECTION 08510: STEEL WINDOWS 

A. Heavy intermediate steel windows per SWI Specifications; design to match ALS 
interior windows. 

B. Factory finish : Baked polyvinyl-chloride over PVC primer. 

SECTION 08710: FINISH HARDWARE 

A. Doors : Butts, locksets, latchsets, overhead closers, panic hardware, smoke 
seals and gaskets, and thresholds, UL-rated hardware where scheduled; sound 
seals at mechanical rooms; polished chrome and stainless steel. 

Lockset cores shall not be removable; Schlage heavy duty "0" series lever 
handle type. 
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B. Installation: Specified in Section 06200. 

SECTION 08800: GLAZING 

A. Wire Glass, typical at interior windows and doors: 1/4", ciear, 1" diamond mesh. 

B. Fire-rated glass wall at Lobby openings (including exit door at Stair #1): 1-hour 
fire wall system, O'Keefe's "Glassprotex," Eich "Wallsystem," or equal. 

C. Mirrors at toilet rooms: 1/4" thick, FS DD-G-451, Type 1. Framed mirrors are 
specified in Section 10800. 

D. Glazing compounds and accessories : Conform to FGMA glazing manual. 

4/24/92 
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DIVISION 9 - FINISHES 

SECTION 09250: GYPSUM BOARD WALL AND CEILING SYSTEMS 

A. Non-Load-Bearing Interior Wall-Framing Systems: 

1. Metal studs and furring channels, galvanized painted with a rust-inhibitive 
primer. 

2. Metal Backing-Plates: Galvanized, or painted with a rust-inhibitive primer. 

B. Ceiling Suspension System: Standard-type concealed metal suspension 
system suitable for the application of gypsum wallboard; major components 
shall be galvanized or painted with a rust-inhibitive primer. 

C. ASTM C36 standard and Type X fire-rated gypsum wallboard, 5/8" thick, with 
tapered edges. 

D. Gypsum shaft-wall system were application from one side is required, C and H 
type metal studs, gypsum panels for 1-hour fire-rated assembly. 

E. Accessories: Fasteners and joint-treatment materials of standard manufacture. 

SECTION 09300 : CERAMIC TILE 

A. Floor Tile: TCA A137.1 standard-grade 8" x 8" x 5/16", skid-resistant finish, 
same color glazed as wall tile. 

B. Wall Tile : Cushion-edge with satin glaze, 8" x 8" x 5/16" and 1" feature strips, 
special-purpose tile. See ALS COLOR SCHEDULE. 

SECTION 09510: ACOUSTICAL TREATMENT 

A. Plenum mask at team areas and reception area: Semi-circular shaped 
aluminum units 5"-diameter, fixed to carriers to produce a linear pattern 
approximately 8" on center, baked-enamel finish (see COLOR ALS 
SCHEDULE); match ALS system. Acoustic board above plenum mask: 1" thick 
fiberglass with black NFPA coating, fixed to ceiling with metal spindles and 
washers. 

B. Acoustic Wall Panels at offices and conference areas: Tackable fiberglass core, 
woven-fabric, DECOUSTICS "Series 800," GUILFORD OF MAINE "FR-701," 
ARMSTRONG "Soundsoak Encore," or equal. 
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C. Acoustic Baffles at corridor: Woven fabric covering over acoustic fiberglass 
core, 2" thick by 12" high with radius edges, aluminum frame; MPC Inc., Sound 
Reduction Corp., or equal. 

D. Acoustic Board at mechanical room walls and ceilings: 2.25 pfc density, 3" 
thick, white vinyl facing, applied with stick clips and washers; O.C.F. 
"Stonebrook," or equal. 

SECTION 09650: RESILIENT FLOORING 

A. Vinyl Tile : 12"x 12" 1/8"-with 1" thick feature strips; VPI or equal. 

B. Sheet Vinyl : Acid resistant, heat welded seams; Congoleum "Flor-Ever" or 
equal. 

C. Resilient Base at gypsum board walls: Vinyl, 2-1 /2" high topset; Armstrong, 
Burke, or equal. 

SECTION 09685: CARPET 

A. Carpet: 30 oz. nylon, patterned loop, 66.7 oz.; Lotus "City Lights," Lees' 
"Fountainhead II," or equal. 

B. Adhesive: As recommended by manufacturer for concrete subfloor. 

SECTION 09900: PAINTING 

A. Paint all exterior and interior exposed surfaces as scheduled. 

B. Paint Materials: Fuller-O'Brien, Pratt & Lambert Co., or equal. Incombustible 
paint on structural members shall be compatible with existing sprayed 
fireproofing. 

C. Exterior finish: Gloss. 

D. Interior finish: Flat, semi-gloss (eggshell at fireproofing) . 
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DIVISION 10 - SPECIALTIES 

SECTION 10100: MARKER BOARD AND TACK BOARDS 

A. Marker boards: Porcelain on steel with radius edges and marker tray; 
Greensteel, Claridge, or equal. 

B. Tack boards: Woven polyester fabric on tackable core and aluminum frame; 
Greensteel, Claridge, or equal. 

SECTION 10160: TOILET PARTITIONS 

A. Materials : 

1. Sheet Steel: Hot-rolled, stretcher-leveled, bonderized. 

2. Hardware, Fittings, Fasteners, and Accessories: Stainless steel and 
chrome-plated non-ferrous castings. 

3. Finish : Manufacturer's standard baked enamel at partitions; #4 stainless 
steel doors. 

B. Support: 

1. Toilet Partitions: Floor supported, overhead braced. 

2. Urinal Screens: Wall -hung. 

C. Shower Compartments: Terrazzo shower pan, phenolic resin enclosures, 
shower head and controls (connection in Division 15), grab bars, shower seat, 
handicap accessible; dressing compartment to match toilet partitions. 

SECTION 10400: IDENTIFYING DEVICES 

A. Material: Matte-finish acrylic with 3/8" radius edges, mounted with self-adhesive 
tape, engraved per ANSI and ADA standards. 

B. Types: 

1. Interior Door Signs: 6" x 6" room number in upper-right hand corner; 
provide clear windows for changeable labels at offices and laboratory 
doors. 

2. Toilet Room Signs: 13", with international handicapped symbol and in 
incised letters, the word "MEN" or the word "WOMEN." 
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3. Directional Signs: 6" x 12" with letters 2-1/2" high, indicating inclusive 
room numbers. 

4. Floor-Plan Plaques (FP): 24" x 24", with diagrammatic floor plan, key room 
numbers, and exits identified on one plaque and a second, adjacent 
plaque with eleven reassignable 1-1/2" high label modules to identify 
research groups and section leaders. 

5. Building Directory Board (D): 18" x 24" hinged glass door with grooved felt 
backboard to receive plastic letters; letters and numbers to identify 
research groups and section leaders (3). 

6. NO SMOKING signs : 8" square with international "No Smoking" symbol 
and words (5) . 

SECTION 10500: LOCKERS 

A. Lockers at toilet rooms: Recessed, double tier, 72" overall height, 15" deep by 
12" wide; Lyon, Republic, Trask & Squier, or equal. 

B. Construction shall be steel, 16 gage doors and frame, 24 gage body; baked 
enamel finish; chrome handles and padlock hasp (locks N.I.C.). 

SECTION 10600: MODULAR WORKSTATIONS 

A. Panels shall be capable of supporting a variety of work surfaces, drawer 
systems, shelving, file units, tackboards, panel-mounted ambient light fixtures, 
task lights and various accessories. Panels shall be constructed of steel 
frames, hardboard substrate and surfaced with a fabric covering or a plastic 
laminate finish. Panels shall be nominally 2-inch thick and have a vertical 
dimension of 66-inch . 

Power and communications cables shall be supplied to the panels through a 
base raceway. 

SECTION 10800: TOILET ROOM ACCESSORIES 

A. Toilet Room Accessories: Stainless steel with satin finish ; Bradley, Bobrick, 
Accessory Specialties, or equal. Soap dispensers to be Sani-fresh liquid 
cartridge type. 

B. Items" Toilet seat cover dispensers, feminine napkin 
dispensers/disposalslvendor, waste receptacles, towel dispensers, toilet paper 
holders, grab bars, soap dispensers, framed mirrors and hair dryers for shower 
compartments. 
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SECTION 10950: MISCELLANEOUS SPECIALTIES 

A. Fire Extinguisher Cabinets (FEC): Recessed 25" x 10-1/2" x 4"-deep view door 
with curved projection (extinguishers to be LBL standard). 

B. Mop Strip: 24" long, 3 cam holders (4) . 

C. Corner guards: Extruded impact-resistant plastic in surface-mounted extruded 
aluminum frames. 

D. Microwave ovens: Subcompact type (3 required). 

E. Refrigerators: Compact type designed for recessed installation (3 required) . 

F. Door hooks : Chrome coat hooks for all office doors. 

G. Installation is specified in Section 06200. 
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DIVISION 11 - EQUIPMENT 

SECTION 11130: PROJECTION SCREEN 

A. Projection screen at conference rooms: recessed, electric "Board Room" type , 
10' wide by 6' high; DA-lite, Draper, or equal. 

SECTION 11650: LABORATORY FURNITURE 

A. Laboratory Furniture 

1. Fume hoods. 

2. Metal base and wall cabinets. 

3. Manufacturers: HAMILTON, PERMALAB, or equal. 
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DIVISION 12 - FURNISHINGS 

SECTION 12503: WINDOW TREATMENT 

A. Horizontal Blinds at all exterior windows: 1" wide aluminum mini-blinds; 
Levelor Lorentzen "Rivera," Bali "MiniClassics," or equal. 
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DIVISION 13 - SPECIAL CONSTRUCTION 

SECTION 13810: ENERGY MONITORING AND CONTROL SYSTEM - NEW 
CONSTRUCTION 

PART 1 GENERAL 

1.01 SECTION INCLUDES: FURNISH AND INSTALL 

A. Building Automation System. 

B. Software. 

C. Fume Hood Control Systems. 

1.02 SYSTEM DESCRIPTION 

A. The purpose of the project is control the "on/off" operation of specific 
lighting and air conditioning systems and to monitor the space temperature 
in selected rooms. The means of accomplishing this is through the 
installation of a fully distributed processing Building Automation System 
(BAS) with both supervisory control and Direct Digital Control (DDC) 
capabilities for automation of building energy-using systems, including 
heating, ventilation, air conditioning, and individual room lighting 
"occupancy sensors" to control the operation of the lighting. The sensors 
are interconnected to the digital inputs and outputs of the Energy 
Monitoring Control System (EMCS) to monitor and control the on/off 
operation of the HVAC units based on room occupancy. 

B. The BAS shall be a fully independent programmable control system with 
full energy monitoring control and data acquisition capabilities, and remote 
communications capability for remote programming, monitoring, manual 
over-ride, remote alarm indication and logging, and automatic collection 
and processi ng of historical data. 

C. Fume Hood Control Systems 

1. Subcontractor shall furnish and install fume hood control systems. 

PART 2 PRODUCTS 

2.01 EMCS MANUFACTURER 

A. Barrington Systems StarView™ 4000, to match existing, provided by the 
Subcontractor and installed by the Subcontractor. The University has 
purchased a 'site-wide' license for Barrington Systems StarVIEW 4000™ 
software. 
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2.02 FUME HOOD CONTROL SYSTEMS 

A. The fume hood control systems shall include a face velocity sensors and 
controllers. 

PART 3 EXECUTION 

3.01 EMCS INSTALLATION 

A. The Subcontractor shall install one or more field processing units (FPUs) 
and any required input/output interface devices, all in appropriate 
enclosures. Subcontractor shall provide and install all appropriate 
appurtenances, devices and terminate wiring from the input/output 
subsystem and shall perform a comprehensive acceptance inspection and 
test, and prove connection and function for all input/output subsystem 
components. The EMCS subcontractor shall develop, install, test, tune 
and prove, and thoroughly document all applications programs. 

3.02 EMCS FIELD SERVICES 

A. Perform a comprehensive acceptance inspection and test of all installation 
details and system operational validity, including but not limited to 
inspection and verification of input/out sensor locations, control device 
location and connection, input/output point terminations, point-by-point 
proof of function for each input/output, and functional test of all application 
software. 
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DIVISION 14 - CONVEYING SYSTEMS 

SECTION 14200: HYDRAULIC ELEVATORS 

A. Service Elevator: Combination passenger/service hydraulic elevator, 2-stop, 8 
feet by 8 feet platform with 5 feet by 7 feet high center-opening doors, 7,000# 
capacity. 

1. Cab finishes: #4 stainless steel door frame and control panel , base, 
handrail, and interior door surfaces,; plastic laminate side and ceiling 
panels. 

2. Controls: Fireman keyed access; ANSI and ADA disability standards. 

3. Guide rail supports : Provide vertical steel framing members and 
connections as required to support guide rails. 

4. Elevator pump room will be located at the second floor level. 

B. Lobby Elevator: Passenger hydraulic elevator, 2-stop, 7 feet by 5 feet platform 
with glass observation window facing lobby; 2,500# capacity. Note: Pit, 
cylinder, and connections to hydraulic pump room were provided under 
Building 6 contract. 

1. Cab finishes and controls similar to above. 

2. Provide round steel tube supports for guide rails. 

3. Provide tempered glass enclosure at lobby pit plus shroud for underside of 
cab. 

4. Provide hydraulic and electric lines to remote pump room. 
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DIVISION 15 - MECHANICAL 

SECTION 15010: GENERAL PROVISIONS 

A. Scope: All mechanical materials and installations in strict accordance with the 
following codes : 

1. Uniform Mechanical Code 1991 

2. Uniform Plumbing Code 1991 

3. Uniform Building Code 1991 

4. NFPA 13-1992 

5. NFPA 72-1992 

SECTION 15050: BASIC MATERIALS AND METHODS 

A. Scope: Specifies pipe , fittings, valves, specialities, supports, anchors, 
mechanical identifications, and insulation. 

B. Materials 

1. Piping 

a. Domestic and Industrial, Hot and Cold Water Piping: Type L hard 
drawn copper with soldered fittings; as per ASTM B-78, B 585-74. 

b. Chilled and Hot Water Piping: Black steel pipe with welded or 
threaded connections, or copper with soldered fittings. 

c. Fire Sprinkler Piping : Black steel pipe with threaded or grooved 
connections. 

d. Domestic Waste Piping: Cast iron service weight piping with bell-and 
spigot joints for below grade. Indoors above grade use cast-iron 
service weight piping with bell-and-spigot or hubless joints for 2-1/2-
inch and larger, galvanized steel pipe with cast-iron drainage fittings 
for two-inch pipe and smaller. 

e. Vent Piping: Two-inch and smaller, galvanized steel or DHV copper 
tubing; three-inch and larger, cast iron with hubless joints. 

f. Laboratory Waste and Vent: Polypropylene pipe and fittings with 
fusion type connections. 

4/24/92 6·24 
PE:ALS·Beam:CDR 



g. Pipe Escutcheons: Sheet steel, solid or split hinged; chrome for 
finished occupied areas, prime painted at unoccupied areas. 

2. Mechanical Insulation 

a. Insulate all domestic and industrial hot water piping with one-inch
thick, pre-molded, high-density fiberglass with an all service jacket 
(ASJ). 

b. Insulate hot water and chilled water with pre-molded, high-density 
fiberglass with an ASJ. Thickness to be established based on 
temperature differences expected. 

c. All air conditioning supply air ductwork downstream of heating and 
cooling coils to be lined with internal thermal insulation. 

C. Execution 

Mechanical Identification : All valves, pipe, ducting, and equipment in the ceiling 
space to be tagged and marked for identification purposes. 

SECTION 15300: FIRE PROTECTION 

A. Scope: Ordinary Hazard Group II wet pipe sprinkler system throughout the 
second floor space. The Existing fire sprinkler system on the second floor will 
be modified to suite the revised wall layout. 

B. Materials 

1. Piping : Schedule 40 steel with 175-pound banded cast-iron threaded, or 
250-pound flanged fittings, or grooved-end, flexible couplings. 

2. Valves : UL listed and F.M. approved butterfly valves. 

3. Sprinklers : Pendant, upright, or sidewall type. 

SECTION 15400: PLUMBING 

A. Fixtures 

1. Electric Water Coolers : Handicapped accessible . 

2. Hose Bibs: Locate in each toilet room. 

3. Water Closets: Wall hung, elongated bowl with chair carrier support, flush 
valve . 
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4. Urinals: Wall hung with chair carrier supports, flush valve. 

5. Lavatories: Counter type. 

6. Counter Sink: Stainless steel. 

7. Service Sink: Wall hung, trap standard. 

B. Soil and Waste: Rough-in for toilet facilities. 

C. Floor Drains: Heavy duty cast iron. 

D. Acid Waste Neutralization System: The system shall be complete in all respects 
with products matched and assembled into a complete system. Components 
shall include: neutralization tanks, tank mixers, neutralizing agent, PH controller 
and accessories, as well as associated interconnection piping. 

E. Laboratory Waste Lift Pumps: Individual waste lift pumps with integral receiving 
sump. Units will be mounted under laboratory counters to pump laboratory 
waste to the acid neutralization system. 

SECTION 15500: HEATING, VENTILATING, AND AIR CONDITIONING EQUIPMENT 

A. Low Pressure Ductwork: All supply and general exhaust ductwork shall be 
galvanized steel constructed in conformance with ASHRAE and SMACNA 
standards. 

B. Laboratory Ductwork: Coated, galvanized steel constructed with welded joints 
and flanged-gasketed connections. 

C. Power Ventilators: V-belt drive, roof-mounted centrifugal exhauster. Motors 
with vibration isolation. Low sound levels in accordance with AMCA standard 
300-67 testing methods. 

D. Variable Air Volume Terminal Boxes: Fan-powered pressure independent type, 
including chilled water and hot water coil section for office and support spaces. 
Pressure-dependent type terminal boxes for laboratory spaces, including 
chilled water and hot water coil section. 

E. Cabinet Type Air Handling Heating and Ventilating Units : Complete with 
galvanized steel cabinet, coated with corrosion-resistant primer, centrifugal 
supply fan , chilled water and hot water coil sections, filters section for office, 
support and laboratory spaces. 

F. Diffusers, Registers, and Grilles: To suit application. 
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G. General Exhaust Fan : Centrifugal type, single width, single inlet, suitable for 
roof mounting. 

H. Laboratory Exhaust Fans: Centrifugal type , single width, single inlet, suitable 
for roof mounting. All surfaces exposed to the airstream shall be provided with 
a suitable coating. 

SECTION 15950: CONTROLS 

A. Scope : To include requirements for provision and installation of all temperature 
and pressurization controls and associated alarm systems. Control systems 
shall be of the direct digital type (DOC) suitable for connection to the existing 
building automation system (BAS) on site . 

SECTION 15992: AIR AND WATER BALANCING 

A. Scope : To include requirements for balancing all air and hydronic systems. 
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DIVISION 16 - ELECTRICAL 

SECTION 16010: GENERAL PROVISIONS 

A. Conform to applicable standards of ANSI, ASTM, CBM, ETL, ICEA, IEEE, IES, 
ISA, NEMA, NETA, NFPA and UL. 

B. Conform to rules and regu lations of the California Administrative Codes 
including, but not limited to, Title 8 - Chapter 4, Subchapter 5. 

SECTION 16050: BASIC ELECTRICAL MATERIALS AND METHODS 

A. General: Building raceways, pullboxes, outlet boxes, conductors for low
voltage general wiring, wiring devices, supports, attachments and grounding, 
including routine insulation resistance, continuity and rotation tests. 

B. Materials 

1. Rigid, intermediate and fl exible conduit and electrical metallic tubing . 

2. Secondary cable, copper, 600V cables with No. 12 AWG minimum for 
power circuits and No. 14 AWG minimum for control circuits . Cable for the 
fire alarm system is specified in the Section dealing with that system. 

3. Wiring devices, ivory switch handles or receptacles and stainless steel 
faceplates, including duplex outlets. 

SECTION 16400: SERVICE AND DISTRIBUTION SYSTEM 

A. General: Dry-type transform ers, panelboards, and motor control center, motor 
circuit disconnect devices. 

B. Equipment 

1. Includes main and feeder circuit breakers, transformers, and circuit
breaker-equipped panelboards. 

2. Dry-type transformers, UL-rated 2200 C insulation, designed for 1850 C 
ultimate temperature with 40° C ambient, 1150 C average temperature rise 
and 30 0 C hot spot allowance. Provide quiet-type transformers with a 
sound level not exceeding 45 decibels. Provide transformers with taps 
and earthquake motion-restrained vibration isolaters. 

3. Motor circuit disconnect devices, either combination circuit breaker/local 
motor controller type or normal duty disconnect switches. 
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4. Motor control center with Class I, Type B wiring . Individual starters shall 
have overloads in each phase and individual control power transformers. 

SECTION 16481: VARIABLE FREQUENCY DRIVES 

PART 1 GENERAL 

1.01 SECTION INCLUDES 

A. Variable Frequency Drives. 

B. Adjustable Frequency Controllers. 

1.02 SYSTEM DESCRIPTION 

A. Furnish and install Variable Frequency Drive(s} (VFD) and provide all 
wiring and interconnection, applications programming, and start-up and 
test services to provide variable speed fan/pump operation. It is the 
Subcontractor's responsibility to determine if the existing fan/pump motor 
is suitable for operation with VFD control. 

PART 2 PRODUCTS 

2.01 VARIABLE FREQUENCY DRIVE (VFD) 

A. Saftronics Varispeed™, or MagnaTek TM GPD 503 Series. 

2.02 ACCESSORIES 

A. The VFDs shall include on -board self-diagnostics and indicators for 
troubleshooting of all operational problems. 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. The VFDs shall be totally enclosed in either wall-mounted or free-standing 
enclosures with a bypass panel. 

SECTION 16500: LIGHTING 

A. General: High-intensity discharge and fluorescent lighting for indoor locations. 

B. Fixtures 

1. Metal halide downlights for general lighting. 
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2. Fluorescent fixtures for general lighting. 

3. Exit lights, incorporated with a fire alarm flashing/strobe module. 

SECTION 16700: COMMUNICATIONS SYSTEM 

A. General: Integrated Communication System (ICS), Energy Management and 
Control System (EMCS) and building-wide paging system. 

B. Materials 

1. Minimum conduit size, one inch. 

2. Terminal cabinets, minimum size 24 inches high by 20 inches wide by four 
(4) inches deep. 

3. ICS hallway cabletray, six inch by six inch, two inch conduit stub into 
rooms. 

C. Devices 

1. Wall or ceiling mounted speakers, volume controls, amplifier and 
microphones. 

2. Universal Receptacle (UR) for voice and data services. 

3. Supplemental Universal Receptacle (SUR) for local area networking, point 
to point data links, alarms, etc. 

SECTION 16721 : FIRE ALARM SYSTEM 

A. General : Transmitter/receiver, control panel, smoke detectors, duct smoke 
detectors, manual stations, alarm bells, including fire alarm system acceptance 
tests. 

B. Materials 

1. Minimum conduit size : 3/4-inch. 

2. Wiring, solid copper conductor as follows : 

a. System 3 wiring , 600V insulation meeting NFPA 70, not less than No. 
14 AWG for audible signaling devices and No. 16 AWG for alarm 
initiating devices. 
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b. MX-203 wiring, 300V insulation meeting HFPA 70, two twisted pair 
No. 18 AWG minimum configuration with each pair individually 
shielded for the signaling trunk and single or multiple twisted pair with 
an overall shield, not less than 18 AWG for single pair and No. 22 
AWG for multiple pair for alarm initiating devices. 

C. Devices 

1. Transmitter/Receiver: Model MX-203 S2A (if required). 

2. Control Panel : Add modules to the existing Pyrotronics System 3, with CP-
35 control panel, PS-35 power supply, BC-35 battery charger, BA-30 
battery pack, SM-30 switch modules, ZU-35 zone modules, and SR-32 and 

. SR-33 relay modules. 

3. Manual Stations: Interior stations, Gamewell Model No. 21868-8 with back 
box No. 43480. 

4. Alarm Horns: Pyrotronics BDC-624 polarized 24V DC vibrating horn. 

5. Smoke Detectors: Photoelectric type containing a visible indicator lamp 
that shows when the unit is in the alarm condition. 

6. Duct Smoke Detectors: Detectors shall have a duct housing, mounted 
exterior to the duct, with perforated sampling tubes. Activation of a detector 
shall cause shutdown of the associated air-handling unit. Detectors shall 
be rated for the air velocity to be expected. Detectors shall be mounted in 
a readily accessible location. Detectors shall be capable of activating a 
remote indicating lamp on a remote annunciator. 

SECTION 16915: LIGHTING CONTROL SYSTEM 

PART 1 GENERAL 

1.01 SECTION INCLUDES 

A. Occupancy Sensors. 

B. Power Supply. 

C. Control Wiring . 

D. Control Panels. 

1.02 SYSTEM DESCRIPTION 

A. The purpose of the project is control the "on/off" operation of specific 
lighting and space conditioning systems. The means of accomplishing this 
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is through the installation of individual room lighting "occupancy sensors" 
to control the operation of the lighting and space conditioning systems 
utilizing both infrared and ultrasonic sensing technologies. Provide set of 
relay contacts for input to HVAC system. 

PART 2 PRODUCTS 

2.01 OCCUPANCY SENSOR 

A. Combination infrared and ultrasonic ceiling mounted sensors with time
delay and a manual override shall be utilized. 

PART 3 EXECUTION 

3.01 INSTALLATION 

A. Occupancy sensors shall be furnished for each room, ceiling-mounted and 
connect to both the lighting system and the BAS. 

SECTION 16950: ACCEPTANCE TESTING 

A. General : Services of an independent electrical testing laboratory to perform site 
acceptance tests on major electrical devices in accordance with industry and 
NETA standards. 

B. Equipment To Be Tested: 

1. Low-voltage cables rated at 600-volts. 

2. Grounding system. 
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Project Overview 

ALS BEAMLINES INITIATIVE 

SECTION 7 

ENERGY CONSERVATION 

A. Total Projected Energy Usage: 252.05 x 107 BTUIYR (without equipment). 

General In-House Energy Management Requirements 

A. Design Policy 

1. The DOE and the Lawrence Berkeley Laboratory (LBL) policy is to design 
buildings based on the lowest Life Cycle Cost. 

B. Codes and Standards 

1. DOE 6430.1 A, General Design Criteria (especially Division I, Section 0110-12 
Energy Conservation) 

2. 10 CFR Part 435 Interim Rule (mandatory for LBL) 

3. California Title 24 

C. Metering 

1. In general, the metering to be provided in the facility shall comply with DOE 
6430.1 A and 10 CFR Part 435 Interim Rule . 

2. Each distinct utility provided energy service shall be metered to measure and 
record the amount of energy being delivered, based on energy content. 

3. The energy delivery systems shall be arranged and metered to allow individual 
measurement of occupant lighting and outlet services, production processes, 
auxiliary systems, service water heating, space heating, space cooling, and 
HVAC delivery systems. 

4. Provisions shall be made for the measurement of energy inputs and outputs 
(flow, temperature, pressure, etc.) to determine equipment energy consumption 
or installed performance capabilities and efficiencies of all heating, cooling, and 
HVAC delivery systems and equipment greater than 20kVA or 60,000 BTUH 
energy input. 
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D. Specification Outline 

The following specification outline is meant only as a guide. Additional 
specifications under other divisions may be required to fully provide the identified 
energy conservation measures. See attached outline specifications. 

1. Section 13810 Energy Monitoring and Control System - New Construction 

2. Section 16481 Variable Frequency Drives 

3. Section 16915 Lighting Control System 

Identified Energy Conservation Opportunities 

The following is a list of identified energy savings opportunities that should be 
incorporated in the building design when cost effective. However, this list provides a 
starting point only and is not meant to exclude other energy conservation features. 

A. Opportunity #1 

1. Major User: Building/Process Systems 

2. Alternative 

Energy Monitoring and Control System (EMCS): All mechanical systems shall 
be monitored and controlled by an EMCS. The EMCS shall employ a mUlti
level distributed processing architecture connected by a local area network. A 
Central Operator's Terminal (COT) shall act as the "host" and perform the 
highest level of processing. It shall communicate with both the system operator 
and the Field Processing Unit (FPUs). The FPUs shall be microprocessor 
based and perform specified data acquisition and stand-alone control functions 
of timed events, conditional control sequences, and Proportional-Integral
Derivative (PID) control. 

3. Justification 

Centralized Energy Monitoring and Control Systems are proven energy savers. 
The entire LBL site is in the process of being connected to an EMCS. 

B. Opportunity #2 

1. Major User: Lighting Systems 

2. Alternative 

Occupancy Controlled Lighting and HVAC: Generally, occupancy sensors that 
combine both infra-red and ultrasonic technologies shall be used (in addition to 
local manual switches) to control lighting, and as an input to the EMCS for 
HVAC temperature control and override. 
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3. Alternative 

High Efficiency Lighting : Fluorescent fixtures shall utilize T-8 lamps with solid 
state high frequency ballasts. 

4. Justification 

The combination of occupancy sensors and high efficiency lighting provide 
rapid payback periods since energy use by a building's lighting system is 
typically its largest single energy consuming system. 

c. Opportunity #3 

1. Major User: Fans 

2. Alternative 

Variable Frequency Drives (VFDs) : Fan motors shall be controlled by VFDs. 

3. Justification: VFDs are proven energy savers and reduce motor wear. 

D. Opportunity #4 

1. Major User: Motors 

2. Alternative 

High Efficiency Motors: Motors of one half horsepower and larger shall be 
three-phase. All motors shall be highest efficiency available. 

3. Justification 

High Efficiency Motors are proven energy savers and reduce motor wear. 

E. Opportunity #5 

1. Major User: Air Distribution 

2. Alternative 

Variable Air Volume (VAV): VAV systems shall be utilized. Use fan powered 
VAV boxes or terminal cooling coils, reheat systems not allowed. 

3. Justification 

VAV systems offer energy conservation by reducing heating and cooling energy 
and motor energy required by circulation pumps and fans. 
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F. Opportunity #6 

1. Major User: Fume Hoods 

2. Alternative 

Variable Volume Fume Hood Control : Provide sensors and controls to maintain 
a constant velocity through the open sash of each fume hood regardless of the 
sash position. This design feature shall also require room pressure control to 
maintain correct. safe pressure(s) relative to adjacent spaces. 

3. Justification 

Large quantities of conditioned air are wasted without this design feature. 
Excessive motor energy is also expended unnecessarily. The added benefit of 
fume hood control is the increased safety of the operator. 
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ALS BEAMLINES INITIATIVE 

SECTION 8 

SAFETY AND ENVIRONMENTAL CONSIDERATIONS 

Safety Considerations 

An initial safety assessment review has been completed. A Safety Analysis Document 
will be filed before the start of construction . 

Operational Safety Procedures (OSPs) are mandatory for all potentially-hazardous 
experiments. The OSPs are reviewed by the Environment and Safety Hazards Control 
Department and the appropriate subcommittee(s) of the Safety Review Committee. As 
a standard procedure of the LBL safety program , all areas are inspected for 
compliance with federal OSHA and LBL standards. 

Lawrence Berkeley Laboratory complies with DOE 6430.1A, General Design Criteria, 
29 CFR 1910 and 29 CFR 1926. Design review of equipment and laboratory facilities 
and review of experimental procedure is expected to reduce any hazards to a "low 
hazard" classification . 

Environmental Considerations 

An initial environmental review has been made for this project. No adverse 
environmental impacts are expected on or off site. The project will have no impact on 
archeology, atmosphere, climate, flora, fauna or waste. There will be no underground 
tanks . An increase in the number of visiting scientists is expected, but this was 
evaluated and accounted for in the Environmental Assessment for the 1-2 GeV 
Synchrotron Light Source. The project is not located in a flood plain or wet lands. 
There are no environmental issues that will require unusual design or scheduling 
considerations. 

It is anticipated that an Environmental Assessment will be performed with a finding of 
no significant impact. 
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ED&I Analysis 

ALS BEAMLINES INITIATIVE 

SECTION 9 

DETAILED SUPPORTING DATA 

Basis for Architectural Design 

Basis for Structural Design 

Basis for Mechanical Design 

HVAC Load Calculations 

Basis for Electrical Design 

Cost Estimate Detail for Conventional Facilities 

Details of Estimate for Special Building Facilities and Standard Equipment 
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ALS BEAMLINES INITIATIVE 

CONVENTIONAL FACILITIES 

ED&I ANALYSIS 

LBL Activities 

Engineering 

Title I (3 MM at 7.5/mo) 
Proj Arch 1 x .4 time x 3 
Proj Team 3 x .2 time x 3 

Title II (6.3 MM at 7.5/mo) 
Proj Arch 1 x .3 x 7 
Proj Team 3 x .2 x 7 

Title III (5.0 MM at 7.5/mo) 
Proj Arch 1 x .1 x 16 
Proj Team 3 x .07 x 16 

Inspection (6.4 MM at 7.5/mo) 
Inspectors (combo) 0.4 x 16 

Consultants and Vendors 
Independent Seismic Reviews 
Independent Cost Estimate 
Advertise ments 
Printing 

NE Actiyities 

(FY 1992 $K) 

~ 

~ 

~ 

~ 

~ 

~ 

~ 

11 .5% of designed construction costs (4,490) 
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1.2MM 
1.8 

2.1MM 
4.2 

1.6MM 
3.4 

6.4 

~ 23 

~ 47 

~ 38 

~ 48 

~ 16 
2 
5 
3 
6 

172 

516 

688 
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New Construction 

ALS BEAMLINES INITIATIVE 

BASIS FOR ARCHITECTURAL DESIGN 

1. Exterior Wall System at Building 6 (existing) : New gypsum board finish over 
existing insulation. The interior separating wall (mezzanine from ALS high bay 
area) is in place. New paint finish. 

2. Interior Partitions: New non-combustible metal studs finished with gypsum 
board, painted. 

3. Ceilings: Suspended T-bar system, 9 feet high, lay-in accoustical panels in 
offices. 

4. Floor Finish : Acid-resistant sheet vinyl with heat welded seams in laboratories, 
vinyl composition tile, 12" x 12" x 1/8", in corridor, carpet in offices. 

5. Fume Hoods and Laboratory Furniture: New; metal base and wall cabinets. 

6. Bathrooms: Ceramic tile floor and walls; gypsum board ceiling . 

7. Office Systems Furniture: Demountable partit ions with prewired base and 
modular furniture will be furnished in the "open plan" office areas. 
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Conceptual Design Report 
Building 6, Second Floor 

4. STRUCTURAL SUMMARY 

The EA was requested to analyze the structural design calculations for the second floor area 
to determine the feasibility of increasing the floor loading capacity and to provide necessary 
input for determining the cost impact associated thereto. 

Conversion of designated office use space to laboratory use on the mezzanine of the Advanced 
Light Source Building required an increase in floor capacity from the original 50 psf to 125 psf. 
Additionally, a portion of the live load must be included with the dead load in computing 
seismic forces. 

Floor framing and seismic systems as well as supporting columns and footings were reviewed 
for the increase to laboratory loading. 

All existing system components have the necessa ry capacity for conversion except the 
intermediate radial girders. These members require the addition of a welded cover plate on 
the bottom fl ange. This operation requires shoring of the girders, welding the plates and 
removing and replacing fireproofing, any interfering piping, conduit or ductwork. 
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Conceptual Design Report 
Building 6, Second Floor 

S. MECHANICAL SYSTEMS 

5.1 DESIGN PARAMETERS 

Design temperatures and heat transfer factors are taken from the ASHRAE Handbook of 
Fundamentals, 1989, Weather Data. 

• Outside Design Temperatures: 

Summer Winter 

8SOF.db/65' F.wb 34°F. db 

• Inside Design Temperatures: 

Administrative offices and support spaces provided with a ir condition ing: 

Summer: 76°F db 
Winter: n OF db 

Given the relatively mild climate that exists in the San Francisco Bay Area, control of the space 
relative humidity is not required. Humidity within the conditioned spaces will remain between 
30% and 70% without the use of special systems or controls. 

• Heat Transfer "U" Factors: 

For purpose of preliminary calculations, the following applicable values have been used. 

Roof: 
Wall: 
Windows: 

5.2 HEATING 

Summer 

0.05 BTU/ft'-Hr-oF 
0.07 BTU/ft' -Hr-oF 
0.35 BTU /ft'-Hr-oF 

Winter 

0.05 BTU /Hr-ft'-OF 
0.07 BTU/Hr-ft,-oF 
0.31 BTU/Hr-ft ' -OF 

Heat for the second floor spaces will be supplied from the ex isting hot water hea ting system 
in Building 6. Under this contract the existing hot water supply and return mains will be 
tapped and new insulated branch piping extended to hea ting coils located in the variable air 
volume terminal units. 

5.3 AIR CONDITIONING 

In order to comply with the inside temperatures for personnel comfort identified in Section 
1550 of DOE 6430.1A, the entire second floor area of Building 6 will be air conditioned. The 
system proposed to supply the laboratory areas is of the va riable air volume type, utilizing 
terminal boxes located in the ceiling spaces. The variable air volume terminal boxes will be 
modulated by space pressure controllers which will regulate the quantity of supply air, as 
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Conceptual Design Report 
Building 6, Second Floor 

required to maintain the laboratories at a pressure of -O.03-inches water column with respect 
to the adjacent corridors. In order to provide the required makeup air for the fume hoods, as 
well as ensure a safe working environment, the laboratory systems will utilize 100 percent 
outside air. 

Outside air for the laboratories on the second floor of Building 6 will be provided by new air 
handling unit supplying this area. All supply air ductwork located downstream of the variable 
air volume terminal boxes will be insulated. 

Heat for these areas will be supplied by hot water coils mounted adjacent to the variable air 
volume terminal boxes. 

Cooling for these areas will be supplied by chilled water coils mounted adjacent to the variable 
air volume terminal boxes. Chilled water will be provided by the existing chilled water system 
serving Building 6. 

Office and support areas will be served by a system utilizing fan-powered variable air volume 
terminal units. During periods when heating is required, the variable air volume terminal units 
will modulate to minimum supply air quantities. Should additional heat be required, the zone 
temperature direct digital control (DDC) system will modulate open the hot water control valve 
at the associated heating coil. During periods when cooling is required, the system will first 
utilize free outside air cooling whenever available. Should the outside air temperature rise 
above the inside design condition, the variable air volume terminal units will drive to minimurr 
position, and the integral fans in the terminal units will be energized, providing return air L 
the zones. The zone temperature direct digital control system will then modulate the chilled 
water control valves at the variable air volume terminal units as required to maintain space 
temperature. Outside air for the office and support areas will be supplied from the air 
handling units serving the second floor spaces. 

All air handling units will be provided with fan capacity control utilizing variable frequency 
drives. The direct digital control (DDC) system, with associated static pressure sensors located 
in the supply air ductwork, shall modulate the variable frequency drives to maintain the 
required duct static pressure. 

5.4 GENERAL EXHAUST 

A general exhaust system will be provided for office and support areas on the second floor of 
Building 6 • The general exhaust system will be utilized to remove from the building 
the outside air that is brought in for ventilation and free cooling when available. The general 
exhaust systems will be provided with variable frequency drives, such that the exhaust air 
quantities can be adjusted as required to maintain a slight positive pressure in the building. 

5.5 MECHANICAL COOLING 

Cooling for the office and support spaces will be supplied from the existing chilled water system 
serving Building 6. Under this contract the existing chilled water supply and return mains will 
be tapped and new insulated branch piping extended to cooling coils located at the variable a' 
volume terminal units. 
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Conceptual Design Report 
Building 6, Second Floor 

5.6 PLUMBING AND PROCESS PIPING SYSTEMS 

All plumbing fixtures will be provided and installed in accordance with the Uniform Plumbing 
Code (UPC). The design of the plumbing system shall be in accordance with DOE Manual 
6430.1, Chapters 5 and 17. 

Process piping systems will be provided under future laboratory development projects as 
required. Process piping will be routed in the ceiling spaces of the laboratory areas. Process 
piping systems expected to be included are summarized as follows: 

Compressed air 
Non-potable industrial hot and cold water 
Low-conductivity water (LCW) 
Natural gas 

Industrial water, low conductivity water, natural gas, and compressed air will be extended into 
these areas from the existing systems located in the facility. 

Laboratory waste from sinks within the spaces will be collected into sumps loca ted below the 
laboratory counters. Small Individual lift pumps will then be used to transport the waste in 
overhead piping to an acid neutralization system. Once neutralized, the waste will be routed 
to the first floor for connection to the sanitary sewer. 

5.7 FIRE PROTECTION SYSTEM 

Existing fire protection systems within the second floor area will be modified to suit the revised 
wall layout. 

\ 1619913\DESIGN.ANA 
92041G-2 9-11 



4/24/92 
PE:ALS-Beam:CDR 

ALS BEAMLINES INITIATIVE 

HVAC Load Calculations 

9-12 



/I 

COMPUTATION SHEET 

COMPUTED By:r c c "''5£ 
CHECKED SY",""'---7m'<?T'r 
DATE t;I2Rq9~ 
REV. 19 

ASHRAE. 

S ..... M /\At;;: 

5'5" r 'p'g/c;s·~ ~ 
f!£)" F P.B./ G. 3· F wE' 

~ . "' ..... ... . - ~ ... " ....... 
Englneers- A,chll.cls 

PROJECT !b 1»)3 
4i-S 2-1Jb "~M_ . ~ 

_.W·oVT £:;::; ~ 

3-1' F vB 

/ •. _--

~£ 1-''-'' ''VARY 

111\ vt. l3(-fE-v 

C~(.CULAlltJ~S 

LlScD 

~o 7 , . 

. 35 II 

• &Ie; 

.07 
.3 I -grU(~ ( ("(. ' - r . 

9- 13 



,. 

~E~~~~~"~'_'~~ __ __ 
DATE 'J \.{ 1092 Is.:....... 

REV. 19 

CL.... TV 

\-1::0"'" ASH r-:A ~ 
TA I3>Lf.S c.. ~ 7 

CL-rL::::> 

tJ 17 
NE. Ze.. 
~ 3"1-

-::>E. 3£:.. 

:> 32 
5W ~Z-

IN_ 27 
NlV "2.0 

/ 

....- ...... .. ........ ........ .... .., .. 
COMPUTATION SHEET Englneers-Archllecl. 

PROJECT . 16-;9Cj-/3. 
AL.) - 2AD fuce. iMli 6 

SHEET NO. .L OF -iiL SI;([1; 

/S" P..LO (. L.{ 

@ /b6~ Ho(.j~~ 

~~~~~ M~Y/SV~1 

0 
D 

U 
0 

.- , 
( / 

0 

0 

It< - \,0 A s ~ \.1M!:. DI'I t'l. '< COlL) 1<: ..... H . .:> ...,... "'l: "-lD IJ ~.,. R 11'\ L-. 

01\1 <. ot:.. A-

Tt-ItR:E I"dRoE.. 
-;; >-11"'1 L L. B E:.. 

""'-HL "'-0 R:f2. f c.. ED 
(rE I~ IlS1--1/2Af) 

CLTD 

(]CL'rr,"L~).t K..- (75 -r~)+-Cr.;--?'')) 

~L TO -I L""> ~ 1.01" (75-7 t'::.) -j (~'S -Z-I)) 

9-14 



·111 

COMPUTED BY rr C CA Sf 
CHECKED BY __ -.".=-_~ 
DATE 1 nQ -· - 1992 
REV. 4r:1 

U = 
f'JE.. -

19~ 

19_ 

CLIO 

1/ 

-z..~ 

COMPUTATION SHEET 

1\.·\t:_C""AW'~AL DtS '''IV 
c\... Tt> 

LN\ C lJ/Z't.. 

-+ 0 -t- L .". 

~ C> r 2- ~ 

-

E- o: 34 f- 0 -j . .. :::. . 
"-

"Sf:. -:. 3~ ..... 0 + z... -
~ - :;z. +- I 4- ,~ 

<.. -=-
~vV - 'SL 1- 0 + Z = 

I.f.I -- 2.7 +- 0 -I- 1- .-
IVvV -:. 2..c.... t- O + 2 . 

~F" CLIP 

11M' c.;, A,'" Z'-F .. .,vi, " "" t '" \ r'\ L -S J 
T-:oVF· ""1'11' to. 4 J IN I '''' -S II '!> P t IV I:J 4:. '::> 
e {,- 00 

LTIJ\. --

rlRS 

~-t 

\ 

L:J Nliler ac \lannon 

Englneers-Archllecls 

C ~ -rD rolCQ. 

11 
-z...o 
'3'=; 
sr 
3~ 

34-
z."'C 
2.L / 

}~'3L~ :,) 
eLI LIJJG:.. 

f ... 1. 0 F''£ll''Z. F'D\~ Cl.L,"'c.. S"i\C~ Vl....Jl''-..I"fT'/",V 
I = ~ v,t ....... T, '-..'O'T'O"-.J 

K - 1.0 PIC\RK.. rOLoR... 
,..... . 

C l-"IT:> ro."Z ~ ~ )Ie' L. It> '\ L ''-''J . \.{ ~6 8 - 70 -l (3., -8,)] F' 

C L TO cz"'m. '" C L 3'-1 + \) ~ I. 0 +(jer 7G.) ·f"'> -615)1 I./J 

~"::'>F-
= S7 

9-15 



.' 

•• 

COMPUTED BY;CC CA .... e 

AlIA 'k,MU "'" SHL:> F 

FCo"",, C .... A()~t.t. z,(. , ..... Tur Y 
,o.i\<;HI_F-

....., 38 
~t:..IN..J 1"'-3 

. E:.../"""; LIb 
~f:./'SvV 170 

.5 109 

COMPUTATION SHEET 

'SHC., E= 

.7'-1 
• Z (.,( <.fZ

.Zc../SG) 
.'::73(.5"8 

• L-f7 

- ._ ...... - -_ .... -.. 
Engl nee .. -Areh lIeell 

SHEET NO. ~ or .!tZ- SllEElt 

" e 'tt> N 

/' 
ASSv/v,E,. ShAD/Nt. COEFF=IC.\~ "", o~ O. li"b 

9-1 6 



~ Kellar & Gannon 

COMPUTATION SHEET Engineers-Architects 

;:c CA;:2€. - -COMPUTED BY PROJECT -< 
&. L S - l:,/J b E. L.oDfZ.,. CHECKED .. 

II jrjtJ IJ 
nATF' r'\7"l ,1QQ? 19:... •• ' ,,'v'.., I I...:J{" LDAD Ai.. fl6::" 
REV." " 19 f'.I.._u6 ""'(~ 6FFICt:'> /.I'ti'\ SHEET NO. .7: OF ~ SHEETS 

~:.U~~ . ( (..., , I/-.b 'HT ' 1'-/ ·ZZ'iOCU'T 
Esti .... le 101 LOCAL TI'" I Puk lOld LOC."'.1"'" 

tuM Til •• IUN TI .... 

'T ... I AIilEA Oil SUN GA'N 0111 H"It .1 0,,,,,,,, 
QUANTITY Tr. ..... . 0',." , ..... CTON .TU/MOUIII 

D. •• ,"H D' ..,.. 
7 f'( 5a.A:. n. JI.,3 1",:0 

' , ... l~ ") 
G'm • .4ft. '<.'6 I ",,.* '''"' 7, 
G'm son. · <-( 
Class son. · OU1DCOI All 

C .. " s .... • 
_ .. 1 "o.La • I'" CII'MI_IUON • (S" 

SkY",,1 'D ... • ... - M" . e"."OI"T . 1'1'7:.. "AN5. O. .::' .... • .aa~ oS cno '. Wall 12 ..... Z2 • tZO .. , ... , .. • C_~"' •• DOOtU_~~ • • __ C ... I " ... _ • .. " •• Fe' · OfO&"'DOCI«tI ___ • __ c .... ,_. .. " ..... · •• MAUS"""" .. " s .... · C_C:1Il .... T· CI"IOII / 1"" • 

Rool·"" / (,,0 s ... • :;; 7 · .07 '-J 11'1 cno -. s .... · c,. , A'" TH"U • 
TRANS. GAIN_EXCEPT WALLS ," 100f .".IAlUS DEWrOINT 

All elm SCI FT • · ...... CTI_ .""acy,va _ '.NI . M ... T 

P,,"boo ..... · eSM' '.1011 ... a .. T . _".C:TIV. _ TOTAL fI .... T . ~ ... <:TotII 

CeoI<o' so 'T' • 
AD' " . • , S.L 'AD' • .. 

F100' so H' · "0""0 All lY 
Inlllll.lloo c, •• · . ... .... - "-__ ... I·IT .... __ ~ ~ ""0" __ '" • 

HEAr '_ ..... H~T 

Peo". 1 •••• L •• ~ IS" t ~:.tl 
. <:"·0 • .- I ... . .. 'KO • ..-. ..... 

..... , 4M '1 Pc:.. ~ . .., I~ I In 
._ ••••.• ~T L,..,,, 1.0 ,/<'F .ATT ...... ~ !~. . 

'.N· c_, ...... 0 .. ' .... ' .'.1' 

... ",,, ... Elt. • SUPP" All 

.",'",." Hu, ",," · ~y '-I f-,,.!,r1 _ ...... ~T 715 SUeTOTAL "-f CI" ..... .- I .... 2Q • 0'.'.'001" 

'"'''' •• H' -'-'- -'- -suo TOTA' - c: .... o ... c: ..... " 
"I'~ ,,,., <:..., , 7 

IN' & lVO CONDITIONS AT ... " .... AlUS 
ROOM 'HEAT • <-I I'-,)f) 

IU"~' IU""L." ED. e"·O& .I"o,, _ .. -T •• _"" T .. o• __ ' 
~CT ~CT 'A. c: .... , I4.U""_." ,. t ...... ~. L.OII 'I. • 14 ... , , 

00' ...... ' c, •• " .,. , ... 
LD. T".. ... ... .''''0' '" - T"o. ~I" T .. o • , 

, ROOM , HEAT I! I"RQMPIYCH. CMA~T. T, •• .. , T .... • 
Inflllill ion 

'A'~: ~ ... 
G"/ L." 0." HOnS 

P"". PeO'Le· 

SIUs L",H'" .... Z\S- CF-M ToT"" 1.... 
.... '., .... Elt. 
_UN H,,' Go", 

I") CF /V\ o. f) . v.~. ,._ .. so. '1>00 • .., ... 
.... TDTA • 

..... '''h. • '-I, <::; 7(y &TUi-f ROOM .ATENT HEAT 

,"OPLT DUCT LE.UCE 

(», ...... , cno • ."' ... ., ..... 
" ' ROOM LATEN' HEA' 

, ROOM '. AI. HIA' 

..... r: /") C,,"' 4 ,. • 11- 1"\ ... , ..... C/) 
~t c"" • •• , •• '\1 - . ....... -- ~ .... TOTAL 
DUCT DUCT - - .. ' •• , .. tl" .. 'DO .. , ... , •• ,._too .............. c __ 001 n .... ' ....... "5 .... 
_T_ 'I.. LAAa. _I" .. ..- , .... _&..1»& , 

.......... , ........ 'U ... '0_ ...... . 

"AND ' TAL HEAT. '-{ If. I::: ::::::::: ... ,., ..... !....'!"~,~._ ... o ."",~ ~':';' ."" ....... " c_. 

E·"" AIR COIIDmolllllG LOAD ESTlIIATl 'Rfr.aoucED IT rE~"'ON OF CARRIER ~TlC»t1 

9-17 

~ ~ . _. 



~ Keller & Gannon 

COMPUTATION SHEET Engineers-Architects 

COMPUTED BY :r C Ct3S£ PROJECT -/..-~ 
CHECKED BY . . .s'\l-S - ~ b l'/.IOfL, 

,r."'I . 'Y'f.:'. 1~ ......... · COOLI....JG LaAV 61.-Q6- " 
REV . .. "' 19 BLDc" .... b LAS (f.q~;-) SHEET NO . ...:.f2i... OF li SHEETS 

:::;uZ~ • ZD ,41-./) '0'" I' / Li'-lA eu" EsllI",I,'ol LOCAL "1" I Peak lOid LOCAL Tn •• 
tuM 1"". IUNTI_ 

'T ... I ."If" 0" 
SUH GAIN Ollt HaulS .1 0 .... "., 

Q, ' .. NTITY TPI~. DU-" , I !""CTO" .TU/HOUIII 
DO .0 'OM DR •• 'L. 

so,·:O" • 
"OAI .'-1' 

GIH' • 000. , .. , 7? 
G'", SO" • · ~ 

G'''' SO" • · OUIDOO. All 
GI ... SO" • · -,. -.... C,.""NIUOIIII • 

!loy""" SO" • · ,~n_ 

"OT . e.,., lo fiT . 
SO,,,, '''N.~ ... '''S • aoo, - .... , •• 

.~, • ..... , .. 
•• ItO ..... , •• DOoO.a_"~. ,, __ C"II'"M_. -'.U '0 ... · _ ...... __ ~ "_C"., __ 

'.U '0" • · •• ",A",,, "AN •• U '0 YT' · .... ,,~ 
CIlAC« ..... e_,,,,. • 

RooI·Soon <1£.6 'OFT' '37 · L)5 COM'."LTOAT'" • 
so ... · e'. 'A'. T •• U • 

aANS . GAIN (xCEPT WALLS" lOa' 
All Glass SQ'T. · .",.aCT,v. ."_CTlva _ ,.N'. ",.AT . ,,"'"' SO YT' · .... , ..... "tAT • _,..CTIV. _ To,.A ... NC .. ,. 

. 
,.aCTOR 

c."", ..... · AD' 'AD' ' . , , AD' 
F' ... SO ... · 

, 

"",, .. ,,"' e, •• · , ... .,HUM'."" •• ,a WUA""" -- "" ___ '.'1'." __ " _ 1'''0. __ ''' , 
"~'"A' HI::o,.,o. 515 1S£ 

'_"Q .• ~T • c" .. o_ ...... .- 1.- • "'1 .. . .... 1 ..... 7.-"; ,. <. 'II' -<, I.U: .-...... ::.: U!,,"_ //) J<, ~. o..ll"3 I 7t: 1-· , .•. ", ...... 0""t..1' .,.,. 

, Eo<. , · SUPPlY .,. ............. ,ea". · 7b"::;-O _ ••••.• ~T =<"55 suo TOTAL / IL'i ( ~T . ~ ... .,- , .- , .•• Z() • 111111110 .... . 
S~" .. .0"' 

suo TOTAL 
...... 

c_ ••• c_ •• 
S.I.~ FKID< ..<::; , 1'-l:;O 

ROO» '.EU., 7 ~ C;;/} 
.. v," .~ IN' • 'VO . • , '''''''U$ 

w~, n .. "~'" 0 •• • c· .. o ... IT •• _"-T .. v_"'. T. O• __ ' 
~T ~e< ••• c ... .. _T .... IN .". L.a:'1; . 1..0U '4 • W. ,.. , 
IN_A;, e' •• , . ., ..... 

LDO • • • 11' .,T ••• f' _ T ••• 11',. Tt..o. 
, ROO' ' HEA'I!! .. Jt06t ~IVCM . CM"IIITI 

InliltraliCII tA':: ~I" 
G"/ La • 0 .•• Naill 

""",. '.O'L •• 
HODT? 12~v \Itt M.-i;---IS = s_ LO'."' , ... 

• Etc· 
/006 er"1 , 

............ ,Go"" • • v .... T._,. so· " .... ..' L •• 

suo TOTAL 

r'CVl\.\ So"" , •••• , r:= t.\l V \ -: t M. f.--..IT<. .--
'00. LATENT HEAT 

"'''U DUCT LEAU.' LO" , 
52..S-IN_Ai, e ... . •• ' LO' O' ..... C~N\, 

, 000. LATENT "'AT ,. 
, ROO» TOTAL HEAT • 

J:s:,~ 70 : AI. HU' 

1\ bw . 
!3Tvl-\ 

_a'lSL~ e .. • "f. , ... " 0 .... II." 

'-- e ... •• /L •• ,,_ 0" .... 

5ir .... '4t~ .... "' 

SUa TOTAL - _ .J 
... t _ ...... .. '-ON ... .,. ,.,." .. ,_., .... 0.'._ ..... ,....,., c_._ " ..... , "r"n"E'" 

t .... t~:':=:·"',:::=~~~ .'1 ... fU-
D 
~':" .u, • . GRAND TOTAl. HEAT. IlL I:::: . w ..... , c_ . 

. """ AIR COIIOmolllll& LOAD (mIlAn ,"RIIOCIUCfD IT "_DO CAD'" ~TK»I' 

9-18 

. . .. --- .. . .. . ~ . - .. - .. . . 



~ Keller & Gannon 

COMPUTATION SHEET Englnoers-Arehlte<:ls 

COMPUTED BY J CA'5."i:. PROJECT if--/ ~/l 
' . 

CHECKED BY .. ALS~ lib 
DATE ;\ Dq \'J'JL 1L ("061..1....) G L.c,1I9ZZ'S auxT " 
REV. 19 ;::;\..1)(;" '" ~ \..t..Q" C" A L 1StAM SHEET NO. _ L OF .!:l1-SHEETS 

~;ui~or EsI.eU. lor L,OiCAL TI_ I Peak LD.d LOC ..... '1"_ 
• (t- ' Z. 77 ..... 1'-1 ;cu .. lUll ,., •• ........ 1'.-

,T ... I A"IfA Olt SUN GAIN Olt H"IS.I O.IIItj 
QUANTITY 1'01". 0,,.,.. ""CTOR .TU/HOUlt , D. .. ... •• " / L. 

SOU:OG~T • ' 'OAI ~i. CI." · IOOOM , ... , 
Clm ..... · .., 
. CII" ..... · OUIDOOR All 

Gi ... ..... • _. ......... C .... ' ... MON • 

S>y""" ..... • ,~- .... . c .... ". PT . 
SO'AI • TUNS. GA,N_WA'LS. 100' e ... '. .,U SQ P'T. • _-.' .. •• _ .. v .... DOOM __ .... ' __ C"./ --.oN • 

• ,11 "'T' · _. ____ DOOM __ c_,_. 
.,11 '00" · •• MAUlT ...... 

• ,11 ..... · _n~ 

.~ .. .... T· e_,p,. 
RooI·s... 2. 77 '0'" '2.., 7 · ~.., I<y)') ..... · e ... AI'THOU • 

TRANS . GAIN-EXCEPT WAllS & lOaf DIW'OIN' 
All Clan SQ P'''. · ...... CT'va • ..... CyIVtl __ ....... M .... ,. 

p.,,,,,,,, ..... · ..... ...... N .. T • 
_aCTlva ROOM TO,.A ... N_T 

. 
..... eT_ 

Ce,'". ..... · A •• A.' • 'A.' , rt", so .... · • 
DIHUMIDlflED All QUANtITy 

"Ii II .. " .. e ....... · .. .. -- " ____ 1_''' ... ___ " - "4D ___ '" • 

:l.. • HI~~.""... ~ I.e; ~/> 
,_ •••• • M~.T • e,,·o .. ..... ,. .... I .... "" ..... " ... ..... , - ~. {) Vvl-; r H'.' ••• ~ 1'1 rr .... ~ . Ll",,, I L) w/ .... ~ .ATT .. , ... .. , .... "',. ... ,. ."'.,' 

."" .. ,... Etc. • 
.... . .......... 

IU'" Y A'" OUANTI" 
Add,II ... ' Hu' Ca,,, • 

1;::--' -= ""'''I () ......... M~' • 2,S.e) JU' TOTAL "'1 ""I:1L 0 ...... 
I .... W • ....... 01". 

,~" .. '0 FT' · ,- , -JU. T.TAL .... c ....... - c-OA ' c._ ... 
",.~ ,,,'" "'J • ~'-IO INr & LVO CONDITIONS AI 

ROOM 'HUT. ") fir 
IU"""''' IU"~Y ••• ' .. -" C"·o ... IT.II_"_T"._"\' T ••• __ • 
~T ~CT .~ c .... " ....... _, .. 'L • Lall" . LOS. 'L. N . .. . , 

<>0''''''' ' i, eow. -" .... , ... 
L •• • __ ''1', •• 

" - T"op "I' '1' .. 0. • , ROOM , HEAT II! I P~PIVCN . CMA~TIT ••• •• T . 

Infillralial'l 
LA'~'::. ~'A' 

GJII/L..·O .... NotlS 

p ..... •••• L • • 
,0- L./ H'· .... 23~ CFtVI,. oA. . Ek . 
............ 'Cai" 

737tJ ..... " •.. ID' "10', ."L •• BTvJ-j 
",. T.TAL 

", ... F .. _. • 
ROOM LA".' .EA' 

, LOSS • 
1>1_ Ai, e ... . OOIL •• •• '0." 

, 'ROOM LA".' .U' 

, ROOM TOTAL HEAT • 

: A'. HIA' 
_We: 23")e .... "1 •• to- " ... ,_ t .• 2 280 
..... t e ... • O"L •• to- ........ 
-~ .... ,.=-.. . aJ. TOTAL. - _ . A 'I. """ 4,. II .,_ ",_ ••• ,.._ ............. c_ ._ "M', ""rsM'S' ... .. -;.2i ......... • ,~;: .. ~~~~~ I w ..... _'I'C_. 

,."", All LOAD ESTIMATE I."IIOCIUC •• IY ........... '" c ... , •• """"'''ON, 

9-19 
... 



COMPUTED BY;r f- CA~.E 
CHECKED BY_ ..,-___ _ 

DAT'E"--"~'-IJ;.;' .... ,).., ---<1f'J9"19~2- 19L 
REV. 19 

• 10 • bD ,,>T ' ,'-

OT_ 
1 

""If A Oilt 1 SUN GAIN Oilt 
OUANTITY TbI~. 0,,.,. . "ACTO" 

GI", SO"~ .. . 
GI", ..... • 

Gin. ..... • 

COMPUTATION SHEET 

I .,'" ,I 0,.,." 

OI'A' 
I ..... '101' 

~ Keller' Gannon 

Englneeno-Archltects 

PROJECT J6 fl2-! 3 
A/...5 - l..N D FI..JId(l.. 

SHEET NO. I OF :];[: SHEETS 

L,DC.AL ,.... Ipilit L,.' ....... ,. ... 
.. .. ... ., ..'L. 

OUTDOOI All 

rail S.Q "T .... _ •• ,., .'_"'111.' 000fII_ ........ _C~.'HMON ____ _ 
I,ll SQ II"T .... --.,. 1lIOOU ___ • __ C_/ OOOA • ___ _ 

-Y~~'~==~~===~""~"T~· ·~~~==j:·~~:=~==:t==~~~~r=~~··~WTP"N_--------------;;: •• 11 ...... ... cc ___ .... , ___ =-_c~" , • "'----
1IDo1·.... f_{J ,. .. . ~ -; ' .~ I A ""' ........ ATKIH • 

.. .. • • c •• , , AI. TM'U • 
"ANS. GA'N_EXe", WALLS' 100' "" .... ATUS DIWPOINl 

AU ~... so .. • • 
~P .. "~'M----~ .. ='~.T .. ~----.--~r-~-~r--;I.~. 

• ..... CyIVC ...... CTI'I. _ Ie ........... T 
.~'c;::T • __ CTIV __ TOTAL "'~T - --______ _ 

~~;. ,,, ~'====~ .... ~,.t· '";::::==:t:·::;:;::j:=+=+=~~~ A"~!!.!!!.!:!!!!.!! • ", A.. .P, AD" FI"" ..... • 

1.1;11,,,,., c... . I." 
~~----~~--~~~--~~~I~ 

• 

-------;;;;;;;;:.Uiill,-----t---t--i--ll - U~ __ WI· 1"." __ ,,, • 1'''0. __ '''· .. 

'" n_ .. " .. HIA' ~_I_----'==!!!'= -~.!.!!!. --!! .. ~ .~~. ....,. ..... . '."L.' ~.- '2 ."'/' ;;" ..... • _____ e~o • .. ""'> I:J "j~ ,/ .. ,. .... .. .. 

. 6 OAJ ,/.,'1- M' D.... :C , 
Lilfl" /.1'> W/c..~ 'ATT...... C. ~. ..... _ .... ... T 

I • EI<. • 
_,,,"" H ... Go,"' • 

!""I' .... _. 
lUn.TAL · , . 

l?lD 'u,,, Y A'. ' <"'/ h 
K'-ID ::,V I_....i.~ .... !f. . .!."": Z.O~:'. !!!!!':'~:=,,":: •• T=.::~:: .. :-.. ..::!LL __ eno,. 

suo TDTAL 

",.~ F,,101 ..,-. 
ROO. !ENSIBLE HEAT • 

tu-.v "'''~T 
OUCT ClUCT .. -
... &AT .... 1. 'I. t La ••• LOll 'I. ........ , 

c .. • • • ....... 
• ROOII • 'HEAT III 

Infiltratw. 
'AT~':!. ~"Ar 

Q"/ l. •• O .... ....,. ' •• 'L • • 
LO, •• ' .... 

. EI~ 

w."" Nu' Go,", 
V ... ' T,_.. ... II .... ..'L •. 

"'~PLT oue 

• 
.... TDTAL 

ROOM LATENT M'AT 

• 
OMlL.' ••• 0." 

R""" LATENT M'A' 

ROO. rOTA I. HEAT • 

All HIAT 

Semiblf: Co.f D e,. 0 '\ ,. .0- tJ .... . I . " 

u ... t c.. • ."L •• ". • ....... 

LD. 

...... . _____ ... _.~_. ___ . r ~~ ,.· . . · • . -" . . -, ..... _. " , , . .. , . ••• , ., ' 

, INT. 'va w"u, .UN' AT 

• W-IT •• o ,. - T&._ ... - T .... • 
I ;;.;.. --;;:, ... :-eMA.T. , T. P 

NOIIS 

Lt6 CFW\" t',A. 

9- 20 



~ Keller & Gannon 

COMPUTATION SHEET Englneers-An:hllecls 

COMPUTED BY J C c::.~~e.. PROJEcr 1(-L9.Hl • A l-S - l-Wb F~ol1.. CHECKED BY __ -
DATE Ar

' ~ 1992 lSi..:.! rO<'!LI ..... c.i (Of\~ (l,Ll>~ l ' , . 
REV, 19 &.Dt'- ""G, M-.c,W~. ~ SHEET NO~ OF.:..JI1.... SHEETS 

Size T. ID • t!::;{) .. .. • \ ... • <tL( D cu n 
Est ••• t. tor ..ocALT_ I Peak load LOCAL. 1"_ . .... -. . ..... ,. .... 

'T'" I Afle.A Olt _laiN OAIN 0" I H,'" " 0,,,,10. 
QUANTITY TDII~. 0 .. • .... ".CTO" _TV/ NOUfi •• •• 'OM •• 00' •• 

sou: .... • ,.AI X 
Clm · I ..... , ... , ,t 
C'm ",TO • 1 
C'm .. n· · OUTDOOI All 

o CII .. .. n . · _ .. -.., CPI<I'" __ .. 

Sky""" .. n . • ... - .. " . C_,,,,,,, . 
'OLAI •• UN'. , i • lOa. • • 

WIll .. FT' • _ ... , .. 
•• _ .... , •• OOOM __ ' • __ c ... ,--.- .. -.. II .. n. · _. ___ DOOM ",_C_' ___ 

•• 11 ,.n. • •• MAUlT ....... 

•• 11 .~ · .... T· e_,"", 
Roo,·"", [..../) ,.n . "'" · .O~ II b ' . 

.. FT' · c •• ' ,.,. TH.U • 
TRANS . WA.US .. 100f 

All Glus ",.'TO · ...... CT1W ...... CT' .... -.oCIIIIt Ia.. . M.A,. 

.,"", .. .. FT' · UH' I~,!~;~T • .,. ... C1"". ____ TOT .... M-..,. .. 

ee,'''' ..n. · ••• ' ..... .. .. .. 
F!'" .. n· · • 

' A'" IT "10'",,, .. c ... · .. .. -- ", ___ , _,T ... __ " _ 1' •• ", __ ",' -Tn •. H'~:...... ~ I ~ 
~2.b - o '~' . c"·o • -,. - I .... 11', ..... .... ..... A.O w/~;: -H ..... • ~IID ._ ......... 

U"''' , 'f> oN I~ ~ .ATTS • S,' • 7 I, ,... ., .. c ... : 
..,"' ............... ,,,, ,. 

. fie. · . 

su"" .,. 
"""'" ... , H .. , (;oi" • liDO suo TOTA. I 65.0 

....... . 51 COM •• ,,, .... ..... .,- , I ••• 2.0 - Oil''''", 01'. 
suo T.TA. c-. .. - c ..... o •• c_ ... 

Sa,.~ ,,,'" ~ , Y. . IN' • LVO 'u,,", .un. A' A"A .. 'US 
ROOM • HEAl .. I /)r w_. 

.u~~., ••• . c~ .. o ... ITo .. _~-T", .. _~I. 1'.00 __ ' 
~. ~cv -- ' ... 
M~T""" "l, • La .... . "1M' , • N . P . , c .. ' 

0.,_ Ai, CF •• •• ....... ••• 'ROOM , , HEAT III • - .11'.0. ,.. - 1' •• _ ~I· T .. o• • 
"110M PSYCH . CHART, 

"Ii' ..... LA'~'::~'A' 
G"fL •• 0." NOT" ...... ••••••• '5l- CFM O. 1-\, . - .. , ....... 

• fit. 
"""', ...... ,(;0, .. 
y .... T._ •. ... 'l' •••. .., ... I bot) 5TIJI-j 

suo TOTA. 
) .. ,.~ ..... , 

ROOM .'TENT HU, 

"'PPL T DUCT • LO" , 
~Ail c .. • • 01 ••• .... , .. 

· .OOM "TENT HEAl 

, ROO_ TOTAL HEAT • 

_." 0::;-1 c .. ~ ••• qWolA': :~.~' 0 .,,'_ t •• c:::-n/.) 
La .. t c ... • •• , ••• II. ........ 
=r'_ ,,:E:.~ 

.... TOTAL - - .. " I ...... "." " .. _ .. ,_ • •• ,._ ... ..,.~ ... c:_ ._ BM'" pr"u', ..... ,,- ,+"'-'-- , t!:: .. ., .............. ·7 'oo-;":.~.,. • ... _ c_. 
"'AN. ' I ,,"oc. -.. , , . .". 

All COIIIIIRIIIIIIS LOAD ESTIIIAT£ (IEHClQJaD 8Y PEIltUSIKJN Of CAltIIU a:.POaA non 

9-21 



~ Keller & Gannon 

COMPUTATION SHEET Engineers-Architects 

COMPUTED BY 3"<" C"A:2~ I PROJE(;,;' .... , .. Je :-'9~ -/3 • W'b 'F'-<>tJR. CHECKED BY 
r 

C ~::2' I t::d G.. t.O~l!! DATE .•. nn .. 1992 t!>'-"""o' .. J, ~ . , 
L.4f't.. (/5,57 .... ;;-2:) SHEET NO. .:iII .. or -fl..... SHEETS REV. t9 13'-7J &. ..,.. G" 

~;W I Puk lold ZO . '-fro so .. • I'" 
btl.,I. tor LOCAL " I" LOCAl. 1"" 

• . 'eu .. .... " .... .""T_ 
,T" I "flEA 0l1li 1 SUN GAIN 0"1 

QUANTITY TDI". 01,. ... . ,. ... CTOR .TU/ MOUlt 
HOUIl 0' 0,,,,"00 

•• •• .... . " _"/ L • 

SOLAR OAIN-GLASS ,,'.1 
Gllss so P'T' • "" ... , ... , 
e'm so .. • · elm so .. • · OUJDOOI All 
GI", so .. • · 

_. ....... c.rM/ N __ • 

Sky"~1 so .. • · .. " .. c • •• . 
'OL" • 'UN'. O.,N .... WALLS • lOa. '. Willi so,.. • _-.' .. •• _ .. ... , •• DOOM_ ...... " __ C"lII f~. 

• ,11 ..... • .... ____ • __ C .... /~. 

• ,11 ..... · •• MAW,. ..... 

• ,11 ..... • c ..... e. . ... C_," 
Roo'·Sun '-I/)j') •• ,~. ~ T · O~ <no '."L T •• n .. I ..... · e,., ,.,. T •• U • 

lIANS. so... . W'LL' • ~oo. 
AI, GI", ...... CTI" ...... CTI..,. JIOOIII ..... . ...... ,. " .. , ......... " . . p,II,',,,, ..... · ..... CTO" ..... CTIV. -.- TOTAL ... ,"" 

Ct,'''' ..... • ••• ••• • -' , .... . ,-flOG< ..... · DEHUMIDifiED All OUAH"'Y 

'.""""01 e .. • · I." -- "" __ .... _1" ... __ " - ""0," __ '" • 
. HI~:O'L"' :;,15 18"10 PeooI. r-? I 

.. c:_o " .... t .... .., ......... ...... 'Z..,'"> ""'/<, .. . ..... 115 ~ I<J ID _ ......... 
u~" / ,c. ) ""'hi ,,"i . ~I~ I 1"-,7( •. , .... c ... 

.. ~1."".IoI <U.'" "."." 
• Etc · SUPPLY All "'''''''"111 Add,I,,,," H,,' Go,,, · 77&:> .... TOT.L 7 ""f 1 (") ~ . ..... . "3bO - '""0, 

s" .. " 10" • ., .. , I .•• z.o • • .... • •• 00 ... 

~ 
SU. "TAL c-. .... c~o .... c_ •• 

Sa,.~ F,".' '5 , '?7D IlSULTINO (NT & LVO CONDitiONS AT 
ROOM 'HEAT .. 7<":JC. 

IUPP\.Y ""~~" " .. . C"·o ... tTo._ .... " •• _P1. T ••• __ ' 
~. ~. ••• C .. , 
NUT_I ... ... t La ..... 1..0.' '1, ..... ~. , 
Out"'" Au e ... , . .,. , ... 

L •• ... IIP·I,., •• I' - '1' • •• 11"'''''" •• • , ROOM SENS'BLE HEAT III i F-oMPIYCM . CMA.TIT ••• " .. 
LAUHT HEAT 

,.Ii'''''01 e ... GiII' l Le.o .... HOIlI 

....... '.O'U ' HDOD i<'tGVI (!, t.NI t NT I'kt. : ,- f..!I.~".O" 
, fit. ,OO,j C r" ,'-'\ . 

..... "'" Hul Go,,, • \ 

y .... '.M'. .... I" •• ../ L • • - r.:: it. QVI ~ t. IV\ t. N'lS AR.*', ..,. TOTAL J.....D!:J""" , 
.. ...., F .. ~. , 

.00. L.".' .'AT 8ZS" C'f!rVt... o.J!) 
""PL T OUC' , LOSS • 
Ou_A', e ... .... L.· ., ..... 

(~<aO[) i3'T1"lr-j "DOH ,."HT H'AT 

, ROOM TOTAL HEAT • 

.. ",w.:g:z,o; e... "I 
• All HfAT /'} 

•• II ... .," I, • ~ IOz..:::: 
u .. t en .. .. /L. '11 ... ........ - - - •• ~..1T"'. ..... ..... .:::~ ... ~:'.:.~;::: . .:.:.:.~ ....... ...,. c_ .-III:1"IIIII'r:lSlIU'" .... ,,-- ... tLAM. "" ...... 

GRAND TOTAL HE.T • ,...., 1t"iQ7 '-.~ ::::=: t ... ~ •• • ... ,.u_ ,U., "" ..... ~. c_. _ .. . . 
. (·lOU AIR COIIDITIOIIIII& LOAD (STIIAl( 'RE'ItOCUCfD IV 'E .... SIK»I Of CARRIU a.POU TtoN) 

9 .... 22 

._--- ------- -. ""'" ..... ; "'~ .. ''' -, ~ ,.~- ... - ,, ~ .. - ,. , -~ ... ,",.' .' . ....•. .... .•. ' . .. ", .,., ... _.. ,T , . · .. 



~ Keller & Gannon 

COMPUTATION SHEET Engineers-Architect. 

COMPUTED BYJ Cd"!:>t:. PROJECT 161gC! 1.3 
I 

CHECKED BY Ill-S :;..ND l="lA1rL 

1992 · CpO~~1c WAO fV-i?~b DATE ~""'. n t9:_ 
H i l 

i3L"DG. ~b f',"" .... (jU ... Ii7l REV. 19 LAR SHEET NO. /; OF ~ SHEETS 

:;::.U~~. • 70 • ')'10 SO.T' I Estill.le ku UlCAL TI_ I P"k lo.d LOCAL TI_ 

, .. T IUM T .... '"",TI_ 

'T" I ""IA 0" I.,N OA'N 0" I H .. " 01 0,,,,,, .. 
QU ..... TITY TOP, DI ..... "ACTO" .TU/HOU .. 

P • - .. , .. •• OO' L • • 

'OLA~O.~'. . , . ., 6 ~ 
Clns • ..... .... , ~ 
G, ... . SO.T' --;- '4 
G'm SO.T' · OUtDOOR All 

Gins so .. • --;- -- ,..... CP'M'_"'" • 
SOyh"" S •• T' · "'- -- . c;..C,_' MPT . 

SOLA I & TlANS. GAIN-WALLS & 100F •• 
lall so I'T. • .... ~ ... , __ C_'_MON • -.. " ..... · .. " S .... • 

1 .... ___ DOOM __ C_/ DOO"_ 

, ••• .. " S •• T' · ..... e_, .. T • 

RooI·... ~'-I /) S"T ' ':2.7 • .!l"," I :'>0' "'" •• so ... · c •• • A'OT.", • 
TRANS. GA'N-"C"~ ."AIATUS OIWPOINJ 

." Gins 
SQ I"T. · .,. ... cTt¥a • ..... CTI_~ ..... . M •• T 

,,,10',,., -so .T • --;- . .... latol' ...... T • . 
..... CTOJII ...... CTI .... ~ TOT"\. IoI .... T 

Co .. ". 
..... · • .. L 

"'" ..... · A.' 'A" , • A.' -. 
"",, .. ,.'" c •• • - ; - . .",- I A'. 1Y -- _'T.,, __ .. _ T"O ___ '" • 

I"'TUNAL HIA' 

:,S" R-lO -- ,_ ......... .... ,. i- PCOP'LI _ I 
. c .... o • .... 

1 •• - .. ., ..... ," ...... 7 . ...,- ufo. ... ;-;- ':YI'~ <I 1'h JD ,.",,, J,O .... ' /<,!'- ... " IR4r -. -'.M· c_.· ~, ..... "' .... , ...... 
.... , .. ,,,. Etc. · 
... " ."'" H,,' Goi" -;-

g81{) 
SU,,'Y All 

OJ. 'L '>'-1 ') 
_ .... . . ~T "t5'i 

I . • • Z6 
. cp"' ... 

1m .... .. n. . ,- I • 0 ..... 001 .... 

- "'.-T.TAL . - e-o ... e_ ... 
\al.~ , ,, •• -=:; , 470 

AOOM "1 ;S; r KnUlilNU EN' & LYO CONDIJIONS At A" ••• 'US 

'U~'I' • u~~., ••• . e"·OA .ITo"_".T •• _~I" "10. __ ' 
DUCT ~CT ••• ' .. • _T_,N " t utA . . ... "'. "'. It . ~ • , eft" 

"', ..... " CF. ; ---.-;- --..-;-;: .. 
L •• 

, AOOM , HEAT 
. w _'T •• , " _ " .... P "'. ""D, , 

I PIltOll P'IYQt . QtAIlTI • T. 

',Ii, •• I" LAT~:~'A' 
OIi/L. _ 0." HOlU 

""". •••• L •• 
H!X>D K~"""'t""~ oVT5 1- L.,H. ' , ... 

. EI~ 2,000 CFM # 

......... Hu' Gai .. - . ..... ,-.. .... , .... -".,.:0;-... I~/V\ Ci~v-IaEN\H .. ..J'r5 AtZ!. : 
"'''' '''M' , 

- .00 • .::.,,,,,,, .. , . . /81..""S C' '" ""\ 
"'"" Wet 

, ) 

_Ai, C ... "OIL' • .. ;; .. 
• AOOM LA"H, H.iT Zt/550 13TVi1 'ROO. TOTI..: HEAT. 

-:'c ... -4 
AI. HEAl 

.. " 11- iJ ....,. I." t"1 7'i() 
.... t CftO • "OIL" ,,_ ..... - ....- - ... TOTAL 
DUCT DUCT --MOAT_ 

". uu..; . __ 
"'.~ " ...... LOU ... 

'::'::~~ .... ~.:-.:,:;::;o ... ~~=-. Mol ........ c ____ ret, err'"'FI ... 

GlTAND::!2!:AL .EA·· • 7..7 ,)"5D 1_.. . .,"', ~ ~':' .. " w_ .... c_. _ .. 
. '.- AIR COIIOITJI •• ; LOAD ESTIIAl£ (UPIlCOJCfO IV PflllUSSKlN Of CAntU c::tIM'OItATIOH) 

9- 23 
- ..... , . , . -.. ... ~ ... . _. 



~ KaUer & Gannon 

COMPUTATION SHEET Engineers-Architects 

COMPUTED BY ~ c.T\~r: PROJECT L -t1g-l~ 
CHECKED BY 
DATE \ OQ 1992 19_ CDr>" I!>J. (.,. £ ;;1""12 . 1 . 

i'1-t:>G ~~ VI~ (wt.51"1 SHEET NO . ..2!=. OF --=t2. SHEElS REV. 19 

:',"U;6" . zc.:. ~O .. ". /., ,728b (;Un fsti.,I. lor I.OCAL T" I Puk Load LOCAL 1'1_ _.- ._-
T "filE" Olt 1 .... GAIN 0" IHOuiS 01 O .. "li .. ,.- OUANTITY TIDI~ . DIP,. . ""CTO" aTV/MOUlt •• •• , ... •• "'L • 

SOL"I GAIN-GUSS If.AI ,.,..5 
Glass SO,.T. • """" 

, ... , 7f_ 
GiHS --.on;- --;- ., 

GI-... ..". • OUtDOOI 
--r;m --.on;- • ,-~ -., Cf'JII /-"- • 

""10",,' SO" • · . c", ... y . 
SOLA. I flANS. GAIN_WAUS ,----.OOF •• 

'ai' so P'T. · I-·~·· ' __ C"M/~. 

"" SO" • · 
____ DOOtII ___ c_, __ 

Wail -iQi'-; · ........ T ...... 

I.iI --.on;- --; 
e .... . .... C_'P'T" 

RooI·"" .:;- 7 D s ... • .,., · /1'-" ""' 
,. 

SO" • · e ... ' ... THII\I • 
'UN'. .. ". I WALLS. '.OOf 

,., 
All Gins _"cen" ... _en..,. IlOOII ...... . M.AT 

',,"b .. .. ". • 
..... • ~'::c:~=T • PPCCTIVC _ TOTAL NUT 

. 
Ce,Io'1 ".T' · • n. , .... _. .... -. 
"'" ~ · ) All OUANlfTY 
I,Io""li .. c.;;-;- -;- .... -- .1,. •• __ " . ,. ...... __ ... • 

HEAT -- '_" _ _ M'" ...... ;- "EO.LI . ~ I"" I IRq/) . c-OA - t ••• " ........... - ..,-::.~ ~ ---:.:i. fLiL(;) 
_'O~. M"T tJi,iS . I/J • .k~ ...... u \0;;: I {"Tn 1-· ..... ...... 11', ...... """" ... ",Alo 

~ · SUPPLY A" .... " ... , H ... Goins --;-
MI. T.TAL q '>l../ --.. 951D __ '."'.MIlAT . 4L.{O ...... - t .•• 2D • ollr.,o 01 • ., 

Siiii" ..... .,- I -MI. TOTA< - c_ •• - c: .... o ... 

~ ~ --;: ~ 

- ."". 'H'" • I .... I,., •• ... INI.LYG , AI .. , .. 
w_v a.u""-T 

-c a •• "M • C:-OII .ITo .. _"_1' ... _"'" T ... 1 __ ' 
ouc. ~e. 'AM e_. 
-.«IT_Itt '" • La ..... L.ot' ,. M . ~. , 
~_Ai' ~ ..- ~ L •• • _ .. tT'

DJ IP - ""tlP "" "'''0' • 
TIY' ROO. 'H ..... I .---;;:, ... ~ ...... , 

LAnNt HIAt 

Inliltrltt. e .... C"/L." 0." NOT .. -. ..O.L •• HaoD :l2!:w7U I~e ""!o N"r .s 14K.!' .- L.' H .... ~ 

~ 1,750 cPM 4 

Addib""'",1 Goi .. • \ 

y .... I_ •. ~ •• 'L.; 

J .:;;;.'""", """ A~t. "'. TOTAL Kf Q...J ,~l ""'f~ 
So ..... i.;_ , 

--.ooM LAT',,, Hi.T 
1,575 C F'- "'I SUPPL T DUe 

~ --..;;-;; ~ o. '0." 
, _OOM LA "NT H'AT 21;826 BTUr# >iiiiI.- TOT h HE .. _ 

All HIAT 

..... We: l"lXc.... q> .. -u- 1\ .,. •• t •• t<:; 17.1 f) 
'-"", ..... I .IVL •• ,,_ ....... 
.....- ....- ..,. TOTAL. 
~ ~ - - .. o,f' _ aT .. ,._ .1 .... .. .,.._ ..... _" c ___ 1'_' .,.,.,5' ... 
... T_ ............... .. - 'to .... _..... ... ... _~:~:..":':~";. r _ '2..-'? IrfZ/J -=:: .. _T C_ • 

. , ..... All COIIDmo.IIS LOAD ESTIIATE " • ......aD IT .... _ 01' CAlllltU CI>OO'OOAl1CN> 

9-24 

..... - ''''_L ......... .-..... .,..... roo---.."" ...... "'1'f€,=--r9W'", .. \r.T."".~ ,':;'". '1 l-:~.:~ ....... ., . ~.~. ' -:' ~ 1 -:-::.··~. ~~~1'~:':.T'~-::- .. " l 'I.\:'~ 



~ Keller & Gannon 

COMPUTATION SHEET Englnee ... -Archltects 

COMPUTED BY J" Co'I'S'E. PROJECT l6-1~g~l]z 
CHECKED BY .. 
DATE i.nQ 1992 19----: ~OOLI"'; Go LOAD , ' r ' 

SHEET NO. ~ OF .!:fL:. SHEETS REV. 19 "&-D<:. "'"1"_ ~R.e\ Oz>"-

:;u~ .~ -~ IOn. 1'1 
[sli •• 11 lor L,OCAI. Tn. I"PUk LOld LOCAL"'" 

- 17 .. T .,.. 1'1 •• lUll"'" 

I AIIIEA 0111 T aUf GAlli O. HoUlS o. 0, ... " .. , .... 
QUANTITY TDIP'. en"". 'ACTO .. .TU/MOUIII 

O. •• ', .. O' .., .. 
SOLAR OAIN-GLASS iloA' 5"" 

GIns so P'T • • ...,.,.. , ... , 7L 
Giffi' so ... • 9 
-ciffi '"son;- -; OUTDOO. All 
GI", 10 ... · 1_- ........ C .... '"MOM • 

Sky"'" 10'" · " .. .. ... - c_, .... ,. :. so ................. , •• 00' <no 

'all ...... · __ "., 

r.1I .. ,.. .--.; · 
•• ..0 ... ", •• DOO-._ ....... ___ C'-.'-MOM • ______ DOOM __ C"./ooo._ 

...... ~ -,;- .._"'''11' •• 
IIiI ~ · caAC' .... T • e_/ lfT _ 
Roo'·Suo '10() .... . :z... 7 • ?Y*;' 1 II' ,. 

I ~ -; e •• , , A'. TH.U • 
TIANS. GAIN lXCIPT WALLS" 100f OIW'OINT 

AlIGI", SQ P'T. • 
___ en..,. 

... _CT ..... _ IUIoS ...... ,. 

• """01 ..... • " ... '&101' to .... ,. • .,. ... C1'I". __ TOT ..... __ ,. -.... CT" 

wrn. ~ • 
Floo< ... ;-;- -,;- AO' >AD •• ,._- • 

DIHUMIDlfllD All 
Inlilll.lltIn e ••• • , ... -- ,, ____ ,-,"0. ___ " ~ 1'.0" __ "_ , 
_,. . HI~:~L<' 1_- ,_ ..... ... T - c .... o & - I .•• ""1 .. ".1"1 ...... H.O .... _ ......... 
u.iiS ~ ".-1'3 Z .-.,,1 I~. , .• - e ... : "'11".0"""'" ...... 

I ,. Efc. -; 
SU"LY All QUANTITY 

Addiiiiiiil ".ii"Gorn. • -- 4 CJSD _ ........ . · iu. TDTA. "q - '736 -. !iiiiiO ~ · ,- , - I ••• Zo , .U,III ... ,.. 

IU. TOTA. - c_ - c_ .... c." ..... 

!al.~ FoelD< :5 , ~"'tD 
""""ROOi EHU'II """"4 f"IR'?" 

USUUINO (NT & LVO CONDITIONS AI APrAIATUS 

w~, .u"~,, ••• ' .. -" c. ........ IT ... _".TII._".' T 1 • D __ ' ..... ~e. ,.- c ... 
M ...... _IM " t ~ .... . ,,(M,' ... t M . ~. , 
"', .... 0;, e ... •• .,. , ... .0. " , ... ·1"1.0 p . " ... 11 ",. "".0 

E 000II , HEAT_ I P.a.~SYCH. CHA~TI ",., , .. 
.,!;IIn'" ~ •• , ••• 0." NOIIS ...... .• 'D'L" -
~ ~'o .. 

i:Eii: 'ioa ali. Wtionoof ... , Go;" cFYv\ 
V'N' '.M •. 10' "'00' .., ... 

au. TOTAL 

BTu 1--\ ~ --;: (3,736 
ROOM LA".' HEAT '" 

~= , 
_0;, e ... .. , ... ......-;;0:;; , ~NTHrn 

EROOII~ 
'A'. HIA' 

J;l, '51) c ... ·-.iii .. fI- " Wlllt." 

LiiiiiC ......,.-; ~"- ........ 
....- ....- - ,~, ..... ..... '::'::~ ",~ .. n ~':: ;II:: .,.:~~=. "''''u c_ ._ "I!IIU e p"n'S' ... .... ,. .... .... &AAa ..... ..-GIl_ TIl 1&L "EAT • 1<" 

, "'""" .. c_. 

.f.iiiU AIR COIIDITIIIIIIS LOAD t;) I tIu It ,RE'II!CIOIJCG IY 'flllUUfON Of CAJlIHE~ ~4nc:»t1 

9- 25 



~ Keller & Gannon 
COMPUTATION SHEET Englneel'l-Archllecta 

COMPUTED BY ~-#A), ~r/7'C6' PROJ~ c;::~ -
CHECKED BY •• .. 

.LJ.c::>..Z- rt-~ 
_'8-~ fi'.-~ 

DArL:J2S( .. . 199aL 19_' . / .. "".... . 
REV. 19 Z'Y'L &:.I}p @®(f') SHEET NO. -ilL- OF It? SHEETS 

·'.f -~ 

6tJT 

:""U,/O . /& • /(..0 ".T. /~ • ZUOeu.T 
[sh •• le tor r".oc:ALT ... I Put lOld LOCAl.. 'fl_ 

_T_ ."",. ... 
, .... I ..... A 0111 I ........ 114 0111 PACTO" .TU/ MOU" 

HovIS .1 0,"'''011 
QUaNTITY TOP'. 01 ..... oe .. ,ON --"" GO' L. 

~ CI", ~ Y ~ 'OLA:" ,T' ..:3? ·M.fyM NO ,"0.' bU ..... , ... , 7v 
CI", , 

",T' • 4 
Clm ".T' · OUTDOOI All 
GI", ".T' · -,. t ....... LJ' Cf'JII,PCIIIIION • 30 

SIoy,,-., ".T' · .... . C_II.~" . 
-V' ""!lOS~~'_'lJ;j~ 'T' 

/1' & 1.00'a-1)7 y~o ""' ' '. Cia =::~~~.o DOOM_"OPI.. •• _c~.,_ .. _. / 
""' , <' ".T' • -
'"1 ... T' · 

1 _____ - __ C".I DOIQIa_ 

.... AWT ...... 

• ,11 ..... · c .... c. OOOT c_ .... ,.. 
RooI·s... /,t;. 0 " ,T. 37 • /1,0,,( . ':foe """ '. ...... · e ... ,.,. THOU • 

~'Glm ~~A~S .. ... '::;'" & •• 0;,/.3 y.;; /.30 
,~ .. 'V 

."".CTI_ .,.,..CTI". _ ...... .. c.,. 
Pao"'", ....... · ..... 1_ ....... ",. • . 

".C"011 _".CTlve _ TOTAL "C"'T 

C.,Io., ... T' · .00 . ' . ... L , ... • fl ... ..... · 1.10111110 .. e ... • · 0." II."". AI. IT -- .''1''''' __ ''. TAO~ __ 0 .. 0 

Z. 
INti. MAL HIA. ..31r. 

1~30 - , ~ ,_ •• ~T • 

PeopI. 
C:-OA 

~EO"LI: • .... I ••• ..,. ......... 
Po... 4tf?) (/ r-?/ .. ..3. Q / 13 ~() 

_~ ...... M""T • U-.IS /~ Y Z /M::,-' .AT" , J .' • / V'lO -. ...... .. ................. ""01' 
I . EI~ • , 

... ,iloooo., Heal Glint · 4770 ,umul. IY 

ZU" .... TOTAL 4 .b v-O ........ . .... I .... ?-{) .. 
H .. " .... "'''' 

cooo,. 

'''''I' ..... .,- , ....... suo TOTAL .... - c:_." . c:-a " 
SlI.~ F"~' .5 , Z ..3U 

ROOM· 'HEAT • a /7U 
.. uv .. , ,n" ENT & LVO CONDITIONS AT ."AIAtUS _. 

w ..... 
, 

.0. T. __ O' 
C"·O".ITOII_ ... T"._ .. I_ T •• a_P 

_T _T P.- .... -.."' ..... ~. La",. LOU 'ro. M . ~. , 
,."_A" . e", • •• ... , ... 

LO. IT. .0 • ... _.T ••• .. _ "' ... ", "I - "' .... 0 , ROOM , HEAT. I "NOMPIYCH. CMA~T: T ••• P. T. 
LAtENT HEAl 

I.lill,,"" e .... Glt/ L." 0 ... NOTES 

PeopI. '.OOL •• SA: :zz.r Cr/! ..... L.'H.' .... 

. Ele. 
AddW"", Hut GI,,, tJA = ...30 II 

Y.~. T._ • . ... ", ... ."/L •• 

SU. TOTAL /JI= '75 7~ 4?11f. .. ,.~ F"H. , 
'OOM ,. ".T HEA 1 

sup" PUCT , ,on , 
~""'A" e ... • O.,L •• ....... 

"fEe IV"OOM ,.".T .EAT 

, ROOM TOTAL HEAT • 

All HEAl 

Solmilllt: .30 e ... • ¢ .. ,,- C> Wl- I .• '/.,30 
utoot e ... • ,.,L •• ,,- ......... _TV_ - ... TOTAL 
_T DUCT - - .. ' ............... _ ....... _ ... _ ..... _ .. '" c_ ._ "M.' r""'M'c, .... -..."' ..... . ~. LAAI._'" .. - 'ro ......... , 

"AMO TOTAL HEAT • .; 9~ 
.... ...... " ... -"I·:~7.:=-~ .. ~~~_ "' .... ' 

~ ~'::':' ."" "'_ .... c:_ . 

,."". AIR ...... UIlIU""'D LOAD ESTIMATE (.fP..:JOUCfl) av PfllUSSKlH OF CoUJn(. CDItPORATlOf) 

9-26 



~ Keller & Oennon 

COMPUTATION SHEET Englneenl-Archllacta 

COMPUTED BY ~J)T P/~EC77J~ PRHd?{~-AU3 
CHECKED BY- /-I&ZZI 

_ Zz.. ;eve . 
- r?;e.. DATE '9Q 1992 Ie.,.... 

SHEET NO IS OF it7 SHEETS REV. 19 . @' 

:.;U~~ /(, .~.f'1, .... . / ~ .351<./ eU.T 
Esl ••• lt 10, LOCAL TI_ I Puk Load LOCAL "._ 

• ..... ,. ... .""",.-
-1 A.~A 0111 aiM ..... NO. I Hou<s 01 0,,,,,,,. 

IT ... P .. CTOIII 8TV/ NOUIt 
QUANTln TDt~. ou"". D. •• ,OM .. GO' L. 

1/ Glm.3 (:1 y "St":"'T' 3P .,1,7( .. M· / tJ.[ "0" ;7<0 
I"""" , ... , 7';-

Giffi 7 ~ • 4 
G'm ... T. • OUTDOOR All 

Giffi ~ --;- _. 
M ....... Ar C .... /~.UOIoI • j?tJ 

Skyl,,., ".T' • ... - .. ~ . C""IO ",. . 
,(jl ... I/?S~'~~t.r;N~~. -;-,;-~.t> 7 t30 

eN ,. 010 

, - NOP\. •• C".' N ... ON • Iaii\,- -;> ~ · -_. ____ • __ C,. ... / OOOIII. 

iii! SO.T' --;-
•• _U.T .. .,'" 

I, .. SO.T. · ~- c •• c. .... ,. . C_I .. ,. .. 

~~ ~ :::7 - ;-IJ;-Z::{? I6"J'J' "'" •• , SO'T' • e •• ,.,. TH"U • 
~'T.~Y_1.r 1/1,(" 

AP, •• " lUS 

'''G'''' ...... CTI_ ...... CTIV. __ ..... . .... AT ,,,,,I,,,, so .. • · ..... ............ ,. .. 
D ... CTIV. __ TOTAL .... ,. . ..... eTa.. 

wrn,' ~ · • 0. '.0 •• , .... , . r;;;;;- so .. • · • 
"',,, .. hM e ... • .... DIHUMIDlflED All Il -- "-__ W,o. 1" •• __ " _ ""D ___ ." -

~ 
INtERNAL HIAT ? / r 

/ it37l' ~ ' .. _' 
'''''' ~r:~LI( • .:! . C"MD & .... I .M· ~" ..... I"' •• po.;.- -..-0 •••• 17 - .. ~ .. -. l;,." ZJ Z. y £.</.1f::'p .'TT, ..... / 17-¥.f 1-· '.M· c ... 

. ~I •• _OU"~' ..... \ • , :Tot. 7 -- · '7 
. t7,0 SUPPLY "'" QUAN"'. Add,,,,,,,, Hu' Go;,. · 6 _ •••.•••• 'Jd'O SU.TOTAL '3' 70'l:J ~. .... I .M· W ~ ...... 

~ ~ · ,- I 
01".'0 11M". 

suo TOT'L - e_o .... c_ •• 
S.I'~ ,,, ... , .(' , VlD InUITINO .NT • ,vo w 

ROOII , ,HEAT • /-; 'Ouo IUN:' AT A"AIATUS 

""~~'-., ""~"'-., 
-, .0. , C'-MO " .ITO ... _~_T .... _PI" '110,_' 

~. _c. -- .... 
C .. , "' .... "_,N ,. • La"". L.0I1 ... + N .•. , 

~ ~ --.-; -•• ; ;:0.-
LO. . • EHEAT. ." ... 11"0' ,. - 1'.0" ~1.T~o. 

, ROOII 1~.aMPSYCM . CM.AT:T, •• ' .' -LAUNT HEAl 
Inlitlfllion e .. . Int/ L. •• 0 ." NOTIS 

,.,." •• O.L, • 
SA :;gCJ Cr// so. .0,Ho.,.so ::-

, ::EiC' 
...,;,,"", H .. , Go;" 0/1 ~ ;10 f 
v,", T,_, so • '1000 • ..' L •• 

~ 

6 f 30 If 7f1/J ~ , l1! -ROOM L .... T HUT 

SUPPl Y DUCT ;-;-;;« --;: 
iijio;;,..,- -c.;,' • •• 'L •• ., ..... 

'"00M L' ... T H'" 

, ROOM r. 
~tJ ' ","""iiiAt Son"." c ... ·-;; .. ,,_ 0 .. , ...• l:?'lO 

Liiiiit7 e ... --; .. /L • • ,,_ ........ -". 

- -~ - , • ==--..1T1 

.... 0 ... " """. . ........ ,. ts._ ....... 0"._ .• , .., •• ~. c_ .. _ "tI", "' ....... , .... 
.... AT_ •• . '\, + LaA ... . ""M ,,- .. •• L ...... ou .... " .... O_UL .. . 

... ••• wi • .., •• ~ .. c_. c.i.iiD.Dul ........ :50 , 
E·501. AIR LOAD ESTIIIATt ,Re'ROOUCED IY Pf"I5SlON Of CARRIER CDRPOR.4.lIOHI 

9-27 



t! Keller & aannon -
COMPUTED BY_~e;,_:tJ,---T __ 
CHECKED B't 
OATF 'n'n ." REV. 

IQQ~ 19 ...... 

1~ 

'T'" I AIICA 0" I .. N "AIN 0111 
QUANTITY 'DI~. 011"1" . 

GI .... ' -' ....... 
Gin. IOn. • 

~ACTOJf 

COMPUTATION SHEET Englneell-Atchllecta 

r;;?' SHEET NO. It; OF 47 SHEETS 

I P"k Lold 

.TU/HOU" 
Hov .. 01 0,01.1" 

011 •• .... OP ..,.. 
110.' t!'V 

!Yo IIOOM " .. , 7(;0 
/4'-

OUtDOOt A.I _. 
~ ........ L.J C""""MOIoI ,. .so 

------....,.,=="...,::-:-:------+-+---i----il - ,,-__ W'_'T". __ " - T"O. __ II"- II' 

'" 'NIUNA' HI .. I • t' I __ =!£!!2.'~ __ !!!!!.!!!!~= 
....... ,,;,. P'OPL.' .£/\1 C;30 :--'- • ______ c ... ,. 

~"' .. ,~~ 4"~~>7>~:t f /Q?~(.:..~~~~::::~ ~.3~'~ '~<7:t==4::::/~l?'~?'~ o~I,~ .... . ... ~~:: 
li,,1S /? '£) y;;! "-J{.,~;:WATTS. U' / 1/'7 (J - . 1--=-..... , .:---!!!!~~= c .... • 

' . EIe. -". , 
5U"LY All OUANT"Y 

Addil,o .. ' H ... Goins • 4W .--aC"'. MLU • -;;;:'$.~ 
\ ••• ~.. 0".1 ... 001'. -.::.....:......::..-~ .. , "'. TOT.L4 £ "'_0 1---S..... so n. • c_, ' 

SU. TOTAL c~ -

"I.~ f." .. .£ • 
ROO. 

INT' 'VO 'AI .. " ..... ,U' 
IU~~" 

w __ 

~, ~, 

..... ., .... 1 .. .... ~ • • LOll 
.~ 

.... N . .. . • 
' •• _" • __ C~"",··::':''''.tTo .. -~~T ... -PI. T'I)' __ ' 

C_ 

INI .. , Ai. c .... • • . .. , ... 
• ROO. 

, HEAT. 

LAflNf HIAT 

Inhlll1ticn CiIlll / L...·O .... 

p ..... P.OPL •• 

LOIHO' .... 

. Elc. 
"";"0'" Hu' Go,"' 
y .... T.~. . so • ., .... .OIL •• 

.. C., ,.,". 

,"PPl Y OUC' " .... , LO" 

... TOTAL 

• 
· ROOM L."HT H'.' 

• 
O",L" ..... .. 

, ROOM L. lEHT HU' 

, R_ TOTAL HEAT • 

All HfAt 

"".~e:3t' c.... 4 .. ,,_ C> W,_t .• . "-' .... _TV_ _1'VRw .... TOTAL 

LO. . _ -'T'lIIe 
' - T.D~ P, .. T\.o. 

I ,.o.Pr1CM. CHA~T: " ••• " . T~ •• • 
NOnS 

5,1 - ~l/.r eM 
a,A : .3'0 1/ 

Til - 4.; 714J ,d ft//I 

/JO 

.... ::-. '\ • =-..0:. ... ':'::~~ '.~.PI.!.~i,':;·~::':'~'::."" W""U c_ '0- ..... 9 ."'''"'' -
DUCT IllUCT ..... " _I.. . .... L.&Io • • _ ... 

GRAHO TOTAL HEAT. 4- q z,o .:::: •• •• -~- , ••• "'.-, ~''::;.- ~ ... ,,-. , . ..,. 
All IiVIIUlllUlIIIUi LOAD ESTIIATE 1.,.-.aD IY ........ ON O. CAlI .... ~ ,,,.n 

9- 28 

• 



~ Keller & aannon 

COMPUTATION SHEET Englneenl-Archltecta 

)fGZ,70.<'S mN,r; - t5 COMPUTED BY PR~ r~-l:' CHECKED BY --=-,2;:;. 
DATL.;.\rtl . • 1992 19~ GZ2. ret:'. 

SH~ET NO. 17 OF ~ SHEETS 
, 

REV. 19 (?i 

/ 

:;u/~ /? ,;'0 10'" /~ 1 ...3S <hI cu ,. 
Esh.,le for '-DCA'- T I _ I Puk Load "OC"I..~ . JlUllfT._ ... -

..... I "_c,, 0111 I ...... "IN Olt .TV/ MOUlt ' H .. " " D,""i" 
QUANTITY TDI~. 0.",., .. ACTOIII 

DO "! ~ ... DO .... L. 

;(/Glm .3,-2 y ~ j":O ,.. :3f' ·tJ.7t1yt).f J &/j 
'IOAI ,AO 

, ....... " ... /V 
Glm ./ 10" • • -r-
Glm IO,T' · 1/ 

OUTDOOI All 

GJm 10 ,.. · _. ........ /V C~/""" • /~ 
Skyl'I'" IO'T' · ... - .... . C_IIC1 "., . 

1</,,"(/~ y/q')-:w~ ~TA:N-i';S & •• oo~.t' 1 ~so 
cnt. vu.TlLATlON • _ .. ,., 

__ "01"\.. •• _c .... , " ... _. 
-

"II IO'T' • .... ____ ' __ Cf'III/_ • 

• ,11 IO'T' • ••• 
• ,11 IO'T. • -- c_c. .. •• T· c_ .. p., • 

RooI·\<>, -;;-s~ '" ,T • ..::: / • ?r~ 147J' c ... , , '. '" 'T • · C ... ' ,.," TH"U 

~ GAIN-IXClP! 4'" & ~i,i,' ,;-1.;; 1/% 
"""lATUS DIWrOIHl 

All Clau "',.. " :/3 ...... CTlva ."".CTI". _ ...... ...... T p,,,,,,,,, '" 'T • · ..... ...... MUT 2 2 
..... CTOfI .... CTIV. ,,_ TOTAL ..... T 

C.""I so 'T • • 
AD' , AD' '. -, ..... 

FI"" IO'T' · • 
' AI. .. ,,,,",,,, .. C ... • • . ... --- "-__ ... ,.1"". __ ,, - T.ol' __ '" • 

// . H'~:O'LO' .. ::;,/,J 3 ~~~ 
,~ ,_ ..... ... T. . "". ~ .. - I ••• ..,. .••• • A ... "' .. , I HOO .... 

_ •• d . ... T. 
L'~IS :;-.£ bY";,"'" ""ATT' ••.•• / 7Y4.r 1--· "'.".DU .. "." .'.'" 

. [Ie. / . • 
..•. c_ •• 

Add,""'" Hu' Goi" · 7 tf. '1 S '::::.A:~T -3~6 ... TOTAL 7 oj z,r ..... T . - • r •• 'J{) • -. . 
s." .. so 'T • .' ,- I ; oc .... co 0 ' •• 

... TOTAL c~ .. · c-o • ~ c_ •• 
So'.~ Foe", .~ , '7U 

.nULlING ENT • lVO CONDITIONS AT ." .... ATUS 
ROOM 'HEAT. "/ i"9~ 

au .... L.. ., MI~~" I' OD. ' ... _" C"·o .. 
~CT ~CT ••• .ITo .. _"·T ... _"'· Tl:o,_' 
N_T_I ... " t LaA •• Lo., .... N . ~ . , C_ • 

(N10)0, Ai, CFM • .. ••• I." 
LD. T. O• ... _-'T'OI • , RDOIl , HEAT. 

.. • T .. D .. ", .. T,. D • 

lAT~:~'AI 
,,1tON PSYCH . CHARTI _', T, 

Inlltllli ion GR/ L.·O." NonS 

.",1. 'OOPLO' 

.J.~ .(J Cr'/-! i_ L.' H.' .... sA ::-, . Ele. 

... " .. ,1 Hu' Goi" 0/ - /N II 
v ... ' T, ... . so· " .... •• ' L •• ~ 

... TOTAL 

"'.~ F"M' ,- THo;: 811 () Ifft/J/ 'OOM LAUNT H'AT 

,"PPLY DUCT LEA .. G' LO" , 
(NI ... , A" e, •• •• ' L •• . ...... 

• 'OOM LA UNT HfA T 

! RDOIl TOUl HEAT. 

/6,J' . A'. H.AI 
s.. .. "" e... • <1 ' • n- 0 ..., ...• 171J" 
U .... t: C ... • 

•• ,L •• n- ........ 
-~- -~ 

... TOTAL 
DUC' DUCT - ...... 0,. TMI. & .. 11 .. 00 . ,_ . 0 .... _ ........... ,... e:_._ ""_D ptr" ••• e: ... -...T_.IOI . ... t L&A •. _1111 .. - '\. _ LGIIII , 

...... " .. 011'.0.0 ........... 0_11 .... . 

GRAHD • HEAT • ,J<. 'd/{; ':::: ::::::..':: ~ ..... u.~ ... ou~_ •• _0 .,"'u_ •••. UM "" .. u c .... .. ..,. 
All COIIDITIIIIIIIG LDAD ESTIIIATI (REHOPJefD IV rf"IUle»t OF CARRIER CDtPQtA '1Of) 

9- 29 



COMPUTATION SHEET 
tI Kaller & aannon 

Englneel1l-ArchlllCta 

G£?T ~"£"r7/d/t/ h#J;tf/ 7 p:.HJfi:tjfJ COMPUTED BY 
CHECKED IJI 0 " 4 '-/NWti/V 1992 DAlE.' .. pi 19<--+ S~EET NO A" ~; K SHEETS REV, 19 /f.r??, ?4>e. (i) 

Siice~~ EsU •• I. lor ...acALT_ I Put load LOCAL. .,.... s,,;j; r A. ('" LEL;1; • 10'" /. ·.3Z Jf1(,cu •• _.- ......-
AlllaAOIII tuN eAIM 0l1li H .. " 0' 0,,,,,;,,, , .... FACTO" .TU' HOUIII 
QUANTITY TDI~. D."', DO .. , .. Of' ,,' L. 

I.iL, Ilay ~ jLA:"O.~':-o:,1> .~ll,,(U ~ 13~5 
IOOA' /;77 

1- , ... , 7f/ -c, .. ;- y -10--..-0 • .;r-
C'm IOH' • OUtOOOI All 

Cilli ~ • 1_- .HJ ......... L.J .... , .. _ . .!In 
.... " .. , 10 • ..-;- ~ 1 .... - 00 .. . CN' .... ,. . 
,k/,.,~ ... jq" '.OO~.t?7 1/y0 """ •• , . c .... , ......... 

•• i,t 7 -..... · -
--.oil ~ · 

_. ____ · __ C".'_. 
, ••• 

'''' 10" • ~ 1-..... c_c. .... T· e .... ' ..,. • 
~ ~~;g7 • 1'1.0.1 .4 cno •• 

10 • ;-;- --;;- e'M ,., •••• u • 
~. ..... ''4'''' '.'/,/.a>'t?.r / 1//0 

A"AIATUS DEWPOINl 

All Clan ...... e""_ ...... CTI ..... __ •• Nt . .... T 

p;;;;;;;;;;- ~ ~ 
.... , '.1011 NUT • _ ... CTIV& __ TOTAL. .... ,. . ""CT_ 

c."", ..... · .. , , AD' • 'A" .' r;oo;- ~ • 
,."'10.",,, COM' --;;- --.:00 DEHUMIDifiED All 

~ - "" __ "1-1"". __ "·".D,, __ 00, • 
?-()' ." ., H'::O.LE. -8/.( c, I .., .. ,,' 

._ .. _ ..... -,. . e_o. 
JV'VV - t ••• ..,. ... ~ .• I •• " ... •• 0 •••• - .. ~ ..... iT.iit.'" ~aQY ~ /, IQ40 1;;:';:- ..•. c_ • 

. .. , ..... ..,,.1..,. I"'" 

, [te, / , · .8 7. 7) su,,, Y A'. W •• N .. ~ • 
... 'O'AL .-?L~ ~Lt; ~ . r. t)!, . - ••••. .... • /7/r - '-, .• . ''7l''' .""'0 1If'~ cno,. ...... ,. ... .,- , 
.... TOTM: ~ 

" C"'OI· c_' 1 

~ ~ • / 1766 , AT A .. AIATUS USUl1lNO INT & LVO --.oeM 'HEAT. ::r7 I~I'.. 
AI"",-" au .. ",-" I E •• • C~·.I .IT •• _~_T •• _~' _ T. o._' 
OUC. OUC. ... c_ 
-.tIIT_'" ,. • La"", ... 0.. " ........ , 
""_ A;, "c ... p, .,. ' ,00 

EiOOM"· , HEn. 
L •• . __ IT ••• 

~. TI.~ PI _ TI.., • 
CHAIIIIT: . 

TI.. •• • 
IlIlillr.tion 

LAT~':!.~'AT 
GIIII/L. _ 0." NOTES 

p;,o;;- ~ 

J7J.j" ..... LOIH.· .... SA: C,r/! 
, ['e, 
~ 

~A~ 3d?; // 
~ ~ ... ,1. •• 

".,O'AL 
s;t~M; -, 

Til ~ 31 3 S'"O ,{f/tI#. ~ 
~ui' ,io55 , 
D1_A;, COM' ~ ---..--; ., .. 
~~ 

, """" TOTAL AT • 

_."...:?~ eOM' .t. '"A': ::,~T 0 WI' .,. / kr~ 
Ui8it COM' ~" ~ 
....- ....- ... TOTAL 
ouc. OUCT - - .. .,. ,..,. a,. .. ,_ ._ . •• ,.. __ ..... ~I.,. c_ -_ "M" II'.'''''' _ 
..... T_ .. . ,.. LaAK._" .. - ......... ~ , 

GIl"'" TAL HUT. -?p t:~:I.=:·;=:·:::::::'.~A~,_ .. 10'". _ ... _1." c._. -.. , ,.,.,. 
All COIIDITIIIIIIIB LOAD ES1JIAT£ (aEHOClUCI!D IV "E_WON Of" CAUtn CDIf'OU.TION) 

9-30 



~ Klliler & Gannon ,::.--

COMPUTATION SHEET Englneell-An:hllecta 

COMPUTED BY V/4/U12.Y PRZjJt4?~ //8 
CHECKE~~ Ht5Z,Z. '~I#. 

22. ,p?Z 
.' ' 100') Ill!.:...-

SHEET NO. L OF 47 REV. 
en;;;-

19 (!; SHEETS 

A 

~K. I P •• k lo.d • 7Jd- ..... /..:: • /t!. t7J1)r;u .. 
[sli.,le to • LOCAL 1"'- LOCALT_ ... ,. .... IUIIIT_ 

,T" 1 AIitIA Olit ~:':::.~~ _TV/ HOU. 
r Hoo" ,f 0,.,." .. 

QUANTITY 'ACTO" 

"" •• .... .. ""L' 

~'~ .4!~:Jc. jOLA:.. ... "/t.S .#.UytJ.f ~ ~ 
".A' A'C' - ''"'' /(/ 

Giffi 7 ~ • <' 
G'", ..... • 

/tJ 
OUTDOOI All 

/.,f?) ""'Girn ~ -,;- -.. ..-.0' Ar .:"../ N ........ 

Sky"'" ...... • "'- .... . C._IIO PT . 
,~!~'T' -~'''~,O7 la76 <no •• 

M" "" ._C~III/ __ CNI • 

""iiiiT 7 ~ • ao- -___ c ..... , DOO!'t • 

hit ~ ---;-
•• MAW,. .. Alit . ," ...... • e .... c. ,. •• T· c:_, .. ,._ 

~ /'T'd ~ ::?;7 '-;-7!-:ax 7 r:rw <no •• .... T. · c •• 'A' O THOU • 
." GO.,. ~ ...... '~.3,.o.f '%0 ...... Cy._ ...... CTI"'. IIOOM .IU .... NKAT 

P,,'," .. ...... • 
..... •• N'N.",. .. . 

.... CTott ...... c" ... ,. __ TOTAL MIlA,. 

w;;;r ~ • 
• 0. , .... .. .. .. .. fiOo. ~ · "Ii,,,,,, .. c .. . • .... lY -- "-__ ... ,_1" •• __ ,, _ T" ... __ ••• • 

/ iJ INIIiNAL HIAT 1../-
V~ 

.... ...",. ~r:OPLI[. ~/ 
" 

. C-De 
OOM 1 ••• .., ......... 

.... """'Jj?fj7~ ,.-;:4- ""} 17 'll) - "'~ .. ~' li"" 7 Id" y/ 7j·4 ,. I .•• .4 8 . ~S 1-· ' .M· c ... : 
.. , ..... "',. ... , .," .. 

(E'e. "7 • 
Add,,, ... , H,,' Go;" • /..5) &rO SUPPLY Ala n 

... TOTAL Z" /Xl ....... f) ." _ zd.[ 
1 ... • ~ P 

cooo, . 
limi! ~ · .- , 0 ..... 0 D"' ~ 

... T.TAL - c~o •• c_ •• 
So,.~ f "ID' • ¥; • 

ROOO ,HEAT • /~ ~"'D 
INT' LVG CONDITIONS AT .. "AIATUS 

..,~, au,","-" 0 •• . C:"110
& .ITo a_P_ T" .. _PI. T ,DO_' 

.ue< ~T .- C ... 
~T_IIII '" t LA." :. \.0IltI "'. N . ... , 
c., ... ,." c;:;-;- --.;;;- - .F ' . ... 

L •• ITA • e fl. W eI T.IltO • ~ II' - Tao,", P ... T ... 
O

_ 
, ROOO , 

I P~"IYCN . CHA.T: T ••• ' . T .. 
LAtlNT HIAT 

"m, .. " .. c ... O_/ L. 'O." NOnS ....... ..O.L .. 
SilO .. '-Ho; .... 

5~ - 736 C;=.ij 
~ -
... " ... , Hu' Go;" 

OA~ v.;.. ,.~ •. .... " .... .O'L •• /J? 1/ 
>JOT"T" 

"'.~ FUM. -;-

/~.J S.3 o 47C/.# ROOM LAlEH' HEA' TJI ; 
'""LV OU(' LE"'GE "" --;: 
~ c;;;-;- • iVL •• ....... 

'.OOM LAlEHT HEAT 

E IlOOII TOTAL HE" • 

I ~ I A.I""iiW Somi~e: /. 'c.. • -:; •• ,,-' 0 .... 1·1 .• 1t65Z 
Iii8it c;;;-;- " I •• ' ,,_ .. , ..... 
~- - - " + ==-...!TAL... . .• no,.,,, ... _ .. ,_ ...... _ ............ c __ " .... , rr".,.s .... DUCT OUCT ......... _ ... ..... UIA • • __ .. - ~ 10.1 ..... " .'.OU ... ,I"" po_.n .•. .. ~. • ' ...... _ .... 5 .... r_ 7..5:1f '_'OI ........... .... .,. ...... -.................... - . 
E·!lf'n4 All COIIDITllIlIllIi LOAD ESTIIIATE (ItE'ltOOUCfO IV 'E_SSfC»I Of CARat!_ CDItf"OAA TK»t) 

9- 31' 



~ Keller & aennon 
COMPUTATION SHEET Englneeno-Archhec18 

COMPUTED BY c:. T Tt1IU-T ~~t-
CHECKED BY NG'#...f~ IJ)tJ ;We;N-" . . Z~.~. 
DATE Ii PO 1992 14 

. -. ; , 
#8~;:". / v/ 

iZ' OF 97 SHEETS REV. 19' . SHEET NO. , 

~ ;n [l1i.,l. IDf LOCA'-T", IPllkLNd L.OCA'-T..-

~ .. 7C1/A'f~. • "-70 10 ,,, /¢ . ,r _T_ ---1 AlliE" 0l1li &IN GAIN Ollt 
, 

HOI'" " 0 .. ,11_ ..... 
QUANTITY TDlP'. O." ... '''CTO'' .TV/HOU • 

DO .. .OM ~ ""LO 
SOIA:aG.~':-OIAn "0" 

GIllS • - , ... , 
mrn ~ • 

Gins 10'" • OutDOOR A" 
GiIU ~ -;- ;_. -.., c ... , ........ 

Sky"'" IO.T. • 
-~ . C"'J MP'''' . 

$OLAi&'UNS. GA'N-WAIIS. 100' <PM •• 
"II SO,.T . • 

_ .... 
Iii! .. iT; · 

"'II'O~"" •• DOOM_"OP\,.& & __ c ... , .. __ • 

Iii! ~ -;-
_____ 000IIII ._C_/~. 

•• IIIIAIMT ...... 

1.11 .. 'T ' · c ..... e. ..... e .... ' .T • 
~ ~ • CFW ,. 

I .. 'T' • C ... • • ,. THOU • 
nANS. GAIN_EXCI" WAl\5 & 10OF A".I. tus DIWPOINt 

All Glau so P'T II · ."".CTIY1I ""'CT''''' __ ...... " •• T "',,, ... ... ~ · • IN' ....... UT • 
.... C,.,~. IItOOM TOTAL ... UT 

. 
PACT_ 

CO"", -.. 'T ' · Fioo. ~ -;- . ~ , ..... , .-. , 
DEHUMIDIFIED All OUANTITY 

Inljltrllim c .... · .... -- n ___ ... _,,,,.,,, ___ ,, _ "'''D ___ ''' • 
Portol. 

.tt NO' HI~:"'R • 1_ '_~. '''T . C"". a .... , .•. "T,,,.,,,,, 
Phi< H'-O' ••• 

_ ..... ... T U., .. ~ .. 1;;';:-
-,~ C". 

. ·'.11 ................ 1 . 
::Ek. · SU,,, Y All wv 

Add,'; ... , "", Go;,. -;-
... TOT., ...... T _ ..... ... T . .... . 

~ . ".T' · .- , .... t .... • 01"'1001" 

~ C~O" • c_ ... 
Solely Foe'" .-

USULTING INt & LYG CONDmONS At 
~ 

...... v W .... T RD. • c .... o ... ITo,,_"~T'II_"I. T 1O • __ ' 
DUCT DUCT ... .... 
-'-T_'N .... ",A • • LOIS .... N.". • = CPis-;- ,. ....... '0. EiiOOM ,.fiT. • ... ·IT ••• .. - T .. o • ..,. T .. OD 

, 
I ;,;0.;;;:, .... ..... T' '. T. 

Infiltration 
'A'~: ~'A' 

GJt/L. _ 0." 

Ajc: 
NOnS ....... ~ g A C 1('7'2 /~/C ..... '.' H" .... 

'. Ek: 

..,.,; .... ,""~ 
C~~~ Jfo~ 'Y <fl-v,", T.~ • . ~ ~ 

... TOT.' /,0 tA~ -
~ .- ~6 

ROOM LA"H' H'" /11~ OY ~ m" • -:::: 
n.1 ..... ;' c ... • . ." .. ....... 

/ ~/j) e./,),4· ~"TfHTH'" -. 
, ROO.II r. 

~ 

ou •• ooo All HIA' Ij~ -:: ~ cro e/~/4 
$slsillle: c.... .. .. - ""'-1 .• Wd'1e fJ 

.., ~ n:J " lI .. ' c ... • .. , ..... - ." ..... - -- - ... _ TOTAL 

DUCT ~ - - .. . ., ...... " .. ___ . _ .... _ .......... c_._ "II"P .' •• M.5 ..... 
.... T_ ... .... ~. -... .. --- ........ L.a • ...._ ..... ,.. ..,_ ... , ... ,_ ..... 

•• _ ......... -... -.~ .. • ...... 1V_ AI ....... _ ...... c_ . _ ........ _. 
,."", 

All COIIDfTIIKIIIG LOAD ESTIIAlt (.f~ IV "E~ Of" CAattlU a.POtiTIaNI 

9- 32 



COMPUTATION SHEET 
~ Keller & aannon 

Englneenl-An:hllocta 

19IL,,·_1 ~. 
~rffce9 

~ 

COMPUTED BY PR~6'ZZ,,:~, CHECKED BY.:.:..- rLr· DATE ''''PB 
SH~ET NO. ~ OF K SHEETS REV. 19 (ZJ 

6.PT 

::,"roMc.. J Ptlk Load , IO"./.;t '" 
hli •• lt III, .-.. ..... LOCA'''' • _.- ........ 

.... I ...... Olt I i:.:~:::.~~ I FACTO" .TV/MOUIt 
H ..... , Otot.looo 

OUANTITY DO .. .... ... ... , .. 
',r- r(.2yJ'j'A~". /j;j .!).U.-aF 4 8>8£ 

IIOA' Cf'" - .. , /f# 
_G'n, -' 10" • • <;& 
G'm 10" • • 

/2 
OUTDOOl All 

"'" 10" • • -- ....... lor C",/NMOM • /.ftJ 
!lcylo",' 10'" • ... - .... . C_' M"T . 
/'" /,,< >;.t! / ii';~ ... '?if & ".OO~, 0 J COM '. /QU 1-· .... . ,,.' 10" • • 

'_CP./~. _____ • __ c-, __ .. ,. 10" • · •• MAW".,"" 
II,. 10" • • e .... ..... CPM/ PT 

"" •• \<10 / Ttl lJ so •• • .,:} 7 • 0·0..1 / ~rv """ '. SO" • · . < ... ' 'A' •• HOIU • 
All "au /U SO". ':;1$' ~/,i? A p !./;O 

•••• CT'V. ...... CTI __ ..... . 101."'" 

P,.,'", so ••• -' 
..... ..... NC.," • 

_,.aCT'..,. __ TOTAL MIIAT 
. 

..... eT. 

c."". SO ••• • 
'D. ' ...... -' ' ..... • FIoo< SO ••• • , A.I 

In'iII~';,,, < .... • .... -- .. -___ '_n' •• __ '-1'11.,, __ ". • 
/.2-- '"'''"A' HIA' .;J/..{". ... '::t 7<PtJ 

-. ...... 
PeaJtII PI:MLI: • co.o". .... I ••• ""'."' ''''1' 
Po.., ~.I /~ p:;../ ..s.~ 1/& 17' ~ _ .......... u"''' /d?I'tJ ,. I .A. & ;; , .•. e_., "u •• *."l'~'" ...... 

; ~ E'e. ,/ , • 
..... ..,., H .. , Go;" • ::u:. ~~, JU"'TA'" 

/~'l..r ... TDTAL ,3<7- Ik.5'"S ~- ·_, ....... T . .... .-.•. 'J() • ) ~ .. 
U" ... ..... .. - I 0 •• 1".0 "''''' 

... TD.AL 
..-.... c"'- .. ~ C_D ... c_ ... 

Sa"~ F.CI" '/i • / 11'4 
000II L£ HEAT. .>;.; 

INt & LYG CONDitiONS At 
ou __ .. _- .D. T •• _ •• c-o ... ITO .. _ .. _T ... _P,. T ••• _' 
_T _T .- COM' -..T_, .. ... t La ..... ,"0" .... M.". • 
"'_A" < .... •• ~ ..... 

'D. IT. •• W -IT ••• • ! 000II : IT. 
P _ T ..... ..,. T ..... 

CMAfliT. 

"1;1",,;,, 
'A'~'::. ~'A' •• IL.· .... Nons 

....... •• D" •• 

/6/,[ - '.'H.' '.10 5A~ Cr/! 
; • E'e. 

~""HutGo;," 

OA 1ft) v .... T •••• so. "'00' ..lL •• =- 1/ 

... TDTAL 

.. I ...... ~, • 
.3 7., 3 ?O 47t/.JI ROOO LATEH' HEA' iii: SUPPLY DUC r L''''CE LOSS • 

()rt ... A;, < .... • OIL •• ....... 
""CTIV'._ LATEN' NEA' 

, ROOM r. 
l,fa , All H'A' 

_." /, < .... -#.,- P'"-" .., .•.• 7ft' ....... : < .... .OIL •• 11- • P,'." 

5ff:.* --- - • + ==--...!TA". ~ .::'::~ '''~':-~'':!:I'::.,,='::''' ... tII ..... u c_ .... nlt.p "'r"n"5I .. ... tUA • • _ .... .. -
eRAHD TOTAL HUT. :uv ':::: ::::::::: ~~-'.""' •• 0l!....~_,~~ .. , ......... -..YC_. , .-. ,."", AII ........ "IIIIIIII. lOAD ESTIIAl( (.I!~I!D I' PIE-.uSlKlf OF CAbtu """""ION) 

9-33 



COMPUTATION SHEET 

COMPUTED By_-=E.:..-.=.f).!..IT __ 
CHECKED ~y:--~~-:-:--::_-,--

DATE !, OR 1992 19~ •. 
REV 19 

, ;.._'JOcu" Est,o", I" 

I ",," .1 0,,,.,,,. 

~ Keller at Gannon 

Englnoe".-Archltects 

) 
; 

---

SHEET NO. iL'" OF ..1:11- SHEETS 

LOCAL TI.,. 
tuN TIM" 

•• , ... D' 

CN 
CI""' ; PT "=-__ _ ,. 

, .. , 'H'U • 
.".RATUS OIW'OINI 

.',"CCTIV. ""'.CTI VIIE IlQOIOI ..... . MEAT 

..... ",.AT • 
..... CTO" CP".CTIV. llQOOi1 TOTAl.. " .... T 

'0' ,.n. , • '0' , • 
DEHUMIDifiED All OUANTITY 

~ 1""'''~''''M~ ______ ~~~~ ______ ~'~_~''''~=--1 __ ~~ __ ~ __ ~1 ~ 
-------,,==,.,....,=:------+-+--t---1I.... 11- ___ ."1· IT .... __ " - T,.D ___ "'· ,. 

..!HIIlHAl H.A' ",. ,<' h _-..-I--.-!!"-"'''''=' '~~-~"~"''-''~~'' __________ < •• 00 

People z... ~f:O"LI!:. ..? If e,::-OJ ;:_ 

Po~ .. '~=;Z;4.7l'~/~'~. /.A;~' ~ .~. g~ .. :::~;j. :!~£: ~=t==t:;!/~3~ V'~(,I<:::'~ I O. . ._::~:'.:: 
L,,," '/ ,; r 'y If (PI- t::"ATH • I.' • / V;'[ ~. 1---.... -, .-~~~~ c ..... ../I .... OVT~.T ..... ,. 

I . Ei, . " I • • ? ,. SU',.Y A" QUAHTITY 

Ad~'~'''' .. =.'''~"'''~= .. '~s ________ ~·~~_r--~~~~1 3~O~ ~ ~ - "'. TOTAL S 1/. ~ ;;:--'1-----,-;/=-;:=)·-""" , .""-'.! •• . • c=:...AT __ . --=:..~-,",-,-V_ cP ... 

SlDra~ so ~_"!.. a,. I I." - , 1./ ' g U,.lg g, •• 

~~----------~~--------~~"'~~.~TOTl~,.~,4---~---4----~I~ ... 
S.I.~ r"'01 , 

IU"L Y IU"LY 
DUeT DUeT ,. .. 101 
H!lAT GAIN .... L.a"Ut . LOll' '\. N . , . '. 

(lo'."" A .. C,.· •. 
, ROO' 

Inhllrallon GlII/l.. •• 0." 

p."" 

La' H" .... 
EIC. 

v .... 1.""", '" .,,, ... ""L' • 
"'. TO .. ' 

'.I.~ F" ... 
ROO" LATEN' HEAT 

SUPPlT ouc' ."KAG' LOSS , 

00'.'01 Au cPO • ."L' • a' ..... 

L.'.,,, c"" • 

"FECTIV' ROO. LATEN' H,AT 

ROO. TOTAL HEAT • 

: All H'A' -4.- ~ -11- C') .",- t." . ....... 
",.HD TOTAL HEAT • 

'·501. AIR 

00. 

Loa 

USULTINO ENT • lYO CONDITIONS AT A"AIATUS 

T,,~.. ,.. ." -IT. o • ' - T" 0" "I • T .. o. • 
~-~ ~SVCH . CHAftT, T . . T. . 

NOTES 

:::"" = ~.r() cr/j 

Or! po // 
:: 

711::: ~';:..3,6- l!l:'//j 

IN/St-.c' 0 
".3A;;. .3 70 ~r~f' 

LOAD ESTIIIIATt (IiIEPIitODUCED 8Y PfAWts.5lOH Of CAAliltflil CDaPORATt~1 

9-34 



COMPUTATION SHEET 
~ Keller & Gannon 

En g I nee IS - A rchilocl. 

/v -
COMPUTED BY G-fJT it~H~~, PR

61 
v ,,:ft-At-S 

CHECKED ey . . '6ZZ, rt-_~ , 
1992 1 9~ DATE , ~PR 

nz., r~, 
SHEET NO. ~ OF . 7 SHEETS REV. 19 / ........ 

:::;'707~ 77r"L o ~;:-(, .. FT ' I t7 4. V CAf CU FT 
Estl ll,te lor LOC AL. T, ... I Puk l Old L OC AL. T,_ 

""" , .tolf ' U N T •• II 

I AIIIIIA 0l1li 1-"'" G AIN 0_1 ... " 01 0,,"1'" 
<TN 'ACTOIIII . TV / NOYIIII 

OU" ... TITY TDt~ _ 01" , D. •• "' .. D' GO. " 

~ Clm &:4 Y~rA:oO~,. -~J(, .:/ J-,t'.! 
"OA' 5V ;u, ". • ~ y .. ~;.- 1. 0 ... , ... , / r;. 

~ c;a;;- .. ~ · 4' 
G'm .. FT' · ZS" c;a;;- ~ · 1_,. r / J I";n_ x __ lo.ll • 

c ~. , ~."-Oto & 

\>y" '" .. FT' · .. ., c ... ' . o . , . 
lz; , ';/~o:~~ ~i::!' O"N~~~'" .oo~, (J J / 1/ 9"0 c'" I. 

•• 11 :~: ; .. H • • 7, ' . '''0 ''' 0 
--.;;;- ~ --; •• "O~"" " C; DOOIU_ ... O ..... I: ' __ C"""".III . O'" .. 

0 ..... oooou ___ ~ • _ _ c ..... DOO II ' 

' .11 "H ' · , II ."' ....... ' ...... --.;;;- -", H • · c .... c. ,. • • T· C .. ... . , 

Rool·,"" z-.vv '0'" ...3 7 • V'uIJJ ~30 c'" '. ~ T ; - co. ... o , .. ou • 
/~'? O.,N .. IX"" 4'" • ·.ii3 . 137.( '" , vI 

All Ct~~~ SO'" " 'I'().,. ...... C T ' VIl .,.".CT , V. 110000 .11 ... . HIf . T 

p;;;;;;;;;;- ~ · ..... Ill ... ... ,, ' I 
~".C: T"' •• _ TO'. \. "'II . ' "' ''CTOII 

C.,,,., 
'" FT • · .n. , AD' , • , .n. , r;;;;;- " ;T.- · 

, • 
~ ~ · '-00 

DEHUM IDIFIED All OUANTl ty 

~ - ,, - _ _ ... ' · IT .... _ _ ' _ T.o ,, __ ' " • 
• IH TIINAL HEAt 

S/.J- / lrlJ - •• _ .... . . ~T 

~ ~I!O~L[ • 
(: ' '''0& 

PtoJ)le ~ t ..... .. . R .... . " 'II 
~ .. 0 ••• • ._ ......... 
to",,, ~ %t'/ 7 2·l'1" .C""AT" • •• • / 11Y,' 1-· .. -. c .... 

. "'.".O .. ' LI • ••• , . , ::Etc. / · /(),. 41(:', SUPPL Y A' I QUANTI TY Add,I .. ,.1 . ,,' Go, .. · -
".-'OUL ') f't'/ O ~T 

. . . • _ ..... UT • -;,.. . 
,. 

-
~ 

I ... . 7.0 " CP .... 

"'"" ~ · ,- , I " ." •• 00' •• --IU. ' OUL 
~ c""', . - e ..... o . .. c: ..... . 

"I.~ F.ClOI < , I.,//D 
"'ULTI NO EN ' • LVO W.U IV 'A' ....... US 

.00» IE HSl BLE HEAT • /0 I 'J4() 
'U""I..V lu .... l..y ,D, 

I T • • - ' • c .. .. o • • IT O&_ ,, · T . .. _ "' " T , O" __ ' 
~<T ~<T ••• .:,,"' , ....... T_'" ." . ...... "'Il . L.oto l '\ • M . P . , 
~ --z;;;-• • • ... '-00 

LD. . ' T. O" • " ' I T I O • " - Ta o . " , . T ... O • • , ROO» I 'HEAT . ,..C)tII.S'!'CH. eM.aT, T, •• ' , T 
LAnNT HIAT 

Inhll ra llon CI"M . G 1'II / L.' • a.'. NOllS 

, .;;0;0 .~ 

r-Stt;;" ~ - A o; /. .' C/r/! - . 'j? , , ;. [1<. 

~ 

~)A 'lS" 1/ 
~ ~ ;.~ -: 

... ,OU L 

~ --;: 

TJI II; /b.5~ If'/%/ A-' OOM LA TEN ' HEA --
~ -.--0.< , 
I),II' )()I Au " .. GO' L' • ....... 

"FEe roVE ' OOMLA TEN T HEA 

' ROO» TOUL HEAT . 

7.r C ... . /7 
AI. HIA' 

k?J1' SenSible; I" .. 11_ 0 .,,'" I." 
lllme- / C'" • ' .'L" IY - ... . 0 ." 

_ TU"" 
_ TU _ - , . :=-.1TAL

, DUe ' DUeT " . , .. ". ' II ,oe .. , .... . 01 " _ '''' ........... C_ PO. """'0 O' •• '.'''E' ''' "_A T .... , .. 'I, • .......-. ~ . .... ' 101 ,,- .. ........ ... ,. Qu .... " '" "o"';~~"~U ' DOO. ..0 .. ' 'u_ .. , .. ... 77 ~ 
,- ,. : '-o..-~",: u ....... .. .. . c: _ . -.. 

E·3O'l. AIR CONDITIONING LOAD ESTIMATI (REPRODUCEO 8'f P£RWISSoIc.. OF CARRIEI CORPOItA TI~I 

9-35 



~ Keller & Gannon 

COMPUTATION SHEET Engineers-Architects 

1/ .--

COMPUTED BY E.fJT ~-)//I!) tJ;=rl(~ PROJECT ?4 t - ~{..; 5 
H~Z2. /-t' /'2. CHECKED .BY 

.!1$-Z2. Ilr/7CE . • 
" 1~ . 

REV. "?R lYYZ 19 TY? rcJR 0;(j)@ SHEET NO. Z1 OF..!:JL SHEETS 

"'" u'" fo< . E stl.ule tor L.OC ..... T I _ I Pea" Load L.OC ..... TI_ 

S,,, /() ·N • /.£1.1 .... . /q . 2/ t/lJ eu FT ..... T,IIII. IU"''''_ 

'T'" I .. l1li1[1.0111 I ... H GAl .... 0l1li .TU/ HOUIit H"" " 0 . ... '''' 
QUANT.TY TIOt~ . 0"' . ' ... CTO" eONO'T'ON' O. .. , .. 0_ ... ·L. 

IG G'm 2 ($)' :jlA~ FT' E:~~ .11. u.y(! ( / I?;k 
"OAI M 

1100
"" 

, .. , 7& 
G'm ..... · 4 
G'm ..... · OUTDOOI All 

G'm ..... · :-;;: z: _~L •• /0' C,.. ... ' •• IUCNo • 
.J-O 

\1<,,,,,,' .. FT ' · .GOT C ,.111 110 11"" . 
,II ,o:;~ X~ANS GAl .3?:' • ~OO~, () 7 tis 

c"" VDlTILAnOH • If: •. "ijt'y, 3? .. FT' '.''''1'.'1 
." _~V' ''G DOOIU_".O" ... I: • __ C,.. .. · ... IIII.OtoI . -.. ", .. ~'- · _.",0001U ____ • __ C .... ·DOOfII . 

"" .. FT' · .... A\lIT ,.. .. 1'1 

"" ..... · <:: 111"<::. ,..c,. . c " .. . ,.,. • 
Roo'·'" I[V '0 FT ' ~ 7 · v··N lZ.rv eN '. ..... , · '''0 , , ... 'H"U • 

TR_ANS . GAIN_EXClPT WALLS I IO~ .i.~ . ... _ 
iI!'v 

""AlATUS DEW'OINT 

AU Clns .J!(;. .OFT'.:( .) \'" r .",..CT ..... .",.IC,.Iv .. l1li0000 ..... . M.A,. 

P,,"h .. 50" • · ..... • Il'" "IlAT • 
V'~. C;:TlV •• _ T OTA ... H .... T 

. 
.... CTO .. 

C"'''I ..... · • OP I 'H ~«T<. ,.P • • . ,n •• 
fl oo' 50" • · • 

DEHUMIDifiED All QUANTIfY """",,,,, C'O' · .... 
~ - " - ___ 11"- rT .... __ ... 1' 00 " __ '" , 

.'NIIIN., HI.' 

..2/[ - '_"H' .~ • 

P".,. :il- _.O_L •• ~.3o ~ . c ..... o • ...... "" ......... ., .. ' 4CIIJ (/ P:; .' '" 0.4 / _~ ';'0 
'_".'. H~' · L'"," /f<) 'TT" J .•• / t:l :;tv ~. 

'.M· c_.· .. , .... ou · ... . y &,.,. 
. [',. / · Ad",,, .. , Heal cam' · 557() SUPPLY Atl QUANTITY 

"'. TOTAL J .z tJ~t; 
~. ~ ._" ...... Uo 
~ •.•. -;'0 ' crllO, • 

SO"" 50 .. . · ,- , 0 .... '.00 .. • 

-~ "'. TOTAL ~ 
- c .... o • • c ...... 

",.~ F "'0< ",- , ~I 
ROO. ' HEAT • 5 5 70 '" IV ENT &. lVG CONDITIONS .U A"U",US 

. u ....... v .u ,.~y .00 T. N_,· (;11''' 0 •• 11' 00 _"' - 1' ... _,"'" 1'1.0. __ ' _co -" ". "IlAT GA IN ~ • !,..IE" • • L~' .... N . .. . ,. e"." 

OOJIOOOf All C'O' •• OF ' .... 
LO. 1'.0" .. . • .. 0 11"08 ,. - T .. 0 .. ", .. T o.. o. , 

E' ' ROO' : , ' HEAT. 
I'"IIIOM PSYCH . e .. IIIIIT : T, •• , .. 

LAUNT HEAl 

Inh llulron c,. .. '. Gill / LB' 0 .•• HOnS 

P ... ,. P.OPL' • 

5 A U o cr/f S_ LO' H" .... '" , . [Ie. 

"""",, ... , H,, ' cam, cJA' ';0 .30 1/ 

v.~, " .... ... '''~. .OJLO' 

"'. TOTAL 

Jff.r If. ,.,.~ F ... , , 711 ';.. £,; 7~ 0 
AOOO LATE"T H'AT 

SUP", DUCT .""GE .OSS , 
0.'''''' A" e FO ' • .,LO ' .F' , .. 

AOOOLATEHT HIAT 

ROO. TOTAL HEAT • 

tAli HEAT 

Se'lsIblt: -'~ CJ en • • 9' ,. .. 11- () ."1·1 .• ,(,'0 
L., .. " en •• • OJL •• ". ." ..... 
,,",TU_ -.... .... TOTAL 
DUe. ~. - ~ .. ., . Y"II &Y It YOO .. , ... . O. YI_''' ......... " ~_ . 0 .. !!1 .... ,p po •• '.'.$' ... 
"."T_IM 'l'~Il . _I. ,,- "l ..... _ LON , 

"" •• L " ••• OU ... " '" .o .... "..~. . .'TU~ ~':" ."'" I 

GRA"D TOUL HEAT • .r, 7 0 (/ 
, I . ..... '-"c_. , 

E·.5014 AIR W.UIIN.'ftb LDAD ESnllATI ,RfPROOUCED 8 1 PERloIIUlON OF CARRIER ~TIONI 

9- 36 



~ Kelle r & Gannon 

COMPUTATION SHEET Engineers-Architects 

COMPUTED BY E f)T t?/'EN O??/C6:$ PR~.Y.' t· 
. ,!;?~ , cYZ.l, CHECKED RY 

~G~'2. , rt/ .!. 
DATE-,\ PR 

.. 
19_ 

1922 SHEET NO. J.~ ~ OF 4 7 SHEETS REV. -\ 19 I f 

'.m ",,' (s tllna le: lor I. OC AI.. T ..... 1 Puk Load LOC ... ... ",_ ,,,. /.s-. 17 • p.$S .... . /4' . ,3 5}O cu .. ....... T HI,'. .1.1" "_ 

,,, .. I AI'II[ A 0 1'11 I SUN GA'N 0" .TV/ NO U I'II 
I ,,," .1 0'''''00' 

T OI". 0111',. , ""CTO" 00 •• , ... OUA". T ITY , D' GO L. 

.; Gil". g/3 y /)LA~ ... · ~/? .[.It''I , f Z. 4.30 
' 'OA' ,ru 

00 '" .... , 7" 
Glm so .. . · 4-
G'm so >T' 

, " :? 
OU1DOOI All 

G'm so ... · _ .. 
~. 

_0.-1... " / J C,. ... : ~.tU OOoI • -f'-r \It,,, .. ,, .... . · ...,n_ .. ~ , c,. '.o p, 

~ '."(;7~~~0-.}t/.~ GAl & 100f ~ l_ 
c/6S 

c .... VOI Tt1.. ... T1 QH • 

~ ,'711(.') - ..... .?? · t ,() I ~:'::~:; .. c; _ _ ".0"1... ,_c:,.IO '_"'OH' -' .11' . so .. • · 0 ..... COOIIU __ _ g , __ C:"" ·DOoIII • 
,.11 ..... · . . ..... U.T ,. .... . ,,' .D " • · c;" ... c:. ,. .. ,. , 1;"" ., • 

ooo'·s.., ;. J J ..... ~ 7 · p·o..s 14'74' C~ '. Ibo'·"''''' .. ... · ". OUTOOO O A' O THOU A" A.AT U, • 

yz;- G AI~~~~c.m W:)" • '.Oli .... yt.[ V7.s'" 
""AlAWS DEW ' O INl 

All G'm ."".<:"V. .,.,.. (: , ,111: "OOM ...... . ... 10 ,. 
p""" .., SO .. . · ["F I . .. . H!lA,. • 

" " CTO" P"IICTIVII " ()(loM TO T .. L. MII .. T 

c."". so >T ' · AD' ,.0' , .. . " . ' . ' IO" SO >T ' -'-
, 

DEHUMIDifIED All 
Inhllratroo a. · · .... 

~ _a " ' _ _ _ " " rT .... __ " . T o o .. __ ", ' • 

. -? 
INTI I NA L HUt .31 J"'" '/'<1,( 1.-... . ' .. "_ .a .... ~. , 

P..,I, 
c ""o . 

~ I!:O~L I!: ' ....... ~ I .... "., .... .... 
Po .. , d .'7J .· ...:- f''::;') " ..J1, t:./ "'7 o t"iJ 

,,_ 111 101 1 . H IlA" ~ 

Lo"''' ;> 1'r .'y :; ; ..... / 7.i·.J ,~. ..•. c~ • • 
" , .... _ OU'L I • • • • , . 

, . [ Ie. I .' · 
Ad',hon" " " Ga,,, · / () fir surr" A,. aUANm, ~ 

SUO TOT AL /U . v r ~ . ' , " _ .... . ... T . -.0 
~ .... "JO • ~. , ... " SO n · • 1-

, 011' ''' 0 o, ~~ 

SUO TOTAL , C""o • • C_ •• 

",.~ ,,,',, _'0 , flO IISUlllNG EHT & l Va CONDitiON S At A"UAlUS 
ROO. , , HEAT. / 0 (.;IS 

• u .... L. '!' I U .... L." OD • .... _ .. c "·o o . IToo_ ,, -T . .. _"" T, o • __ ' 
~c. ~CT .AH C ... , 
H IlA " _,'" ... t ....... " . L.O:I I '\ • H . .. . , 

0,,'00" ." a. · F • .• F_ .. " 
LO. .. . "·IT. o • " - Too .. " , . TLO • • 

• ROO' ' HEAT. 
.. 

,. "OW ~SVCH . CHA"T : T, •• " , T L • • • 
LAtlNT HEAT 

In tll tlallOtl c,. .. .. G" / L . .. 0 .&1 HOtlS 

P."" ,"O' LO ' 

S_ L O' HO' . . .. £ ;A - S"'a I C-r / 1 
. [Ie . 

.... ,',"''' .u' Ga", 
O~ v.~. ",.,. '0' . " .. . "O'L • • ':" -?,r / 1 

... TOT AL 

", .• 'w., , 
7// I;S V d tJ ("/~ 41. ROO. LA" NT H' Al -;. 

\uPPL T OUC ' LOSS , 
no, ... , ." C F • • GO' L • • , F ' . ... 

" " cm, ROOW LA" H T H' Al 

, ROO. TAL HEAT. 

v",uv.vo A,. H'A' 

Iff ""so." 4".( c ... • 4' F' ,,- 0 .,. •• I ." 

L'.,,,,t c ... • • O' L.· ,, _ ........ 
_ TU_ _ TU _ 

aI. TOTAL 
~. ~. - - .. ° 1' , .. , • .f" II '00 ' 01 0 .. , O, • • _'., W .... L' c _ .0" 011 .... ' p, •• •••• c . ... MII" T _ ... 

'\ 1 ........ " . ... ' .. ,, - '\ + ~_ L.CIN • ... .... L ' A' " O u .... ,", .. O _ UL". 

GRAND TOTAL HEAT • // . .,. i- '_': ~::!!::: A "' .'U. , 0' 0... '_" .... 0 ••• U _ . ' '' . U ......... L ., C_ . _. . C _ . 

, .,"" 
AIR CONDITIONING LOAD ESTIIiAIT (REPRODUCED flY P ERIol Is.s..ON OF CURiEl CORPORAtiON ) 

9- 37 



~ Keller & Gannon 

COMPUTATION SHEET Engineers- Architects 

COMPUTED BY I tJ.PE.J/ tlr/7'C6,S PROJECT "t. - t 
N G2 Z- . rc,~, CHECKED BY. /l6-Z z,. r ?"e. DATE .. .. 

Iq9? ::f- I ~eg - - 'u, OF -!4- SHEETS REV. @) SHEET NO. 

EPT 

:';'U''/1 '202-- . 3 30 so ,, · /<1 ES h lll l lt 101 ~OCA I.. "I. I Puk l o,d ,,-OCAL TU • . . eu ., -" ... 'UN ,. , • 

,n .. I Alii '" 0111 aJ" GAIN 0"1 Ho"" 0' Op. OI ' .. ' 
"..,C TO" .TU' HOUlfil 

QU AIoIT I T V TIDI~ _ 01 .. ,. . , •• •• , ... •• _"":CO 

~G'm~I(,::Y(.I~~" , ;I/~ .t. >!v.? 3 t!~ 
, ,.A' ,K) 

100 ... ,- , ~ 
G'm SO " • · I·" .. ···e< .,. 
Glm SO" • · · OUrDOO. All 
Glm SO" • · -,. .f _OPL • • /..r C""" ' ''.'''OOo • ~C> 

"" """ so., • · ~~- .. ~ e .... ' .o ",. . 
I (;. :~~·N- II ANI I . • '00' . 7 

.f''l~ 
e ... ,. 

.cr." .> ,-7;.. s",,, ..f.t- • - .:' ' _'.G'"C 

""I 
, .so ., • · 

• • VO ~ "'''G _" __ O"I..IE • __ c,. .. ' ..... QOH C -_ •• ____ ' _ _ C "" ' DOG .. • 

"" SO " • · , IUI MAU,T .. .. ... 

"" so., . · "II.IlT· C .... · P T · 

' 0011<0,-....;13 0 SO " • 3 7 • ?I . CI" 1."'/ u e ... 
, '. ""'-S"'" SO" • · e •• , A" T •• U • 

~II CI U~ 7~' G.,~~~~e.'" '4" • '.'1.3 t 4. r • OEWI'OIN t 

It-O ....... C T I" . ...... C T IVOl:._ IIl N I , MR A T 

P""" .. SO " • · .... 11: .. . IUt AT • 
KJI"". CT,V IE 1It_ T O TA L M .... T 

. 
"ACTO" 

c.,,,,. SO " • · A. P , A •• J S'LECT<O A •• fI", SO" • · , 
I,,,,,,,,, .. « • • · OI HUMIDlflfD All OUANTITY 

"00 
~ _. "-__ .~I · ' T ... __ " - T .. o .. __ . " • 

,</. 
HI&' 

..2/-.1 __ / ~?o. 
, ._ •••• . • ~T 

People 1 
PE.PL, • ~ 

C~MO" 
I ••• ". Il .... .. '," 

..... , qtTJJ (<7 Pv / ,. -!.", J ,,~O 

l,.,." .::; ::;;oy ' 'J.· t ()/r~ OATT S . S .• • ;t. ,~ 1-· 
._ ••• • . • ~T . "''' ''_0\1'1. . ' . ,. , . , . Etc. / · '.M· C '", 

I "t." ; ;>.,,_ 'Urolf ." QU'NTlTT Md,' .. ", H . .. Go", · :S. , ....... OA T • ~C.S suo TOT AL /3 Ib N 
~, 

~ , .. . -;KJ • ~ ... S ..... SO " • · ,- , 0 ... ·.00' .. . --su o TO TAL C_ • • - C "MO • ~ C_ • • 

",.~ Fact" .j , 1<0C-., 
II (NT I LVG CONDITION S AT A"AIA,US 

ROO_ I . HEA" . /4 I-~ _,",, 0 

I U """' '' IU "'1.. " , DO T •• . _., C "Mo • 
.tT o .. _"_ T .... _ "I. T 'I O. __ • 

~CT ~c, . A. C,", .. ..... T _I .. '\ • Ul"" . . ... OS I "\ • M . .. . , 
0.0'_ A" c< • • , . .. ... 00 

LD. T .. o _ " . .~. , T. o . ". T l. o. • , ROO_ ' HEU. 
,. - T .. O" 

Fllta.ll "$YCN . CHAlltT, T ••• • • T , 
LAUNY HUY 

Inh llr,hon e ... • GO' L. · . ... NOTEl 

P.",. PEO.L • • C7A- c:;c:-I C P / ! 1- LO, . R . .. so - ' -, . £'t. 
Md." ... , H ... "'", OA lj-O II 
v.~ , ...... SO ' " '' '' " ' LO ' "" 

suo TOTAL 

.. . . ~ FUM' , 
11-1 14-.5/ () i..I?llJ. ' 00" LA " N' 'EA' --

SU P", Due . " A"G ' LD" , 
0.0'''''' A" c< •• GO'L O ' .. ..... 

" FEem, .00. LA" NT . , .. 

, ROO. U '. HE. T . 

SenSIble: ~O e ... . ¢ 
All HEAT 

F • 11- t) .F'. t." wo 
l""''' e .... ~"L.' 10 _ ... ..... -
-~- -~-

.... TOT AL 
OUC T OUC T - - .. . ,;. .. ". ,. "'00 .. , ... . .. , . -, ... .... .. \. .. c: _ .. 0 .. 01.'''.0 P, .... .. ' 6. '" "."""_1. '\ .......... _1. ,,- "\ . ~_ I..OW , 

I;::L~:';~::.;':,: ::::';.~"~~_ ....... , 
GR.HD TOTAL HE. T • / d L S ':10 • u . ..... . 1. ... c:_ . 

E·m .. AIR "unUIINnln~ LOAD (STIIiATI (REflItODUCED IY PEAMIWOH OF CARRIER CORflORATIOHI 

9- 38 



~ Keller & Gannon 

COMPUTATION SHEET Engineers-Architects 

COMPUTED By_-,=~~'-~;P--,To...-__ 
CHECKED By _______ _ 

DATE~ _~'-==_ 19k . 

REV ' "'''' 10Q') 19 MET NO. ~ OF 3L. SHEETS 

, / ?O ..... /0' I Puk load 

1 
_"1[1. 0" I ...... GAIN 0" 1 

QUANTITY TDlP . OIF,. . ,. ... CTO .. 
H .. " " 0"", .. , 

.. D. GO L. 'T'" •• ,... o • 

OU1DOOI All 
/ 1" ~O 

/ ..J C::",.. ' ''.IIUQH • -.!:-::....:: __ _ 

c."", 
FI,,, '0' , 

""""".. ".. . , .. ~~~----~~-------~--~--~---+----r----1I~ 

"d,' ... " H .. , "',,' • 

... , -' ... , F 

OlHUMIDI'IlO All OUANTllT 

i surrL Y All OUANTITY 
/~ , -_ ' :9..:. JII_ ........... ,. 

SUO TonL 
I.... -)0,. 0""'100' •• • 

CJO"' •• 

10>"" .. FT • • ,. , 

s",.~ f,c>" . J; , 
ROOM 

I U """,,, IU,."!,.T 

~" ~" 
P •• 

.. r..T GAl .. " • \.& .. " . \.OS • 'I, • " . " . 

"',,',," , .. " .. .. 
, ROOM 

lAUNt HUT 

InfIltration cn" 
POI,,, •• OPL •• 

SIuo. '.'HO' "'" 
, . ['<. 

Add,,..,,, ... , "',,' 
v."' T,,", 

.. ,., ,,,~, , 

,HEAT • 

.F ..... 
' HEAT. 

GR/L8 " 0 .... 

"'. TonL 

","" DUCT ".,,". LOSS , 

"',,' ,," ,.. CF. • 'O' L. • .F ..... 

"H' 'V[ .00. "H.' H'" 
, "OONTOUL HEAT • 

uu,uu~. "" HI.' 
Strlslble: 3-0 en!· ___ ~ _ __ ~ __ " 11- tJ .... 1. I." 
L .... 1. C FH' .OfL.' 11_ ." . 0 ... 

~TV.N ~TU~ 
DUCT DUCT 
"' .... T _,14 '!,. t L..LfIIl . _,. -.... -~ 

.... TOTAL - .. 
... t ~"'I..oa. 

IfSULTING INT & LVG CONDitiONS AT """'IAIUS 

LO. " -T. O," "I·T~O . 

" .. 0fIII PSYCH . CHAIIIIT: 'I, •• P . T, •• _P 

Nons 

?"j II 

/30 

.,. To.,." II ~oo '010". 01',_,., .u ...... ' 0::_'_ 0'''.'9 p' ....... , ..... 
.... .... L .... '. Q ........ " .. . 0 .......... . 

_ G~U.~D TOTAL HEAT. ""--~ / 7...5 ':::: ::::::::~ :I"~~:~·"~.o:;"o .. ", .. ~=·o:,':.~:,~~,,:,,o ~':.. .u" .......... , 0::_. , . .". 
AIR WIIUlllUllillb LOAD ESmUTI ,,'PoorucED BY ..... " • .c ... , u. •• ". ""'POR""'" 

9-39 

P 



~ Keller & Gannon 

COMPUTATION SHEET Eng In ... ", -A n: hllects 

COMPUTED BY ~ $A/--I /1;eGA PROJECT J't- C,S 
~Z. rtt;. . CHECKEQ BY _ . . /-/6=Z2 . r?;t· DATE_ tl>_ 

REV ' . ;0 1,992 19 , ;U . SHEET NO. It OF..!:iL SHEETS .' ,. ;. 

PT 

~h.fi'lff J Pu k load ,~ .. ., . ; q . cu . ., 
Esll,ul lr 10/ L.ocaL. TI _ L.OCA L,. T'_ 

...,~ '1"". t UNTI_ 

'T'" I AAI: A 0" I SJN GAIN O A 'ACTO" .TU/ HOUA 
"'"os ., 0 . ... " ... 

QUANTI TY Tt:MP . O'" O. •• , ... O. GAL. 

{' C'm ?h 'y~) LA:HT ' ;"i~ ·t~l!-varc, </ ItS.5 
' 'OA' eo 

AOOOO ''''' 7 '" 
C:m s<> ., • · 9 
c'''' .. ., . · aUTDOO. All 
CI", .. ., . · -,. S _~L. •• / F C,. ... ' ~."'ON • 7J 

s>y , , ~, .. ., . · .... n_ ..... (:"." 0 f' '' 
IE. '/.f;O'~(~)~J"~N' GAl .. / t," • '.00i;, OJ / ~.f~ 

en. VOITILAT1OH. 

, ,1: 'Y, -IcY •• FT • !~'::::~ .. c; DOOIU_".o"L.II: "_(: ,.111, •• " ._. -. ," . .. ., . · 0".'" 1Il00'' ___ , __ C"" 'OOOfII • 
• ,11 SO., • , . . .... u.,. ....... 

. "" so., • 
-'- c ... c . .. .. ,. . C ,." : " T ~ 

~oo''"" rcrv 'OF" ..:5 7 • (l .US .1,'30 CN , 
, '. , .. " . , OF. ' ' AI. , •• u • )'0"1>- GA'N -IX CEPT WAlLS' ',~~Oi.3 3}:./ 

,U'''.UUS DEwr OINT 

All G:.H SO " • 4- . xi1.? ." ... c,., .... ...... C T I ... II " OOM .... , . N IfA T 

P"""O". .. " . , ..... .. ! .. , .. II:A ,. • ....... C,. I ... . ,,_ 1'0 1' ", ... "'''' 1' " "'C TO. 

C"""I .. FT ' · AD. ' AO. , • , '0' , • fl oo' s<> FT • , 
D(HUMIOIFI(O Al l 

Inhllli l'O"_ c •• • · .. .. 
~ - " ' __ ''''. ' 1'.,, __ ,. - 1'" o ~ __ ' " , 

S 
INT U NAL HUT .2 

/ l5 ;L( ~. • ' "_ UN .••• 
Peo pl ~ PI(OPU · "- I f - C~"0 6 

I ." • .. Tit ... . . '" 
Po .. , • • 0 ... • 

.000 111011 . ..... 1' L,,.,, 'J-r& y)' v//;: p"" . ... . / ~(9'J -. L N' c~.: " ' . "_O"'''' 'T ., . ,-

""" .. '" [ 'e I I · 14, SU"l Y All "',""''' .,,' "'on, -" / 0, 'J~ .- ........ , :' £/cJ SU' TOT AL / G 4 <7G ~T - " (M ''/0 , 0" '.' 0 o' ~~ 
~ ... , 

~. .. FT ' • 1-
, --_sue TOTAL - C-, o • C""o o • c_ •• 

s.,,~ f , t!oo ..5 , ~ ~J 
Il SULTlNG (NT & LVG CONDITIONS AT ""AIATUS 

ROO. IE""BLE HEAT • /(/ 'h " S 
tv .... ... .. .u ......... .0. c .... o " . 11'0·_ .. ·1' .... _ .. '· 1'. 0 . _ _ ' 
~C> ~CT "N C ... '" " 11"' 1' GAl" ,. ..... "'" . ... os _ ,. t H . ~ . , 
""''''', Au c ••• • • o •• , ... 

LOo 1''' 0'' .. , 
• .. · '1'. 0 • .. - l' "0" P, • 1' ... 0 . 

, ROOO IEH"BLE HEA T • ..110M P SY C H . CHAIIT , P. 1' ... .. • 
Inl,l1tal,on l"~~: ~ ... 

G il / La . 0 ,& • NOTU 

p",,1< ....... 
:..~A S7() C?/ 

/ 

1- L.' "" ' ' .SO - 'I . -
""', .. , .. . Etc. 

""'" .... , H,,' "'on, OA 7.r (I 
v.~. 1 ..... ... " '~ . "A,.O ' :: 

"' . TOTAL 
,.10, F" ... T. 7;.1 II) V:l j !fTc/Jj 'O,,~ LAlEN1. ' AT :. 
sup"" OUCI . 'A<AG' lO SS , I 
""''''', A" 

c ••• G"'" • 0" . .. 

EFFEC IV' 'OOW l AlE N' "' A 

, ROO. TOU L "E AT • 

... "., 1 J e N' <I 
All HIU 

...:?h f .. • 11- 11" .. , .... 
L"'" I C ... • .. ,,,. ,,- ........ _TV_ _TO_ 

.... T OTAL 
~, OUCT - - .. . ,~ .. M" ... .. ' . '00"'_ . 01",_,,,, ....... ... .. 0:_ '0. pel'.' 9 p ... ,.'''S' .... 01' .. 1' .... , .. " .......... . - ,,,, ,, ~ 

" .... _ 1.. __ , 
........... ' .. ,. OU " ,,'fIU . 0 _ ...... .. . 

GRAHO TOTAl. "EAT • // IPI'-' 
• _, ..... ....... '''0 ... ".TU_. o ~ O" TOOO . ""0 ., .. u _ ., • . " I' ..... ... , c _ . _ ......... ' .. 0 .... u ... , . ,. _~ • . ull pe",,"' O'.'I O 0: _ . 

E ·~. AIR ~URUttruRtRbLOAD ESTlIIATI lREPItOOUCED IT P E AIoI I S5oI~ Of CARRIER c:DRf'()QATIOH) 

9- 40 



COMPUTATION SHEET 

~/JT COMPUTED BY ____ -'-__ 

AIII(.OIll I SUN GAIN 011 I 
OUAIoITIT Y TPlP . OIF' , '''CTO. 

I 0"" ., 0 .... "" 

SOL"" GA IN-GLASS 

""" .. 
C'm .. .,. • 

DB 

L..=.J I"'\,Clltll 0. ualiliVIl 

Engineers-ArchItects 

LOCAr... 'fIlii: 
""01 TINa 

•• 

I Puk LOlcj 

"' .. 

OUTDOOR All 

0' GAL. 

::.:::: C,"'.::.. ______ ::::.. .. , ':,."':,.'=--·----·=--------1f_-+--t-----11 =: 1--4-"---- _M ... II 

~/- / ~., 
• L'!L c"", ' ... ",o-. • _-"V<-:::~<-_ 5>, ,, ,., .. .,. • 

SO'AI • IIANS. GAIN_WAllS' 100' 
I----.. ~ .. ---

' . 
1 .111 .. ". . ........... 

•• _ .. ,,," c;; DOO"'_~.oPt.. • • __ C , .. • ...... OH " ____ _ _ ,.:1 SoQ'T.. 0 ..... 0001U ____ u • __ c .... . ooo • • ____ _ 

-~ •• 1!~'------~'0'~"·'~· ·~----~·---_i~-_r--t_---11:7:_III.MAUIT'AH _______________ _ 
",::;:.; .",I! '--,------:,-7.;,....",---.. ::'-::: "-,-·---,,.....,.--·=-7:-r.,..,.+----1f---+:;,~I-n~ , •• co ___ .an • 
R"'·.,, 9'Oc' '0"''::;/ . (/; v,/ 7S-..r: 
"",-s,,,,,,' .. " • . , O'A 'H"U • 

TRANS . GAIN-EXCEPT WALLS & 10 Of • .." .... :.uus DEwrOINT 

AU GI ,)~~ SO FT • · • .... IICT' Y ' 1110000 ..... . "IRA,. 

P""'",, .. " . · ~~=------~~----------_1--1_---f_-___11 ,~, 
.... ,..CT' .... 
..... MtAT • 

..... CTO • 
ID' ... CT' ... . 1110000 T OT ..... M ... ., ~ _____ _ 

C,,"" .. " . · ",,' SO" • · ooP • 'OP , .. '0' , , 
DEHUMIDifiED All OUANIITY 

Inhll rahon c," • · .... 
~~------~------~~-r--r--r--~I~ 
--------------,:-.-:-:~":":"'7:':'::_:_--------_i---+--f_-_iI..... r • • ---.~I • IT ... ___ ~ - T ~O" __ . .. ____ • 

A' 'NtnNAl H.AT _. ,.~ / ,'" "''' ~' I __ ==:!!' ~,= ._!':!"=.H!!. •.. "'"'=~, 
PfOp!t Q PEOPLIE · ...:: /\i i.?-"rv......... ..... ,.~ ....... "1 

________ c,. .. o o 

~"' .. ,,~4~,.'Z!~/~/~f~<·.:-p)~~~~ .. :::;,~-o,~ </=+=+~/~c~~~ (,~:o~I,~ l,,.,, .,0' ().r 'o/ ' -...(1 J /'1=""" • .... Z, ;t 7..[ - . 1---:-::, .• ::-::, .--""" ._'-!" '!!'""",'" """:-';''''-'-••• ,.' ... . 0"" ...... ,.,-

I . {Ic . '/. I " .,/ /' . SU"l Y All QUANTITY 

=""""::::::::-"'" "::.::::-'''' c,="' ______ ...;.:..",.. ",.,":"0": 'OT-AL+--I-t:/-,.-iI7
S
""..,.,.l ~(/I~Y .;-"r? 0 ._ .. , . __ ~_.2_t7lJ __ OW" •• 

~ SO " • • ,_ , .... 7'" • • .. ", .... . 
"'. TOTAL 

s.,,~ ''''00 ~ , 
'00' 

1 1,1 ""1,." IU",.L" 

~" ~" .. " 
IOIl"'T~IN ... • LIl •• . t,.011 'L • M . ,.. ' . 
IN''''' Au c," • .-

, ROO' 

LA TINT HI" T 
Inhttralron C'" • GA/Le·o .'" 

P.,pl< "O'L' • 

, . EIC. 

""'10"" 0", c,,,, 
Y"O< 1..... SO, ", ... ""/ LB ' 

"'. TOTAL 
"'''' ,,,... , 

'O.ON '0 TENI H'O' 

,"pp" DUCT "'',0' '0" , 
IN''''' Au c,. • GA/LB • ., ..... 

"FEC 'Y' 'OO"lO"Nl "'01 

, ,"00' TOTAL HEAT. 
_;;;- : All H.AT 

..,,,.,, 60 C"'· z~,-·,, - tJ ." ..... 
l""" c'" • ../L' • ,,_ ." ..... _TU_ _TV_ 
OUC::T DUCT "_AT _r.. 'I. t Ul.Aa , ""111 

""AHD TOTAL HEAT. 7 10<;1', 

USUlJlNG ENT & lva CONDITIONS A' A" .... ATUS 

IEOB T ... __ '. __ -:'::'",,'''''' .rT o . _ "' _ T .... __ "" ~ Trol _ _ ' ..... 
loa .. 

FiliON PS'I'CH . eMAJIIIT : T ••• 

~A:: 

oA = 
lJI 

HOTlS 

• 
' . '. • 

,.,.,. 
AIR WIIUlilURIRb LOAD ESTIMATI (ltfPROOUCED III PERIolIUlON OF CARRIEIt CORPORA. liON) 

9- 41 



~ ._ ....... - _ ... .... _ .. 
COMPUTATION SHEET Engineers-Architects 

COMPUTED By __ ~_lJ--,>j'---_1 il,N' ~/G/lJEJl 
CHECKED.aX . . --77,-Y-:rr7: /7;::-.. 7=-. --:-r'-: /,--:; .0-------
~~:E .W'~ " 1992 ~:-: ' I czVVc./'L~'Z~' 

SHEET NO. JOOF:.!il.. SHEETS 

< 9'? SO", /4-

" ... I ::::T~;Y I ~:;.:.~~:: I FACTOIit 

SOLA I OAIN_GLASS 

GI~SS SO,.T· · 
G" " '"'-" . - ' 
G'm 50 " • · 

< /.3~. ou" E,".'" 'Of 
Hou" " 0, ... ,,,, .. •• •• 

"0" y, 
.... IO." 7~ 

/ 7 

I Puk Load 

,.. .. .." 

G'm 50 " • · 
Sky""" ,." . , 

/ 

' ourDOOI All 

.".::=-----..::.':-'-----...:....----+---i--t---iI::::~I-~'---OPL... / J C"" /~.IUOOO. __ /..::.J" __ 

SOL ••• TUNS. , ' • '00' 
1----00... __ -,:::'C". /IO"T .~ __ _ 

<no' '. 
'all 50 " • · ,.,,,<;;'''0 

""IIO LII".,. OOOIao_".~L. •. __ c" ... , ...... ooo " ____ _ .. " ,." . , 
O~.OIDOOIU ___ • __ C" .. ' 00011" ___ _ 

, 
"" ,. ". 
.," ,. ". , 

Roo"\'" £/v ,." • ..3/ ' &1. 0 -1' 
~~=:::::::==~~=~~=::::::=:::::~+==t==~:~I~;:~~~I··H"U'T " .... ---------------:::: c .... c. ___ " •• T._---,~-C" .. . " ... . =----

I/t"l/ CF'M IHFIL TRUll)'" • 

,/ ,." . , CFH , .,A 'HAU • 

TRANS . CAIN-IXCEPT WAllS' 100f A"AIAIUS .. HI ' ... , ... 

."".C"'I II . ."".CTIII ... _ '.01' . ..... '1' 

.......... '1' = 
""C ... OII U".CTIV ... OOM TOT .......... '1' 

=A'~'G~' .="~ ____ ~'.~F-T~·--------~-_+--r_-~I.~F 
p"",,,,,, 50 " • , 

c.,,,,, ,. " • , 
fI" " 50 " • , 

... .OOC"EO ... 
DEHUMIDifiED All OUAHflTY 

~ rn"'='It'~ .. " '~~ _____ ~ccF...:....·'· ____ ~'_=I.~=__1r_-+_-_r-~1 n-

-------,.==:-:-:=~-----_r--+-,r_--il - 1"----0"· 1'1'.". __ " - '1'''0'' __ '' '---' 

INIIRNAL Hur . r 2':/,.[" ::-.1 __ ==='!! ,~_="~,.~,, .="T "- -,- I 'EO'L. ' J /" __ 1-
I""CU'P I .:" / • I . .. . ~yl .... . .. .. 

______ c,.. .. O. 

Po .. , H' O. P • • 

"1" .. ~OUy ..... y .. ,.,. 

SU"LY 1.'1 QUANrlfY 

~::"';;;'''' ::::.'''' ::::; H .. ".=. ..... '::.:....' ________ _=_:: '::-:::::-::-+--t-:r1f7:nnl / 'J.-/ () ,cO 
sue TOTAL / /~ 0 ......... v ...L......:...!.."...::...=:'!.-=-" .. "."' •. -"."' .. "T~_ , __ rr:.... _ __ 0111 ... 

5tolare SO FT " • 1_ I 1 .... jlJ f' 01:1'''''00' ''' 

"'. TOUL 

Ia' •• f "'''_ 
, 
'00. IE.I'SLE HEA r.a. 

.U .... L.... 11,1 .... 1.. ... 
DLlCT OoIC'" " .. .. 
........ '1' GA," ,. t U!"" . 1..011 " ... , .. . 

CF.' .. .F .. ... 
, . • 00. IE.IISLE HEA T • 

LAUNI Hur 

InhIUI'IQI"l C"'" " Glit / LB " 0 .•• 

P.",. 'EO'L •• 

, Etc . 
.... ,', .... He,' ..... , 
V ... ' ,,,", . 50' ,,, ... 

S.,.~ F,,~, , 
'00. LAHNT HEAl 

"'PPL' OUCI LEA .... LOSS , 

()O,.", All CF. • .AlL. • ., ..... 
""ClIV, .00. LAlfN' H'" 

, ,00. TOUL HEAT • 

All HEAl 

... ,'." /.r cno' . '1 F ' n_ 0 .,.,,, I." 
." ..... 

.,. TOTAL 

/ I~/O 

. -
IESULlING ENT I LVG COHDIJIONS AT A"AIAWS 

NorIS 

SA':;. ~~ cr/-1 

O.A. :;. /0- // 

711: /.3 @--u 4;;;1 jJ, 

_TU_ _TU_ 
OUCT DUC'" 
..... 'I' _I.. 'l, t L.CA1t . .... 1 .. 'I, +:-.... ".::::-....0:. " ' :':':;~"" ... ~~IO:'!'!~"~: ·':~:~~'.· .............. c:_ .. 0. MI'··pP'··,·· .. " ... 

'",uO ......... '. /' '" /;.... , •••• _ •• UIN. , ..... ~; -'_ ....... _ ..... n ~"" <PO . .... ""LlIVIAI.nC ... 1 I~~~ ... - .......... '1".0 .... -y . , . ,.,.,. 
AIR ~UftUlllUftlRb LOAD ESnMATI ,",PROOUC'O BY ., ... "' .... 0' CARRIER """""'AlI<><, 

9- 42 



~ f"oC II 01 .................... .. , / 

COMPUTATION SHEET ---Eng; neel1!- ArchltecIS 

tJ/CN ornaY PR~ , -COMPUTED BY 
cO, CH ECKED,BY _ NtiZZ . rt/;!?-

'6vZ-. .. .. ~> % 

DATE ;~PR 1992 19~ 

REV. 19 67) SHEET NO. L OF .li1- SHEETS 

:::;'~TA"~ I Ptlk l oad , z,:;t / 10" , ;, 1- , 3{!)1t cu FT 
[s!l Il. le lor LOC ...... Tn. LOCAL ,,_ 

..., .. ,.11111 'UN T,_ 

'T" I AREA OR SUN GAl .... Olt I ",," 0' 0 .... "" ".CTOR .TV/ NOUIt 
QUANTITY TDIIP . CI .. ' . " , D. .. , ... D' .. C. 

SO .. ~G~T • ' 'DAI <f"" 
GI&S\ · I"""" ,- , /'" 
G'm '" FT • · 10

" ;.' 
G'm '" FT • · OutDOOR All 

G'm '" n· · 1-,· ...? / J ~r ~a.I.. •• c .... ' ,..tuON ~ 
,. 

5>,,,,.., '" FT • · uon_ 
~~ c; ..... ,.Q p, . 

SOlAl • 'lANS. G . . • 100f cno , •• 
r ai l '" FT • · '.· .. 0 ' . (. ... .. O~"' · .. G QOO"'_,,1l0 .. LIl • _C""' ''II'''OOO ~ .. " '" FT • · O ..... oooll. __ _ q • __ c" .. ·_ . .. " '" " . · , .... ... u., P" .. .. " '" " . · CII"C. ..IIIlT· c:,. .. .. , ~ 

Roo' ·s.., :;. ;:;. / '0 FT ' ..3' 7_ • ? . VI[ 1<;7/0 cno , 
, '. '" FT • · .. " , AI' TH.U A' . .. ATU' • 

TRANS. C AIN-EXCE'Y WA.LlS .. 100F .. ,. .. ,US D'W'O'N' 

All GI~H SQ ' T' 1l,.,.. C T IV Il ...... C T . "'. "0<* lit ... . ... AT ,,,,.,,,,, '" " . E .... · IIf ...... ", • 
..... CTO. 1:!"I'IlC'IVIl 110000I TOTA ... ... AT 

COO",! '" FT • · AD' AD. '. -' , AD' . , 
Floo· '" FT' · , 

'''liD A'" OUANTITY 

"""""", .. " . · , ... 
~ _. "' ___ "1·.,." __ ,, _ TA .. .. __ ", . • 

-.2'NIIINAl H'~:D'CE ' -..8/.r '/VS' ~. ,.-...... ~ .. 
~' . 

c"""o 
~ ...... "" ........ 

Po .. , -,?W I"," fo':"--l. , • ..g ,p ~ ( Jr./ .-..•.. ':-":.: L,,.." / -;/'V/ y /~ (1)/ - /""ATT ..... / ,~ I~ ' .M· ", .... _ ..... '~., .1.,· 
. E'c . I · SUmy A'" Ad""",,, H .. , c.. ,,, · 7 Z to ._ ......... .340 suo TOUC v ,/4 V 

~T . ..... J-<J 01"., • 
~ 

" .. n" .. .. 0' •• s ..... .0 n . · ,- I 
~~ 

SU'TDUC 
~ " c ....... . . c_ • • 

",.~ F "'" ..:.' , .,:J..s 
USUlllNO ENl , lVO CONDITIONS ItT ."U.uUS '00. I ' HEAT • / & ,y. 

I U"" LY I U" ... L Y / ED. 1',·,_" c"· .. o ., T .. . _ ' _T ... _"'· T l .. oo __ " 
MT ~e. ... Cl' ... , H" .. T GA ... '!. .I.A. .. I( . ... O .. 't t .. . ... . , 
0..''''' A" CO" • , . ., . , ... 

CD. .... .. _ '" ..... T . .. .. ' - T .... .. 1' , • T~ .. oo " , .00. ' HEn. 1""0.1 PSl" C" . C""fIIT, T I •• , . T~ .oo " lAnNl HEAl 

Inhltrilhon C F"I/I _ GO' C' • 0." Nons 

,."" .EonE • 

5 ,r{ 2<7-"(') </,,//. s_ C",NO' "SO '" . £lc. 

. "",',"'., H." c..". Od /r 1/ 
v.~, ,,,,, . S<I' ",po . ""'c • • .. 

... TOUC ,.,., ''''., '. ;;-1 " 77YJ ;67'-:,4 . '00. LAlI'T HEA' 

StJpeLT ouc ' LOSS , 
0..''''' A" CO" • G",C' • .. ..... 

""CTIV' '00. LAlIH' HEA' , .• 00. OTAI. HEAT • 

4J .., ....... ;:j ... All HEAT 
Soens.blt: 'r e nol" ,. -0 - a ."1' t._ 

.£/, 
L., .. I cno • ~.'c •• 11_ .". ' .M 

-~-
_TU_ ~. TOTAL 

~. ~. - _ ., ". 'M"'~ " ' 00 " '0" . 01,._ .......... L¥ c _ .. .. . "0""" "' ......... c .... ...... T .... , .. 't • \"aA .. . ....... 'tt_. 't .,.._ LOU , 
... .... L ... ,. ""'A .. TO' ¥ . O."U LA . 

GRAHD YOTAL HEAT • 7 7,", C '::::: :::::::: ~ . '''T'~ .. ~,_ •••• '''T_. ,.~ Tn w .... ,_. 

,.,.,. 
AIR ~UIIUIlIUIII1I6 LOAD ESTIlUTI l It EPROOUCED!Y PERWIUjOH OF CARRIER CDllPORATlOH ) 

9-43 



COMPUTATION SHEET Englnee",-Arehllects 

~/,C.# ~rr/C5 -COMPUTED BY PROJECT 

Pt:.S· ~/;;:Z2 . CHECKED fW _ 1\ u. /-/6U, ti?/'lC&' , 
DATE~.p.tt: - 1992 1~' 

SH~ET NO. 31- OF ...!:Jl SHEETS REV. 19 ' 'Jr 

::::'%Tu:.. U/-d , -t-2/ so n· /9' V ;<;I<vn 
Esl l.,l t lor L.OCA ... T._ I Puk LOIC! 

LOCA", '1',_ 
, .... 01 Tilia .u"'''_ 

"OM I .... o. I SUN GAIH 0 " 
,,"CTOIit .TU / HOUfI! 

H" " " 0, ... "., 
QUANTiTY TDoIP , 0.1<1' . CONOmON' O. A. "." O. G'L. 

10'" GAIN-GLASS , 'D" r.s 
G'ass '0 n · · ...... , ... , 

/"' 
G'ass so n. · 7' 
G'ass SO n · · aU'oocl All 

G'ass so n. · -,. .:f ~I.. •• / J C ..... ' ... lUoo,o • 
?O 

51<",,., so n. · LAn_ ..... c: .... ' ''~ 'T . 
SOLA. , UANS. OAIN_WALLS , 100F c", , -. 

1.111 SO FT . · '.'.0'." .. ... O~ .. , .. G 000"' __ 0,"1..11: • __ c" .. ' ..... ON . -
"" SO n . · O" . .. DOOIUI ___ u • __ c , .. , ooo- ' 
raIl SO n. · ........ u.,. ........ 
ra" so n. · c; ..... cc ... CT· C" .. . "T • 

Roo'·"" Z:?I SO n· ."j · C.o.J 4/() '. so 'T • · COM • .,' T"'v ..... nvs • 

TU.N$. . OAIN-EXCEpt WALLS & IOOf .',.IAtUS 
All GlaH so FT • · .,.'lI:eT,y • .,.".enYIl " OOM .1[ ... . "CAT 

Pattl\IO/'I so n . · .... , ..... .. IU,,. • ..... II:CTI V . __ TOTAl.. H .... T 
"''''C TOII 

c."", so n. · • DP , .0. , . > ' '0 • • • floo, so.FT .• · , 
lED .Il 

"loll"" .. COM ' · I." 
~ 

~. 
" . __ ."I·iT .... __ " _ 1'''O. __ P,. , 

.;t 
INTUNAL HEAT _ 

/ 1t-60 - .. - ...... ~- . ."", P~OPL~ " ..3./J c" .. o_ 
~ I." . .. y ...... . . .. . 

Po .. , 4 ·-r ,.. (4-'-,1'-- ) ..i' ~ ,~ ..5 1'1" yo .- ... , .. :-..:.,-L',." .7.7/ ' Y I I ·OJ/.' J;. AUTS' , • • / L5&<..( ~. ..•. "I."_ OV ~L'" .... , . 
. EIC . I · IU"LY .,. 'dd,'",,' Hu ' "',,' · JcJJ? ;lJ-o suo TOTAL .!:' &/-£ I~T 

,,_ '&1001 . "LIlT 

I..' :;0 ""' .. 
S."" '" >T • · ,- , , 0'.''' .. 001. '' 

suo TonL 
I~ 

c_.,, _ c .... o • • c_ •• 

Sa"~ ,."" 5 , ~~. 
USULlING INT & LVa CONDitiONS A' APPA .... TUS 

ROO. SEH"BLE HEA T • q OJ7J 
'U~PI.Y 'U""'L '" / .0. - •• -P' c .... o a .IT O&_ .. ·T .... _ .. I .. T 1D • __ ' 
~c_ ~<T ... c .... , 
"~T_'" ." • ___ All . LOS' .... M. P . •. 
"""",,, '" . COM'_ > • ". , ... 

LDO " , ROOM ' HEAT • 
T .. o • .'" "IT,D. " - T . 0" " I· T~O ' , 
""OM "SYCH . CHAltT, T I •• I' , T L •• P 

Inhltra tlOll 'AT::: ~I" GAI Le . 0." NOTU . """ P.OPL< • 

S"-f f ?O Cr/!' 1_ LI,,," ..... _ = 
, EIC. 

,AddltlOllal Hut Gains 0) :- ~.-() 'I ....... , .. "': so· ".~. """ .. 
SUB TonL 

TIl": -I xff./ /I . ,.,.~ F." .. , cf, ' :2-
OOOM L.TEH' H'" 

J6v 
"' •• LY oue ".UGE LO" ' . 1)",,,,, '" COM' G." • • .. ..... 

. OOOHA TEHT ",. 

, ROOM TOTAL HEAT • 

""so.,, t70 C",' 

" '1 HU' 
.sf( '9 "11· 0 • .", I." 

L .... ' C.... / Go". ' 11- .n· .... 
_TU_ 

-~-
!Ua TOTAl. -- _. - - .. • ., T .. , •• _" TOO "'_.0' _'_'.' ....... .... C_ '0_ "' '' .'0 P"" •• OICI", ....... T_' .. ,. .......... -... ,,- , ...... I..OU , ... ...... ,. OV.OI T,n .0_ .... . . 

"".HD TOTAl. HE., • '1 ~.:'l.( I:::: ~:::::::: ... ,at ... , o~~"_,~.,,,,"D ..... _ ~':" ."" ........... c_. 

, . .". AIR WRUlllURlllb LOAO ESTJlUTI (REPROOUCE" aY PERWrUlOH OF CARRIER COItPOfU.TICJof) 

9- 44 



COMPUTATION SHEET Engineers- Architects 

/ 1 ---
COMPUTED BY S7U,}?-ftGG' Pd CT t,-A v.:? 

~?~:. CHECKED ~Y "-_. /f6Z2. ~. 
~ZZ, 

DATE~ - '" 1~~2 19~ 

0 , s;E-rNO ~ OF 1i7 SHEETS REV. '. • 19 

~ • J <I , //;? ..,n . / 9' , / ,f; I-[-cu n Es h llltr 10f LOC AL. T t_ I Pu k Load r.. OCAL. " 1_ "'N " .• 1: I V"" TI_ 

T Alltl:Io 0 111 T aJN GAIN OIllT 1.0"'-" O,m'<o' <T .. 
TOI .. . Ollr,. . ""CTO" .TU/ HOUIit .. -DO .. "'H •• G".O QU ANT,T Y 

SOl AI GAIH-O~An ' , .. , 
G I .~s SQ"T. · IOoOM , ... , 
G'm $O n. · I·''' .. · ·c. 

Gilli ~ -;- OUtDOOI All 

Gill .. ,,.;- · _ .. __ L. 
C: ~'" ~.1U000I & 

~ ~ -;- .... n_ .. ... . C "III / ' O 1' '' 
SOl Al , TUNS. GAIN-WALLS' 100F C~ VDlTI LAT1~ • 

' ali SQ ' T . · ._,. 0'. 0 
' __ ~" ' ".III'O ''' • .. , $0" • · 

• ,yo ~y,,,,, OOOIU _ ".OP''''. 

1····--- -- -- • __ c,. .. ,-... 
--.ail --..-n;- -;- , • • .., AU' T ,. ..... .,11 So .. . · c .. co . .... " . c ,. ... . f'" • 
~ --..-n; - .- c ... ,. 

$0" • · ... , .. A THA U . .. . "OTU' • 

TUNS. GA 'N-IXCIPI~ A"A.ATUS DIW'OINT 

' "G'm so ,.T • • .",..CT,"' I: ..... I Cy , ... , lll OOM I C NI . HCA T 

p"""" '" ... · ."" .t ... "I:AT 
....... C TI V I: " OOM T OT ............. T ·"C:1'O" 

c.;;;;;;- --..-n; -;-
• 00 1 ,.",c. n o '00 ' . • • 0. , , fl." '" ... · 

~ c;:;;-; · , ... DIH' A .. CUANIIIY 

~ _. ". ___ .", . ,'1' .... _ __ " _ T "O," _ _ '" • 
IN 11 I"N'Al H lA , 1- .. -...... ~, 

P .. , .. 
. c: .... I;I . 

~II!:O,.LI!: • ~ ..... "y . .... . . ,," 
Po .. , HO OR • • • .- ...... ~, L;ii;iS -"-T~ I~ .... c ... : 

.. , .. .. . O UYL . , ... '. '· 

"", .. "". Ele. · 'U"" A .. CU.NIITY 
~ .~ 

SUO TOTAL 
~, ._ ........ , ..... 

5 . .... $On . · .- , ~ 1 .... , 010 '. ' 00.,. 

~ c •• . C""oo ~ C_ . .. 
",.~ F,,,,, ~ 

RoOi ~ 
USULTINO (N T I LVG CO NDIIIONS AT ... " .... ATU5 

. v .... !. v . u .... !." .00 1',·_ " c"·O A 
.IT O .. _ ,, · T . .. _"' " '1'1 0 1 _ _ ' 

~c, ~CT .0. c ..... , 
HII AT Q,4 ... '. + ...... ,c. Lot. '\, t M . .. . , 
~ c;:;;-; , . "' ..... . 0" .. , 

~ .- .... ,T.O• .. - TA D" "'.T~O ' , ROO» 
I " " OM P sYCH . CHART : T, •• ", T~ •• 

, 
LAUNT HUT 

c;/.-::- : I,,,,,,,,, .. ett ... .. GAI Le .. 0 ." NOnS 

p."" ' . 0' • •• 

Cfr/~ _/~~f' )( c;#:. Sim .~ .... 
:£it. 

""'"","-H." (ii", 
~ V ~ '" ;.,,;;;0-; ". ' . 0 • 

"'" TO:;';:; 
.. , . ~ 'w •. , ..". /~ o C. )=¥A 

-'~HEAT ,"p", DUC . L' .. . CEO" , 
~ --;;; . ~ ~ 
~00iiLAiEiiT HE' T· 

E ROO» TaU _ HEAT • 

All HI'" 

Serl1.bi e: c," • ,. • Ct - ... 1 1 I ._ 

l,'''' c," • ~ 0'.-;0:;; 

IIIIITU_ -~-
SUB TOTAL. 

~T ~, - - .. "t ' Yo" , &. II 100 "' _ . 0 11,_, ......... L . c _ .0_ COII.". 2 p, • •• • ' .. ta ... ... ... T _ , .. '1" L&A1t . _ , .. ,, - 'L . ... _ LO&t , 
,::::L~:';:::::":~': ::::~~"~TOOO ..... 0 .I~ "_ .. , ...... ... .... ..,. c _ . 

CRA.O TOTAL HEAT • I . I . ...,.,. 
AIR CONDITIONING LOAD ESTIMATE (R fPJtOOUCfD BY PfRWISSIOH OF CARRIER CDftPORA TI~ ) 

9- 45 



COMPUTED BY EP r 
CHEC~ . 
DATE~~ . 1222 19_ 

REV. 19 

"... J A"!!:A 0" I SUH GAIH 0" 
QUAHT,TY TPI~ . 01,... . "ACTO" 

SOU.OAIN GLASS 

Glass SQ "T • • 
Glm SO FT' · 
G'm SO FT' · 

COMPUTATION SHEET 

Hau" 0' 0 .... '''' 

.()(,. 

, .OA> ,.5/S 
"." 7? 

'7 

......... l'WI;lIlQ' .... ~U'OI'''''IO 

Englnee",-Arehltect. 

SHEET NO. J!:L. OF 111.- SHEETS 

IpUklOid 

•• ,... 00 

OUfDOO. AI. 

Glm SO FT • · \>,,,,,,, SO FT' · .,-==-----c.:..----------+--+--+----il:::~ 1 ___ ~OPL •• ____ C~ ... ' ... IU_ • ___ _ 

SOLA. , tUNS. GAIN_WALLS' 100f 
I---"~ 

____ C~IIf '.O .. T .~ __ _ 

e.... t I. 
rail SQ F'T • · ,.'.Clt .. " 

.I_~ ... ' .... DOOAI_-~I.. •• _C~III ' ''.''_ " ____ _ 
• • 11 SO FT' · 0 ...... _ ... ___ • __ c~ ... ·~. ___ _ 

.," SO FT' · . ." so '-T • · 
Rool·So. <::;'/(/ SOFT' .:57 • (-.OJ 

/ so FT • / · 
tUNS. GAIN IXClPl W ... LLS , 100f "'''Al ... tUS DlwrOINf 

· All GlaH !Q "T • 
Parhl.on SO" • 

•••• CT.V. ."aCT.VIE 110000I I .... . .. a aT 
......... aT ~ 

".CTOII Kr~"CT'V. 110000I TOT.L. .... T ~~~----~~~--------r--t--r---iI.~F 
-" C.,,,., so FT • · fI.,. so FT • · '0' . AO,. : F .. LOCTEO '00 .. 

OEHUMIOlfllO AI. " ,."" .. ,,'" ~-" · .... 
~~~----~~~---~-~--r--t--r---il~ 

~,.~ f,,,,, 
ROOO • HEAT. 

• u .... I... ... .U .... I.T 
DU C T OUCT ~a ... 
"CAT GA'''' , ........ . 1..01' "+ ..... . 
00,.,,, ." CF.' F' eF., ... 

• ROOO IE""BLE HEAT • 

Inltlilihon 

P.",. 

, . Etc. 

""', •• ,,' H .. , ",,"' 

V.~~d .. ".:_ .... "',.. 

we TOTAL .. ,., ,,,~, ,. 

OJPPLY DUCT LE,"GE LO" , 

00'0>0' ." OF. . ../LO . eF . 0." 

"FEe "E ROOO LATENT HEAT 

• ROOo TOUL HEAT • 

""".0: /; Uc,"' . r ' .': ~,E,~T 0 e'" , ... 
L""," CFO • ..' L •• ". • ... 0." _T..,_ _TV_ 
DUCT DUCT 
.... aT _.. '\. . I,..&A ........ 

.... TOTAL - .. 
" .... ~ LON " 

~' •• _OUT~I~ ... ,.,. 

Dl'1II ... 

USULtlNG INt , LVG (ONDmONS Af A" ..... tUS 

ED • 

LD. 

• 
NOfU 

!loop #&"(//%/16/,//.' 

/nJ?; Gr/I//~.? 

• 

2- /ftna = /rYV y t,= ~Ct 

I~/f .f2G~tI//t.G/lG.JJ7.' 
/f%~frl 

/ )/ Pi {/ / /l;/; 710 /tJ 

/7';- crLi (c.-IJ/-j-I tJo~ 
7# = U c:, ~.r ,6//-1/1. 

' •• ,. .. ,t il"" <too 00'_ . o..-!._, ............ c_ ."o! !!! .... 9 21 •••• ' .. " .... 
..." .. ~ ... ,. ou ... "y« .. 0_ ....... . 

E·"" AIR CONDITIONING LDAD [STIMATI 'REPRODUCED IT PEl.""''''' 0' CAR.". OlO"""A"ON, 

9-46 



~ 1'\01101 Ql .... P I III '"'I I 

COMPUTATION SHEET Eng i neers - A rch !teet. 

COMPUTED BY 
<-- ,Ft/,7VflG &A-.6 PR~? "t -

&~Z; . ;=OZ.-;e. 
CH ECK.< 7JI" HtrZZ. . ?t".e . 1992 -. 
DATE'" Ii lL.. 
REV. 19 t>i .. SHEET NO. K OF ~ SHE ETS .- . 

""" _U'" f" I PUk LoU [sl llllie lor LOC _ 1.. , ..... LOC A L. 1' 1_ 

s,,;ioj~ ),-1tB/+ ~ .5MJ 00'" /<;/ ~ )cu .. tuN 1' .101 . I UM y,_ 

/ 'Trw I "' ''IE A 0111 SUN GAIN O. 
/ Hou" 0' O,,,,"on 

'ACTO" .TU / HOUII 
Q U ... ... .. flT 'I' TIDI~ Dill" co. om 0.' o. •• U N •• .. C" 

. G'm 
'O"~G~T • ' 'd. ' c-.5 

· , ... , /(;" 
G,,,, 00" • · 7' 
G'm .. ... · I OUtDoOr All 

G'm SO " • · - ,. __ I..II • 
C~""".IUOOoI • · \1<",1" 00" • CAn_ .. ~ c ..... , . o .. " 

SO,AI , 'lAN'. G, , IOOf cno ' ,. 
Wa!i 00" • , . · .. 0". 0 

. ~ .. O~ " ' .. G D OCIIIU _". 0"1.. • • _C .... : ...... OH ' .". '0 " . · O ... IOI DOQ"' _ _ _ a • __ c" ... "oooa • .... ..... · IlIUtA U.T ..... .. .". '0 " . · C: ""CIl .... T· C,. .. . ,. ,. • 

'00"'" . ~ .. O '0'" ':;;7 · ~.O~ 7 7J4(. C"'" IH' IL TRAT U)I" • .. .. . · c,. , , . , . TN'U • 
'OAN S G"N · IXC !P' WALLS' .00f 'V' 

AII _~I~~ '0" . . .",..CT,,,,. • ..... C TI V ' 110000 , . ... . Mil A,. 

p,,,,,,,, .. ... · .... , 1 1:"" " . ... ,. • 
P".CT ,V II 11 0000 T O TA l.. 101 .. ... ,. ,. ... eTO. 

C.,,,., .. " . · ' 0 ' ' . "'C"'D ' 0 ' ~ . floo' 00" • · . 0. ~ , 
,."",,,,,,. CF • • · Iflf D All OU.NIII Y .. .. 

~ 

~. " ' _ _ ."'"1"." __ " ~ ".0. __ ' " • 
(/ 'N!UNA' H'AI 2/..1 / 1//0 ~. • "_ .... . 'UT 

p.."" (/ PEOP LE ' 
. c""o o 

~ I ." • ", ......... 
.... , .!- [pO y ,",I (/)Is ,," ~. ~ d 76 0 

""''' rt. (J V 1. ,j'J, ~ATTS ••.• • --::2 fP7Z7 I~ "_ .... . . UT 

'-M ' ,~, . ", ... _0 ....... , . ,. ,. 
"'''''''''' {Ie . 

/ / · 
''','"." "" (;."" · 0;.' SU.,,, All OUANTIT Y ao suo TO TAC // 1,<,0 ~T /,2/ 1 fll QOOIII ... H . . ..... . " • 

~ .. M· 10 • 0 ..... ' 0 o, ~ ~ 
cp ... . 

I ... " .. " . · ,- , 
~ 

su o TOTA C 
~ 

, <::"" 00 • c _ • • 
s.,.~ f " '" .3 , /; 7.<:' 

USULTING (NT & LVG CONDitiONS AT A" ..... TU S 
ROO_ " HIi8LE HEn. / ;.< of'? 

• v ...... " .......... " I 'DO T •• _ " 
C""o • 

~" ~" 
.A. .I"o __ .. _T . .. _ " " "101_ ' 

HUT 10.0\1 .. ... • "".11 . ,,0$' ~ ........ , <:: .... 1 

0.,,,,,,, ,,, C' • • F • 0 ' . . ... 
COO 

• ROO_ "HIi8LE HEn. 
... • rT, o. ,. - T. 0" " '· "~ o • . 

I F ROM PSYCH C H ... . T ' ", •• ' . T . 
LAUNT HUT 

Inh llrahon CF ... GR/ L a • 0 .•• NOTU 

p."" .,on •• )I(J7Jp '£:t -:-61.. U 1,,4' /---'f G/ J 7 ,' s_ L O' H" 'OS" , . {Ie . I n!7J c r J--A / /~/'}).£J 
Add"",,,' ,,,' r.. .. , 

;:?/h .fJS -= /,rn >' z : "}'l1Ocr 
v. ~. , ..... ... ",,.. ..,," . 

';;0 ToT.c 
/~61N ,RG&.(./ I.!l~ /-/~Jf; S,Io , f " • • , 

'00. LA TEN' ' EA T /f;,-r e~1 SUpp" .uO ,EA<AG' LOSS , 
1),'.'" ,,, C, • • -G"CO' 0" . .. /)-/r/~ 7!2AP ,-yj ""CIIV' >00. LATENT H' " / 7 r C ;=-/I (<yz/..: / () ff r-) • ROO. TOTAL HEn. 

AI. HUT 

\eo"." /EJ1,. · CPO' Cj ,. • tI - 0 ." • 1." // 74'0 711= Z1; f' / [ .6 Ttil/ . 
l,'''' · cno • .- • • ' C" • "~ " .. ..... _TV_ 

-~-
.... TOT ... L 

~. ~T - ---.. ." , .... Al " ' 00 ."0." . 01 " _ '.' ... .... ~ .. c_ .0. _ ..... 0 p .. .. '.' .C I ... .... ... ,. .... , .. " • \..&A ll; . .... , .. ,, ~ " . ...... LOU 
, 

GR'"D 'OTAl HEAT • 'Iit, r:.T '::'::~;":I:Uo:':.:".U '," · ~::~~·~ .ooo • . ' 0 . ' '''' -D ~':" .~ ...... .... c_. 
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~ 1\0 11 01 IX UQIIIIVI I 

COMPUTATION SHEET Engln .. ",-Archllects 

COMPUTED BY GP ~/AJ ,AS,VGN&'''p PROJECT J-4t- AvE::> 
-.-LfGzz . 5/!... CHECKED BY .. /-j,yZ.2, .rt~ DATC~ 1992 19 • • 

; . 
j" REV. 19 ( '337 () /!...f-GC) (iI.:) SHEET NO. OF -#1- SHEETS 

:.:'U,.. ;' . / ~ .~ (" ",,,. /~ , 71'<;1 CU" 
Eshllile tor LOCAL T I _ I Puk load LOCAL Tt_ , ...,011 1'1 .... 'uootTI_ 

" ... j ""I[A 0" . I"'''' GA'N oa . H,"" ,I a""''''' 
QUANTITY TDI~ D I,.,. , 'ACTO" aTU/ HOU. 

DO '0 , ... OP "GiO'LO 

SOt"l GAIN-GLAn • ,0Al 

Gla~s so F'T· · .. ow , .. , 
G'", '" " . · 10

'" 

G'", '" n· · OUIDOO' AI. 

G'm .. " . · I:::.:;, 
__ .. II . C"'IOI' iO'."oot a 

Sky"&'" '" n. · .. n c .. · ,.o ,,. 
SOlA. I tUNS. GAIN _ WAllS' lOaf cn. V~To '. 'all so FT" · '.'.00'''00 

..... OL ... ' .. C OOO"' __ OiO'l..& " __ C". / iO'IIIIIJOOoI . -.. " '" n • · I_._~ ____ . __ (: ..... 000II. .. " .. " . · •• HAU,T ...... 

• • 11 ".T-,- · c ... c. .... 1' • c,. .. ... ,. 
Rool·s." '0 FT • · CN •• 

.. FT' · CF. , .. R THRU APPun u • • 

TRAN S. GAIN_lXClPl WALLS I 1001 ..."" .... lUS DIW'OINT 

All Gins so ,.T • . .. ... CT' .... II",..C,.' ... . tllOOfoI ..... . Itll"" 
,,,','''' '" FT • · UHF ..... HIl .. ,. • 

117".C1'I "' 1I IOIQ<loM TOTAL 104 .... ,. .... C T O III 

c."", .. FT' · 'OP '0"' , AOP ro", '" " . · , , 
DEHUMIDIFIED All OUANJlJY I",,, .. ,, .. « • • · .. .. 

~ - ,, ____ .~I· IT .... ___ ~. T. o ~ __ '" • 
INtllNAl HEAT - ,._ ••••.• ~T 

,.." , Pe:OPLe: .. ~ 

C~IIIO. 

I .... ~~t .... . .. , •• 

"" .. , HPOR ••• 

'_""' . • ~T """. WATT • • ••• ~. 

"W· C_. . ~, .... OU' ... T .. ,." 
, . 'IC. · SUPPLY All OUANtlJY 

, ."""',, H", ,",,,. · 
SUO TOTAL I~T . _ .... . ... 

(7111 •• 

S ..... so FT' · ,- , I." .. • 0,.' '''00'' . 

~-SUO TOTAL 
~ - C-o • • C_ •• 

s.,,~ 'ac'oo , 
IUSUUING ENT & lVG CONDITIONS AT A"AlATUS 

ROO. SE.S'BLE HEAT • 
• u ~ ..... ... . u .......... 000 T •• __ " c""o ... tTo._ .. . T .... _ .. '. T,o. __ ' 
~CT ~CT 

.,. c ... , 
....... T_'''' , . + L.&"" .... 0-' .... N . " . ,. 
Ou''''"" « •• , . 0" .... 

LOO IT. ... .. 
, ROO. HEAT. 

.~.IT. o . .. • T "O~ ~1"TLO • , 
I "'!tOto! PSYCH . CHAItT : '1' • •• ' . T • 

LAUNT HUT 

~AC: 
NOlU Inltillatlon CPH • Gill/ La . 0 .'" 

,."" .. D'LE · 

S_ _O' HW • "SO 

, . 'IC. Cr/f= IffY r;; 
Add,""" H,, ' G .. " 
,.~. 1 .... . SO · , ,,,,, . "",LO' ~A.J 

SUO TOTAL fo C/"-/'/' .. ,, ~ F,,~. , -
' 0 0. uH.T HEAT 

SUPPLY oue . 'A"" LO'~ , 
Ou''''"" CF • • • ",LO· OF' ... 

' 00" _A H.' H'A' 

ROO. TOTAL HEAT. 
,. A'. H'AT 

S«!sl ble: CPH' po 10- .,.,_ t." 
L., .. t CPH' .",LO • 10_ 0" ..... 

_YU_ 
-~-

JUB TOTAL 
~T ~. - ~ .. ., ,, y, .... ~ , •• 00 .. ,_ . ot y._,., "'~~L" c:_ . 0. "" .... 0 p' .... """', .... 
"_AT _ ' ''' , t I.AA". ""11 ,,- " • ""' .. u:IN • ,:::L;":'::':":~'Y .O_ UL ... . _ • . • 0,,1 9.,_ "''' . .............. c:_ . 

GOAHO TOT'L HEAT. _t ... "~""'.G , , . .". 
AIR CONDITIONING LOAD ESTlIIATI (AEPROOUCEO BY PERMISSION OF CARRIER CDRPOIUTI~ 1 
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~ Keller II< Gannon 

COMPUTATION SHEET Englnee",-Archlleets 

COMPUTED BY tJ/t5W cY"j9CE PR~? ?- c:7 

CHECKED ~ 
. . 

#;22- . r lf· ftZ2 , S4· 
1992 . 

DATE ~ Q 19:..-
REV 19 i?.?- SHEET NO. ~ OF ..!:i..Z..- SHEETS 

"""_ u,," ", . Eshmale lor L OCAL T ' ''' I Puk Load LOCA ... T I _ 

S". ju in LJ.et;:Z. ~ <II? 10'" /5/' • .j ? ;;4 cu >T IoUN T IIII: ' UN T I_ 

" '" I AR IE l. Olt ... '" GAINOR 
.TU/ HOUIit 

I H"" " 0, .. "", 
Tb~. D,,.,. . ,. ... CTOII 

QUANTITY , Da .. "' .. D' " ' La 

SOLA~O.~'~' -O'A SS ' ' DAI r. 
G'", · 1"("" "." / , 
G,,,, .. >T . · ID' ... .. HO< 

G,,,, so >T ' · ~ / OUtDOOI Al l 
G, ,,, ..... · - ,. -.. .. / ,( c ..... , ... "'_ c 9'D 

Sk'"1''' so ... · ",n_ • .. ~ C,. .. ,.O "T . 
SO LA. , f U NS. , I '00' Of" ' , '. Wall so .. . · ''' '. C, .. " 

" ' ''O~'''''' CI OOOI'tS_".O,," LII: " __ C .. II ' ".",OM . -.. " so ... · o ••• _ Q _ __ M • __ C .... ' OOO" . .. " .. .. . · , ••• . ,,' ..... · - ,;- c .... c:. .... T · C " .. . .. T ~ 

Roo' '''' 4/(/ ~-''-' 3 7 • C , t>J /~v en. '''' ''' '1.. T .. AT,()foI • .. " . · OF. , AIR '''.U •••• • " U • • 

TRANS. C AIN-E XCEpt WALLS. laOF JS DEW ' OINT 

' " GI", 
SQ r T • · ."".CT'''II .", ,. . C T I \1 1. fl OQIooI IL'U . HeAT 

."" "". .... . · '''' ' . ..... IoI Il AT • 
EJI' ... C Tl .... " _ T O TA L .... A T .. ... C T O "" 

c." ". .. ... · '0' , '0' , , •••• Fioo, .. >T' · , 
tnli lt.allOll cr •• · DEH UMIDI FI ED All OUANriTY .. ... 

~ - "' __ .""_ 1"." __ " _ ".0" __ ' " • 
" H.A. 'J- / f/ O ,.- ...... ~ .. .... " C. .. D' L. · ..!/, c ..... Oa 

~ I ... . "' t . ...... ,n .... , .;r /?- " t/Yr k; ) •• .,g . '" ,v .- ...... ~. "I"" 4 'fi:' v ' 'g /, , • S.' • 2- 1":50 ~. . ,. , .... _ O ... t~. t . , . " 

ADo,,,.,,,, ' lie. / , · '.M· C~, 

.."" " " , H.aI Go", · I7/, i-/'? SU"" All OUANflT Y 

",. T. "C / 3 'IE"-' ~. ._..... .... . 7;;0 
~ _.M· '}<J ~ ... 

s ... " SO " • '1- , • 0 1 .... 0 o, ~ . 

~-su. T."L c_,& - c: .... o .. . c _ • • 

s. ' . ~ ''''00 .!, , 7nJ 
IISUL H NG ENT & lVa CONDITION S AT ... "AIATUS 

ROOM , 'HEAT. /q: VV)r O 
w .... ...... .u .. ,. ..... <D. c "' .. o . 
M' ~CY ... .... .' '' o a _ ,, · T ... _,"'· T10 • __ ' 

H ..... ,. Q.4' .. 'l, t LA .. . . 1..0-1 " . .. , P . , c~, 

0,,,,,,,, 'u cr •• ,. ., ..... 
coo IT. ,.. • .. · 1,. 1 0 . JII , • T L O • • .. _ T "I> " , ROOM ' HEAT. I F illi ON PSYCH . CH""T : T ••• ' .' ... - ' 

In lc ltratlO(l 
'A'~:: ~(AJ 

GiIII/ L • • 0 .•• NOllS 

• ."If .... " . 
~A / ?() C'r " { ' s_ CO' HR ' .... -

. l ie . 

.."" " . .. , H", Go", OJ - 7° 
/I 

v.~. , ..... SO · " , .. • " . ' L •• -
tuB T. " L 

,.,. , F,,~, , 
/~ ,3--.50 J/-{/j. ' 00< L'''"' "U' / 11 --

""'" DUC' LE'''G' La" , 
(>0,,,,,, Au cr •• G. ' L • • ., ..... 

EFFEClOV E ROOM L'''" ' "U' 
, ROOM TOTAl. HfA T .. 

90 " " . 
All HUT 

I .F7t" StrIslblt: 'f F .. it - O .,. ... " .. 
l "eno: "... , •• ' La ' ,, _ • ". 0." 

_TU _ -"'- - ,.*.1"\ 
_. _. 

',,, , .... " .. U)O "''0 .. . 0' '''_''', w ........ <=_ "D. 001 " .'9 9' •• '.' ''$' .... H •• ,. _, " '!" t L.&I Il . _, .. ,, - ., ... .... .. '. 0" .. .. "' .. . 0_" ..... 
GRAHO TOTAL HEAT • /.$ 1.5 ": <-' ~;;:: :::::!::: ~ ., •• " .... '0. '0" "_ . ".0 •• ,,, _ . ' • . "II ............ c_ ., 'O" ..... ,. _ .. .. . "II _ ",,"'00 . "'0 c_ . 

E· !D1' 
AIR LOAD ESTIMATI (RE PRODUCED BY PERW ISSlCt4 OF CARRln CDQPal:AlIC»4 1 
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~ Keller & Gannon ;y 
COMPUTATION SHEET Eng I nee", -Arch Itee Is 

- T '5)'O,,R/rG~ -
COMPUTED BY P~ 5 72 . CHECKED J!Y 

/-I~?Z. r ?fi · 
~?Z;. 

-.. . ~ 

DATE 
~FR 1992 1SL,.. 

SH~ET NO ' W OF~SHEETS REV 19 (jy) 

~:. u,?" . /q , I/Z so,, · 19" ' /,:, 1'-(' cu H 
Eshilitc lor LOCA L T I _ -r Puk load t,.OCAI.. " .... 

IVN TI.~ 'U", 1'I_ 

" ... I AIIEA 0" I SUN GAIN O. K,," , I 0,,,,,,,, 
T DII". DI" " . 

,"ACTOII .TUI HOUII 
QUANTIYT , 0. •• , .. 0' ""L. 

'0'" OAI 
",OA' 

Glass SO" • · I·'''''' " ... 
G'." so .. . · G'", SO" • · O UTDOOI All 

Glm so ... · 1_,. _0.-1.. • . e"""~,,,o. . 
11<, .. "" SO" • · 1"'_ .. ~ . (;"" /1 0 f'''' 

' OUI •• IAN ' . .,00' C ... , •• 
' ail so .. . · , . '. 01.11 

•• vo.",,,c; 1lOOIlS_"'MI..C • _ _ c"",".UI;MO • -.. " .... . · 0 •• , OOOQ _ _ _ _ • _ _ (;"", DOofII • .. " so H ' · , . "'AU.T ....... .. " so H' · ... 1,.. • c,. .. . P T • 

Rool·S,,, ",--"-TO · C ... ,.m , • .,,"" • 
so H ' · CF •• , A'. TH OU "P'R.,U • • 

UANS . GAIN -EXC'" WA'" • 100' "'AIATU S D(W ' OIHl 

A.UClm. SCI '" • • ... ,..CT' .... • ..... eT' ... ..... _ . 11101 ' . ........ ,.. 

P,,""" so H ' 
U H F · .. .. . ...... T • 

.. .. CTO. ~,..C TI\'. ,,_ T OTA ....... ... T 

c."",_ so H' · AOP ' AOP '. J S<L ' ADO ' F 
floo, so H' · , A" IY 
Inhllra\IOIl CF •• · ..00 

~ 1"-. ___ ,,,,0 IT ... ___ " . T.o. __ '" - , 
HU' 

~. • ,._ ..... . ~T . 
P~lt "DOL • • ~ 

(;"·0 . 

I." • ~ .II . .. . . lI t "' .. , • 0 OR • • • 

"'_1.101 1 . " .... " L,,,,,, 0"" • ' .0 • ",",. 

'-N' e OH,: 
~' '' .. wo .. , ~ ., ••• , . , . EI< . · ,um Y A" IY /"",1",,1 H,,' Go,,, · 

.... TOTAL _".' . '~T 
~ I." . , 0 .. .. ·. 00'. · 

CP ••• 

S"", .. so ., • '1- , --.... ' OTAL 
~ 

C~·I . - C~ltI o. ~ c:_ •• 

Sol.~ ,,,I,, , 
InU LliNG ( NT" LVG CONDITION S AT A" AIA TUS ' 00' . I ' HEAT • 

IU""~Y 1 .. " J01...Y • 0. T •• __ ' . c ".o • . I" o . _ " -T ... __ ~ I. T1 0 1 __ ' 
DUe. DU" ... eOH' 1oI1LA " 0.,0, '101 "I, • ~ ... " . ~co .. " • M . .. . , 
0.1 ... , A" CF • • • • . .. '-.. 

L O. , . ""' T~o l . 
, HEAT. ... " ' '', o. ,. - ".0" , .00. . _ " veH. CH.OT , T • •• ~.T~ •• , 

l AUNT HEAT 

1,101""' .. c'-", • GIII/ L •• 0 .•• k.'" , NOTES 

p."" .. OOL • • 
V -'-V' 

I _ L. ,.O' .. so 

Etc. (~ - /J~ ! y C. -.... " .... 1. '" Go". --v.~, .". , . so. "'00' . " ' L ' • ?O 
.... TOTAL 

.. , .~ F"M' ' . /tJ.tJ !?,PI1· .OOH L ATE NT HEA T --
,"PPlY OUCT . ' .. A.' 055 , 
0.''''' A" co • • G"L' • .F ' . ... 

" " CTlV' .OOH LATE" H' AT 

.00. TO fA\ HEAT • 

A .. HU' 
Senslbl t : e ... • •• 11 - .,., _ I ." 

~"--- C"'" GO' L •• 11- ... ..... 
_ ",1,1_ 

-~ 
..... TOT AL 

~. ~T - - .. '1 . ,. .... , . 11 .00 "'0". 0"'_'.' ......... ~ .. c: _ "0" 001 ""' 9 9' •• ' .... S' ... 101."" .... 1101 "t ~ ... _I. ,,- 'I t ""_~ou , ......... ' . ,. _ . .. . " " .0_ .. .. .. 
""AHO TOTAL HEAT • 

"_, .... ..... , •• • • ,. ' u .... o. 0 .. '_ .... 0 . .... _ . , '' . .. I ' .......... C: _ . 
_I ....... U ll. O "" u." ., .. _ L I . .. II _ """'00.'10 C:_. 

,·,",0 AIR COIIDITIONING LOAD ESTIIIATI (REPRODUCED BY PE .. ' s,s,ON Of CAJlRiU CDRPOftA'IONI 
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~ Keller & Gannon 

COMPUTATION SHEET Engineers-Architect. 

COMPUTED BY E.£J T 
CHECKED BY' .. 
DATE; qs 1992 

~ 

1~. _ 

REV. 19 

~cro;U=7C-!ZI~ /COLY 
/lt5Z,Z. B,.,e? 

:..::{ SHEET NO. I OF -Y.:L SHEETS 

• ?O~r cu" 
EsIIII,I! 10' I Pull load 

"... I AIltI:I. 0l1li Iso", GAIN OIltJ 
QUANTITY TOIl" . 0.'''. •• ,... 0. .. .. 
SOLAI OAIN_GLASS OIOAI <!'.:J 

so F'T • I""'" , ... , / ~ 
G .. " '" n· • 7 

OUTDOOI All 

_ -'= G,"' ____ "';..:.." ___ '·T_ ·---· -~I---+-----'I---H.'I-'· if .. _ .. . . 1>,,,,,,, '" ., ., I ",n_

I 
___ .. ~ 

/..[ c .. ... ~_ ,_~_O __ 

SOLAI' lIANS. GAIN_WAllS' 100f 
__ --,,- c .... ' .o "',. 

en. vo.TlLAT1ON • 

SO FT • • 

' all SOFT_· O".OI000IU ____ , __ c" • . ~. ___ _ 

--;:~~:,:~=::;;:::::~; ::~ ::, :~~~::: '=:~::t~=t=~t;;jl~' ::~-I"""" .. ,----------~" .. " ........ - c."CI. ___ " •• ,.. c,."' .,.,.'=-__ _ 
Roo'\'" 4d Y '0 n· .5/ . (;7,C'.J 1<"0 (7 c"" '. 

"'.,. . 
1U.HI. CAIN-IXClPY WALLS' 100f 

All Gla~~ so FT • 

p"""" "'., . · ~~~----~~--:--------r--t--r---il.~, 

c.""' so n. · 
fI,oo ,,,,n. · '0' , 

· .... "10""",, «0 • 
~~~----~---------~--t--r--~I-. 

"0 ,.,. "'u •••••• TU •• 

• "AIA IUS OfW'OINl 

• ..... env. • ..... CTI". "OOM 1Ir. ... . " .... ,. '."1 ...... ,. • 
""CTO" 17".C1', .... 1I ""QOIOII TOT ...... 101 ... ,. 

AD,. _=. , ".EeT<O .0. '. 
DIHUMIDlfllD All OUANlIIY 

, 

"" ... _0 ......... ,.,. 

, : [ Ie. / / -' SU"l Y All yu.", 

...;.;..''''';.;..:''''''-'' "...;;... .. ,'..:;;.. "'", ..;..... ---------·7.SUJ::-::"T=O'TA~.+--t"7"/~7"1r./77: ",,-;; , co'lil:=,' ...LI.=3""",f,-,-ro=","_=-",.",,,,, . ..:",,,U,,,, __ • ? fL' 0 
, .... jtJ " 0.'''''0 o'.~ --'--'--'-- co ... . 

\.".. '" n • • 1_ I 
--~----------~-'----------~SU"~TO~T •• ~r--t--+-~I::'" 
Ia'eI, f ,Cloo ..5 , 

ROOM ' "EAY • 
'V~~LY IV"'''LY 
M' ~c, ••• MLo\YGot\,M "J.+\.A. ... . LOI. 'A.. M . ~ . , 

",,"'"'' A" «0 • .. 
, ROOM 

lAUNf HIAr 
InhitratrOll CFM. 

p.",. ,<0,.< • 

.""" ..... 
. ['c. 

Add,""'" Hut "',,, 
v."' ,.... "'. "'00' 

~_fo< .. ' 

SUPPLY Due T LOSS 

, 
.. , ... 

.... TOTAL 

'000 .ATEHT HEAT 
, 

IN'''' A" «0 • G.,."· ", .... 
, 'Oow LATEHT H'" 

, ROOo TOTAL HEAT • 

Slnstbtt: ~O c'" ~U'D-71 A': ~;,~' CJ ." ..... 
C"'· ' •• , •• ',,_ .• " ..... 

"'l'U_ _"1"\,1_ .... TOTAl. 

/3 ,YJ'V 

LO" 

.nUlTiNG IN' & LYG CONDitiONS A' A"'AIAlUS 

p. ."'.1"1".0. '" - l' ... 0" "' * "I"~o. 

I FROM PSYCH . CHAItT, PO . "1" .... • 
NOnS 

£A -= ? f"'O c?/ I 

O.A :. f-O 1-

m -:. J«; 9' tJ 5 /.1~/-/. 

DUCT DVC"I" 
..... , .... 'M 'A.. L&A . . .... , .. .... :"- .... ~o:. '\ · ::':;~~"'",~~'O:~~":: '.':.~~~~'.".''''''''''''' c_ "0. 0! .. ··9p'· .. ••• .. c ..... 

GRAND · TAL HEAr. / t? I y (J. ~ ':::: ::::::::: :.";~ ~~ .... ~.o" OV~OOO • • "0 ."u,_ ~':';' .u" ............ e_. 

,."". AIR COIlDITIOIIIIIG LOAD ESnMATt ,Rf.IIOI/UC.D IT ..... ,"''''' 0' CAR.". CORPORATI"'" 
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~ Keller & Gannon 

COMPUTATION SHEET Englneers-Arehltect. 

COMPUTED BY JAJJI7rJ;e P~~~j?S 
CHEC~~~Y ; . 1992 /fEZ2. /7/2. 

'GZ-Z. 8_. , . . 

DATE U 19W... 
~ NO. I/O OF 92 SHEETS REV. 19 ® 

b./)7 :4£ 

""" U'" f". 
d' · ~ son. / • 71'c:" cu n 

Esll.,lt 601 LOCAl.. 1"_ I PCIII loU LOCAl.. T I _ S,,. 7 . _T". . ..... 1'.-
'T'" I Allll.OIII I3UN GAIN 0111 I " .. os ., 0, ... , .. , 

T"'~ . DI" . 'ACTO .. .TU/ HOUIII 
OUANTITV D. •• ... DP .. , .. 
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Conceptual Design Report 
Building 6, Second Floor 

6. ELECTRICAL SYSTEMS 

6.1 POWER SOURCE 

Existing building distribution equipment will be used to supply power for lighting, receptacles, 
and mechanical loads. Emergency lighting will be provided by the existing system. 

6.2 CHARACTERISTICS 

Building voltages are 480/277 volt for large motors and lighting and 208Y /120 volts for other 
loads. Interior dry-type transformers will be provided for 208Y /120-volt loads. 

6.3 ESTIMATED LOADS 

The existing building power sources are adequate to feed the additional loads, that are 
estimated to be as follows: 

Connected Demand Demand 
Equipment Load (kVA) Factor (%) Load (kVA) 

Lighting 75 100 75 
Receptacles 98 40 39 
HVAC 95 80 76 
Water Heater 5 80 4 
Emergency Lighting ~ 100 ~ 

Total 279 200 
(273) norm. (194) norm. 

(6) emerg. (6) emerg. 

6.4 INTERIOR WIRING 

All wiring will be installed in concealed conduit or electrical metallic tubing, except conduit in 
existing unfinished spaces will be exposed. 

6.5 LIGHTING 

Lighting fixture types and illumination intensities will be as follows: 

Area 
• Conference 
Reception 
Corridor 
Kitchen 
Toilet Rooms 
Storage/Janitor 

Lighting Fixture 

Commercial Fluorescent 
Metal Halide and Track Lights 
Commercial Fluorescent 
Commercial Fluorescent 
Commercial Fluorescent 
Commercial Fluorescent 

Footcandles 

50 
50 
10 
20 
20 
20 

*The conference room will have dimming controls to a maximum of 50 Fe. 

\1619913\DESIGNANA 
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Conceptual Design Report 
Building 6, Second Floor 

Area 

Secretary 
Library 
Office 
Mail Room 
Team Rooms 
Laboratories 

6.6 FIRE ALARM 

Lighting Fixture 

Commercial Fluorescent 
Commercial Fluorescent 
Commercial Fluorescent 
Commercial Fluorescent 
Metal Halide Downlights 
Commercial Fluorescent 

Footcandles 

50 
50 
50 
20 
50 
75 

A fire alarm system will be provided and will be designed in accordance with NFPA 101, Life Safety 
Code, DOE requirements, and LBL requirements. This system will transmit alarm signals to the 
site fire station in Building 48. 

6.7 COMMUNICATIONS 

Raceway systems will only be provided for the building-wide paging system, the telecommunication 
system, and the EMCS. Connection from the building-wide paging system terminal cabinet to future 
speaker outlets will be provided. 

6.8 OTHER 

The new fan-powered VA V units will be connected into the Firemen's Shutdown Control. 

\1619913\DBSIGNANA 
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ALS BEAMLINES INITIATIVE 

OBLIGATIONS AND COSTS SCHEDULE 
(FY 1992 $K) 

DESCRIPTION 

LBL ActiYilies 

Engineering 

Consultants 

Inspection 

Subtotal 

Ar!<bile!<tLEogioeer 

Title I 

Title II 

Title III 

Subtotal 

Total ED&I 

COOSI[U!<lioO 

Land Improvements 

Building 

Special Building Facilities 

Utilities 

Subtotal 

Siaodard EQuiRmeol 

Subtotal 

Contingency (16%) 

TOTAL 

4/24/92 
PE:ALS·Beam:CDR 

TOTAL 

108 

16 

-1.8 

172 

155 

258 

1.ll3. 

516 

688 

0 

3,185 

647 

~ 

4,490 

-1M! 

5,318 

......B.ll2 
6,200 

FY 1994 FY 1995 

0 C 0 C 

63 63 26 26 

7 7 9 9 

22 22 

70 70 57 57 

155 155 

258 240 0 18 

1.ll3. ---.!l. ll. 51 

516 395 0 69 

586 465 57 126 

3,185 1,914 

410 262 

~ Jill. 

4,253 2,753 

586 465 4,310 2,879 

-..llA J5. -.Z.2.Q J6..1 

680 540 5,030 3,360 

FY 1996 

0 C 

19 19 

2fi 2..6 

45 45 

ll. .[2 

0 52 

45 97 

o 1,271 

237 385 

---.!l. --B.1 

237 1,737 

ill -1M! 

422 1,974 

...§.ll. ~ 

490 2,300 
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GOSLlNER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE FOR U. CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY , CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/ FAX 4154332907 

SHEET NO. 1 OF 19 

DATE 4-15- 92 

IF========CO==NC=EP==TI=UAL===ES=T=~==TE===================T======~====~====~r=======~1 I Quantity Descript ion 

ALS OFFI CES ANO LI GHT LAB ORATOR IES - SECTI ON A 

SUmlARY 
03 10 0 CONCRETE FORMWORK 
03200 CONCRETE REINFORCEMENT 
03300 CAST-l N-PLACE CONCRETE 
0:)600 GROUTING 
05 120 S'I'FWCTlJR .. \L STEEL 
05 JOO S1'EEL DECKING 
05J ~ 0 METAL PANELS 
05500 ~ETA L FABRICATIONS 
uti 201) c.~ RPE NTRY 
06 ·100 C \B I NETI,'Olif( 
07253 SPRAY- ON FIREPROOFl NG 
07 200 FIRE STOOPING 
07 500 SI NG LE PLY ROOFING REPAIR 
0 76 00 FLAS HI NG AND SHEETMETA L 
07920 SEALAN TS 
08120 HOLLOW META L DOORS AND FRAMES 
082 10 \,000 DOORS 
08710 FI NISH HARDWARE 
08800 GLAZING 
092 50 GYPSUM BOARD WALL AND CEILI NG SYST 
09300 CERA NI C TILE 
09510 ACOUST I C TREAT'IENT 
09650 RE S ILIE N'r ~ LOORING 

0~6 8 5 CARPETI NG 
09900 PAINTI NG 
10100 MAR lt ER BOAR DS AND TACK BUARDS 
10 162 TO I LET PAR'rITIONS 
10 ,100 IDEN1'IFY I NG DEVI CES 
10500 LOCIi.E HS 
10800 TOILET AND R-IT H ACCESSOIUES 
10950 MISCE LLANEOUS SPECI ALTI ES 
l llJO PROJECTlON SCREEN 
1 2 "O ~1 IONI1()" TR K-IT'1I' NT 
l ' I ~ OO HYDRAUL I C ELEVATOR S 
153UO f I RE PROTECTION 
1540 U PLUNBING 
15550 II EATI NG , VENTI LATI NG AND AT R COND I 
15950 CONTROLS 
15990 Ai R AND WATER BALANC I NG 
16000 ELECTRICAL 

Su bt o tal 
GENERAL CO~ Dl'rI ON S 

S u btota.i. 
1'F/I)FI'1' ,\ NI, GE NEHAL OVER HEAD 
'l'<YI'AL ES'l'l ' IATED COST 

18 % 

Unit Unit 
Price 

9- 65 

Totals 

27 96 
6 888 

Il 621 
1 3 5 

o 
5 1 0 

8 00 0 
1 1 6291 

:l 3 7 60 
8 ~ 80 
1,28 ! , 

19900 i 
,'> 00 1 
22 0 5 
~ 7 94 

4 3550 
12650 
2-1360 
52 785 

I 
! 

90552 
68 51 3 I 

1:J7827 
-I 2 ~ --1:J 
:.12 100 
:J ~ B 9 ;:; 

I J -15 i 
2 5 1 :; 
107 0 
5 2 50 
-l'J 50 
79 10 
JOOO 

15150 
I 10000 

52 198 
3 -10 41 9 
:l 8~275 

10 8,,00 
-100 0 

2 3980 :3 

::073770 
6EJOJ 5 

c t:3 8BOS 
J8 ,I98 e, 

~5 ~:3 /90 

I , 

I 
i 
I 
I 

I 

I 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE 

BERKELEY LABORATORY 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPl'UAL ESTIMATE 

Description 

01000 GENERAL CONDIT ION S 
J o b fore ma n 
Off i ce t r ailer 
~Io b ile t e l epho n e 
Pic kup s 
Te lnp water se r ,- i ce 
\~i at. er u se 
'f e mp po,~e r se r\'i ce 
POh:er Lise 
Toilet uni ts 
Pe rformance bond . 95% 
A I.l-ri s lr in Sllrance . 80% 

Total 0 1000 

OJ 100 CONC RETE FORNWORK 
Fo rm eq uipm e nt pad s 
Form c urb at roof 
For m floor openi n g at elevator 

Total 03 10 0 

03200 CONC RETE REINFORCEMENT 
Dowel to E roof d eck ALLOW 
Dowel to E floor s lab ALLOW 
Rei.n f orc in g 

Total 03200 

033 00 CAST-iN-P LACE CONC RET E 
SaWc ll t roof s lab/dec k 
Dispose of co nc r ete waste 
Eqlli pment pad co ncre te 
Frej. hL e le,'a tor/pit co ncrete 
Roof Curb c oncrete 

ToLal 03300 

03600 GROUTING 
No n s hr i nk ~ro u t 

Total 03600 

FOR U. CALIFORNIA 

LOCATION BEJU<ELEY, CA 

Quantity 

9 
9 
9 
9 
1 
9 
1 
9 

UJ 
I 
1 

146 
192 

72 

56 
42 

1250 

1 20 
J(i 

36 
3 

·113 

60 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO, ? OF 1 a 

Unit 

mo 
mo 
01 0 

mo 
lot 

mo 
lot 

mo 
rn o 

loL 
l oL 

.If 
H 
if 

l oc 
l oc 

DATE 

Unit 
Price 

3000 
100 . 00 
300 . 00 
350 .0 0 
250.00 
100.00 
600 . 00 
~OO . OO 

·[ 5 . 00 
4845 
·1080 

5 . 75 
i. 75 
6 . 50 

50 . 00 
75 . 00 

0 . 75 

if 5 . 00 
COl' [ G. OO 
C Ol' 105 . 00 
c,' 105 . 00 
cy 1 ..J·5 . 00 

if 2 . 25 

4-15-92 

Totals 

9-66 

'1500 0 
90 0 

2700 
3 1 50 

25 0 
900 
6 0n 

1800 
81 0 

·18 4 ;; 
·1080 

65035 

8 40 
14 88 
~ 68 

2796 

28 00 
3 1 50 

938 

6888 

6 00 
256 

:3780 
3 1 5 

1367 0 

1 1 621 

135 

135 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLIX; 6 REMJDEL LAWRENCE FOR U • CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY , CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

05120 ST RU CTURA L STEEL - non e s hown 

05300 STEEL DECKING 
Sea l ~oof openings in d eck 

Total 05300 

05340 flETAL PA NELS 
Fa n e n c l osllre panels/frame o n roof 
Access ser\' ic e door 

Total 05:340 

05500 METAL FABRICATIONS 
Bennl rei nforc in g - bottom flan ge 

Quantity 

1,0 

GOO 
2 

60 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

Unit 

if 

sfsa 
ea 

mh 

SHEET NO. < OF 1 q 

OATE 

Unit 
Price 

8 . 50 

1 2.3 
250 

65,00 

4-15-92 

Totals 

5 10 

510 

750 0 
500 

80 00 

Clean off E sp~ay-on fireproofin~ 
Re mo ve/ replace E mec hanical/ e l ec trical 
Shore bea lll s eac h side 

1 alloh' 25000 
390 0 

250 00 
4290 

:l8(H6 
1 787 5 

2250 

Material fabricated FOB 
Field welds ALLOW 

Ele\'ator steel - floor ope nings 
Stai r l a ndin ~ stee l brace 
Glass wall frame steel 
~ l iscel J. a n eo tl S stee l f ramin g 

Add f or co nnect i o n s 
3 ft Chec k e rplate tr e ad fre e stand i n g 
4 Pipe s tair railing 

Tota l 05500 

06200 CA RP ENTRY 
Re nl E \~ood fra ole partitions 
lrl s t all temporar~' partiti o n s 
Install in terio~ doors/ha~dware 

In sta ll rOllgh ha rdware 
InstaJ. l nl is('e llAneolls sr~cialtj.0s 

Total 06200 

06·100 C.-IBINETIVORK 
Kit c h e n base cabinet s w/ l am pI top 
Va l'll ty count ers 

Tota l 06400 

,IS 
22066 

715 
1000 

90 
2000 
3000 
1000 

36 
18 

60 0 
16 0 0 

80 
1 
1 

27 
35 

J.f 6 . 00 
# 1.7 5 

If 25 . 00 

" 2 . 25 
4 ~ . 25 • 
;< 2.25 
" 2 , 25 " • '1. 00 • 

['" s rs 225 . 00 
If -15 . 00 

s f:' I. . 60 
sf 3.00 
ea 150 , 00 

l ot 6000 
lot LOOOO 

if 165 . 00 
J.f 11 5 . 00 

9- 67 

203 
.j 500 
6750 
4000 
8 100 

8 10 

11 629 1 

9130 
4800 

1. 20 0 0 
GOOO 

10(01) 

:13 760 

-1-155 
-102 5 

8 48 0 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE FOR U. CALIFORNIA 

BERKELEY LABCRATORY LOCATION BERKELEY, CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description Quantity 

07253 SPRAY-ON FIR EP ROOFI NG 
Re pa i r co n s t . da maged E fp at d ec k s /stl 17173 

Tota l. 0 72 5:1 

07260 FIflESTOPPING 
In- f.iU at ra ted h'C\ 11 s 75 6 
Patc h sidi ng at temporary ,-,,'ork e ntry 1 

Tota l 07260 

07500 S INGLE PLY ROOFING REPAIR 
He-roof at e quipm e nt c u rb s/opgs 1 
He- r oo J' at eq uipm e nt screen panel s 8 
Se r v i ce \-..I R lk\\lay 2ft s q pa ve r' s 1 86 

Total. 07500 

07600 FLAS HI NG AN D SHE ETfIETAL 
Fl a s h at e quipme n t c u rb s/ope nin g s 14 4 
Fl as h at e q u ipme nt sc r ee n panels 1 50 

Tot a l 07600 

07920 SEALAN TS 
C'a uLk r oo f fl as hin ~s 29 4 
~ J lsceJla n eo u s ca ulkin g J 

Tot.a I. 07920 

08100 HOLLOI,' f l ET A L DOORS AND FRAflES 
G070 IH! d oo r /fra me .I.h r 8 
3070 IHI dooc/fra me Ihr 18 
3070 IHI f r a me Hi 

Total 08 J OO 

082 10 WOOD DOO RS 
3070 :<1. -:) / -1 in F I, SC WD door 46 

Total 08210 

08510 STEEL IVI NDO"S - no n e s h ohln 

580 MARKET STREET 
SAN FRANCISCO. CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. .1 OF 1 q 

DATE 

Unit Unit 
Price 

s f 0 .1 5 

If 25 . 00 
l.ot 10 00.00 

sq rs 275 . 00 
sqrs ~75 . 00 

s f 3 . 50 

If 7 . 50 
Jf 7.50 

If 1 . 00 
lot 2500 

ea 1 750 . 00 
ea 875.00 
eEl 300 . 00 

ea 275 . 00 

4-15-92 

Totals 

,728 

7728 

1 8900 
100 0 

19900 

I 100 
2200 
1701 

50 01 

1080 
11 25 

2 205 

29 4 
25 0 0 

~794 

1. -1000 
1 5750 
13800 

-135 50 

12650 

12650 

9-68 

I 
I 



GOSLlNER/McLEAN ASSOCIATES, INC. 

PROJECT BLIX; 6 REM)DEL LAWRENCE FOR U • CALIFORNIA 

BERKELEY LABORA'TORY LOCATION BEEKELEY, CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

08710 FINIS ll HARDWARE 
Double door I hr allow 
Interior door Ih r ALLOW 

Total 087 10 

08800 GLAZING 
Fire ra te d Klass wa l l/ex it d oor str zl 

Total 08800 

Quantity 

8 
6·j. 

-159 

1)9250 GYPSUM BOARD WALL AND CEI LING SYSTEMS 
St l s tud wall 13ft -5 in w/~ypbd ea side 15080 
Bt l stud wa ll 9ft-Gin w/gyp bd ea side 6903 
CeJ. llng S l.l S]Je n s ion sys - toilets/stairs 630 
Tape/finish E Kyp board wal l s 11898 

Tot.aJ 09250 

09300 CERA~IIC TILE 
~Illd se t ceralnic tile flooring 
Tilinset cera rn ic tile wainscoat 

Total 09300 

095 10 ACOUSTICAL TREATMENT 
2x 1 Exp T acoustic tile c lg offices 
ACCO ll s ti c \~all parle l - o ffi ce/conf 
Plen l.llil 'iIDS I, a J.llro w!accOllst board S ll SP 
Ce jlirl g sllspens i o n syste Jn - corridors 
C~~ i liu!=5 s u s pens i on sys tem - lab s 
Acco u stlc board walJ. s/c l g me c h room 

Total 0951.0 

09650 RES I LIEN'r FLOORING 
[/ Bin Vi n y l co mpost i o n til e 
·Iin 'f o pset rllbber base 

Tot"l 09G50 

0968 " CARPET 
~ l e d \~ei~ llt carpet ALLOW 

Tot al 09685 

630 
7110 

8875 
600 

1 962 
264(j 
5964 
144 2 

1016 3 
149 5 

107 0 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. 5 OF 19 

Unit 

DATE 

Unit 
Price 

ea 4-15 . 00 
ea 325.00 

sf 11 5 .1)0 

sf 
s f 
sf 
s f 

sf 
sf 

sf 
sf 
sf 
s f 
s f 
s f 

sf 
If 

sy 

3 . 75 
3 .60 
2 . 25 
0 . 65 

10.00 
8.75 

1. 95 
4.00 

15 , 25. 
8 . 7S 

10 . 00 
J,75 

J.35 
1. 60 

JO . OO 

4-15-92 

9-69 

Totals 

3560 
20800 

52785 

52785 

56550 
24851 
HI S 
7731 

90552 

G300 
62213 

68513 

1 7:30G 
2 '100 

29921 
2315:1 
59640 

5408 

1.37827 

3505 1 
7 19 2 

"12243 

:32 100 

32JOO ' 



GOSLlNER/McLEAN ASSOCIATES, INC. 

PROJECT BLCG 6 REMJDEL LAWRENCE FOR U • CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY, CA 
ARC HITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

09900 P.UN'l'l l-W 
Gyp board cei l ings 
G~vp board "1alls 
3070 Doors & frames 
Cei l ing cavity - labs / corridor s 

To t a l 0 9900 

10100 ~ I ARKER BOARD S AND TACK BOARD S 
Porce l a in /s t ee l Illar l{e r board s 
Allllninuill / fabric t ac k boa rd s 

Tot a l 10100 

]0162 TOILET PARTITIONS 
FJ~ Innl d toi let p artition 
L'rinal s cree n 
S h oh'er en c lo s ure 

To tal ] 016 2 

10400 [DE NTIFYI NG DEVI CES 
Plasti c roo m nltmber s 
Toilet r OOlli s 
Floor plan p Laq ll e 
Dir"e c li o nal/no smokin~ sign s 
Buildin g Dir e ctory Bo a rd 

To tal 10400 

10500 LOCKEHS 
Doubl e ti. e r 72 in hi g h 1 6/24ga stl. 

Total ] 0 500 

l OHOO TOILET ROOM ACC ESSORIES 
To i l e t ppr dble ro l l 
San napkin wast e 
Sa n napkin dispe n ser 
Combo ppr towel d ispense & ,~ast e 

Toilet s eat cover dispe n s e 
Robe hook s 
Soap & g rab 
COllo te r mntd s oap di s pe nse r 
Hair- d rye r s 
6 ' l)\] I - O ~jjrr or 

I ' - (j x J I 0 ~ j i l~ rot" 

To tal 1080 0 

Quantity 

530 
43966 

80 
8610 

·1 
11 

5 
I 

8 
2 
I 
··1 
1 

30 

5 
1 
1 
2 
2 
2 .. 
"" 4 
2 
I 
1 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. t:. OF 1 q 

Unit 

s f 
s f 
e a 
sf 

e a 
ea 

DATE 

Unit 
Price 

0 . 60 
0 . 5 5 

·15. 00 
0,5 5 

75 
95 

e a 3 75 . 0 0 
ea 150 , 00 
e a 2·15 . 00 

ea 45.00 
ea 65 , 00 
e a 175 . 00 
e a " 0 . 00 
ea 325. 00 

e a 175.00 

ea G5 .00 
ea 65 . 00 
e a 220 . 00 
ea 650 . 00 
e a 185 .00 
ea 15.00 
e a 9 5 . 00 
ea 12 5 . 00 ' 
en 15 . 00 
en 850 . 00 
e a 150. 00 

4-15-92 

Totals 

9- 70 

378 
24181 

3600 
·1736 

.3 2895 

3 00 
104 5 

13-15 

187 5 
150 
,190 

25 15 

360 
130 
17 5 

80 
325 

] 070 

52 5 0 

52 50 

3 25 
6 5 

220 
1 3 00 

370 
90 

190 
500 

9 0 
85 0 
. ~ 51) 

·14 5(1 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE FOR U • CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY, CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPl'UAL ESTIMATE 

Description 

10950 ~ISCELLANEOUS SPEC I ALITIES 
Ni c r'oh'ave ove n 
Ref ri gera tor - co mpact 
20# C0 2 and cab ine ts 
Doo r h oo k s 
fJop s trip 
~ I D .i J boxe s 
Co rne r ~ llard 

Tola J. 10950 

Ill lO PROJECTI ON SC REE N 
El ectr i c r ecessed 10ft by 6ft 

TotaJ. 11 [ :30 

12503 ~INDO~ TR EAT'IE NT 
Ve n e ti a n blinds 

To tal 1 2503 

1 1200 HYDRAU LI C ELE VATORS 
Lobb y e l evator 2500 lb . 2 l eve l s 
Se r vi ce elevator 7000 lb . 2 l evels 

To La l [ ·1200 

1530 0 FIRE PROTECTION 
Ordin a l'Y hazB Pd - I ~et tYlle syste nl 
-lin s ta nd pipe r i ser 

Tot,,1 1 5:300 

1 5 100 P LUrlBI NG 
Fi x Lu res: i nc lude tri. m 
Se lf co n tai ne d s ho we r /base 
WA ll mou nted water c l ose t /carri e r 
Wa ll hu n g u r in a l /ca rri er 
Co un ter mt d l a v ato r y 
Kitch e ne tt e r efrig/ m i c ro~a\'e 

Kit c he n s ink s t n stl 
La bo r ato r y s ink s tn s tl 
Se rvi ce s ink 
D l' in l{ i n ~ f Ollnt a jn 
F1.llll e ho od 
!'.I 00 l' el r a in 
Lift s La ti o n at la b s 
Ac id ne u tra l. i z jn g syste m - lab s 
*Included in es timate for Special Building 

Quantity 

:) 

3 
2 

85 
1 

1 3 
20 

2 

2472 

1 
1 

248 19 
1 

5 
2 
6 
1 
1 

1 1 
1 
1 
6 

15 
1 1 

1 
Faci 1 i ti es 

580 MARKET STREET 
SAN FRANCISCO. CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. 7 OF 1 q 

Unit 

DATE 

Unit 
Price 

e a 175.00 
ea 2 'I E, . 00 
(~a 1 75 . 0 0 
ea 25 . 00 
ea 30.00 
e a 1 ~5 . 00 

ea 1. 25 . 00 

e a 15 00 . 00 

s f 

ea 
e a 

sf 
ea 

e a 
e a 
e a 
ea 
ea 
e a 
ea 
e a 
ea 
ea 
ea 
e a 
ea 

6 . 25 

55 000 
85000 

G. uO 
250 0 

975 . 00 
14 90 
11 ·10 

890 . 00 
150 0 

775.00 
1 (j 'l 5 
11 85 

750 .0 0 
850l! 

~30 . UO 
11 2~) 
:j 125 

4-15-92 

Totals 

9-71 

525 
735 
350 

2 125 
50 

162 5 
2 500 

7910 

3 000 

1 54 50 

550 00 
85 000 

1 ~0000 

52 1 98 

1950 
7450 
2280 
53 40 
15 00 

775 
18095 

1185 
750 

5100 0 
3750 

.l2 ] 7 5 
H25 :* 



GOSLlNER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE FOR U.CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY, CA 
ARC HITECT 
ENGINEER KEILER & GANNON 

CONCEPl'UAL ESTIMATE 

Description 

·l inC .I. soi1pipe 
jin C .I. so il p ipe f tgs 
3in C . 1. soil pipe 
31 n C. I, SO lI pipe ftg s 
Lin C .I. soil pipe 
2 i. n C . I . soi l p ipe ftgs 
21I1 n.h. C .1. soi l /vent pipe 
2 in n . h. c . r. so il /ve n t pJ l)e ft~s 
N ,H . C . I . clea n o ut s 
~-1/2i n di e copper (: H S/ H X~/CW pipe/i ll s . 
2- 1 /2 1" di a copper CHS/ HW /CW ft gs /ins . 
Z I n dia copper GH S/ H~/CW pipe/ins. 
2 In di a c o ppe r CHS/ HW/ CW ftgs/ins. 
1-112 in dia copper CHS /HW /CW pipe/ins . 
1. -1 /2 i n dia co pper CHS/ HW/Cw ftgs/in s . 
J I n d ia copper CHS/ HW/ CW pipe/i n s . 
1 i n dis coppe r CHS/ HW/ CW ftgs/ in s. 
3/ ,1 ill dia c opper CHS /HI'/ C\' pipe/ins. 
J/ ~ in dia copper CHS/ HW/CW ft gs/i n s . 
1/ 2 i n di a co ppe r HW/CW pipe/ins 
1/2 in dia co p pe r HW/CW pipe ftg s/i n s 
Pipe station/ va l ves/trim @ AHU- 1 
Pipe s tation/valves/trjln @ VAV Boxes 
~i sc se r'vice /stoj)/gate va!,' es 
ROllg h -in at f um e h oods 
ROll ~ h -i r ! at l a b be rl c hes 
I in dj<1 b11;; st l gas pipe 
I J. n di a b lk s tl ~as pipe [tgS 
J In d i a blk st l LCW pipe 
I JI) dia bLk s tl LCW pi p e ftgs 
I /~ 1fl dia b l k 8tl aas pipe 
1/2 in diA blk st l g AS p i pe ftgs 
J /2 In clia b.lJ~ s t.1 CA pipe 
I. /~ i n diC1 uti, -,;tJ CA pi.pe n"s 
" In di a v aJ.ve'-:,/Lr'im 
1 ~ 1 /2 j rJ (j .j PI \'('1 1 \ ' es/ t'. ['j III 

I J f) di ~t \'aJ\'es /tri fn 
J/ l in dj.A \"a l '"es/t ri ln 
J 12 .t tl d ia valves/tri m 
Core dr ill E wal l s/f l oors 
Co nnecL to ( E) services 
Con n ect to lEI main s 
Clean/L est/disinfe c t 

Tota I 15 ·100 

Quantity 

650 
78 

300 
36 

420 
50 

4 50 
5 4 
18 

100 
1 0 

26 0 
26 

200 
20 

ZOO 
20 

l6 30 
1 63 

1 55 0 
1 55 

1 
3 ·1 

1 
6 

11 
4 80 

·18 
·180 

,18 
260 

26 
2GO 
~6 

(j 

8 
1 <, 
" 92 

72 
1 2 

9 
6 

8080 

580 MARKET STREET 
SAN FRANCISCO. CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. R OF 1 q 

DATE 4-15-92 

Unit Unit Totals 
Price 

11" 25 .0 0 162 5 0 
ea 1 20 . 00 9 36 0 
if ~2 .00 6600 
ea 1 05 .00 37 80 
If 2 0 . 00 8400 
ea 89 . 00 H50 
if 1 8 . 00 8 100 
ea 1 3:3 . 00 7182 
e a 17 5 . 00 :J1 5 (I 
If 35 . 85 .5585 
ea 107 .1 5 1072 
If 28 . 50 I + l fl 
(~ a 7 ·1 . 95 UH9 
1f 20.85 I 1. 70 
ea 6 2 . 65 1. 25:3 
1f 15 . 75 3 150 
ea "'15 , 85 9 1 7 
l f 1 3 . 75 22HJ 
en 39 . 75 6 479 
e a 1 2 . l O 18755 
ea 36.6 5 5681 
ea 25 00 . 00 25 00 
ea 750 . 0 0 255 00 

l ot 25 00.00 250 0 
ea 375 . 00 2L50 
ea 875 . 00 9625 
ea 1 2 .10 5 95 2 
ea 12 . 00 20 16 
If J ~ . 10 5 9 52 
ea '1 ~. 00 20 1 6 
en 1. 0 . on 2GOO 
ea ')1, . 00 936 
If J O .I)O 2600 
eEl :JI) , ()O 9JG 
ea 95.00 570 
"-20. 70 . 00 560 
en 55 . 0!J 6r;0 
eEl .( 5 . 00 ·1140 
ea :l', .OO 2520 
ea JOO . OO 12 01) 
en 9 5 . 0(, 855 
ea 15 . 00 -1 50 
if J .~ 5 10100 

:.l-t IJ ,I 1 9 

9-72 

=~,-"- ============================================~ 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE · FOR U.CALIFORNIA 

BERKELEY LABORA'l'ORY LOCATION BERKELEY , CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPI'UAL ESTIMATE 

Description Quantity 

15550 !J EA'l'ING , VENTILATING AND AIR CONDITION I N 
.-I HU-2 25 . 000c t' m, 25 h p, VFD, 85% filt 1 
Fnn po~ered VAV Termin al w/HIC coils 28 
Stat i c c ant . VAl' Ter minal w/ HIC coi l s 6 
rUllle exha u s t fans K/coat ing/VFD 7 . 5 h p 4 
Gen e x llAllst fa n s w/ coating/VFD 5 hp 2 
J ~ u~oraLo r ~' fll Jne tlo od ass~- 6 
I so l a l.O l' ba ses - ex h8ll st fan s 
J so LnL or ba se - AHV un it 
Du e l l i.ner/in s ulati o n 
Go J '" ani z ed d~l cL\(o rJ~ 

Ga ll \'as co nn ect i o n s 
Smo k e damper 
~Ja nl.l a I damper' S 
Bra ll c h lake-off's 
Ge j . ll n ~ sllpp l y diffu ser 
Celljrl ~ ex halls t di f fl lser 
Li ,. ear diff u sers 
Fir E.' da mpers 
Chec k/test/start-up 

Total 15550 

15950 CONTROLS 
l 'e lnperal u r e co ntr o l sys t e ln 

Tala t 15950 

15 Y90 AIR AND WA TER BALANCE 
Ai r' ba l a nce 
haler bH .i. a nce 

Tol;) ] [5990 

Ij 

J 
15~ G~ 

20622 
1-1 8 

2 5 
IS8 
80 
58 

I 
684 

81 
3 

217 

1 
1 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

Unit 

es 
es 
ea 
ea 
es 
en 
ea 
ea 
sf 

l bs 
l (' 
s f 
s f 
ea 
ea 
ea 
If 
s f 
mel 

pts 

s u b 
s u b 

SHEET NO. 9 OF 19 

DATE 

Unit 
Price 

22500 
l -lL!5 
11 25 
:3 000 
~500 

8500 
750 

17 50 
3 . 25 
6 . 50 
:l . 00 

55 . 00 
25 . 00 
25 .( 1) 
85 , 00 
75 . 00 
50 . 00 

125 , 00 
500 . 00 

500 

:J'l OO 
1000 

4-15- 92 

9-73 

Totals 

22500 
39900 

6750 
12000 

5000 
5 ] 000 

1500 
1 750 

50258 
1 J '1 0~ 3 

H4 
I :J7 5 
1700 
2000 
4930 

300 
J -1200 
1 0 1 25 

1500 

38·] 275 

108500 

1085 0 0 

:JOOO 
1000 

10 00 



IOSLINER/MeLEAN ASSOCIATES, INC. 

ROJEC'! BLDG 6 REMODEL LAWRENCE Fi)~ U. CALIFORNIA 

BERKELEY LABORATORY 

KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

16000 - ELECTRICAL 
ALS USER SPACE 

BERKELEY CA 

Quantity 

PENDANT FLUORESCENT FIXTURE, INDIRECT, 2L (A) 214 
PEND. FLUOR. FIXTURE, INDIRECT, 2L, W/DIM. BALLAST (A) .8 
PENDANT FLUORESCENT FIXTURE, DIRECT, 2L (AI) 129 
SURFACE FLUORESCENT FIXTURE, 2L (B) 53 
FLUORESCENT BRACKET FIXTURE, 2L (C) 6 
PENDANT F' .'JORESCENT fIXTURE, 2L (C) L 
FLUORESCENT EXIT LITE W/STROBE LIGHT (D) 10 
FLUORESCENT CORRJDOR FIXTURE, 2L (E) 25 
1110 RECESSED FIXTURE, 175MH (f) 37 
SLJRFACE CIRCLlNE FIXTURE, 22101 (e) 2 
FLLJORESCENT UNDERCOUNTER LITE, 1L, 20101 2 
SURFACE LIGHT TRACK, 10' LONG 2 
TRACK LITE fIXTURES 4 
IP TOCGl.E SWITCH 108 
FLUORESCENT DIMMER SWITCH 1 
1P KEYED TOGGLE SWITCH 2. 
3-WAY TOGGLE SWITCH 12 
20A, 120V DUPLEX RECEPTACLE 256 
20A, I20V GFCI DUPLEX RECEPTACLE 5 
JUNCTION BOXES 8 
ISOLATED GROUND JUNCTION BOX 8 
IOOA JUNCTION BOX 4 
DUPLEX RECEPTACLE WITH FLOOR BOX 2 
TELePHONE OUTLET WITH FLOOR BOX 1 
TELEPHONE WALL OUTLETS 112 
ZONE MODULE FOR EXIST. FIRE ALARM CONTROl. PANEL 1 
FIRE ALARM STATIONS 7 
FIRE ALARM HORN/STROBE LIGHT 17 
SMOKE DETECTORS 14 
WALL SPEAKERS 10 
CEILING SPEAKERS 6 
20 X 24 X 4 TERMINAL CABINET 1 
CONNECT ONLY EXHAUST HOODS 7 
CONNECT ONLY 25HP, 480V AIR HANDLER 1 
CONNECT ONLY VAV BOXES, 1/4HP, 120V 28 
CONNECT ONLY 7- 1I2HP, 480V ROOF EXHAUST FAN 2 
CONNECT ONLY 10HP, 480V ROOF EXHAUST FAN 1 
CONNECT ONLY 1I15HP, 120V ROOF EXHAUST FAN 1 
150A 3P, 480V CIRCUIT BREAKER FOR EXIST. MOTOR CONTROL 1 
CENT£R 
277/480V PANELBOARD, 42-CIRCUIT, MAIN BREAKER 1 
120lZ08V PANELBOARD, 42- CIRCUIT, MAIN BREAKER 1 
4SKVA, 480- 2081120V TRANSFORMER 1 

ALS USER SPACE TOTAL 
FN: 97451 

580 MARKET STR!ET 
SAN FRANCISCO, eA ~41C4 

TEl.. ~'6 433 46S7lm ~'6 ~33 ~07 

Unl1 

EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
E,l. 

EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 
EA 

EA 
EA 
EA 

'~Irr NO 10 OF 19 

4-15-92 

Unit 
Price 

336 
358 
336 
172 
398 
Ul 
275 
408 
414 
12l. 
147 
215 

75 
66 

118 
94 
72 
82 

103 
134 
189 
286 
140 
130 

67 
260 
109 
289 
l.99 
145 
145 
164 
354 
702 
397 
515 
515 
307 
600 

4400 
2881 
2327 

9-74 

Totals 

71904 
2864 

43344 
9116 
2388 
1644 
2750 

10200 
15318 

242 
294 
430 
300 

7128 
118 
188 
864 

20992 
515 

1072 
1512 
1144 

280 
130 

7504 
260 
763 

4913 
2786 
1450 
870 
164 

2"78 
702 

11116 
1030 

515 
307 
600 

4400 
2881 
2327 

239803 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BUX; 6 REMJDEL LAWRENCE FOR U.CALIFORNIA 

BERKELEY LABORA'IORY LOCATION BERKELEY, CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

. CONCEPl'UAL ESTIMATE 

Description Quantity 

ALS STRUCTURAL BIOLOGY SUPPORT FACILITIES - SECTION B 

03 1 00 CONCRETE FORMWORK 
03200 CONCRETE REINFORCEMENT 
03300 CAST- I N-PLACE CONC RETE 
03600 GROUTING 
05300 STEEL DECKING 
05340 METAL PANELS 
05500 METAL FABRICATIONS 
06200 C,\RPENTRY 
07253 SPRA Y-ON FIREPROO FING 
07260 ~IRESTOPING 
07500 S INGLE PLY ROOFING REPAIR 
07bOO FLA SHI NG AND SII EETMETAL 
07920 SEALANTS 
08100 1I 0LU)h' METAL DOORS AND FRA'IES 
082 10 WOOD DOO RS 
08710 FINISH HARDWARE 
09250 GYPSU~I BOARD WAL L AND CE ILING SYS TEM S 
09 5 10 ACOUSTIC TREATMENT 
09650 RES ILIENT FLOORING 
09685 CA RPETI NG 
09900 PAINTING 
101 00 ilAHKER BOARDS AND TACK BOAHDS 
10400 IDENTIFYING DEVICES 
10950 MISCELLANEOUS SPECIA LTIES 
12503 IVINDO \i TREAHIENT 
1 5300 FIRE PIWTECTION 
15 400 PLUilBING 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

Unit 

SHEET NO 11 OF 19 

DATE 

Unit 
Price 

4-15-92 

Totals 

1 311 
3131 
7037 

61 
22 1 

4000 
36850 
19780 

2953 
5000 
2189 
1073 
1393 

15900 
4950 
9340 

-12899 
41976 
14612 

5400 
12868 

1 230 
1095 
1975 
2 1:38 

15550 HEATING, VENTILA TI NG AND AIH COND ITIONI NG EQUIPMENT 
15950 CONTROL S 

1562 ,1 
1:39260 
13069 5 

-14500 
2500 

68896 
1 5990 AI H AND WA1'ER BALANCING 
IGOOO ELECTlH CAL 

Sl.Ibl:oLal 
GENEltAL COND IT IONS 
Su btot aJ 
PROF I T AND GENERAL OVEHII EAD 
TOTAL ESTHIA'l'ED COST 

3 

18 

% 

% 

9-75 

() ·10 855 
19226 

66008 ] 
11 88 1 5 
778895 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LI\WRENCE FOR U.CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY, CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

03 100 CONC RETE FORMWORK 
Form e q u ipme n t pads 
f orm c urb at roo f 

Tota l 03100 

03 200 CONC RE TE REINFORCEMENT 
Do we l to E r oo f d ec k ALLOW 
DOI' e ] Lo E fl oo r s l ab .-\ LLOI\ 
Rel nr o r c in ~ 

T()ta l 0:3 200 

03JO O CAS1 - I N-PLACE CONC RETE 
Sawc ut r oo f s J ab/deck 
Dispose o f' co ncre Le was t e 
Eq u ipme n t. pad co n cl.' eLe 
Roo f Cu rb co n c r e t e 

Tota l 03300 

03600 GHOU T.l NG 
No ns il r ink ~ r o u t 

Total 03600 

05 120 STRUCTURAL STEEL - none s h ow n 

05300 Sl 'EEL DECKING 
Sea l roof o pe n in gs i n decl~ 

Tota l 05:.100 

fJ53 ··10 ' IETA L PA NELS 
Pa rl e n c lo s ur e j)a n e l s/ f ra me on roof 
Ac c ess ser\l ice do o r 

To ta 1 1) 53 ·10 

*Incl uded in est i mate for Section A 

Quantity 

1 04 
92 

lH 
775 

20 
2 

3 'I 
23 

27 

26 

:)00 
1 

580 MARKET STREET 
SAN FRANCISCO. CA 94104 

TEL 415433 4897/FAX 415433 2907 

Unit 

if 
1f 

lac 
l a c 

l.f 
cy 
cV 
c~· 

If 

SHEET NO. 1 2 OF 19 

OATE 

Unit 
Price 

5 . 7 5 
7 . 75 

5 0 . 00 
75 . 0 0 

0 . 75 

5 . 00 
1 6 . 0 0 

105 . 00 
1'15.00 

2 . 25 

4-15-92 

Totals 

598 
7 1 3 

131 1 

1 ~00 

1 35 0 
5H l 

3 1Jl 

10 0 
:~ 2 

:J 5 7 0 
33J5 

7037 

I) J 

6 1 

• 

* 

* 

* 

If 8 . 5 0 22 1 * 

s f sa 1 2 . 50 
ea 25 0 . 00 

9-7 6 

G2J 

:1750 • 

250 * 
1000 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLCG 6 REM:lDEL LAWRENCE FOR U.CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY , CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPI'UAL ESTIMATE 

Description Quantity 

05500 METAL FABRICATIONS 
Beanl rei nforc in g - bottom flange 

1 6 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897fFAX 4154332907 

Unit 

mh 

SHEET NO. 1 '\ OF 1 Q 

DATE 

Unit 
Price 

G5 , ClO 

4-15-92 

Totals 

10 ,10 Clean off E spray-o n fireproofing 
Re move/replace E mechanical/electrical 
S ilore beam s each s id e 

1 allow' 5000 , 0(1 5000 

Mat er ial fabri cated FOB 
Field wel d s ALLOW 

~li s cel Jan eol l s steel framin g 
\dd f or co nn ec t ions 

To tal 05500 

iJGLUU C.·\ RPENTRY 
Re lll E \~ood frame partitions 
Irlsta Ll Lernpor'ar y pa rt itions 
] Il s tH II. i nt erior' doo['s/hardh!a r'E' 
Jn sLall rOLl gh hard ,~are 

J"'l s tall Ill isce lt ~neous specia l ties 

TotaJ 06200 

07253 SPRAY-ON FIREPROOFING 

:31 0 
99 14 

3 10 
1000 

·100 

:300 
1 600 

10 
1 
j 

Repair ca nst . d a ma~ed E fp at d ec ks/st l 65 62 

Tota l 0725 :3 

072GO FIRESTOPP l NG 
In-fill at rated wa ll s 
Patc h si din ~ at ternporarv worl{ e n try 

Total 07260 

07500 S INGLE PLY ROOFING REPAIR 
Re-roof at e q l.l ipln e llt c ur b s / o p~s 

He-roof at eqll ipment sc r ee n panel s 
Sc r \"i cc \~o ll(way 2ft s ~ paver s 

Tota.l 07500 

07600 FLAS HI NG AND S HEETHETA L 
f l as h at equ ipme nt cllrbs/olJe nings 
Flas ll at eq tli plnent screen pa ne l s 

Tolea J. 07600 

*Included in estimate fo r Section A 

IGO 
1 

2 
,1 

1 5-1 

68 
75 

If G, OO . 1 , 75 • 
If 25 , 00 

:i! ') .) ~ 
.:. ,~ ~ 

= 1.00 

s f 1. 60 
sf' 3 . 00 
en 1 50.00 

Jot '1000.00 
J ot GOOO.OO 

sf I) • " 5 

If 25 . 00 
lot 10 00 , 00 

3'.11'3 275 . 00 
sq1's 275 . 00 

s f :3 . 50 

If 
If 

7 . ;;0 
7.50 

1860 
17350 

7750 
2250 
1600 

:36850 

~ 80 

4800 
·l 500 
4000 
6000 

19780 

2953 

295:3 

·1000 
100 0 

5000 

550 
1100 

539 

2 189 

510 
563 

1073 

9-71 

* 
* 
* 
! * * 

I 

* 
* 
* 

* 
* 



GOSLlNER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE FOR U.CALIFORNIA 

BERKELEY LABORATORY 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

07920 SEALANTS 
Ca ll lk roo f flashings 
~li sce J. laneo u s caulkin g 

Tota l 07920 

08 10 0 HOLLOI,' ' IETAL DOORS AND 

LOCATION BERKELEY, CA 

FRMIE S 

Quantity 

14 3 
1 

580 MARKET STREET 
SAN FRANCISCO. CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. 14 OF 19 

Unit 

DATE 

Unit 
Price 

if 1. 00 
lot 1 2,,0 . 00 

4-15-92 

Totals 

H3 
1 250 

1 3 93 

G070 H ~I d oo r /fra me 1h1' 2 e" 1. 750 . 00 :3::, 00 
3070 !HI door /f ra me Ihr 8 ea 875 . 00 
3070 IHI fra me 18 e" 300 . 00 

Tota l 1.18100 

082 [ 0 WOOD I)OORS 
3070 x l. -3/ 1i n FL SC WI) door 

Total 08210 

087 [ 0 FINISH HARDWARE 
Double door Ihr allow 
Interior do o r Ihr ALLOW 

Total 08 710 

1 8 

2 
26 

09~50 GYPSUM BOARD WALL AN D CE ILI NG SYSTEMS 
Stl stlld wa ll 13ft-5i n w/gypbd ea s i de 7641 
S l i st ll d wal l 9ft-6i n w/ gypbd ea s ide 1292 
Ce iling s ll s p e n s i o n sys - to il e ts/ st air s 2 ·! 2 
TRpe/fi n is h E gyp board wall s 139 23 

Tol: a '!' 09250 

09~10 ACOUS 1' lCAL TREATMENT 
2x ·l Exp T aCOllstic tj. le c l~ offices 
Acco ust ic wall pa nel - offi ce 
C(-> i 1. in <:; s li spe n s i on system ~ corridr)rs 
Ce 1 J. i n g s u spe nsion sys t -e m - labs 
AC COllstic board \~a J.ls/c l~ nl 0c h r oo m 

']'ot" J 09510 

09650 RESILIE N'r FLOOR I NG 
J /8i n Vi nyl compostio n tile 
4in Topset rubber base 

Tola.! ')9650 

*Included in estimate for Section A 

1620 
57(-) 

[ 0 1;8 
2] 76 
] -1-12 

~\ 619 

15 5 5 

ea 275 . 00 

ea 445.00 
e a 325 . 00 

s f 
s f 
s f 
s f 

s f 
s f 
s f 
sf 
s f 

sf 
H 

3. 75 
3 . 60 
2 . 25 
0 . 65 

1. 95 
·1.0 0 
8 . 75 

1 0 . 00 
J . 75 

3 . 35 
1 . 60 

7000 
5 10 0 

15900 

~1 9 50 

-1950 

890 
8450 

93 40 

2865 1 
,165 1 

5 ·[ 5 
9050 

·12899 

3 1 59 
23 0 4 
9:J .+5 

2 1 760 
54013 

'11976 

1 2 124 
2 ,188 

1. ·1 G 1 2 

9-78 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLCG 6 REM:lDEL LAWRENCE FOR U.CALIFORNIA 

BERKELEY LABORATORY LOCATION BEIU<ELEY , CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

08Gl:l 5 C..>.HPET 
Ned weig ht carpet ALLOW 

Tot a l 09685 

09 900 PAI NTl:'JG 
Gyp board cei lings 
G~' p bo a rd \\la l1 s 
Cei L in ~ cav it y - labs/corridors 
3070 Doo rs & fra mes 

Tota J 09900 

10LOO MA RKER BOARDS AND TACK BOAHD S 
Po pce J a in /steel marker boa rd s 
Alllmlnllni /fabric tack board s 

Tota l J. 0 100 

10 ·100 IDENTIFYING DEVICES 
P l ast i c ro o m nllin ber s 
Floor plan p l aq ue 
Dir ect iona l / no s mok in g s ign s 

To t a l 10 ·100 

10950 MI SCE I, LANEOUS SPECIALITIES 
Coc ner S! uards 
Doo r hoo ks 

To tal. 10950 

12503 WI NDOW THEATMENT 
Ve n e t i a n bl i nd s 

To!' 'I I I 250:J 

1531)0 f'lRE PHOTECTION 
Ordinary ha za rd - wet type syste nl 
~in standpipe ris e r 

Tota l. l. 53 00 

Quantity 

180 

2 42 
17-134 

32 1-1 
30 

" 9 

20 
1 
1 

1 3 
H 

342 

13562 
1 

580 MARKET STREET 
SAN FRANCISCO. CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. 15 OF 19 

Unit 

sf 
s f 
s f 
ea 

ea 
ea 

DATE 

Un it 
Price 

30 . 00 

0.60 
0 . 55 
0 . 55 

15 . 00 

75 . 00 
95 . 00 

ea ·15 . 00 
ea 1 75.00 
ea 20 . 00 

ea 125 . 00 
ea 25.00 

s f 6 . 25 

s f 2 . 00 
eEl 25 00.00 

4-15- 92 

Totals 

9-7 9 

5-100 

5400 

145 
9 589 
1 78 I 
1 350 

1286 8 

375 
855 

1230 

900 
175 

20 

1095 

11525 
350 

197 5 

2 13 8 

2 138 

1:312 ·1 
25 0 0 

15 62 1 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE FOR U. CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY , CA 
ARCHITECT 
ENGINEER KEILER & GANNON 

CONCEPTUAL EST IMATE 

Descr iption 

1 5400 PLU~1BING 

Fixtu['es: include tri m 
Fume hood 
Fl oor drain 
Lift station at l abs 
Acid ll e tllrallzing systeln - lab s 
4in C .1. soil pipe 
-lin C.I . soil pipe ftgs 
3 j n C. r. so i 1 p ipe 
3 i" C. I 
2 in C . 1. 
~ in C I 
2 i n n.h . 

so il p1pe ftgs 
soil pipe 
so il pipe ftgs 
C . I. soil/vent pipe 

2in f),h . C . T . soil/,:e n t pipe ft~ s 

N. H. C .I . c lean ol. t s 
~- 1 /2in dia coppe r CHS/ HW/ CW pipe/ins. 
2-l/21n dia copper CHS/ HW/CW ft~s/in s . 

2 in dia copper CHS/HW/CW pipe/ins . 
Z in dia c opper CHS/HW/CW ft~s/i n s . 
1- 1/2 in dia copper CHS/HW/CW pipe/i n s . 
) -1/2 in dia copper CHS/HW/CW ftgs/i n s. 
1 in dia copper CHS/HW/CW pipe/ins . 
1 in dia copper CHS/ HW/CW ft~s/i n s . 

3/·1 In dia copper CHS/HW/Ch' pipe/ in s . 
J/4 1n dia co pper CHS/HW/CW f t~s/ins. 

1 /2 .n di& copper HW/CW pipe/ i ns 
l /2 1n dia copper HW/CW pipe ftgs/ins 
Pj~e slatio n /valves/tr iln @ AHU-l 
Pille s talion/vaJ.\'es/tri nl @ VAV Boxes 
Mise ser,"i c e/s top/qat e ,"alves 
ROllg h- ill at f UDl e hood s 
ROlt g tl - in at lab benches 
1 In di a b_lk st l g as pipe 
1 il' di e b lk s tl ~as pipe ftgs 
1 in dia b l k st l LCW pipe 
1 jn dia bll~ s t l Lew pipe ft gs 
1/2 ln dia blk s tl gas pipe 
1!~ i n di a blk stl gas pipe ftg s 
1/ 2 i n dia b Ile s tl CA pipe 
1/2 in dia blk stl CA pipe ft~s 
2 in d i a \Ia l ves/trinl 
1-1/ 2 i n dia va l ves/trim 
1 in dia valves/tri m 
3/ ·1 In d i a ,"alves/trim 
1 /2 I n dis , 'a l \'e s /trim 

Quantity 

5 
6 
5 
1 

2 (30 
31 

1-10 
17 
80 
10 

100 
1 2 

6 
160 

16 
2~O 

22 
120 

12 
1 20 

1 2 
240 

24 
240 

24 
1 

11 
I 

" 6 
120 

1 2 
1 2 0 

1 2 
1 20 

12 
120 

1 2 
6 
1 
8 

2 ~l 
2 -1 

*Included i n esti ma t e fo r Spec i al Building Fac il i ti es 

580 MARKET STREET 
SAN FRANCISCO. CA 94104 

TEL 415433 48971FAX 4154332907 

SHEET NO. 16 OF 1 g 

DATE 

Unit Unit 
Price 

ea 8500.00 
ea 250 . 00 
ea 1125 . 00 
en 2475 . 00 
if 25 . 00 
ea 1 20 .00 
If 22 . 00 
ee 10 E, . 00 
if 20 . 00 
ea 89 . 00 
I f 18 . 00 
ea 133 . 00 
ee 1 75 . 00 
If 35 . 85 
ee 107 .1 5 
If 28.50 
ea 74.95 
If 20 . 85 
ea 52.55 
If 15 . 75 
ee 45.85 
If 13. 75 
ee 39 . 75 
ea 12 . 10 
eH 35.rJ5 
ea 250(1.00 
ee 750 . 00 

Jot 2500 .00 
ea 375.00 
ea 875 . 00 
ea 12 . -lCi 
en 42.00 
if 1 2 . ,10 
ea -12 .00 
ee 10 . aO 
ea J(j . OO 
If 10 . 00 
ea 36.00 
ea 95.00 
e& 70 . 00 
ea 55 . 00 

J o t -15.00 
ea 35 . 00 

4- 15- 92 

Totals 

42500 
1 500 
5625 
2475 
6500 
3720 
3080 
1785 
1 600 

890 
1800 
1 5% 
1050 
57:)6 
17 1 4 
6270 
1649 
2502 

752 
1 890 

550 
3300 

95 1 
290 ·1 

880 
25 00 
8250 
2500 
187 5 
525 0 
1 188 

50 -1 
1488 

5 WI 
1 200 

432 
1 200 

132 
570 
280 
-140 

1 080 
8 ·10 

9-80 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECf BLIX; 6 REMJDEL LAWRENCE FOR U.CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY , CA 
ARCHITECT 
ENGINEER KELLER & GANNON 

CONCEPI'UAL ESTIMATE 

Description 

Co re dr i ll E wa lls/f l oors 
Co n llec t t o lE) s er,' i ces 
Co nn ec t to (EI ma irls 
Clean/test/disi n fe c t 

To La l 15 100 

Quantity 

1 2 
9 
6 

2160 

1 5550 H EA' I ' I~G, VEN'rILATI NG A~D AIR CON DITIUNIN 
.\IIL'- 1. ~5 ,000cf tn . 25hp. VFD. 85% filt 1 
~a n powered VAV Ter mi n a l w/ H&C co il s 6 
StaLic co nL. VAV Te r minal w/ H&C coi l s a 
Fum e ex ha u st f a n s w/coat i ng/VFD 7 , 5 h p 
Ge ll ex ha u s t fans h' /coati n~/VFD 5hp 
LAborAlory , ' l llD e Iloa d as sy 
1 :--';0 1. ':11.01' bas es - e ::-; haust r a n s 
I so l a Lor ba se - AH ~ u n it 

l.J uc l .I j ner/ i.n s u ] allan 
Gal"a rlized du c Lwor l{ 
Ca rl\"aS co n nectio n s 
Smo ke da mper 
Na n ual da mpe r s 
Branch t a ke-offs 
Ce i l ln q s u pply diffu se r 
Ce ilin. exhaust diffu se r 
Lin ear" diff ll sers 
[<,jr e d a mpe r s 
Cileck/ Les t /s t a r t- u p 

'1' 0 I:. a I 1. 5550 

1 
6 
:3 
1 

:.12 7 1 
4 362 

1 32 
25 
22 
22 

9 
~ 

92 
J() 

2 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO. 1.7 OF 19 

DATE 4-15- 92 

Unit Unit Totals 
Price 

ea 100,00 1200 
ea 95 , 00 855 
en 75 , 00 450 
If 1 'F , ,"~ 2700 

1 :3 9260 

ea22500 , OO 22500 
ea I. ·1 < 5 , 00 055 0 
ea 11 25 ,0 0 5625 
ea 3000 .0 0 6000 
ea Z500 , OO 2500 
ea lJ500 , OO 5100f) 
ea 750.1)0 2250 
e a 1., 50 ,00 . li50 
s f J , 25 10 13:5 1 

.l b s 1) , 50 28353 
If :3,00 396 
s f 55 , 00 13 7 5 
sf' 25 , 00 550 
ea 25 , 00 550 
ea 85 , 00 765 
ea 75 , 00 :300 
1f 50,00 1600 
s f 1. 25 . 01) ·1500 
Old 500,00 1000 

13U6 9 5 

9-81 

, 



GOSLINER/McLEAN ASSOCIATES, INC. 

PROJECT BLDG 6 REMJDEL LAWRENCE FOR U • CALIFORNIA 

BERKELEY LABORATORY LOCATION BERKELEY, CA 
ARC HITECT 
ENGINEER KELLER & GANNON 

CONCEPTUAL ESTIMATE 

Description 

1 595 0 CONTHOLS 
Te mp e r a tur e c ontro l sys t e m DDC 

Total. 1 5 9 50 

1 5990 AIR AND WA -r ER BA L ANCE 
.\i r ba l a nce 
h=a t .er ba l a nce 

Tota l 1 599 0 

Quantity 

89 

1 
1 

580 MARKET STREET 
SAN FRANCISCO, CA 94104 

TEL 415433 4897/FAX 4154332907 

SHEET NO_ ~_18 OF 19 

Unit 

DATE 

Unit 
Price 

pts 50 0 . 00 

s ub 2000 . 00 
s ub 500 . 00 

4-15-92 

Totals 

9-82 

H500 

44500 

2000 
5 0 0 

2500 



30SLINER/McLEAN ASSOCIATES, INC, 

'ROJECT BLDG 6 REMJDEL LAWRENCE FOR U.CALlFORNIA 

'''CI'1ITCCl 
:NO ;HU:~ 

BERKELEY LI\BORATORY 

KELLER & GI\NNON 

CONCEPl'UAL ESTIMATE 

Description 

16000 - ·ELECTRIC AL 
LIFE SCIEKCES CENTER 

PENDANT FLUORESCENT FIXTURE. INDIRECT, 2L (A) 
PENDANT FLUORESCENT FIXTURE, DIRECT, 2L (Al) 
SURFACE FLUORESCENT FIXTURE, 2L (a) 
FLIJORESCI::NT EXIT LITE W/STROBE LIGHT (D) 
FLlIORESCENT CORRIDOR FIXTUKE, 2L (E) 
1 l' TOGCLE SWITCH 
3-WAY TOGGLE SWITCH 
20A, 120Y DUPLEX RECEPTACLE 
JUNCTTON BOXES 
ISOLATED GROUND JUNCTION BOX 
TELEPHONE ,'ALL OUTLETS 
FIRF. ALARM STATIONS 
FIRC: ALARM HORN/STROBE LIGHT 
SMOKE DETECTORS 
WALL SPEAKERS 
CEILING SPEAKERS 
20 X 24 X 4 TERMINAL CABINET 
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ALS BEAMLINES INITIATIVE 

Details of Estimate for Special Building Facilities 

and Standard Equipment 
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(FY 1992 $K) 
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ALS BEAMLINES INITIATIVE 

SPECIAL BUILDING FACILITIES COST ESTIMATE DETAIL 

(FY 1992 $K) 

SEQTION A 
Laboratory Benches 

Benches (500 LF @ $285/LF) 85,500 
Acid Resistant Tops (500 LF @ $75/LF) 22,500 

Subtotal 

Chemical Storage Cabinets 

20 @$600 

Fume Hoods 

11 @$8,500 

Laminar Flow Hoods 

8@$5,000 

UHV Workstations 

4@ 15,000 

Demountable Office Systems 
Furniture and Partitions 

28@5,000 

4/24/92 
PE:ALS-Beam:CDR 

108,000 

9,000 

51 ,000 

30,000 

30,000 

140,000 

SEQTION B 

57,000 
15,000 

72,000 

3,000 

42,500 

10,000 

30,000 

9-85 



ALS BEAMLINES INITIATIVE 

STANDARD EQUIPMENT COST ESTIMATE DETAIL 

Laboratory Furniture 

Heavy Duty Work Benches (10) 
Metal Storage Cabinets (26) 
Stools (60) 
Marker Boards (15) 

Subtotal 

Office Furniture 

Standard Desks (45) 
Desks With Returns (4) 
File Cabinets(48) 
Bookcases (48) 
Bookshelves (65 LF) 
Conference Tables/8 People (2) 
Conference Tables/4 People (5) 
Reception Desk 
Office Chairs (100) 

Subtotal 

Office Equipment 

Xerox Machine 
FAX Machine 

Subtotal 

4/24/92 
PE:ALS-Beam:CDR 

(FY 1992 $K) 

SECTION A 

10,000 
3,300 

11,120 
1,540 

25,960 

11,340 
2,480 

11,250 
4,950 
7,800 
1,200 
1,250 
2,450 

23,780 

66,500 

10,000 
3,000 

13,000 

SECTION B 

600 
4,280 

560 

5,440 

7,560 

6,750 
2,970 

5,220 

22,500 
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1. 
OVERVIEW 

T HE ability to harness electromagnetic radiation has 
played a significant role in the development of science and its subsequent benefit to 
society. Galileo's telescope and Leeuwenhoek's microscope extended the range of 
human observation to objects much larger and much smaller than had ever been seen 
before. Pasteur used the microscope to peer into the world of microorganisms and then to 
link bacteria to the cause of disease. More recently, the development of the visible-light 
laser has created countless new opportunities for our society in the fields of science, 
medicine, and technology. These examples all involve the utilization of visible light
that portion of the electromagnetic spectrum to which our eyes respond. Equally 
important opportunities, leading to equally significant impacts on our lives, await us as 
we master the generation and utilization of shorter-wavelength radiation, at ultraviolet 
and x-ray wavelengths. 

Over the past several decades, the construction of electron accelerators and storage 
rings dedicated to high-energy physics research has led to a new class of facilities
synchrotron light sources-that are enabling us to transform these new opportunities into 
reality. When a circulating electron beam is deflected by the bend magnets in an electron 
or positron storage ring, an intense flux of electromagnetic radiation, called synchrotron 
radiation, is produced. Relativistic effects cause this synchrotron radiation to be emitted 
in a narrow cone centered about the electron beam's instantaneous direction of travel. 
For electron energies of the order of 1 Ge V, the half-angle of this cone is typically a 
fraction of a milliradian. Periodic magnetic structures known as wigglers and undulators 
(collectively, insertion devices) have now been developed for inseltion into storage-ring 
straight sections, thereby producing not the sweeping searchlight of radiation that 
emanates from a bend magnet, but a more intense, highly directed beam of light. 

To exploit the opportunities that such radiation affords us, construction began on 
the Advanced Light Source, with its initial complement of insertion devices, in FY 1987. 
Its completion in FY 1993 will offer the nation's scientific and technical communities 
their first access to synchrotron radiation produced by a machine fully optimized for 
insertion devices. In proper perspective, therefore, the electron storage ring that is the 
major component of the ALS is merely a tool for propelling relativistic electrons through 
the ring's bend magnets and, especially, through the insertion devices that will occupy the 
ring's straight sections. 
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Accordingly, if the ALS is to be utilized effectively to explore newly identified 
opportunities and to meet the emerging needs of users from industry, academia, and 
government laboratories, a second complement of undulators and wigglers is required, 
together with beamlines, to collect the light from the insertion devices, and end stations, 
where the light is used in experiments. The project described here thus provides a second 
complement of experimental facilities for the ALS, including insertion devices and 
beamlines, as well as 25,200 gross square feet of finished light laboratory and office 
space for ALS users in the second floor of the ALS building. The full scope of the 
project is thus summarized schematically in Fig. I-I. 

For the purpose of providing well-validated conceptual designs, cost estimates, and 
schedule evaluations in this report, we describe the following set of insertion devices and 
beamline systems: 

• An undulator and undulator and bend-magnet beamlines for two-photon studies of 
dynamical phenomena in materials 

• An undulator and a beamline for chemical reaction dynamics 

• An undulator to provide radiation with controlled circular polarization and a 
beamline for the investigation of matelials and biological systems 

• A wiggler and a beamline with two branches for materials science and atomic 
physics 

The schedule and cost estimate described in Chapter 6 were obtained accordingly. 
However, it is important to emphasize that this list represents only a reasonable selection 
of insertion devices and beamlines. As the use of synchrotron radiation continues to 
grow, new techniques and new research directions continue to emerge, and research 
priorities are sure to evolve, in response both to our growing understanding of the natural 
world and to currently un imagined research possibilities. As a result, we expect the 
detailed scope of this project to evolve, within the cost and schedule defined here and in 
parallel with the scientific community'S needs, over the scheduled four years of the 
project. The final choices of specific experimental facilities will be reviewed by the 
scientific community and reviewed and approved by the US. Department of Energy's 
Office of Basic Energy Sciences. 

The total estimated cost (TEC) for this project is $43.9 million for a four-year 
construction schedule commencing in FY 1994.* The total project cost (TPC) is identical 
to the TEe. The newly constructed facilities will be in place and ready for 
commissioning at the end of FY 1997 . 

• If the ALS structural Biology Support Facilities project is funded for an FY 1994 start. the scope and cost 
of the ALS Beamlines Initiative project would be reduced accordingly. The total cost for the conventional 
facilities would decrease by $1.36 million. 
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Figure 1-1. A plan view of the Advanced Light SOllrce, now IInder constrllction at the Lawrence 
Berkeley Laboratory, showing schematically the scope of the project described in the following chapters. 
The project includes ouifilling of 25,200 gross sqllare feet of light lab and office space ill the second 
floor of the ALS building, as well as the constrllction of insertion devices and beamlines for use by ALS 
experimental teams. Three III/dlliators, a wiggler,follr insertion-device beamlilles, and one bend-magnet 
beam line are described here, bllt the specific facilities to be constrllcted will depe/ld on ti,e expressed 
needs of the user community. 
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2. 
INTRODUCTION 

SYNCHROTRON radiation facilities are said to be 
entering their third generation. Originally, in electron synchrotrons built for high-energy 
physics research, synchrotron radiation was viewed as an annoyance, since the resulting 
electron-beam energy loss required compensation by powerful radio-frequency 
accelerating systems. However, it was soon recognized that synchrotron radiation could 
be useful for a wide range of physical, chemical, and biological experiments, quite 
unrelated to the original purpose of the accelerators. Although the scientific community 
has taken great advantage of the synchrotron radiation produced by these first-generation 
light sources, the properties of the accelerators were not at all well-matched to this 
secondary purpose. 

More recently, electron storage rings specifically dedicated to producing 
synchrotron radiation have been designed, constructed, and operated. Most storage rings 
in this so-called second generation of synchrotron radiation sources have become 
operational in the past decade or so, both in the United States (the National Synchrotron 
Light Source at Brookhaven National Laboratory, Aladdin at the University of 
Wisconsin) and abroad (England, France, Germany, Japan). These newer facilities, while 
built expressly for the production of synchrotron radiation, were designed primarily for 
photon beamlines that arise from the storage rings' bend magnets (which serve to keep 
the electron beam in its approximately circular orbit). 

Machines of the third generation, by contrast, will be optimized to produce light 
from insertion devices, devices placed in straight sections of the storage rings, generating 
radiation with dramatically enhanced spectral propeliies. These insertion devices
undulators and wigglers -are periodic magnetic structures in which electrons experience 
periodic reversals of direction as they traverse the length of the device. This is illustrated 
schematically in Fig. 2-1. A storage ring designed for optimum utilization of photon 
beams from such insertion devices must include a suitable number of long straight 
sections to accommodate the undulators and wigglers, and it must provide an electron 
beam with very small transverse dimensions so as to produce the brightest and most 
intense photon beams possible. Due to begin operation at the Lawrence Berkeley 
Laboratory as a national user facility in 1993, the 1.5-GeV Advanced Light Source, 
shown in Fig. 2-2, will be the first synchrotron radiation facility in the world to 



2. INTRODUCTION 

I 

L.--- Au-1 
Magnetic undulator I I t 

(Nperiods) _1- t - I A 

Relativistic 
electron 
beam, 
E = ymoc2 

j -1 ~ j........-~ ~~ -~::::2e"'--Of~~~:YS 
~ 

-
'1 Permanent 

magnets 

Flux-'concentrating 
steel (Fe) pole pieces 

XBL 831-759C 

Figure 2-1. Schematic of a periodic magllet structure (all 11IIdulator) with N periods of 
Ietlgth All' The oscillatiolls of the electroll beam (of ellergy }tII0c2) passillg through the 
11IIduiator produce ultraviolet alld soft x-ray radiatioll of high spectral brightlless alld high 
coherellt power. Tile radiatioll occurs at a wavelellgth A ill lIarrow spectral widtll il./LIA = N 
alld is propagated forward ill a lIarrow calle of half-allgle O. 

incorporate these design features. The ALS will offer world-leading photon capabilities 
for users from industry, academia, and the nation's government laboratories. 

2.1 SYNCHROTRON RADIATION CHARACTERISTICS 

In discussing the propagation properties of electromagnetic radiation, the density of 
the photon flux in phase space plays a fundamental role and is generally referred to as the 
brightness. Here we reserve this term for the phase-space density of the photon flux, 
evaluated in the forward direction and at the center of the source, that is, at the origin of 
the phase space: 
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Figure 2-2. Photograph of the ALS, scheduled to begin operaJWn in 1993. 
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where 9 and IjI are the horizontal and vertical angles, and x and y are the horizontal and 
vertical coordinates, respectively. Accordingly, brightness is expressed in 
photons/(s·mm2·mrad2). (Note that this quantity is sometimes called the brilliance.) The 
brightness uniquely characterizes the strength of a radiation source, as brightness is 
invariant under propagation through linear optical elements, such as lenses or free space. 

Integrating the phase-space density over the angles (or the position coordinates) 
gives the spatial (or angular) density of flux: 

d
2
1' = f d

4
1' d9dljl 

dxdy d9dljldxdy , 
(2-2a) 

(2-2b) 

For synchrotron radiation, the angular density of flux [Eq. 2-2bl is the more familiar 
quantity, as it can be calculated from standard textbook formulas. However, it is not an 
invariant measure of the source strength, because its magnitude depends on the nature of 
the beamline focusing elements. Finally, the flux can be obtained by further integration: 

1'= f d 2
1' d9dljl = f d 2

1' dxdy . 
d9dljl dxdy 

(2-3) 

The flux, expressed in photons/s, is another invariant that can be used to characterize the 
source strength. 

It is generally convenient to consider the various differential fluxes introduced 
above in a small bandwidth around a given energy. In this case, we use the adjective 
spectral. Thus, we speak of the spectral brightness, spectral flux, the angular density of 
spectral flux, and so on. Typically, the spectral brightness and spectral flux are expressed 
as the brightness and flux, respectively, within a 0.1 % bandwidth. 

Yet another property of the photon beam from an undulator is its coherence. In the 
limited sense used here, coherence refers to the ability to form interference patterns when 
wave fronts are separated and then recombined. Although the photon beams from the 
ALS undulators are only partially coherent, they will nonetheless be satisfactory for many 
experiments that utilize phase-sensitive techniques, for example, x-ray interferometry and 
x-ray microholography. 

Finally, the narrowness of the spectral emission line is set by the number of 
undulator periods, N. Again, this will be significantly increased at the ALS, the first 
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2.1 Synchrotron Radiation Characteristics 

synchrotron radiation source specifically optimized for undulator radiation. Narrow 
spectral lines allow most of the generated photons to be concentrated in the most desired 
regions-at or near resonances of the atoms and molecules of interest. 

2.2 RESEARCH OPPORTUNITIES 

Exceptionally high spectral brightness is the new feature of third-generation synchrotron
radiation facilities. The storage rings at these facilities are designed to optimize 
brightness in two ways. The combination of a storage ring having a very low emittance 
with qptimized undulators makes possible the generation of radiation with a spectral 
brightness that is a factor of 20 or more greater than that obtainable from second
generation sources, depending on the spectral range. In the past, order-of-magnitude 
increases in brightness have led to qualitatively new developments in spectroscopic and 
structural studies of both gas-phase and condensed matter. 

High brightness translates into an ability to place a large number of photons into a 
small sample area. Most directly benefiting from high brightness, therefore, are 
researchers in the life and physical sciences who hope to achieve enhanced spatial 
resolution, down to distance scales of several hundred angstroms in soft x-ray microscopy 
and spatially resolved ultraviolet and soft x-ray spectroscopy. As an example, the latter is 
likely to play an important role in the study of solid surfaces, which are mostly 
heterogeneous, making it difficult to interpret spectroscopic data obtained by illuminating 
the entire surface. With spatial resolution, spectral features can be directly associated 
with specific surface areas and structures. Imaging technology is advancing in step with 
that of undulators. 

For the spectroscopist in search of spectral resolution, the benefits of brightness are 
equally substantial. Brightness leads to the ability to achieve such resolution without the 
usual penalty of a reduced signal and an increase in measuring time. Experiments with 
once impractically long measuring times now become reasonable to contemplate. For 
example, spectroscopy in atomic physics and chemistry will be enhanced because the 
high brightness will allow measurements to be made with tenuous gas-phase targets . 

At the ALS, operating at 1.5 Ge V, the radiation will cover the spectrum of photon 
energies from a few e V to several ke V. This energy range is well-matched to the primary 
atomic resonances of the light elements, as well as the resonances of many molecular 
transitions. In addition, the corresponding wavelengths are comparable to important 
spatial scales, for example, the pitch and diameter of biochemical helices, the 
microstructural features of materials, and the feature sizes of next-generation electronic 
microcircuits. It is also important that the radiation be broadly tunable, a feature not 
available with any other high-brightness technology. Tunability permits, for example, 
resonances to be tracked, as variables such as the concentrations of perturbing neighbors 
are changed in a given experiment. 

For many advanced experiments, especially those aimed at studying the fast 
processes of chemical reactions, surface dynamics, and interface formation, short pulses 
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are also required to time-freeze the action. For this reason, the ALS was designed for 
very short electron bunch lengths, resulting in radiation pulses in the 30- to 50-ps regime. 
This will be particularly valuable in conjunction with pump-probe experiments, such as 
might be used for studying-phase transitions with synchronous pulses from a visible laser 
and from an undulator producing shorter wavelength radiation. Likewise, life scientists 
hope that, if radiation damage due to the x-ray exposure can be avoided or minimized, it 
will be possible to image changes in functioning biological cells and cellular structures in 
near-natural environments. 

The ALS will also offer important opportunities for advances in industrial research 
and technology. Foremost among these is cutting-edge research in advanced lithography, 
addressing issues related to next-generation chips and beyond. Central to; this research 
will be the development of advanced imaging techniques, probably by means of 
projection optics, for printing smaller circuit features than feasible with proximity 
printing. Other industrial applications also lie just ahead: 

• X-ray fluorescence microprobes provide trace-element analysis with spatial 
resolution that will soon approach the I-11m level in an extremely diverse variety of 
applications, including the distribution of small strengthening particles in ceramics, 
the distribution of doping materials in semiconductors, the composition of 
inclusions in geological materials, and trace element analyses of biological 
materials. 

• High-resolution computed x-ray tomography creates three-dimensional images with 
elemental and chemical-state specificity. The spatial resolution is again 
approaching 1 11m in materials as diverse as ceramics, composite materials, 
catalysts, coals, rocks and porous media (such as oil-bearing sandstones), integrated 
circuits, and implants in human tissue 

• Small- and wide-angle scattering applies to structures on a size scale from tens to 
thousands of angstroms in catalysts, polymers, heavy hydrocarbons, rocks and 
porous media, and surface layers. 

Specific examples of the types of experiments that will be possible a:t the ALS were 
summarized in the conceptual design report for the ALS [1-2 Ge V Synchrotron Radiation 
Source Conceptual Design Report, 1986] and have been described in more detail in a 

-number of more recent reports and workshop proceedings [Baer, 1988; Dillard et aI., 
1988; Eberhardt and Fadley, 1988; Kevan and Himpsel, 1988; Krause, Lindle, and 
Perera, 1988; Rothman et aI., 1988; Carruthers, Oldham, and Attwood, 1990; Combustion 
Dynamics Facility Scientific Program Summary, 1990; Perera, Cowan, and Schlachter, 
1991; Van Hove, Falicov, and Upton, 1991; Applications of Circularly Polarized Photons 
at the ALS from a Bend-Magnet Source, 1992; Spectroscopic Imaging, Diffraction, and 
Holography with X-Ray Photoemission, 1992; Applications of the Advanced Light Source 
to Problems in the Earth, Soil, and Environmental Sciences, 1992; Putting Synchrotron 
Radiation to Work: Analytic Methods, 1992]. The applications cover diverse areas, 
including atomic and molecular physics; biology and medicine; chemical dynamics; and 
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2.2 Research Opportunities 

materials, interface, and surface science-as well as industrial research and technology. 
In the following sections, scientific opportunities are described that can be addressed by 
the baseline experimental facilities proposed for this project. 

2.2.1 Spectroscopy of Materials, Interfaces, and Surfaces 

Several of the most exciting applications of the ALS lie in the field of materials, 
interface, and surface science. 

The ALS will allow significant advances in core-level spectroscopy, which today 
represents the mainstream of applied research with synchrotron radiation. Core-level 
spectroscopy can be applied to understanding many complex materials and interfaces that 

. have technological applications. Highlights include the use of core-level shift and 
intensity measurements in characterizing metal-semiconductor interfaces and the 
application of EXAFS and photoelectron diffraction to determine the bonding geometries 
of a variety of surface and interface systems. A consequence of such studies will be 
predictive capabilities as to interface formation and materials engineering, both of which 
are crucial for many areas of high technology, including microelectronics. Atomic
resolution imaging of the surfaces and interfaces of new materials is one of the most 
pursued goals of the materials science community. The recently pioneered technique of 
electron-emission holography will assist in fulfilling this goal by coupling the atom- and 
state-selectivity of photoelectron spectroscopy with the structural information of a 
diffraction experiment. 

Valence-band spectroscopy complements core-level measurements. For example, 
angle-resolved ultraviolet photoelectron spectroscopy (ARUPS) produces maps of the 
band structure (i.e., electron energy vs. wave vector or momentum) for the valence bands 
of single-crystal solids, ordered adsorbates, and epitaxial overlayers. High angular 
resolution is needed for materials with smalrBrillouin zones (e.g., reconstructed surfaces 
and complex solids). High-Tc superconductors and heavy-fermion systems are other 
examples of systems awaiting the application of high-resolution ARUPS. 

Extreme sensitivity for determining short-range order on surfaces is offered by the 
technique of surface EXAFS, or SEXAFS. By tuning the photon energy to the absorption 
edge of an adsorbate atom on the surface of a material and using fluorescence or electron
yield detection, one may determine the local bonding geometry, such as the numbers and 
distances of atoms that are adjacent to oxygen atoms on the surface of a partially oxidized 
metal or semiconductor. 

SEXAFS and the related technique of x-ray absorption near-edge structure 
(XANES), also known as near-edge x-ray absorption fine structure (NEXAFS), are a 
powerful combination for the investigation of molecular orientations and bonding sites on 
surfaces. XANES is sensitive to bond energy and shape. Systems that can be studied 
range from diatomic molecules to thin polymer films bonded to surfaces. Molecular 
chemisorption systems are of fundamental importance in various technological processes, 
such as heterogeneous catalysis, reactive etching of semiconductor surfaces, or the 
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packaging of electronic devices. With the use of fluorescence detection, samples may be 
studied in nonvacuum environments similar to those in real catalytic reactions. 

The ALS furthermore has significant potential for defect spectroscopy of 
semiconductor interfaces and surfaces, for which no suitable probe now exists. Soft x-ray 
photoabsorption studies may be extended to determine the local structure around atoms 
present in very dilute concentrations in a host system; this will be an extremely important 
achievement in surface studies of precursor states, oxidation, poisoning, and chemical 
reactions on transition-metal catalysts. 

Considerable information about the structure of surfaces and thin films can also be 
obtained with the technique of grazing-incidence x-ray scattering. Changing the angle of 
grazing incidence varies the depth of penetration of the highly collimated x -rays from 
tens of angstroms to tens of thousands of angstroms (that is, several micrometers). 
Scattering is confined to within this penetration depth, thereby providing a means of 
distinguishing the surface atoms from those in the interior. Almost all of the diffraction 
techniques applied to bulk materials may be applied to surfaces and thin films. The 
structure of reconstructed surfaces and adsorbed layers on metals and semiconductors can 
be examined. Interactions between surface atoms and chemisorbed molecules can be 
directly monitored. The lattice parameters, the identification of different crystalline 
components, crystallite sizes, and strain can be determined in polycrystalline films. 

2.2.2 Circular Polarization 

Every technical advance in the utilization of synchrotron radiation has given rise to new 
opportunities in materials arid surface science. One dimension that is just beginning to be 
exploited in the US. is the use of circularly polarized photons. Radiation from bend
magnet sources is linearly polarized in the plane of the orbiting electrons. Out of this 
plane, the radiation is elliptically polarized, becoming circularly polarized as the angle 
out of the plane increases. Although the flux is limited, scientists are successfully 
exploiting the natural circular polarization of bend-magnet radiation and turning it into a 
sophisticated new tool for probing the secrets of matter. The extra degree of freedom 
associated with circular polarization lends a precision and specificity to photon-based 
techniques that is otherwise lacking. For example, turning transitions on and off by 
varying the polarization is a powerful means of ascertaining state or band symmetry. 
Consequently, the use of circularly polarized synchrotron radiation is now at the cutting 
edge of research on properties that are dependent on electron spin, particularly the 
magnetic properties of solids and thin films. a subject not only of academic interest to 
solid-state physicists and materials scientists but of considerable economic importance to 
the magnetic recording industry. Spin-dependence is at the core of understanding 
magnetism on a microscopic scale. For magnetic materials, the opportunities range from 
very basic questions concerning theories of finite-temperature itinerant magnetism and 
surface critical phenomena, to applications-oriented areas associated with film growth 
and the properties of magnetic memory and recording devices. 
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Recently, several undulator and wiggler sources have been proposed that will 
increase the flux of circularly polarized photons and offer the possibility of rapidly 
modulating the polarization between right- and left-handed polarization states. Here the 
ALS will make a crucial contribution, especially when the spin polarization of 
photoemitted electrons is one of the variables to be measured. The spin polarization is 
due to the exchange interaction in magnetic materials and to the spin-orbit interaction in 
nonmagnetic materials. In the most demanding angle- and spin-resolved experiments, 
high resolution is required simultaneously for energy, electron momentum (angle), and 
spin polarization.. The high brightness and flux of the ALS undulators will be necessary 
to and fully exploited by these experiments. 

Applications of spin-polarized photons extend far beyond magnetic materials and 
range from mapping the band structure of solids by angle-resolved photoemission to 
determining the structure of chiral biological molecules by differential scattering. The 
folding of chromatin is an example of a crucial problem whose exploration will benefit 
from the use of circularly polarized photons. The static and dynamic electronic properties 
of molecules, including novel systems, such as self-assembled monolayers on surfaces 
and organic superconductors, can also be investigated by means of natural and magnetic 
circular dichroism. Selective photochemistry with circularly polarized photons is still 
another possibility, as in the enhancement of a specific dissociation pathway in a 
photolytic deposition process. 

2.2.3 Dynamical Phenomena in Solids 

Time resolution is a feature of all synchrotron sources that follows from the bunched 
character of the stored electron or positron beam. In the normal multibunch operating 
mode of the ALS, the pulses will be about 30 ps wide and will come at intervals of 2 ns. 
It will also be possible to operate in a few bunch mode with pulse separations up to 0.6 
J.ls. Time resolution can be achieved with the ALS alone or with the ALS operating in 
synchrony with other light sources, such as a high-speed laser in a pump-probe mode. 
Achieving such a temporal resolution represent a second new dimension in experimental 
studies of solid materials. An outstanding challenge is to do real-time measurements of 
dynamical phenomena, particularly those that appear as time-dependent features in 
various core-level and valence-band spectra. The high flux and brightness of the 
radiation from ALS undulators and its sharp time structure will make it possible to 
observe effects in core-level spectra, such as photoemission and Auger-electron emission, 
that occur within picoseconds after excitation by the undulator pump beam because of the 
rapid relaxation of the environment surrounding the core hole following excitation by a 
soft x-ray or ultraviolet pulse. In the past, the ability to measure time-dependent spectra 
has been severely hampered by the absence 'of facilities with the required time-resolved 
capabilities in this energy range. Equally important is the capability to probe the resultant 
excited state with a synchronized, short pulse of delayed tunable synchrotron radiation. 
In this way, the pump-probe technique that is well established in laser spectroscopy in the 
visible and infrared can be extended to the soft x-ray and ultraviolet spectral regions. 
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2. INTRODUCTION 

Heretofore-impossible dynamical experiments in solids, including semiconductors 
and semiconductor heterostructures, insulators, magnetic materials and thin films, and 
novel materials systems, such as molecular solids, become feasible. For example, pump
probe photoemission provides a unique means of mapping in detail the conduction-band 
states in the wide-gap semiconductors or insulators that are candidates for photonic 
devices. Charge-carrier dynamics due to phonon, impurity, and alloy scattering in 
quantum heterostructures will be similarly susceptible to pump-probe studies. Time
resolved studies of spin dynamics, both intra-atomic and long-range, such as the time
scale for energy transfer between phonon and spin degrees of freedom, constitute a 
frontier area of magnetic-materials research, particularly for thin films, and relates to the 
fundamental limits of magnetic recording processes and the feasibility of novel 
information-storage techniques .. 

Surfaces and interfaces represent still another challenge for time-resolved 
measurements of dynamical phenomena. Surface processes can be induced and 
interfacial dynamics explored in order to understand basic bond-breaking, bond-making, 
and energy-transfer processes on surfaces . . Specifically, the high flux of the ALS will 
play an important role in photolysis by generating sufficient reaction products (either new 
adsorbed species or desorbed gases,) for examiriation by time-resolved surface analytical 
techniques. Photolytic etching and chemical vapor deposition represent technological 
opportunities that will greatly benefit from the extension of present laser-based 
techniques to those using shorter wavelength, tunable, synchrotron radiation. 

2.2.4 Chemical Reaction Dynamics 

Time-resolved applications of the new source are also anticipated in the area of 
chemical reaction dynamics, which encompasses all phenomena in which molecules 
undergo energetic or chemical transformations. The chemical behavior of highly 
reactive, severely strained, or unstable molecular species and molecules in excited 
electronic and vibrational states underlies important processes, such as the combustion of 
fossil fuels and the manufacture of high-tech materials, that have tremendous economic 
and environmental implications. The high flux and high brightness of the ALS provide 
for concerted experimental investigations of these important chemical species at the 
molecular level. The challenging areas of research that will become accessible include: 
the chemical reactivity, structure, and spectroscopy of poly atomic radicals, reactive 
intermediates, clusters, and unusual transient species; details of the mechanisms of 
elcmentary chemical reactions and of primary dissociation processes of aromatic 
molecules; the nature of molecular energy flow; and bond-selective, mode-selective, or 
regio-selective means of modifying and manipulating chemical reactivity. These will be 
studied under collision-free conditions, single-collision situations, or at the vacuum
surface interface. 

ALS undulator radiation, when used as a photoanalysis source, can produce 
macroscopic quantities of VUV photoproducts. This effect will permit experiments to 
study the primary dissociation of polyatomic molecules. For example, the dissociation 
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2.2 Research Opportunities 

dynamics of CH2=CH-C",CH will reveal the important mechanisms of addition reactions 
involving two acetylenes. The kinetics of complicated combustion-related reactions can 
be unraveled when specific free-radical products are selectively ionized by the tunable 
ALS undulator radiation. The ALS will extend the possibilities of bond-selective 
chemistry in the UV. In the photodissociation of CH2llir, for example, it has been shown 
that it is possible to dissociate selectively the stronger C-Br bond and keep the weaker C-I 
bond intact by exciting the non bonding electrons of bromine to an antibonding orbital of 
the C-Br bond. 

When the ALS is operated in the eight-bunch mode, the expected photon pulse 
width will be 50 ps. An unprecedented resolution of 1 me V over the entire energy range 
from the ionization potential to 30 e V can be obtained in threshold photoelectron 
spectroscopy. Spectra of this resolution will reveal new structure for nearly all species 
investigated. The use of a cold molecular beam and the excellent electron-energy 
resolution make possible the study of dissociation reactions of metastable ions and of 
reactions between ions and molecules. The fifty-fold increase in internal-energy 
resolution provided by the ALS will certainly reveal new information about these 
complex reactions. 

The study of clusters and free radicals is one of the most active areas in modern 
chemical physics. Carbonaceous clusters are important direct players in combustion 
processes such as soot formation and coal combustion, but an understanding of their 
structure, thermochemistry, and reactivity remains to be achieved. Metallic clusters, on 
the other hand, play important roles in catalysis, have practical applications in catalytic 
converters, and have unique and unexplained reactive and electronic properties. Reactive 
free radicals are often the active species controlling complex chemical reaction networks, 
yet they are the most difficult to understand because of the difficulty of making them in 
quantity. ALS UV radiation, is uniquely suited to study the vibrational and electronic 
spectroscopy of these species, to measure ionization potentials, to determine bond 
energies, and to determine the lowest -energy pathways in fragmentation of the species. 

2.2.5 Atomic and Molecular Physics 

In atomic and molecular physics, the brightness of the new source will permit 
spectroscopists to measure effects in very dilute gas sources. An atom or molecule is 
held together in the balance between the attraction of the nucleus for the electrons and the 

. mutual repulsion of the electrons for one another. This equilibrium is delicate, and the 
effects of correlation (i.e., the mutual interaction of the electrons) can be dramatic, giving 
rise to complex satellite spectra in photoemission, for example, and thereby providing a 
stringent test of new theoretical techniques. Studies of free atoms and molecules will 
emphasize electron-electron and electron-vibrational correlation effects and coincidence 
measurements (including angular correlations) between various fragment particles, for 
example, between photoelectron-Auger electron or electronic-ionic fragment pairs. In 
these studies of highly tenuous targets, the high brightness, high resolution, and 
polarization of the photon beam will be crucial. Novel and extremely detailed work will 
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2. INTRODUCTION 

not only include noble gases, but also can be extended to encompass high-temperature 
atomic and molecular targets and chemically important transient species. 

Relativistic, quantum-electrodynamic, and correlation effects will be readily 
measurable. Also, the properties of open-shell atoms, atoms in excited states, and highly 
stripped ions can be studied. These are systems that occur in astrophysical and plasma 
environments and that may someday serve in x-ray laser schemes. Some of these 
experiments will involve combinations of the synchrotron source with tunable lasers and 
with heavy-ion beams, storage rings, or traps. The vibrational structure of molecules will 
become resolvable, even for core levels. It will become possible to study the dynamics of 
energetic processes in atomic inner shells, including resonances that occur on a uniquely 
fast time scale. The short-time (pulse) structure of synchrotron radiation can be used for 
ultra-high-resolution time-of-flight spectroscopy. A recent example is the study of 
double ionization of He, in which one-step and two-step processes in ionization were 
investigated. Studies of the ionization of neutral species to fully understand shake-up, 
shake-off, and other electron correlation effects are planned at the ALS. 

The polarization of synchrotron radiation is a powerful property whose use can give 
detailed insight into atomic processes. Undulator radiation is essentially 100% linearly 
polarized and can be used with angle-resolved spectroscopy to determine accurately the 
asymmetry parameter of emitted photoelectrons or, in the case of an aligned target, the 
matrix elements describing the emitted photoelectrons. These techniques provide a very 
stringent test of theoretical models. In addition, the high intensity of the light from the 
ALS will allow experimenters to measure spin polarization of the photoelectrons-the 
third crucial quantity in the photoelectric effect (in addition to energy and angle). Thus, 
the degeneracy between the two spin components will be lifted, permitting the complete 
determination of all transition amplitudes and leading to direct measurements of 
relativistic interactions in atoms. 

The brightness of the ALS will permit measurements on tiny samples of rare 
materials, such as the radioactive actinides, whose properties have largely eluded 
determination in the past, because the materials were available only in quantities 
insufficient for study by traditional means. 

2.3 BASELINE PROJECT SUMMARY 

State-of-the-art experimental facilities for providing light to researchers at the ALS are 
the central elements of this project in addition to the approximately 25,200 gross square 
feet of finished light laboratory and office space for ALS users in the second floor of the 
ALS building. As discussed in Chapter 1, the final choice of the insertion devices and 
beamlines to be constructed will depend on the identified needs of the user community
needs that will be brought into focus, in parallel with evolving research priorities, before 
construction on the project begins. Nonetheless, a baseline complement was established 
to serve as the basis for the conceptual design, the estimation of costs, and the definition 
of a schedule. This baseline complement of apparatus and equipment comprises 
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2.3 Baseline Project Summary 

• An 8-cm-period undulator and one undulator and one bend-magnet beamline for 
two-photon studies of the dynamical phenomena in materials in the photon-energy 
range from 20 e V to 300 e V 

• A lO-cm-period undulator and one beam line for chemical reaction dynamics in the 
photon-energy range from 5 to 50 eV 

• A crossed-field undulator to provide radiation with controlled circular polarization 
and one beamline for the investigation of materials and biological systems in the 
photon-energy range from 20 e V to 300 e V 

• A 16-cm-period wiggler and one beam line with two branches for materials science 
and atomic physics in the photon-energy range from 65 eV to above 10 keY. 
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3. 
INSERTION DEVICES 

The initial complement of experimental facilities for the 
ALS includes two undulators with a 5-cm period and one with an 8-cm period. 
Accordingly, a conceptual design for undulator U5.0 was prepared in 1989 [U5.0 
Ulldulator COllceptual Desigll Report, 1989; see also Hoyer et aI., 1991, and references 
therein] and for undulator U8.0 in 1990 [ALS Insertion Device Design Group, 1990]. 
Fabrication of the first U5.0 device is near completion and is proceeding for the second 
U5.0 and the U8.0. The scope of experimental facilities for the project described here 
includes undulators with 8.0- and 1O.0-cm periods, a crossed-field device comprising two 
8.0-cm undulator sections separated by a variable-field magnet, and a wiggler with a 16-
cm period. The design of all ALS-constructed insertion devices contains many generic 
features. In particular, undulator U 10.0 closely resembles undulator U8.0, and the 
crossed-field undulator UX contains many elements common to all ALS undulators, as 

. does the wiggler WI6.0. 

3.1 INSERTION-DEVICE CHARACTERISTICS 

The properties that make synchrotron radiation generated by insertion devices so special 
can be understood by again considering Fig. 3- 1. The case of an undulator is especially 
instructive. The oscillation of relativistic electrons as they pass through an undulator 
causes radiation to be generated in narrow spectral lines and with minimal divergence, 
approaching limits set by the small but finite wavelength of the radiation (the so-called 
diffraction limit). It is important that the very thin, pencillike beam of fast electrons be 
tightly controlled in phase space, that is, that the emittallce be as small as possible. If it is 
not, the synchrotron radiation will not have the desired small divergence and spatial 
coherence. 

The extent of the resulting electron deflection in a wiggler or undulator is 
characterized by the dimensionless parameter 

K=0.934BOAU' (3-1) 



3. INSERTION DEVICES 

where BO is the peak magnetic field (in T) and AI/ is the spatial period (in cm) of the 
. magnetic field. An undulator is characterized by a low value of K (~I). Because of the 
interference of radiation from different periods, undulator radiation is spectrally 
compressed into a series of narrow peaks (see Fig. 3-1) at harmonics of the fundamental 
energy, given by 

0.95 E2[GeV] 

All [cm] (I + ~2) 
(3-2) 

where E is the electron energy. The fundamental is a peak whose width (IJ.AlA) is of order 
liN, where N is the number of undulator periods; the harmonics are sharper still. The 
fundamental wavelength depends on the magnet gap and can be tuned over a certain 
range by physically varying the gap between the upper and lower halves of the undulator. 
Higher photon energies are generally obtained by using a shorter peliod length; however, 
there is a lower limit to the practical period length of an undulator, because the magnetic 
field decreases rapidly as the ratio of the period length to the magnet gap becomes small. 
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3. J Insenioll-Device Characteristics 

An undulator with a period length of 3.9 cm (U3.9) is the shortest-period insertion device 
now being considered for the ALS. 

For the ALS undulators, we anticipate that the first, third, and fifth harmonics will 
provide useful output. Harmonics of higher order are also present, and though more 
sensitive to undulator construction errors, they may provide substantial fluxes of higher
energy photons in the same beam-potentially a very valuable asset. This point is 
important, because beamline optical systems are generally designed to handle wider 
energy ranges than can be covered with the fundamental radiation of an undulator. The 
useful operating range of an ALS undulator is considered to lie, roughly, between the 
energy of the fundamental at the largest achievable K value and the energy of the fifth 
harmonic at K = 0.5. 

For each electron, the most useful radiation at the fundamental wavelength lies in a 
narrow cone about the axis of the system, with an rms half-angle equal to (')JL)I/2, where 
A is the wavelength of the fundamental and L is the length of the undulator. If the 
electron-beam emittance is sufficiently small, the radiation in the vacuum ultraviolet and 
soft x-ray regions appears to emanate from a source of almost diffraction-limited size. As 
a result, in this spectral region, undulators can provide radiation of unparalleled spectral 
brightness [see Eq. (2-3»), with a significant degree of spatial coherence. 

For experiments at the ALS requiring x-rays with energies above 1 keY, a wiggler 
is needed, rather than an undulator. A wiggler produces a broadly peaked (or "white") 
spectrum of harder x-rays, which is spread into a relatively wide fan of radiation 
emerging from the insertion device. For wigglers, which are characterized by large K of 
10 or greater, higher harmonics dominate. Moreover, spectral peaks at very high 
harmonics tend to smooth out owing to the blurring effects of the electron-beam 
emittance and energy spread, thus producing a smooth spectrum. Wigglers can therefore 
be regarded simply as a sequence of bend magnets of alternating polarity. The radiation 
from the alternating bending sections adds incoherently, giving rise to a 2N-fold increase 
in the radiation intensity (compared with a single bend magnet), where N is the number of 
magnet periods. Wigglers are often characterized by an on-axis critical energy 

Ec = 0.665 FJ. [Ge V] Bo [T] (3-3) 

. where E is the electron energy. 

3.2 UNDULATOR US.O 

Far more design detail for undulator U8.0 is available in the conceptual design 
report than is presented here, and the following paragraphs set out only the salient points 
of the design, including brief discussions of the magnetic structure, the design of the 
support and drive system, the configuration of the control system, and the design of the 
vacuum system. Performance data are summarized in Figs. 3-2 and 3-3 and in Table 
3-1 a. 
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The U8.0 device has 55 periods, each of length 8.0 cm, and a total length of 4.6 
meters . By using the third and fifth harmonics, as well as the fundamental, the spectral 
range 12-2100 A. (6-1000 eV) can be covered. To reach the lowest energy in this range 
requires an effective field Beff of 1.3 T at the minimum gap. Error tolerances must be 
carefully specified to ensure high brightness in the first three odd harmonics. Major 
parameters and tolerances for U8.0 are given in Tables 3-2 and 3-3; these values were 
established to fully exploit the potential of the ALS. Tolerances were set by calculating 
the effects of errors on spectral performance. 

The U8.0 undulator is shown in Figs. 3-4 and 3-5. The major subsystems are (i) the 
magnetic structure itself, which includes the hybrid pole assemblies mounted on pole 
mounts that are attached to the 4.5-meter-long backing beams; (ii) the support and drive 
system, which includes the framework for supporting the magnetic structure and the 
mechanism for opening and closing the magnetic gap; and (iii) the vacuum system, which 
includes a 5.1-meter-long vacuum chamber and its associated pumping system. Figure 
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3-4 reflects a philosophy of generic design, whereby the major components of all 
insertion devices share similar designs-the objectives being reduced engineering and 
fabrication costs and simplified maintenance. 

3.2.1 Magnetic Structure 

The magnetic structure includes the periodic magnetic structure, the end rotators, the 4.5-
meter-long backing beams, and the auxiliary tuning coils. The US.O undulator 
incorporates a hybrid magnetic configuration consisting of neodymium-iron-boron (Nd
Fe-B) blocks and vanadium permendur poles. A hybrid design was chosen for its several 
advantages over a design using pure current-sheet-equivalent material (CSEM): 

• The field is dominated by the characteristics of the poles, which can be made very 
uniform, both in size and in magnetic performance. 
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3. INSERTION DEVICES 

BO (T) 

BRI 

Table 3-1 (followillg pages). Detailed performallce characteristics of (a) IIl1dlllator U8.0, 
(b) lllldlliator UIO.O alld (c) wiggler W16.0, operatillg at all electroll ellergy of 1.5 GeV. 
For the lllldulators, clraracteristics are givellfor tlrefulldamelltal alldfor tire third alldfrftlr 
Irarmollics, for several vailles of K. Tire symbols IIsed are explailled below. 

Peak magnetic field for undulators and wigglers. 

Spectral brightness, i.e., flux per unit phase space area 

[photons/(s·mm2·mrad2·O.1 % bandwidth)]. 

E (GeV) Beam energy. 

ECR (keV) 

EP (keV) 

F 

Critical energy for wigglers and bend magnets. 

Photon energy. 

Spectral flux. For undulators the flux in the central cone; for wigglers and bend magnets, 

the flux within a 5-mrad horizontal angle and all vertical angles 

[photons/(s·O.1 % bandwidth)]. 

FDENI Spectral flux per unit horizontal angle [photons/(s·mrad·O.1 % bandwidth)]. 

FDEN2 Spectral flux per unit solid angle [photons/(s·mrad2.O.1 % bandwidth)] . 

. I (A) Beam current. 

K Peak deflection parameter for undulators. 

LAMBW (cm) Period length of undulators and wigglers. 

N Number of magnet periods (undulators and wigglers). 

n Harmonic number for undulator radiation. 

NPOLE Number of wiggler poles. 

PCEN (W) Power transmitted through a pinhole whose angular size is equal to that of the central 

angular cone at the fundamental frequency. 

PDENI Power emitted (at all frequencies) per unit horizontal angle [W/mrad). 

PDEN2 Power emitted (at all frequencies) per unit solid angle [W/mrad2]. 

PTOT (kW) Total power (all angles and all frequencies) emitted by undulators and wigglers. 

RHO (m) Radius of curvature of electron beam in a bend magnet. 

SIGPX (mrad) Horizontal rms beam divergence in the straight section. 

SIGPY (mrad) Vertical rms beam divergence in the straight section. 

SIGX (mm) Horizontal rms beam size in the straight section. 

SIGY (mm) Vertical rrns beam size in the straight section. 

XLEN (m) Length of undulators and wigglers. 
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3.2 Undula/or UB.O 

Table 3-1a. Undlliator UB.O. 

E(GeV) J(Amp) SIGX(mm) SIGY(mm) SIGPX(mr) SIGPY(mr) N LAMBDW(cm) XLEN(m) 
1.50 OAOO 0.330 0.063 0.030 0.016 61 SOO 4.5 

*************************************************************************************** 

K BO(T) PTOT(kW) PDEN2(W/(mr**2» PCEN(W) 
0.07 0.01 2.73E-04 2.22E+OO 2.09E-02 

n EP(keV) F(#/s·O.1 %BW) FDEN2 BRI 
1 2.66E-OI 1.90E+13 2.0IE+15 1.51E+16 
3 7.99E-OI 2.39E+OS 4.53E+09 3A4E+II 
5 1.33E+OO 3.23E+03 7.3 1 E+05 5.57E+06 

K BO(T) PTOT(kW) PDEN2(W/(mr**2)) PCEN(W) 
0.50 0.07 1.24E-02 7.2IE+OI 7.33E-OI 

n EP(keV) F(#/s·O.1 %BW) FDEN2 BRI 
1 2.37E-OI 7.32E+14 7.16E+16 5.37E+17 
3 7.12E-OI 1.47E+13 2.66E+15 2.02E+16 
5 1.I9E+OO 3.24E+1I 7.0SE+13 5AOE+14 

.... ......................... ........ ........... ........ ....................... ............. .......................................... ... .. .... .. ...... 

K BO(T) PTOT(kW) PDEN2(W/(mr**2» PCEN(W) 
1.20 0.16 7.17E-02 2.06E+02 2.S4E+OO 

n EP(keV) F(#/s·O.1 %BW) FDEN2 BRI 
1 1.55E-O I 2.29E+15 1.65E+17 1.23E+IS 
3 4.66E-OI 5.53E+14 S.12E+16 6. 15E+17 
5 7.76E-01 1.54E+14 2.S7E+16 2.ISE+17 

K BO(T) PTOT(kW) PDEN2(W/(mr**2)) PCEN(W) 
7.S0 1.04 3.03E+OO 1 AOE+03 2.67E+02 

n EP(keV) F(#/s·O.1 %BW) FDEN2 BRI 
1 S.50E-03 3.3SE+15 1.75E+16 9.0IE+16 
3 2.55E-02 2.22E+15 3.32E+17 2.15E+17 
5 4.25E-02 I.S3E+15 4AIE+17 3.03E+17 
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3. INSERTION DEVICES 

Table 3-1b. VI/dulator UlO.O 

E(GeV) r(Amp) SIGX(mm) SrGY(mm) SrGPX(mr) SrGPY(mr) N LAMBDW(cm) XLEN(m) 
I.S0 0.400 0.330 0.063 0.030 0.0 I 6 4S 10.00 4.S 

*************************************************************************************** 
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K 
0.09 

n 
I 
3 

K 
1.20 

n 
I 
3 

K 
3.S0 

n 
I 
3 

K 
8.32 

n 
I 
3 

K 
9.80 

n 
I 
3 

BO(T) 
om 

EP(keV) 
2.13E-OI 
6.38E-OI 

BO(T) 
0.13 . 

EP(keV) 
1.24E-OI 
3.73E-01 

BO(T) 
0.37 

EP(keV) 
3.00E-02 
9.00E-02 

BO(T) 
0.89 

EP(keV) 
6.00E-03 
1.80E-02 

BO(T) 
1.0S 

EP(keV) 
4.36E-03 
1.31E-02 

PTOT(KW) 
2.S6E-04 

F(#/s,O.1 %BW) 
2.23E+13 
7.IOE+08 

PTOT(KW) 
4.23E-02 

F(#/s,O.1 %BW) 
1.69E+IS 
4.08E+14 

PTOT(KW) 
3.60E-01 

F(#/s,O.1 %BW) 
2.4SE+IS 
I.S3E+IS 

PTOT(KW) 
2.03E+OO 

F(#/s,O.1 %BW) 
2.S0E+IS 
1.64E+IS 

PTOT(KW) 
2.82E+OO 

F(#/s,O.1 %BW) 
2.50E+lS 
1.64E+lS 

PDEN2(W/(mr**2)) 
2.08E+OO 

FDEN2 
1.91E+lS 
1.17E+ll 

PDEN2(W/(mr**2» 
1.22E+02 

FDEN2 
9.6IE+16 
S.OSE+16 

PDEN2(W /(mr**2)) 
3.68E+02 

FDEN2 
3.97E+16 
6.66E+16 

PDEN2(W /(mr**2» 
8.79E+02 

FDEN2 
8.48E+IS 
1.63E+16 

PDEN2(W/(mr**2» 
1.04E+03 

FDEN2 
6.19E+lS 
1.20E+16 

PCEN(W) 
2.4IE-02 

BRI 
1.43E+16 
8.9IE+ll 

PCEN(W) 
2.12E+OO 

BRI 
7.IOE+17 
3.82E+17 

PCEN(W) 
2.26E+Ol 

BRI 
2.66E+17 
4.86E+17 

PCEN(W) 
2.S7E+02 

BRI 
4.0IE+16 
1.01E+17 

PCEN(W) 
4. I SE+02 

BRI 
2.62E+16 
6.98E+16 



E(GeV) 
1.50 

J(amp) 
0.400 

Table 3-1c. Wiggler W16.0. 

SIGX(mm) 
0.330 

SIGY(mm) 
0.063 

3.2 Undlllator UB.O 

SIGPX(mr) SIGPY(mr) 
0.030 0.016 

. NPOLE LAMBW(cm) XLEN(m) BO(T) ECR(keV) PTOT(kW) PDEN2(W/(mr**2» 
7.27E+02 33 16.0 2.91 2.07 3.10 5.31E+OO 

EP(keV) 
5.000E--{)3 
I.OOOE--{)2 
5.000E--{)2 
1.000E--{)I 
5.000E--{)1 
1.000E+00 
3.098E+00* 
5.000E+00 
1.000E+OI 
2.000E+OI 
5.000E+OI 
1.000E+02 

F 
5.878E+14 
7.355E+14 
1.212E+15 
1.477E+15 
2.083E+15 
2.16IE+15 
1.537E+15 
9.720E+14 
2.482E+14 
1.298E+13 
1.218E+09 
1.890E+02 

'This is the critical energy. 

FDENI 
1.176E+14 
1.471E+14 
2.425E+14 
2.953E+14 
4.166E+14 
4.32IE+14 
3.073E+14 
1.944E+14 
4.963E+13 
2.597E+12 
2.437E+08 
3.780E+OI 

FDEN2 
1.529E+13 
2.426E+13 
7.070E+13 
1.116E+14 
3.060E+14 
4.384E+14 
5.551E+14 
4.541E+14 
1.688E+14 
1.282E+13 
1.935E+09 
3.828E+02 

BRl 
9.123E+13 
1.448E+14 
4.219E+14 
6.660E+14 
1.825E+15 
2.614E+15 
3.305E+15 
2.699E+15 
9.986E+14 
7.508E+13 
1.102E+1O 
2.120E+03 
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Table 3-2. Engineering design parameters for Ilndlliator U8.0. 

Max. peak field at 1.4-cm magnetic gap (T) 

Effective peak field at 1.4-cm magnetic gap (T) 

Period length (cm) 

Number of periods 

Number of full-field poles 

Entrance sequence 

Overall length (cm) 

Pole width (cm) 

Pole height (cm) 

Pole thickness (cm) 

Number of blocks per half-period, 

one side of pole 

End correction range, By (G·cm) 

End correction range, Bx (G·cm) 

Steering coils, short 

Dipole trim coils, long 

Steering and trim field strength (G) 

1.32 

1.20 

8.0 

55 

111 

0, -112, +1,-1 

457.3 

8 

6 

1.28 

6 

3,400 

o 
-5 Along 

To5m 

±5 

Table 3-3. Engineering design tolerances for Ilndlliator U8.0. 

Error type Total tolerance Error (0/0) 

. Spacing, CSEM to pole IOOllm 0.04 

Pole thickness 50 11m 0.01 

Vertical pole motion (gap) 30 11m 0.04 

Pole width 100 11m 0.04 

Easy-axis orientation ±3.0° 0.19 

Total: 0.20 
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Figure 3-4. (a) End view ofundulator US.O, installed in its support and drive structure; (b) 
elevation view of the support and drive system. 
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XBL 922·5632 

Figure 3·5. Plall view of IlIIdulator U8.0, itl place ill tlte ALS storage rillg. 

• The errors in the magnetic moments of the blocks can be averaged by sorting the 
blocks for the poles. 

• Errors in the total magnetic moment of all the blocks of a pole have little effect on 
the electron beam, or the radiation spectrum, because they contribute equally to 
adjacent poles and produce no electron beam steering. 

• A higher peak field can be achieved (this is important mainly for wigglers). 

The configuration of the magnetic structure is a conventional one, with a 
rectangular pole and Nd-Fe-B block array. A half-period of the structure is shown in Fig. 
3-6. This configuration was chosen for its simplicity, ease of manufacture, and high 
performance. The objective of the magnetic design was to develop a magnetically well
behaved structure that yields a high value of Beff for mid-plane fields, with Beff given by 

(3-4) 
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Figllre 3-6. Haif-period pole assembly for Ille UB.O Ilndll/alor . 

3.2 Undlliator UB.O 

. where B\ is the amplitude of the fundamental, B3 is the amplitude of the third harmonic, 
etc. The final configuration, based on 2-D modeling with the computer code PANDIRA 
and a 3-D theory for hybrid CSEM insertion devices, was optimized by fixing the 
operating point of the Nd-Fe-B and determining the pole thickness that maximizes the 
value of Beff. To verify the design, a model was built and tested under a variety of 
conditions. 

Figures 3-6 and 3-7 illustrate other significant features of the magnetic structure 
design: 

• Half-period pole assemblies, consisting of an aluminum keeper, a vanadium 
permendur pole (8 cm wide x 6 cm high x 1.28 cm thick) pinned into the keeper, 
and six Nd-Fe-B blocks (3.5 cm square x 2.72 cm thick in the magnetization 
direction) bonded into the assembly. This design allows for accurate vertical and 
longitudinal pole tip placement. 

• Assembly sections, each of which consists of a pole mount fabricated from 5083-
H321 aluminum, onto which half-period pole assemblies are mounted and 
accurately positioned. The maximum length of the assembly sections for the U8.0 
undulator is approximately 84 cm. 

• Backing beams that provide magnetic shielding and hold five assembly sections and 
two end sections. Each beam is a 4.5-meter-Iong, stress-relieved steel structure, 81 
cm deep and 93 cm wide. 

• Dipole and steering coils, which will be added if needed. 
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Figure 3-7. Eud view of tile U8.0 maguetic structllre assembly. 

The upper and lower backing beams are tied together with low-reluctance Ni-Fe hinges to 
reduce the effect of environmental fields on the electron beam trajectory. 

To avoid steering the beam as it travels through the insertion device, it is necessary 
to control the configuration of the fields at the ends. Because of concerns about 
dimensional instability caused by coil heating effects, no end coils are used in the U8.0 
design. Instead, the basic end pole design incorporates a system of Nd-Fe-B rotors to fine 
tune the local fields . These rotors allow precise and convenient adjustment of end fields, 
and their position can be set manually or remotely. 

As shown in Fig. 3-8, there are four rotors at each end of the device, two above the 
horizontal midplane and two below. There is an additional fixed quantity of Nd-Fe-B at 
the location of each rotor. Beyond the second rotor at each end, the structure is periodic, 
with the full quantity of Nd-Fe-B between each pair of poles. Gap-dependent errors at 
the ends are small, thus the objective will be to determine a fixed orientation for all rotors 
that minimizes the steering errors introduced by the end correctors over the entire range 
of gaps. 

3.2.2 Support and Drive Systems 

The support and drive systems include the support structure that provides the framework 
for holding the magnetic structure and the drive system that opens and closes the 
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Figure 3-8. Sclrelllatic of lire elld rolor coujiguralioll for lire U8.0 Itlldulalor. 

magnetic gap. Requirements for the support structure shown in Fig. 3-4 include the 
following: 

• Support a maximum magnetic load of 84,000 lb (the loading of a 5-meter-Iong 
insertion device with 10-cm-wide poles, operating at 1.85 T). 

• Maintain a magnetic gap variation of 46 /lm at the smallest gap (14 mm). This 
requirement is imposed by the U3.9 undulator; the U8.0 undulator requirement is 
less severe. 

• Meet the ALS storage ring, tunnel, and adjacent beamline space requirements. 

• Accommodate the vacuum system and its support structure. 

• Allow easy installation, alignment, and service in the storage ring. 

A four-post configuration was chosen over a C-frame structure for four principal 
reasons: (i) It allows greater tunnel aisle clearance, (ii) it ensures less gap deflection, 
owing to a more rigid structure, (iii) it will cause no pole rotation, because of the 
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symmetrical support loading, and (iv) it allows better access for assembly and 
maintenance of components. The one argument in favor of the C-frame structure was 
that it would be open on one side, thus allowing magnetic measurements with an external 
measurement system and the possibility of insertion device installation with the vacuum 

. chamber in place in the storage ring. 
As shown in Fig. 3-4, the support structure is of rigid construction, consisting of a 

base onto which two lower horizontal members are mounted. Four vertical posts are in 
turn attached to the lower horizontal members, and the two upper horizontal members are 
attached to the tops of these posts. The horizontal beams pass through the webs of the 
backing beams to limit the overall height of the support structure to less than the 8-ft 
tunnel height. The base is a welded assembly containing a platform for the gear reduction 
unit and motor. Three y-axis leveling mounts, which include x- and z-axis adjustments, 
provide a kinematic support system. This arrangement provides a satisfactory range of 
adjustments for all six degrees of freedom for installation and alignment. The support 
structure is modular, with bolted and pinned members, which simplifies fabrication, 
installation, calibration, and servicing. To minimize warpage, all subassemblies will be 
individually stress-relieved before final machining. 

A magnetic-load compensating spring system is provided to buck the gap
dependent magnetic load. For the U8.0 undulator, the eight spring assemblies consist of 
two helical compression springs in series, selected to match the gap-dependent magnetic 
load to within 20%. The compensating spring system provides the following benefits: 

• It reduces system friction, which ensures better positional response from the drive 
system over the life of the device. 

• It minimizes the required motor load-holding torque at any magnet gap, which gives 
stationary stability when the null position is reached. Motor current can be turned 
off or reduced to minimize motor heating. 

• It eliminates "lifting" when the magnetic load exceeds the gravitational weight of 
the lower backing beam. 

• It reduces structure load, which yields better gap reproducibility. 

Wavelength tunability is a central feature of the radiation produced by insertion 
devices. Accordingly, requirements on the drive system that varies the insertion device 
gap (and thus provides the tunability) are critical. The requirements that governed our 
design choices were the following: 
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• Capability of opening the magnetic gap with an 84,000-lb magnetic load. 

• A step resolution of 1 Jlm (based on increments of 1110 of the fifth harmonic for a 
U3.9 undulator). 

• A maximum scanning speed of 2.3 mmls (based on a scan rate of 1 bandwidthls for 
a II-cm-period device). 

• A magnetic gap range of 1.4 to 21.6 cm. 



3.2 Undulator UB.O 

• Opening and closing times of five minutes or less. 

• Gap position determination by an absolute encoder. 

The magnet gap is varied by moving the backing beams, which is accomplished in 
turn by rotating 2-mm-pitch Transrol roller screws that are mounted to the horizontal 
beams and support the backing beams. The four right -handed roller screws attached to 
the upper backing beam and the four left-handed roller screws attached to the lower 
backing beam are connected by a shaft coupling and combine to provide equal and 
opposite vertical motion when rotated. Rotation of a stepper motor is transmitted through 
a gear box and a series of sprocket wheels and roller chains to the roller screws. An 
absolute rotary encoder is coupled to a Transrol roller screw shaft to read the absolute 
position of the magnet gap. 

The drive system is sized for the maximum possible ALS insertion device magnetic 
load. Though one revolution of the roller screws changes the gap by 4 mm, the minimum 
incremental gap motion is 0.1 11m, made possible by the control electronics of the stepper 
motor and the subsequent gear reduction unit. The motor can easily move the gap from 
its fully closed to its fully open position in 1.5 minutes. The rotary encoder selected is a 
Compumotor AR-23, which has a resolution of 16,384 counts/revolution and is mounted 
with a step-up ratio of 4.75. This arrangement allows resolution of a gap variation of less 
than 0.1 11m. 

Analysis of the proposed system shows that stick-slip will give a gap uncertainty of 
less than 0.4 11m. Unidirectional scanning and control of the undulator gap are required 
because backlash is estimated at 87 11m in gap motion. Scan-to-scan gap reproducibility 
for unidirectional scanning is estimated to be less than 811m. 

Drive system protection measures include (i) travel limits set by the closed-loop 
control system stored in the control program, (ii) microswitches hard-wired to the control 
system for minimum and maximum gap positions, (iii) mechanical stops for minimum 
and maximum gap positions, (iv) full-torque stepper-motor stall capability, (v) 
mechanical drive components designed to handle full stepper motor torque, and (vi) full
load current sensing (the control system will shut down current after a preset time 
interval). 

Temperature control was also considered in the design of the insertion devices. A 
temperature difference of greater than 0.1 °C between the top and bottom of an undulator 
backing beam produces excessive spectral broadening. Hence, each undulator will be 
surrounded by an enclosure, whose temperature will be maintained by circulating the air 
with muffin fans . 

3.2.3 Control System 

The control system described here for U8.0 was designed to provide sufficient positional 
accuracy, resolution, and velocity and range information for the motors and encoders for 
all anticipated insertion devices. In addition, the control system must control and monitor 
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Figure 3-9. Diagram oft"e ALS illsertioll device co1ltrol system. 
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the dipole and steering correction power supplies, as well as control gap-dependent 
rotator positioning, if required. The insertion device control system will be integrated 
into the overall accelerator computer control system. A control system block diagram is 
shown in Fig. 3-9. 

The insertion device gap must be controlled (via request to the accelerator control 
system) and monitored by the experimenter using the generated synchrotron radiation. 
During development, the insertion device will be manipulable through the control system 
by a local computer, so that the necessary control and monitoring algorithms can be 
determined. 

The control system incorporates five intelligent local controllers (ILCs), one of 
which coordinates the activities of the other four and communicates with either the 

. accelerator control system database or an IBM-PC. The ILCs controlling the rotators and 
power supplies contain the compensation data tables that give the rotator positions and 
the coil settings required for each magnet gap. 

Provisions for interfacing limit switches are included in the indexer, along with the 
ability to compensate for backlash and to program acceleration and deceleration curves. 
The indexer can be programmed to microstep the motor with as many as 25,000 steps per 
revolution. 

3.2.4 Vacuum System 

The objective of the vacuum system is to provide a 10-9 Torr vacuum at the insertion 
device beam aperture. The dimensions of the vacuum chamber's rectangular beam 
aperture are 1.0 cm vertical x 6.0 cm horizontal. A plan view and section of an undulator 
vacuum system are shown in Fig. 3-10. 

The S. l-meter-Iong undulator vacuum chamber will be made of two pieces of 
machined S083-H321 aluminum alloy. This two-piece welded chamber is similar to the 
ALS storage ring sector chambers that are currently under construction. The chamber has 
a total horizontal aperture of 21.8 cm; the inner 6.0 cm provides the circulating beam 
aperture, and the outer aperture allows the bend-magnet synchrotron radiation to pass 
through the chamber. The radiation is then absorbed by a photon stop located at the end 
of the chamber. The chamber has an antechamber along its entire length, as part of the 
outer aperture, to improve vacuum by increasing conductance. External surfaces of the 
chamber have pockets machined into them for the magnet poles. The shape allows a 
minimum magnetic gap of 1.4 cm. The undulator vacuum chamber has six side ports and 
one top and bottom port near the exit end of the chamber for vacuum pumps. Several 
smaller ports are provided for a roughing system, ion gauges, and an RGA head. The 
upstream end of the chamber includes a flange for insertion of NEG pumping strips and 
for a viewport to allow remote visual inspection of the aperture. 

The vacuum system consists of six combination 600-liter/s titanium sublimation and 
60-liter/s ion pumps (each of which gives a net pumping speed of 173 liter/s at the 
antechamber) and an ALS absorber pump having a capacity of 1450 liter/so The total 
antechamber pumping speed is 2500 liter/so The ion pumps will be driven and monitored 
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Figure 3-10. Plall view alld seclioll ofille vaClllllII syslemfor III. UB.O ulldulolor. 

by ion pump controllers. The titanium sublimation pump filaments will be powered by a 
single power supply, multiplexed to the six pumps. 

To confirm the performance of this system, we estimated the pressure distribution at 
the beam aperture to be expected after 40 A·hr of accumulated electron beam operation, 
assuming (i) a thermal outgassing rate of 10-11 Torr·liter/(s·cm2), (ii) a molecular 
production rate due to photon-induced desorption of 10-5 molecules/photon (for photons 
having energies greater than 10 eV), and (iii) 1.9-GeV, 400-mA storage ring operation. 
The computed pressure distribution is shown in Fig. 3-11; the average value is 3 x 10-10 

Torr. If two NEG strips, 3 em wide x 450 em long, are inserted into the chamber and 
activated, the pressure drops to I x 10-10 Torr in the beam aperture. 

During operation, vacuum chamber pressure will be monitored in two ways: Ion 
pump current will be converted to approximate pressure at the .local display, and accurate 
pressure measurements will be taken at one or two locations with nude ion gauges and an 
ion gauge controller. 

The vacuum chamber and the associated pumping system are supported from the 
top of the insertion device support structure. Struts are used for the chamber and spring
loaded hangers for the pumps. 
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Figure 3-11. Plot of the calculated pressure profile for the VB.O undulator. 

3.3 UNDULATOR UlO.O 

As a second insertion device for this baseline complement, we selected an undulator 
concept described in the Chemical Dynamics Research Laboratory Conceptual Design 
Summary [1990], undulator UIO.O. This undulator has 45 periods, each of length 10.0 
cm, and a total length of 4.6 meters. The output of the fundamental wavelength can be 
tuned over the range 58.2-5905 A (2.1-213 eV); it lies within a cone ofrms half-angle 
equal to approximately 0.03 rnrad. By using the third harmonic, the spectral range 19.4-
1968 A (9-638 eV) can also be covered. Performance data are summarized in Figs. 3-2 
and 3-3 and in Table 3-1 b. 

Detailed design parameters have not yet been determined for the UIO.O undulator. 
However, apart from differences in the dimensions of magnetic structure components (see 
Table 3-4), the conceptual design of UIO.O follows that of U8.0, so that the description in 
Section 3.2 and Figs. 3-4 through 3-11 can be applied to this undulator as well. 

Table 3-4. Conceptual design parameters for undulator V10.0. 

Effective peak field at IA-cm magnetic gap (T) 

Period length (em) 

Number of periods 

Number of full-field poles 

Entrance sequence 

Overall length (m) 

1.53 

10.0 

45 

87 

0, -112, +1 ,-1 

4.6 
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3.4 CROSSED-FIELD UNDULATOR UX 

Several types of insertion devices have been proposed for producing soft x-ray and 
VUV synchrotron radiation with circular or, more generally, elliptical polarization. 
Alternatives include crossed undulators, elliptical wigglers, asymmetric wigglers, helical 
undulators, tilt-pole undulators, crossed/overlapped undulators, and planar/helical 
undulators. Of these concepts, only a few have been developed to the stage of operation 
and testing of a prototype unit. The two devices that appear to have the greatest potential 
for application at the ALS are the crossed undulator and the elliptical wiggler. In addition 
to the use of specialized insertion devices, optical methods may be the most effective 
method of producing elliptically polarized light in certain energy ranges. Independent of 
the method used, the production of elliptically polarized light is only the first step in a 
process that must preserve the state of the polarization through a beamline and deliver it 
to the user. 

Each of the candidate device concepts has an effective energy range where it may 
be used most productively. Conventional, transparent optics are useful in the lowest 
energy range, up to about 10 eV. This range is of great interest, but the ALS has very 
limited capability in this area. The crossed undulator and other undulator variants can 
produce light on the ALS in the range from 20 e V to perhaps 1 ke V, a range that is very 
interesting for ALS science. Wigglers produce a wide range of photon energies, from a 
few e V to the highest photon energies available on the ALS. The maximum is three or 
four times the 3-ke V critical energy for a 2-tesla wiggler when the ALS operates at an 
energy of 1.5 Ge V. At the extreme upper end of the range of photon energies that are 
accessible to the ALS, another optical technology, multi layers, which are now under 
development, may prove to be effective in the production of elliptically polarized light. 

3.4.1 Undulator Characteristics 

Eventually, several techniques may be used at the ALS to produce elliptically 
polarized light. However, the first device installed for this application will likely be a 
crossed undulator, as shown in Fig. 3-12. This type of insertion device consists of two 
separate undulators that are oriented at right angles to each other and separated by a 
modulator or phase shiftet. While passing through the first undulator, an electron 
oscillates in the x-direction, thus emitting radiation linearly polarized with the electric 
field in the x-direction. Similarly, the radiation from the second undulator is linearly 
polarized with the field in the y-direction. When observed through a monochromator, the 
combined radiation is generally elliptically polarized, the polarization ellipse being 
determined by the phasing (electron path length) between the undulators. By varying the 
electron path length between the undulators with an ac magnet (called the modulator), the 
polarization of the combined radiation can be arbitrarily adjusted. In particular, it can be 
modulated between left and right circular polarization states or between two mutually 
perpendicular linear polarization states. The operation of the crossed undulator is based 
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on the interference effect and requires a low-emittance electron beam for satisfactory 
performance at short wavelengths. Because of this, the spectral range for substantially 
polarized radiation from the UX undulator will be limited to less than about 200 e V. The 
photon beam from the crossed undulator is almost circular and the device will be installed 
in straight section 4 of the ALS, which has a special downstream vacuum chamber and 
has been reserved for such an insertion device. Table 3.5 lists some of the functional 
requirements for the UX undulator. 

Table 3.5. Ulldlllator UX fUllctiollal requiremellts based 011 user Ileeds alld ALS capability. 

Spectral range 

Total phase shift (ac + dc) 

Phase modulation rate (ac) 

20-300 eV 

>270' 

10Hz 

One option for the design is to orient the two sections at 45 degrees with respect to 
the vertical. This orientation has two advantages. First, since the minimum horizontal 
vacuum aperture in the ALS storage ring is 5 cm and the vertical is about 1 cm (1.8 cm at 
commissioning), it allows the magnetic gap to be reduced from slightly more than 5 cm 
to less than 4 cm. The smaller gap will allow a higher field in the insertion device, 
thereby extending the low energy limit of the spectral range. Second, the ALS electron 
beam has an elliptical cross section in the region of the insertion deVices, about 300 11m 
wide and 50 11m high. The symmetry of the radiation from the crossed undulator 
therefore becomes more symmetrical when the two sections are oriented at 45 degrees. 
The disadvantage of the 45 degree orientation is the coupling of the vertical and 
horizontal motions of the electrons, which may affect machine operation. 

Because of the large magnetic gap (4 to 5 cm), the crossed undulator will be a 
moderately low-field (0.4 to 0.5 T) device as compared to the conventional ALS insertion 
devices, such as the 8-centimeter-period undulator, which produces an effective field 
greater than 1.2 T. As a result, the undulator magnetic structure may be based on a pure
permanent-magnet design rather than the hybrid design used for other ALS insertion 
devices. (At large magnetic gap the on-axis field produced by a pure-permanent-magnet 
device is similar to that produced by hybrid device.) The viability of this option depends 
on the ability to calculate and control the error fields in a pure-permanent-magnet 
structure accurately enough to prevent degradation of the characteristics of the electron 
beam in the ALS storage ring. 

The usable length of an ALS straight section is about 4.5 m. Thus each of the two 
sections of UX will have somewhat less than half as many periods as the standard 4.5-m
long ALS undulator with the same period. The period of the undulator is not yet fixed, 
but will probably be in the range of 8 to 10 cm. Though the period strongly affects what 
scientific opportunities are available, it is neither a design nor a cost driver, thus it is not 
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appropriate to specify this parameter too early. The characteristics, including those based 
on requirements that the storage-ring performance not be degraded, for the crossed 
undulator are given in Table 3.6. 

3.4.2 Modulator Characteristics 

The modulator that is positioned between the two undulator sections consists of 
three ac magnets. The electron beam passes through these magnets in sequence. They 
are designed to cause a local distortion in the trajectory of the electron beam without 
introducing a net deflection or displacement of the beam.. This is done by having the 
integrated field of the first and third magnets identical and equal to half the integrated 
field of the second magnet. The sign of the fields of the first and third magnets are 
opposite to that of the second. With a peak field of 0.3 T in the central magnet the 
deflection of the electron beam in the modulator is quite small (tens of microns), but it is 
sufficient to provide a phase shift of at least 270 degrees for the lowest energy photons at 
20 eV. For ideal operation, the magnitudes of the minimum and maximum fields in the 
magnets must be adjustable to the values that provide a 180 degree phase shift of the 
photon beam from right circularly polarized to left circularly polarized. 

The modulator can easily operate a frequency of 10 Hz or more, which is required 
by the users. However, it is necessary to have the fields in the modulator penetrate the 
vacuum chamber and provide a sinusoidally varying field in the region of the electron 
beam. This suggests a careful study of the interaction of the modulator and the local 
vacuum chamber. 

Table 3.6. U"du/ator UX characteristics. 

Physical aperture 

Horizontal 5 cm 

Vertical (based on existing aperture limitation) 2 cm 

Magnetic-field control No reduction of stored current, and 

Injection No reduction of lifetime 

Length of each section -1.9 m 

Length of modulator -0.3 m 

Integrated field < I 00 G-cm 

Integrated quadrupole <50 G 

Period length 8 to 10 cm 

Number of periods 19 per section 
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3. INSERTION DEVICES 

The crossed undulator concept has been discussed for some time, but only recently 
has a device been constructed and tested [1. Bahrdt et aI., 1992]: This prototype device 
was designed and built by BESSY in Berlin, and has been tested at a beam energy of 
SOO-MeV. The device performance was about as expected in terms of total flux, but the 
percentage of radiation that was circularly polarized was lower than expected. We 
believe this is due in part to the modulator not yet being fully operational. It is also very 
difficult to measure polarization. Tests are still being carried out with the device at 
BESSY and further results are expected this year. 

3.5 WIGGLER W16.0 

The W 16.0 wiggler chosen for the baseline complement of insertion devices described 
here is one for which a detailed conceptual design exists [ALS Insertion Device Design 
Team, 1991]. Accordingly, considerably more design detail is available than is presented 
here. The following paragraphs summarize only briefly the design of the wiggler, 
emphasizing in particular the differences between it and the design of the US.O undulator 
described in Section 3.2. The W16.0 wiggler is shown in Fig. 3-13. 

The design requirements for the W 16.0 wiggler were determined primarily by the 
user community. The central goals are to provide an on-axis peak critical energy of 3.1 
ke V and to distribute the radiation over a fan width of 16 rnrad. The resulting device has 
16 periods, each oflength 16.0 cm, and a total length of 2.9 meters. The operating range 
of photon energies extends from below I keY to beyond to keY. Performance data are 

. summarized in Fig. 3-3 and in Table 3-lc. Major parameters and tolerances for W16.0 
are given in Tables 3-7 and 3-8. The values in Table 3-8 were established principally by 
considering achievable manufacturing tolerances, whereas the tolerances for undulators 
are based on spectral performance demands. 

3.5.1 Magnetic Structure 

The magnetic structure of the W16.0 wiggler is of the same hybrid configuration as the 
undulators described above. Likewise, the design was based on 2-D modeling with the 
computer code PANDIRA and a 3-D theory for hybrid CSEM insertion devices. The 
configuration was optimized for a high value of the peak magnetic field and an adequate 
fan of radiation for mid-plane fields. 

Figures 3-14 and 3-15 illustrate the major features of the wiggler magnetic structure 
design: 
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• Half-period pole assemblies, consist.ing of an aluminum keeper, a vanadium 
permendur pole (S em wide x S.S cm high x 2.3 em thick) pinned into the keeper, 
and twelve Nd-Fe-B blocks, six on each side of the pole. 
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3. INSERTION DEVICES 

Table 3-7. Engineering desigll parameters for wiggler WJ6.0. 

Max. peak field at 1.4-cm magnetic gap (T) 2.07 

Effective peak field at 1.4-cm magnetic gap (T) 1.78 

Period length (cm) 16 

Number of periods 16 

Number of full-field poles 33 

Overall length (cm) 290.6 

Pole widUl (cm) 8 

Pole height (cm) 8.8 

Pole thickness (cm) 2.3 

Number of blocks per half-period 12 

End correction range, By (G·cm) 3,200 

End correction range, Bx (G·cm) 0 

Table 3-8. Engineerillg desigll tolerances for wiggler WJ6.0. 

Error type Total tolerance Error (%) 

Spacing, CSEM to pole 100 IUn 0.Q3 

Pole thickness 50 Ilm 0.008 

Vertical pole motion (gap) 30 lUll 0.04 

Pole widUl 100 IUn 0.03 

Variation in Br in adjacent blocks 2.5% 0.13 

Surface easy-axis orientation 2.80 0.207 

Total : 0.25 
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Figure 3·14. Half·period pole assembly for the W16.0 wiggler. 

3.5 Wiggler 16.0 

• Assembly sections, each of which consists of an aluminum pole mount, onto which 
half-period pole assemblies are mounted and accurately positioned. The maximum 
length of each pole mount, determined by the allowable deflections due to magnetic 
loading, is 80 cm. 

• Backing beams of a skirted-box-section design, which provide magnetic shielding 
and hold the assembly sections and end sections. Each beam is a 2.9-meter-long, 
stress-relieved welded steel structure, 81 cm deep and 93 cm wide. 

The design of the W16.0 end poles follows that of the U8_0 undulator, in which Nd
Fe-B rotors are used to fine tune the local fields (see Fig. 3-8). 

3.5.2 Support and Drive Systems 

The design of the support and drive systems for the W 16.0 wiggler, shown in Fig. 3-13, is 
identical to that of the systems described above for the undulators, except that its length is 
reduced to 2.9 meters. 

3.5.3 Control System 

The control system illustrated in Fig. 3-9 and described in Section 3.2 was designed to 
provide integrated control for all anticipated ALS insertion devices. 
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Pole assembly 

Backing beam 

Pole mount adjuster 

Figure 3-15. End view of the W16.0 magnetic sfructure assembly. 

3.5.4 Vacuum System 

Pole 
mount 

XBL 922-5639 

The vacuum systems for all ALS insertion devices are essentially similar, but the 
configuration of the system for the W16.0 wiggler differs in some details from that 
described for the U8.0 undulator. A plan view and section of the wiggler vacuum system 
is shown in Fig. 3-16. 

The 4.2-meter-Iong wiggler vacuum chamber will be made of two pieces of 
machined 5083-H321 aluminum alloy. Construction details and the configuration of the 
aperture and antechamber are identical to those described for the U8.0 undulator The 
wiggler vacuum chamber, however, has only four side ports, together with several 
smaller ports for a roughing system, ion gauges, and an RGA head. The upstream end of 
the chamber includes a flange for insertion of NEG pumping strips and for a viewport to 
allow remote visual inspection of the aperture. 

The vacuum system consists of four combination 600-literls titanium sublimation 
and 60-literls ion pumps (each of which gives a net pumping speed of 173 literls at the 
antechamber) and an ALS absorber pump. The ion pumps will be driven and monitored 
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Figure 3-16. Plan view (lIId section o/the vacuum system/or the W16.0 wiggler. 

by ion pump controllers. The titanium sublimation pump filaments will be powered by a 
single power supply, multiplexed to the four pumps. 

We estimate the performance of this system to be comparable to that evaluated for 
the U8.0 undulator (see Fig. 3-11); the average pressure in that case was calculated to be 
3 x 10- 10 Ton· in the beam aperture. If two NEG strips, 3 em wide x 290 em long, are 
inserted into the chamber and activated, the estimated pressure drops to 1 x 10-10 Torr. 
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As with the undulators, vacuum chamber pressure will be monitored during 
operation in two ways: Ion pump current will be converted to approximate pressure at 
the local display, and accurate pressure measurements will be taken at one or two 
locations with nude ion gauges and an ion gauge controller. 

The vacuum chamber and the associated pumping system are supported from the 
top of the wiggler support structure, as shown in Fig. 3-17. The vacuum chamber is 
supported by six struts; floating support from the top of the SUppOlt structure is provided 
for the ion pump assemblies so that they do not load the vacuum chamber. 

0 10 20 30 40 inches 
11111 111111 I I I I I I 

I I I o .25 .50 .75 1.0 meter 

XBL 922-5641 

Figure 3~17. Elevatioll view of the vacuum chamber alld pump support system. 
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4. 
BEAM LINES 

The initial complement of experimental facilities for the 
ALS includes two undulator beamlines, one for a 5-m-period undulator and one for an 8-
cm-period undulator Detailed beamline design documents for these beam lines have been 
prepared [Warwick, DiGennaro, and Howells, 1989a and 1989b] based on the use of 
water-cooled, spherical optics, as described below. Engineering design of these 
beamlines is nearing completion and assembly of components is proceeding. The designs 
of these ALS-constmcted undulator beam lines contain many generic features. The scope 
of experimental facilities for the project described here includes beam lines for an 8-cm
period undulator and bend-magnet two-photon source, for a lO-cm period undulator, a 
crossed-field undulator that produces circularly polarized photons, and a l6-cm-period 
wiggler. . 

4 .1 BEAM-LINE CHARACTERISTICS 

In the period since scientific experiments began with synchrotron radiation, the 
development of dedicated storage rings and insertion devices has greatly advanced light
source technology. DUling these years, there have also been corresponding developments 
in optical systems for handling the photon beams. The advances in storage-ring and 
insertion-device technologies have created new challenges for the optical designer, 
especially in two areas: 

• The source size has become smaller, so relay optics require tighter tolerances to 
avoid loss of light. The use of smaller slits also becomes practical, so 
monochromator components also need tighter tolerances to avoid loss of resolution. 
These tolerances apply to both the figure and the finish of optical components. 

• The photon beam power has increased to the point that, in addition to satisfying 
more stringent surface tolerances, optical components must be cooled to control 
thermal distortions and stresses. This complicates the design and limits the choice 
of matetiais. 

These factors, combined with exacting user requirements, make beam line design a 
particular challenge. LBL has played a leading role in the design and use of both high-
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power wigglers and undulators-a role that included LBL's involvement with Exxon and 
SSRL in the construction of the 54-pole wiggler and Beam line 6 at SSRL. The chief 
conclusion from that activity, confirmed by studies at LBL and elsewhere, was that when 
a large heat load is present it dominates the design and cost of the beam line. 

The difficulties of dealing with large heat loads have increased the level of interest 
in the properties of undulators, which usually generate less total power than wigglers. In 
addition, because undulators are tuned to produce radiation at the required wavelength 
on-axis, most of the unwanted power can be dumped in a robust, nonoptical aperture (a 
pinhole, for example), which is a great advantage. the power problem is usually 
moderate: At worst, the problem is similar to that faced with the 54-pole Beam line 6 
wiggler. Our strategy for dealing with it is to use pinholes where appropriate, plus active 
water cooling of the optics. 

The most serious problem now faced by the beam line designer is optical fabrication 
tolerances of grazing-incidence optics. It has been observed that even in prcsent
generation storage rings, such as NSLS and BESSY, the fabrication accuracy of aspheric 
optical surfaces (paraboloids, ellipsoids, toroids, etc.) for use in mirrors, 
monochromators, and other applications is inadequate for taking full advantage of the 
source properties. Although manufacturing methods are improving, the only sure way to 
address this problem would be to avoid the use of aspheric surfaces altogether and to 
build beamlines entirely with plane and spherical surfaces. All the important optical 
technologies for figuring, finishing, and measuring work best in these cases. 
Furthermore, one can infer from the demonstrated resolution of certain existing 
monochromators that fabrication tolerances below one microradian have been achieved 
for standard spherical gratings. Unfortunately, this ideal solution lacks some of the 
flexibility that aspheric optics provide, thus placing significant limitations on the options 
for laying out specialized beam lines. We have thus adopted a compromise philosophy in 
undulator beamlines, banning aspheric surfaces for resolution-determining optical 
elements, except at the longest ultraviolet wavelengths where normal-incidence optics 
can be used, but allowing their use elsewhere. 

4.2 US.O-BEND-MAGNET TWO-PHOTON BEAM-LINE COMPLEX 

The scope of experimental facilities in the project described here includes a beamline 
complex comprising a U8.0 beamline and a bend-magnet beamline to provide ultraviolet 
and soft x-ray photons for the investigation of dynamical phenomena in materials by 
means of two-photon, pump-probe techniques. Photons from both beam lines illuminate 
the same sample. A multiple-mirror reflective system with rotating and/or translating 
mirrors makes it possible to control the interval between the arrival of a bend-magnet 
pulse relative to that of an undulator pulse from coincidence to the time between electron 
bunch of 2 ns. 
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4.2 U8.O-Bend-Magnet Beam-Line Complex 

4.2.1 U8.0 Beam Line 

The detailed design document available for the U8.0 beamline that is part of the initial 
complement of ALS experimental facilities [Warwick, DiGennaro, and Howells, 1989b] 
provides the basis for this beamline, and we provide here only a summary of the 
beam line ' s essential features and the design issues they address. Major beam line 
parameters are tabulated in Table 4-1. 

As shown in Fig. 4-1, the beam line includes a spherical grating monochromator 
(SGM) with three diffraction gratings, which can cover the range of photon energies 
between 20 and 300 eV. The primary branch delivers photons from the undulator first 
and third harmonics with minimum losses and high resolution. A horizontal focusing 
mirror is the first optic because the large K values at which the U8.0 undulator will 
operate require horizontal focusing before the monochromator to maintain reasonable 
apettures .. This min'or, which is also a power filter, absorbing photons at energies above 
the operating range, will generate a horizontal focus at the sample. A demagnified 
vertical image of the source (demagnified by a factor of about 15) will be formed on the 
monochromator entrance slit, on the exit slit, and at the sample. In addition to the 
primary branch, deflection mirrors could be introduced to generate secondary branches, 
which would bypass the SGM. A straight-through branch for white light could also be 

Table 4-1. Design parameters for tlte optical components in Ille U8.0 beamline. Tile assumed energy 
range is 20-300 e V; Kmax = 7.3 and a~lIax = 160 j1l'ad. 

Horizontal Vertical 

condensing condensing Diffraction 

Parameter mirror mirror grating 

Coating Carbon, nickel Nickel Gold, nickel 

Grazing incidence angle (deg) 3 5 

Deflection angle (deg) 15 

Distance from source (m) 15 18.5 21.15 

Tangential radius (m) 299.5 28.73 15 

Footprint 

Horizontal, 2.35a (mm) 108 6.96 3.32 

Venical, 2.350 (em) 5.64 887 Varies 

Incident power (W) 450 (40) 20 (4a) 10 (2.35a) 

Absorbed power (W) 430 (40) 5 (4a) 4 (2.35a) 

Allowed fillS slope error (wad) 5.50 0.85 0.8 

For tlte entrance slit, 19.7 meters from the source, all = 1.64 mm, av = 4.20 fU'O; for the exit slit at the 

Rowland wavelength, 24.9 meters from the source, all = 0.82 mm, Ov = 4.20 fU'O. 
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implemented by removing the horizontal and vertical deflecting mirrors, an option that 
may be of particular interest for providing high fluxes of photons at energies up to about 
8 keY with the undulator gap closed (K = 7.3) at the minimum gap permitted for 
undulator 8_0_ When the undulator gap is closed, the beam will be dominated by high
energy photons from harmonics higher than the fifth. 

The following paragraphs briefly describe the components of the U8.0 beam line, 
from the front-end through a refocusing optic after the monochromator exit slit. 

Front End. With the exception of a photon beam position monitor (BPM), the front-end 
systems are intended to protect the beam line equipment, storage ring vacuum, and 
personnel. All front-end components are located inside the storage-ring shielding, as 
shown in Fig. 4- L 

A gate valve at the exit of the storage ring vacuum chamber allows the beamline to 
be isolated from the storage ring when there is no stored beam. This permits the BPM 
and the primary photon shutter to be serviced without bringing the ring up to atmospheric 
pressure. The fast valve, isolation valve, and water-cooled primary photon shutter act 
together to protect the storage ling vacuum against accidents in the beam line. The water
cooled shutter can be closed to intercept the synchrotron radiation beam, and when the 
shutter is closed under normal conditions, the isolation valve provides vacuum isolation. 
The fast valve protects the storage ring from the effects of an accidental loss of beamline 
vacuum. 

Personnel protection is ensured by an additional safety shutter that operates in 
concert with the water-cooled primary photon shutter. These two shutters can be opened 
only after all safety requirements are met, namely: 

• Beamline safety keys in place 

• Hutch radiation doors closed (if applicable) 

• Beamline radiation monitors okay (if applicable) 

• Good beam line vacuum 

• Accelerator control system permission received 

• Other applicable controls okay (beamline gate valves open, water-cooled optics 
okay, etc.) 

The request for the shutters to be opened can be initiated only by the user at the 
beam line. 

Photon Beam Position Monitor. The photon BPMs (one inside the shielding, one in the 
experimental hall) provide information on the position and angle of the electron beam at 
the center of the insertion device, to within 10% of its rms size and divergence. They do 
this by providing an error signal to indicate deviations in the position of the photon beam 
from the center of the position-sensitive detector in the vertical and horizontal directions. 
Taking into account the combined effects of detector resolution and electrical and 
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mechanical drift. we expect a capability of continuously measuring the photon beam 
position over a 24-hour period with an nns error of better than ±2 11m. over a bandwidth 
from DC to several hundred hertz. provided that the detectors are mechanically stable 
against vibration. ambient temperature changes. and radiation heating to about I 11m rms. 

Horizontal Beam-Defining Aperture. The adjustable. water-cooled. rectangular beam
defining aperture will normally pass the entire central cone of the undulator radiation and 
be set to illuminate the first mirror to minimize thermal distortion and reduce thermal 
loads at the entrance slit. This aperture may also be used to select radiation off-axis-for 
example. to select the second harmonic of the undulator for use in a branch line. It 
therefore comprises four independently movable blades. The spectral flux passing 
through the beam-defining aperture. for two rectangular aperture sizes. is shown in Fig. 
4-2. The computed spectrum includes the effects of electron beam emittance [Jacobsen. 
1985]. These are the photons that. under typical operating conditions. will be reflected 
from the condensing mirror and introduced into the monochromator. 

Horizontal Focusing Mirror. As shown in Fig. 4-1. the first optic is the water-cooled 
horizontal focusing mirror. Upstream of this element. however. a retractable. water
cooled fluorescent screen and a 45° viewport will be provided for visual diagnosis. A 
photoemission detector can also be used to provide intensity measurements as the beam
defining apelture size and position are varied. 

The minor also acts as a power filter. For this purpose. the mirror has two coatings. 
A carbon coating is used for the photon-energy range from 20 to 260 eV and absorbs 
photons at energies above the carbon K-edge at 277 eV. Nickel is used for the photon
energy range up to 300 eV. To switch between the coatings requires the mirror chamber 
to have a vertical translation capability, 

The mirror images the source horizontally at the sample 30 meters from the source. 
The focal length is chosen to allow for the small amount of sagittal focusing provided in 
the horizontal plane by the vertical condensing mirror and the diffraction grating. A 3° 
grazing incidence angle was chosen. giving reflectivities from a carbon-coated surface of 
about 90% and from a nickel-coated surface of about 75% over their respective photon
energy ranges. Slope errors are derived by requiring no significant enlargement of the 
image. For the mirror in the tangential plane. the slope tolerances are moderately severe 
with the rms slope error I!. = 5.50 I1rad. In the sagittal plane. the slope tolerances are 
relaxed to I!. = 20.06 I1rad. To prevent image broadening by diffraction to reduce 
scattered light. the rms surface roughness must be 5 A or less. 

This mirror is 15 meters from the source and must have a minimum clear aperture 
36.69 cm long (4cr) by 9.60 mm wide (8 cr). It is intended to collect light over horizontal 
angles corresponding to ± 4cr for operation in special cases with large horizontal aperture 
when it is desired to take advantage of the undulator off-axis red-shift to produce a 
broader spectral band (10%). Pitch. roll. and translation of the focusing mirror will be 
adjustable under vacuum. 
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Figure 4-2. Spectral flllx passed by Ihe beam-defining aperlure on Ihe UB.O beamline for 
Iwo apertllre sizes: (a) 2a x 2a and (b) Ba x 2a. The first, second, third, and fifth 
harmollics are shown. 

Vertical Condensing Mirror. The water-cooled spherical condensing mirror has a 
demagnification of 15 and generates a vertical image of the source (a horizontal line) at 
the entrance slit of the monochromator. The requirement is simply to get most of the 
photons into the monochromator, which has an entrance slit as narrow as 5 11m in the 
vertical direction. A 5° grazing incidence angle was chosen, giving a reflectance from a 
nickel-coated surface of about 70% up to 300 eV, except for an 18% dip near the nickel 
3p edge at 68 eV. Smaller grazing incidence angles would give beller reflectivity but a 
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longer mirror, which, if built as a cylinder or a sphere, would suffer from unacceptable 
coma aberrations. Slope errors are derived by requiring no significant enlargement of the 
image. For the mirror in the tangential plane, the slope tolerances are severe with the rms 
slope error fj, = 0.85 wad. In the sagittal plane, the slope tolerances are relaxed to fj, = 
56.84 ~rad. To prevent image broadening by diffraction and to reduce scattered light, the 
rms surface roughness must be 0.5 A or less. 

This mirror is 18.5 meters from the source and must have a minimum clear aperture 
15.09 cm long (4a) by 23.68 mm wide (8a). For this mirror, and the similar elements of 
other beam lines, we are investigating the possibility of fabrication from bent metal flats. 

Pitch, roll, and translation of the condensing mirror will be adjustable under 
vacuum. In addition, it will be possible to make small changes to the vertical photon 
beam deflection from this mirror under feedback control from a photon position detector 
downstream. Small vertical motions of the source image on the monochromator entrance 
slit can thus be eliminated interactively. A piezoelectric pusher will be used to cause 
rotations about the horizontal axis in the reflecting surface (pitch) up to a few tens of 
microradians. 

Entrance Slit. The adjustable entrance slit opens and closes to gi ve a vettical aperture 
from 5 to 500 ~m. It need not translate longitudinally. It also perfOlms as a photon BPM 
to allow the focused image of the source to be steered through. By electrically isolating 
the blades and providing a sweeping field for photoelectrons, signals will be generated 
that indicate the vertical position and size of the beam. This will also be the origin of the 
error signal required by the feedback loop acting on the deflection angle of the vertical 
condensing mirror. 

The entrance slit aperture must undergo thermal distOltion of less than 1 ~m, when 
subjected to the maximum-power photon beam transmitted by the deflecting mirror (15 
W), vertically focused on the slit (all = 1.60 mm, cry $ 4.20 ~m). 

Monochromator. The monochromator must span the range of photon energies from 20 
to 300 eV, and the photon deflection angle must be small enough to ensure acceptable 
reflectivity at 300 eV. Our solution was to use three gratings, each giving the same fixed 
deflecting angle (15°). The disadvantage of this design is less-than-optimal overlap 
among the corresponding three photon energy ranges where good resolution and 
efficiency are possible. As mentioned above, the monochromator vessel includes ports to 
allow the undeflected white light to pass through the tank below the grating assembly. 

The finest grating, for use up to 300 eV, is coated with a nickel optical surface. The 
other two gratings, for use up to about 60 and 120 eV, respectively, take advantage of the 
more uniform reflectivity of a gold optical surface at these energies. The gratings are 
used in positive order to avoid large motions of the exit slit, which moves to stay at the 
focus of the grating as the grating rotates. The line spacing of the coarsest grating (385 
lines/mm) was chosen so that the horizon wavelength (885A) is beyond the bottom end of 
the energy range of interest (20 eV). The horizon wavelength (439.IA) and the line 
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spacing (775 lines/mm) of the second grating are thereby indicated. The third grating is 
likewise specified (1'-11 = 162.3A, 2100 lines/mm). 

So that the curves of diffraction efficiency versus photon energy are broad enough 
to ensure overlap between the three gratings' efficiencies, the ruled profile must be 
laminar. The groove depth is adjusted to give peak first-order efficiency in the middle of 
the energy range_ The resulting groove depths are 550, 270, and 100 A for 385,775, and 
2100 lines/mm, respectively. The ruled length of each grating is 14 cm; each will be 
overfilled at some wavelengths. The allowed rms slope en-or is '" = 0.8 ~rad. 

The calculated throughput for each grating is shown in Fig_ 4-3 [Heimann, 1991]; 
the resolved flux corresponds to that with the width of the entrance slits varied to fix the 
slit-limited resolving power at 10,000. The calculations that underlie this figure are based 
on the predicted flux from the undulator, using the first or third harmonic, whichever is 
most intense. They include mirror absorption and a diffraction efficiency for square
wave gratings, in first order, with shadowing [Bennet, 1971]. The calculations also take 
account of losses at the entrance slit due to spherical aberration of the vertical condensing 
mirror and the size of the demagnified image of the source, but they ignore aberrations at 
the diffraction grating, which reduce the resolution and may allow the slits to be opened, 
thereby increasing the resolved flux. 

1014 r--,----,----,----,- ,-- ----,--- - - ,-, 

G, 

G, = 385 lineslmm 
G2 = 775 lineslmm 
G3 = 2100 lineslmm 

1012 L--:": _ __ -:": _ _ -'-----'---,L--_ _ _ -'-_ __ -'-c' 
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Figure 4-3. Plot of resolved flUX as a fUllctioll of photoll ellergy, for the three gratings of 
'he UB.O bellmline monochromator. 
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It is impractical to stay on the Rowland circle at all wavelengths, because this 
requires a moving entrance slit, which implies changing the focal length of the vertical 
condensing mirror or changing the throughput at the entrance slit-neither an acceptable 
option. Instead, we operate on the Rowland circle for only one wavelength, and only the 
exit slit moves to give zero defocusing as the grating rotates. The distance from the 
grating to the exit slit varies from 3.745 meters at the Rowland wavelength to about 4 .6 
meters. The penalty for a fixed entrance slit is nonvanishing coma aberration from the 
grating and motion out of the field of the refocus optic. 

The resolution of the monochromator was computed analytically, as a function of 
wavelength, including the geometrical aberrations of the spherical grating and the effects 
of finite slits [Hogrefe, Howells, and Hoyer, 1986]. These analytical results have been 
confirmed by explicit ray-trace analyses. The results, shown as the net aberration-limited 
resolution for each grating, are shown in Fig. 4-4. Coma proves to be the only important 
aberration. 

Exit Slit. The adjustable exit slit is the same as that built for the SSRL Beam line 6 
monochromator. It must open and close from 500 to 5 llm and translate up and down the 
beam line through a distance of 0.7 meter. The exit slit must tolerate the zeroth-order 
diffracted beam without pelmanent damage. Maximum incident power in zeroth order is 
about 25 W. Under operational conditions, when distortion must lie less than about I llm, 
the zeroth-order light is not incident on the slit, and the incident power is much less. 

Vertical Refocusing Mirror. The vertical refocusing mirror collects the radiation 
diverging from the monochromator exit slit and focuses it on the sample, thereby 
maximizing the flux of resolved photons for experiments. The spot size is 50 llm full
width-half-maximum, which matches the horizontal spot size. By designing for unity 
magnification, geometric aberrations are minimized. The radius of the mirror, which is a 
nickel-coated metal substrate bent into a sphere, is adjustable to focus an image of the 
exit slit onto the sample at any point within its range of travel. At a grazing-incidence 
angle of 3°, the radius must change from 35 to 65 meters. A limited scan of the 
monochromator is then possible until the defocus increases the spot size to more than 50 
llm, typically a scan of 5% in photon energy, rising to 20% at the Rowland wavelength 
where the exit slit motion is changing direction. 

Alignment and Positioning Techniques. Detailed alignment and positioning tolerances 
are discussed in the U8.0 design document [Warwick, DiGennaro, and Howells, 1989b]. 
Here we broadly summarize the methods that will be used to achieve the required 
specifications. We use the term "alignment" to refer to adjustments performed prior to 
operating the beamline. Adjustments made under vacuum with synchrotron radiation 
incident on the optics are called "positioning." 
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Figure 4-4. Plot of resolutioll as a flllletioll of pllotoll energy for tile U8.0 beamlille 
monochromator. 

Alignment and positioning of optics will proceed in three stages as follows: 

• Installation and initial alignment will follow monuments in the experimental floor, 
typically using tooling balls on the vacuum vessel; precision is about ±150 ~m. 

• Parameters that cannot easily be set using synchrotron radiation under vacuum will 
be precisely aligned using a helium-neon laser before evacuation. 

• The remaining parameters will be precisely established using the synchrotron 
radiation itself. 

Following installation and initial alignment, the diffraction grating will be precisely 
aligned by means of a laser reflected and diffracted from the grating. Translation, roll, 
and pitch of the condensing mirror will be set using the positioning mechanism, with 

61 



4. BEAM LINES 

synchrotron radiation incident on the optic. The focal length of the mirror depends on the 
pitch angle, and pitch rotations of more than about ± 150 Ilrad will affect the size of the 
image. If rotations as large as this are required to steer the image onto the entrance slit, 
then translation positioning of the mirror can also be used. Roll must be set to give a 
horizontal line image at the entrance slit. These parameters will be adjusted to give 
maximum transmission through the slit, as indicated by photoemission signals from the 
slit blades. 

4.2.2 Bend-Magnet Beam Line 

The bend-magnet beamline delivers photons to the same experimental station as the U8.0 
undulator beam line just described. As the initial complement of ALS experimental 
facilities includes no bend-magnet beamlines other than a special-purpose diagnostic 
beamline, a detailed design document similar to that referenced for the U8.0 beamline 
[Warwick, DiGennaro, and Howells, 1989b] is not yet available. In general, bend magnet 
beam lines require that collecting optics be placed close to the source, inside the shield 
wall, to deliver radiation from a large horizontal collection angle (typically 10 mrad). 
The broad spectrum of bend magnet radiation from the ALS can serve experiments of 
various types; beam line designs vary accordingly. For the purposes of this report, we 
propose a high-resolution beamline that is essentially identical to the U8.0 undulator 
beamline, with the exception of components necessary to direct the beam onto the same 
experimental point as the undulator beam and to provide for a controlled, variable time
delay between the arrival of undulator and bend-magnet photon pulses at the sample. In 
addition, water-cooled optics are not required beyond the first optic, and the horizontal 
deflection mirror is located inside the storage-ring shielding wall. The source size and 
divergence are different for the undulator and bend magnet, as shown in Table 4-2, which 
affects some design details. 

Table 4·2. Radialion Source Size and Divergence. 

Source size Source Divergence 
(Jlm) (wad) 

Undulator 
Horizontal 330 30 

Vertical 63 16 

Bend Magnet 
Horizontal 100 134 

Vertical 50 0.75 

62 



4.2 U8.O-Belld-Magllet Beam-Line Complex 

Front End. With the exception of the photon beam-position monitor, which is absent, 
the front-end systems are essentially identical to those in insertion device beamlines and 
are intended to protect the beam line equipment, storage ring vacuum, and personnel 
[Melczer, 19911_ All front-end components are located inside the storage ring shielding. 
These components are described in Section 4.2.1 and are illustrated in Fig. 4- 1. 

Beam Line. With the exception of the horizontal deflection mirror inside the storage
ring shielding wall and the absence of water cooling, the beam line systems are essentially 
identical to those in the undulator beamline. These components are described in Section 
4.2.2 and are illustrated in Fig. 4- 1. The bend magnet to be used is the first after 
(immediately downstream from) the undulator and provides a beam centered 6.3° 
clockwise from the center line of the undulator beam_ The first optic is a spherical 
horizontal deflecting and focusing mirror located 5 meters from the bend-magnet source 
point inside the storage-ring shielding wall. The mirror deflects the bend-magnet beam 
7.855° counter-clockwise so that the beam intersects the undulator beam at a point 30 
meters from the source, which is the location of the sample in an experimental end 
station. We plan to collect ±5 mrad horizontally by ±1.75 mrad vertically. The large 
vertical collection angle maximizes the bend-magnet intensity at the low end of the 
photon-energy range_ Collection of 10 mrad horizontally at a grazing-incidence angle of 
3.92° requires a long 800-mm mirror, which is water-cooled to maintain optical figure 
under all beam conditions. 

Delay Line. Photons from the ALS come in pulses 35 ps long at a repetition rate of 500 
MHz, giving a separation between pulse arrival times of 2000 ps_ The key piece of 
hardware for two-photon, pump-probe experiments using this pulsed radiation is the 
optical delay unit. The purpose of the delay unit is to vary the arrival time of the bend
magnet photon pulse relative to that of the U8.0 photon pulse. The delay of the bend
magnet photon pulse is accomplished by increasing the optical path length. The 
challenge is optical design is to introduce the necessary path-length increase without 
changing the beam position on the sample, which in most cases spatially overlaps the 
position of the U8.0 beam. The four-mirror reflective design shown in Fig. 4-5 
eliminates displacement of the outgoing beam, minimizes limitation of the range of 
photon energies that can pass through the delay unit, and provides a sharp, low-pass 
transmission cutoff for elimination of higher order radiation. 

Four platinum-coated mirrors form the optical system of the delay line. All four 
mirrors have identical incidence angles for sharpest transmission cutoff and to ensure that 
the delay line introduces no net beam steering. The two end mirrors MdJ and Md4 are 
rotated about their centers, while the two center mirrors Md2 and Md3 are rotated and 
translated vertically between 0.3 and 1.44 meters below the beam line. A bellows 
assembly linked to a linear translation stage provides for this motion. Over the range of 
motion, the grazing-incidence angles are varied from 3.4° to 15° and the increased path 
length of the deviated beam grows from 35 mm to 775 mm for a total time delay of just 
under 2600 ps. The separation between MdJ and Md4 is 5.5 meters. 
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Figure 4·5. Conceptual drawing of the [our-mirror reflective optical-delay unit. A vertical 
translation stage moves the unit up and down, thereby varying the optical path length and 
the delay time. When not needed, the delay unit can be raised to a position such that the 
photon beam does not strike any mirrors. 
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Note that the total delay time is the sum of the time it takes the electron bunch to 
travel from the undulator to the bend magnet. In the absence of an intentional delay, 
placement of the horizontal deflection mirror 6 meters from the center point of the bend 
magnet will result in the bend-magnet pulse arriving at the experimental point about 144 
ps after the U8.0 pulse. The additional delays produced by the delay unit are shown in 
Table 4-3. All factors determining the timing of the two pulses are under the 
experimenter's control. 

Tahle 4-3. Bend-magnet pulse arrival lillles. 

Additional Delay Grazing Angle 
(ps) (deg) 

120 3.02 

200 4.42 

500 6.93 

1000 9.68 

1856' 12.93 

2000 13.38 

2579 15.00 

Height 
(m) 

0.300 

0.388 

0.617 

0.879 

1.212 

1.261 

1.443 

'Additional delay needed for superposition of U8.0 and bend-magnet pulses at the 
the experimental point is 1856 ps. 

The light incident on the optical-delay unit is refocused at the nominal midpoint of 
the unit by a mirror at the exit slit of the monochromator, causing a beam footprint on the 
delay-line mirrors that varies from 5 cm x 2 cm to 3.5 cm x 2 cm as the incidence angle 
changes_ However, because of the focusing, the beam footprint will not be altered at the 
exit port of the delay line, thereby allowing the use of plane mirrors and effectively 
decoupling the delay line optically from the monochromator. When the delay line is not 
needed, the bellows assem bly can be raised to a position where the beam goes through 
the unit without sUiking any of the mirrors, another advantage gained by refocusing the 
beam before the delay line. 

Because of the wide range of incidence angles needed to accomplish the delay times 
specified for the delay unit, the planar mirrors must be quite long, and the cross section of 
the beam emerging from the delay unit will be quite large. A final refocusing mirror is 
needed to provide a small area of illumination in the sample plane. The location of the 
mirror is 0.5 m beyond the delay unit output and I m before the experimental point. The 
mirror will be bendable with adjustable focal characteristics to provide different spot 
sizes as required by experiments and to account for the variation in source point with 
delay time. 
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4.3 UlO.O BEAM LINE 

The following paragraphs summarize the design for a UlO.0 beam line, as described in the 
Chemical Dynamics Research Laboratory Conceptual Design Summary [1990]. Such a 
beam line is suitable for use by researchers in both chemical and materials science. 

The four principal requirements for this beamline are: 

• A photon energy range of 5-50 e V in the first harmonic. The low-energy end of this 
range overlaps the capabilities of intense laser sources; the high end allows 
exploration of valence-shell processes in molecules. 

• An intensity of at least 1012 photons per second at 0.1 % bandwidth. 

• High brightness combined with a tightly focused beam. Two-color experiments 
involving the ALS beam and a laser beam may involve interaction volumes whose 
linear dimensions are on the order of 50 ~ri1. 

• Resolving power of at least 50,000. 

Great spectral purity is also needed for many experiments; the ratio of the third harmonic 
to the first harmonic,l:,!ll, must be less than I x 10-5. 

These requirements must be satisfied within certain practical constraints, many of 
which arise from the undulator. To obtain wide spectral coverage, one must use a wide 
range of undulator K values. For large K, the undulators generate substantial radiation 
flux at high harmonics (the higher orders scale as /(3), and the beamline optics must be 
able to handle this extra radiation. For reasons associated with ALS beam dynamics, the 
maximum magnetic field required to produce the photon characteristics outlined above 
must be less than the bending-magnet field (1.04 T). The UlO.0 undulator will meet the 
user requirements by producing radiation that has the following characteristics at the 
source (central cone, diffraction-limited, at 1550 A): 

• Beam size: crH = SOO ~m, crv = 220 ~m. 

• Divergence = 450 ~rad 

• Brightness = 5.7 x 1016 photons/s/mm2/mrad2 at 0.1 % bandwidth. 

To meet the user requirements and take advantage of the characteristics of ALS 
radiation, the UlO.0 beamline was designed for high throughput, high resolving power, 
small focused image, and wide energy range. 

Front End. The front end systems are identical to those described in Section 4.2.1 for 
the undulator US.O beamline. 

Beamline Layout and Components. The layout of the UlO.0 beamline is shown 
schematically in Fig. 4-6. The design includes two grazing incidence mirrors (MI and 
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Figure 4-6 Layout for the UIO.O beamline. The front-end components (not shown) wiU be 
identical on all ALS beamlines. 
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M2) whose role is partly to condense the beam onto the entrance slit of the 
monochromator and partly to absorb the large power that will be present in the undulator 
beam at photon energies outside the range needed for experiments. The monochromator 
is of the McPherson type, which can be obtained commercially from several different 
vendors The mirrors M I and M2 and the normal-incidence mirror M3 absorb sufficient 
power that the grating G need not be water-cooled. The two condensing mirrors, M4 and 
M5, are needed to deliver the monochromatic beam to the sample at the right location in 
three dimensions. 

Tables 4-4 and 4-5 list the parameters of the optical components within the 
beamline. 

Table 4~4. Parameters/or the mOllochromator gratillgs in the U10.0 beam/ine. 

Parameter GI G2 

Grating groove density (lines/mm) 1200 2400 

Grating radius (m) 5 5 

Reciprocal linear dispersion (Aimm) 1.69 0.85 

Slit-widUl-limited resolution, 0.016 0.008 
flrst·order, widl JO·~n slits (A) 

Maximum wavelength at 10· 2883 1441 
from A = 0 (A) 

Table 4-5. Parameters/or 'he mirrors illihe UJO.O beamUlle. 

Parameter MI M2 M3 M4 M5 

Surface shape Spherical Cylindrical Rat Cylindrical Spherical 

Tangential radius (m) 3.2 ~ ~ ~ 3.2 

Sagittal radius (m) 3.2 0.1 3 ~ 0.38 3.2 

Length (mm) 150 100 3 300 350 

WidU, (mm) 50 50 3 80 80 

Incidence angle (deg) 87 87 5 87 87 

Magniflcalion faClor 0.25 0.071 nla 0.5 

Inward conjugate (m) 16 18.66 nla 7.28 9.71 

Oulward conjugale (m) 4 1.33 nla 7.28 4.85 

Focusing plane Horizontal Vertical Vertical Vertical Horizontal 

Coating Carbon Carbon SiC Carbon Carbon 
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Output Flux and Geometry. The phase space of the photon beam at the interaction 
region, when the beamline is set for a slit-width-limited resolution of 0.016 A with a 
1200-lines/mm grating (IO-~m slits), is 0.011 x 4.9 mm·mrad (vertical) and 0.1 x 2.8 
mm·mrad (horizontal). These figures are the Gaussian optics values, which are expected 
to be good in general, but in some cases, the astigmatic focal line length may be larger 
than the quoted horizontal spot size. As described below, this can be corrected if it is 
considered important. The effects of optical fabrication tolerances and aberrations have 
not been allowed for, and they might be expected to produce some degradation of the 
quoted values for the vertical spot size. 

For the photon fluxes emitted by the UIO.O undulator, the output does not vary 
much over the spectral range of interest. The same is roughly true for the reflecting 
efficiency of the carbon and SiC coatings we propose. For the optical systems described 
here, with the ALS operating at 400 rnA and 1.5 GeV, we obtain: 

for t'J.')J')... = 1150,000: 
for t'J.')J')... = 1144: 

3 x 1011 photonsls 
3 x 1014 photonsls 

Other Design Issues. Some of the issues that guided design decisions bear further 
discussion. These include astigmatism, suppression of unwanted higher-order radiation, 
and the high heat loads associated with synchrotron radiation beamlines. 

Astigmatism. The main aben'ation of the monochromator system described above is 
astigmatism. Instead of producing a focal point at the exit slit, the system produces a 
focal line. This defect does not affect resolution, but it must be taken into account in 
matching the focal spot from the ALS to an interaction region defined by, for example, a 
molecular beam. For the UIO.O beamline, calculations show that the length of the focal 
line reaches its maximum value (1/13 of the length of the illuminated part of the grating 
grooves) at the maximum output wavelength. This means that the line length is always 
less than 0.5 mm, usually much less. For many purposes this will be negligible. 

Higher-Order Suppression. The requirement that higher diffracted orders be less 
than 10-5 times the intensity of the first order cannot be met with any conceivable design 
based on optical considerations alone. The problem is particularly serious for the spectral 
region of interest here because, at the ALS electron energy, undulators must operated at 
high magnetic fields to generate low-energy photons in the first harmonic. As a 
consequence, the higher-order radiation is generally more intense than the desired 
radiation. 

Nonetheless, we have made the best possible use of the optical factors that can be 
used to discriminate against higher orders, namely, reflection filtering and a laminar 
grating with a mark-to-space ratio of unity. This is quite effective near the normal
incidence reflectance threshold of the SiC reflection surfaces used on most of the optical 
components. However, it becomes so ineffective at wavelengths greater than twice the 
threshold that second and third orders may constitute as much as 10% of the total output. 
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To obtain an improved rejection of the higher orders, it will be necessary to use 
absorption filters. For the windowless UIO.O beam line, that means the use of gas filters. 

To implement such a scheme, we first note that there is in any case a need to have 
considerable differential pumping between the sample chamber, which may contain a 
gaseous sample, and the beamline, which must be kept at ultrahigh vacuum. The 
introduction of gas filtration is thus a natural extension of the design of the differential 
pumping system. The proposed design is shown schematically in Figure 4-7. The 
absorber gas, one of the noble gases, is introduced into one of the three sealed, 
rectangular apertures and is kept at a pressure of, say, 0.5 Torr. A system with the 
geometry shown transmits less than 10-6 of the incoming high-order photons, provided 
the correct gas is chosen for the prevailing spectral region. 

Heat Loads. The heat loads on the first mirror of the UIO.O beam line have been 
calculated by assuming that only the central-cone radiation from the undulator is needed 
(and that radiation outside the central cone is therefore not accepted) and that the 
undulator gap is set to give a first harmonic photon energy of 6 eV. This is the worst case 
in terms of beam power. As a result, although the total output power of the undulator is 
l.98 kW, the beamline accepts only 96 W; 93 W is absorbed by the first mirror. We can 
therefore assume that the thermal design issues posed by this beam line are similar to, or 
less severe than, the ones already resolved by the ALS engineering staff for other 
beamlines. 

t 
500 Q/sec 

XCG8911 ·. no 

Figure 4-7. Differential pumping scheme for Ihe UJ 0.0 beam/inc. 
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4.4 UX BEAM LINE 
The technical requirements for the UX beam line depend upon the nature of the insertion 
device proposed and the experimental program it supports. For the purposes of this 
document, a beamline identical to that associated with the U8.0 undulator is adopted. 
This beam line is consistent with the UX undulator described in Section 3.4 and with the 
general requirements for research using circularly polarized ultraviolet and soft x-ray 
radiation over the 20- to 300-e V photon-energy range in materials science, atomic and 
molecular physics, and biology. The U8.0 beamline is described in Section 4.2.1. 

4.5 W16.0 BEAM LINE 

The technical requirements for the wiggler beam line depend upon the nature of wiggler 
radiation and the proposed experimental program. Owing to the wide fan of radiation 
generated by a wiggler, some details of the front end of a wiggler beam line normally 
vary from those of an undulator beam line. In general, wiggler beamlines require that 
collecting optics be placed close to the source, inside the shield wall, to deliver radiation 
from a large horizontal collection angle (typically more than 10 mrad) . The design 
adopted here uses the full width of the wiggler fan to provide for two branches. One 
branch contains a double-crystal monochromator for the spectral region up to several ke V 
and the other a spherical-grating monochromator (SGM) for the spectral region below 1 
keY. Both branches illuminate the same experimental end station containing apparatus 
that is consistent with the general requirements for high-resolution vacuum ultraviolet 
and soft x-ray spectroscopy in mateIials science and in atomic and molecular physics and 
chemistry. 

4.5.1 Front End 

With the exception of provisions to capture 16 mrad of the wiggler radiation fan, the 
front-end systems are essentially identical to those in undulator device beam lines and are 
intended to protect the beamline equipment, storage ring vacuum, and personnel 
[Meiczer, 1991]. All front-end components are located inside the storage-ring shielding. 
These components are described in Section 4.2.1 and are illustrated in Fig. 4-1. 

4.5.2 Crystal Monochromator Branch Line 

The technical characteristics of the crystal-monochromator beamline are given in Table 
4-6, which indicates a useful tuning range of 3-15 keY (defined as \0% of the flux at \0 
keY) for silicon crystals. Such a range encompasses the K- or L-edges of all elements 
from argon up to lead. The silicon double-crystal monochromator is capable of spanning 
the range from 2-20 keY, accessing a wider range of elements but with reduced flux at 
the lowest and highest photon energies. The use of crystals with a large d spacing, such 
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as beryl, would provide access to photon energies below 1 keY and hence to elements of 
lower atomic number down to sodium. However, beryl is more fragile than silicon in 
hostile thermal environments and would require protection from the high power levels of 
the wiggler beam by means of a pre-monochromator to remove most of the power. 

The optical layout of the beamline is shown in Fig. 4-8, and the characteristics of 
the optical components are given in Table 4-7 . The beam from the wiggler is first 
collimated in the vertical plane by the cylindrical mirror MI, which will be made by 
elastic bending of a water-cooled, flat metal mirror. The beam then impinges on the first 
crystal (CI) of a standard ultrahigh-vacuum, double-crystal monochromator. This system 
has three mechanical motions: rotation of the first crystal and rotation and translation of 
the second crystal. The overall effect is to provide a monochromatic x-ray output beam at 
a fixed height. The mechanism also includes features allowing the convenient 
interchange of crystals, to allow other crystals such as beryl, germanium, and multilayer
coated reflectors to be used. 

Table 4-6. Specifications for the crystalmollochrollwlor brallch IilJe. 

Source critical energy (keY) 

Wiggler deflection parameter, K 

WidU, of wiggler radiation fan (mrad) 

Source output at 10 keY [phOlons/(s·mrad·O.1 % BW)] 
(integrated over all vertical angles) 

Collected solid angle (mrad2) 

Bemn area at optical system (mm2) 

Spot size at sample (mm2) 

Convergence angles at sample (mrad2) 

X-ray resolving power 

X-ray flux at sample at 10 keY (photons/s) 

Useful tuning range, defined as >10% of U,e flux 
at 10 keY (keY) 

3.1 

31 

16 

IOt4 

2xO.3 

28x4 

0.2 x 0.1 

2x 0.3 

10-4 

6x 1012 

3-15 

The first crystal receives a heat load that is fairly large, but not as large in total 
power or power density as those being planned at other synchrotron radiation facilities. 
Table 4-7 includes numerical values for these loads. We anticipate that standard water
cooling techniques, similar to those that LBL has used successfully with mirrors, will be 
adequate. The second crystal (C2) and the second mirror (M2) receive very small power 
loads and are designed accordingly. The last mirror is a toroid made by elastic bending 
of a cylindrical, fused-silica mirror of 22-mm radius. This radius provides focusing in the 
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horizontal (sagittal) plane and limits the horizontal acceptance of the system to 2 mrad. 
The elastically bent radius provides focusing of the initially collimated beam in the 
vertical (tangential) plane. The final result is almost a I: 1 image of the source, and this is 
applied to the sample. The adjustable focus of the M2 mirror can be used to enlarge 
(defocus) the spot size in the vertical direction to match the size of larger samples if this 
is desired. The phase-space data for the x-ray beam are given in Table 4-6. 

Table 4·7. Characteristics of the optical components in Ihe crystal monochromator branch lille. 

First mirror Crystals Second mirror 

Material Pt·coated, Ni- Silicon (I II) PI-coated fused 

plated metal silica 

Surface shape Cylinder Flat Toroid 

Beam incidence angle (mrad) 5 199 (at IO keY) 5 

Tangential radius (km) 17.07 ~ 9.80 

Sagittal radius (m) ~ ~ 0.0227 

Disk1nce from source (m) 13 14 15 

Active surface area (mm2) 780 x 28 20 x 28 (at 10 keY) 780 x 28 

Maximum incident power (kW) 0.60 0.48 (first) small 

small (second) 

Maximum surface power 1.9 59 (first) small 

density (W/cm2) small (second) 

4.5.3 Spherical-Grating Monochromator Branch Line 

The SGM branch line delivers photons to the same experimental station as the double
crystal monochromator beamline just described. Unlike the US.O-bend magnet complex 
described in Section 4.2, however, the intent is to use only one branch at a time to 
illuminate the sample; that is, two-photon, pump-probe experiments are not planned. For 
the purposes of this report, we propose a high-resolution beam line that is essentially 
identical to the undulator beam to the U5.0 undulator beam line that is included in the 
initial complement of ALS experimental facilities [Warwick, DiGennaro, and Howells, 
19S9a]. The major difference is the inclusion of components necessary to direct the beam 
into the experimental chamber at the end of the crystal monochromator branch. We 
provide here only a summary of the beam line' s essential features as they differ from that 
of the US.O undulator beam line. Major beamline parameters are tabulated in Table 4-S. 

As shown in Fig. 4-9, the branch line includes a spherical grating monochromator 
(SGM) with three diffraction gratings, which can cover the range of photon energies 
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4.5 Wl6.0BeamLine 

between 65 and 1500 eV. The branch line delivers photons from the wiggler, with 
minimum losses and high resolution. There is no horizontal focusing until beyond the 
monochromator, where it takes place at high demagnification (by a factor of about 14) 
onto the sample. A demagnified vertical image of the source (demagnified by a factor of 
about 15) will be formed on the monochromator entrance slit, on the exit slit, and at the 
sample. 

Table 4·8. Design parameters for tile optical components in tlte US.O beamline. Tlte 
assllmed energy range is 60-1 SOO e V; Klllax ~ 4 and cT,nax ~ 7S mrad. 

Vertical 

condensing Diffraction 

Parameler mirror grating 

COaling Gold Gold, nickel 

Grazing incidence angle (deg) 2 

DeOeclion angle (deg) 5 

Dislance from source (m) 15 17.51 

Tangential radius (m) 53.73 70 

Foolprinl 

Horizonlal, 2.350 (mm) 2.64 3.09 

Vertical, 2.350 (cm) 7.58 Varies 

Incident power (W) 142 (40) 30 (2.350) 

Absorbed power (W) 98 (40) 18 (2.350) 

Allowed nns slope error (lHad) 1.05 0.6 

For Ule en Crance slit, 16 meters from the source, 0/1 = 1.20 mm, Oy = 4.20 1HIl; 

for the exil slit at the Rowland wavelength, 22.1 melers from the source, 

0/1 = 1.66 mm, Oy = 4.20 1HIl. 

Vertical Condensing Mirror. The firs t optic is the vertical condensing mirror. The 
water-cooled spherical condensing mirror has a demagnification of 15 and generates a 
vertical image of the source (a horizontal line) at the entrance slit of the monochromator. 
The requirement is simply to get most of the photons into the monochromator, which has 
an entrance slit as narrow as 10 11m in the vertical direction. A 2° grazing incidence 
angle was chosen, giving a reflectance from a gold-coated surface of about 60% at 1000 
eV and about 40% at 1500 eV. Smaller grazing incidence angles would give better 
reflectivity but a longer mirror, which, if built as a cylinder or a sphere, would suffer 
from unacceptable coma aberrations. This mirror is 15 meters from the source and must 
have a minimum clear aperture 12.89 cm long (4a) by 9.00 mm wide (8a). 
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Monochromator. The monochromator must span the range of photon energies from 65 
to 1500 eV, and the photon deflection angle must be small enough to ensure acceptable 
reflectivity at 1500 eV. Our solution was to use three gratings, each giving the same 
fixed deflecting angle (5°). The disadvantage of this design is less-than-optimal overlap 
among the corresponding three photon energy ranges. Also, the choice of a small 
monochromator deflection angle, necessary to pass photons up to 1500 eV, leads to a 
coarse diffraction grating (200 lineslmm) for the low-energy photons, but the resolution 
remains acceptable, as discussed below. 

The finest grating, for use up to 1500 eV, requires a gold optical surface. The other 
two gratings, for use up to about 600 and 300 eV respectively, take advantage of the 
higher reflectivity of a nickel optical surface at these energies. The gratings are used in 
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4.5 W/6.0 Beam Line 

positive order to avoid large motions of the exit slit, which moves to stay at the focus of 
the grating as the grating rotates. The line spacing of the coarsest grating (200 lines/mm) 
was chosen so that the horizon wavelength (190 x 10-10 meter) is at the bottom end of the 
energy range of interest (65 eV). The horizon wavelength (76 x 10-10 meter) and the line 
spacing (500 lines/mm) of the second grating are thereby indicated. The third grating is 
likewise specified (/"h = 32 x 10-10 meter, 1200 lines/mm). 

So that the curves of diffraction efficiency versus photon energy are broad enough 
to ensure overlap between the three gratings' efficiencies, the ruled profile must be 
laminar. The groove depth is adjusted to give peak first-order efficiency in the middle of 
the energy range. The resulting groove depths are 360, 144, and 60 A for 200, 500, and 
1200 lines/mm, respectively. The ruled length of each grating is 14 cm; each will be 
overfilled at some wavelengths. 

The resolution of the monochromator was computed analytically, as a function of 
wavelength, including the geometrical aberrations of the spherical grating and the effects 
of finite slits [Hogrefe, Howells, and Hoyer, 1986]. These analytical results have been 
confirmed by explicit ray-trace analyses. The results, shown as the net aberration-limited 
resolution for each grating, are shown in Fig. 4-10. Coma proves to be the only important 
aberration. 

Refocusing Optics. A fixed horizontal mirror images the source at the sample at 14:1 
demagnification, giving a spot with a full-width-half-maximum of about 55 ~m . The 
mirror is a gold-coated metal substrate operating at a grazing angle of 2°. To achieve the 
deflection angle required to bend the photon beam to the experimental station at the end 
of the double-crystal monochromator branch line, multiple reflections may be necessary, 
together with larger grazing angles, which will restrict the upper end of the photon-energy 
range. The vertical refocusing mirror collects the radiation diverging from the 
monochromator exit slit and focuses it on the sample, thereby maximizing the flux of 
resolved photons for expeliments. The spot size is 50 ~m full-width-half-maximum. The 
radius of the mirror, which is a goal-coated metal substrate bent into a sphere, is 
adjustable to focus an image of the exit slit onto the sample at any point within its range 
of travel. At a grazing-incidence angle of 2°, the radius must change from 89 to 78 
meters. 
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5. 
CONVENTIONAL 
FACILITIES 

T HIS chapter describes the conventional facilities 
included in the scope of this project. A schedule and a summary of the cost estimate are 
included in Chapter 6. More detailed information on the conceptual design of the 
conventional facilities can be found in Appendix A. 

The project includes the completion of approximately 25,200 gross square feet of 
existing enclosed but unfinished shell space in the second floor of the ALS building. The 
location of the ALS building and an overview of the scope of the conventional facilities 
construction are shown in Figs. 5-1 through 5-3. The program for second floor 
completion of the second floor will provide ALS users with areas for wet and dry 
laboratories, support spaces, offices, a conference room, and a small library; HV AC 
equipment is included. The second floor area will be classified as B-2 occupancy, thus 
permitting storage and distribution of exempt amounts of hazardous materials. A 
schedule of net areas and functions is given in Table 5-1. 

The existing second floor shell includes a structural steel framework; a metal floor 
deck with concrete fill; a metal stud/gypsum board inside perimeter wall, separating the 
second floor from the ALS experimental hall; and three stairways to the lower level. The 
separating wall is set back five feet from the edge of the second floor to provide a service 
right-of-way for electrical cable trays and process piping. Ventilation ducts for the 
experimental hall are located above the walkway, with drops in each bay. 

The second floor has 24 bays ringing the experimental hall (see Figs. 5-2 and 5-3). 
Seven truncated bays will be occupied by mechanical and electrical equipment, and one 
bay will serve as a lobby- reception area. 

New partitions throughout the second floor will be of metal stnd/gypsum board 
construction. Offices will have 9-ft-high suspended acoustical ceilings; corridors will 
have exposed plenums with a suspended open grid, 4 ft on centers, for acoustic and sight 
control. Laboratory areas will have 13.5 ft of clearance to the underside of major roof 
beams, with a suspended open grid similar to that in the corridors. Offices, conference 
rooms, and the library will be carpeted; flooring in the laboratories will be vinyl tile. 
Windows and a thermally insulated wall along the exterior perimeter already exist; 
horizontal blinds will be added for sunlight control. 

The second floor spaces will be air-conditioned. Air to laboratory areas will be 
supplied by a variable-air-volume system, with terminal boxes in the ceiling spaces. To 
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Figure 5-1. Site plan of the lAwrence Berkeley lAboratory, showing the proposed location 
of the project described here. 
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Conventional Facilities 

Table 5-1. A summary oj the net areas alld Juncliolls in Ihe second floor oj Ihe ALS 
building. 

Net area (ft2) 

Labs Lab offices Support 

Laboratories 7,390 

Private offices 4,360 

Open office areas 2,330 

Exhibit/reception area 980 

Waiting/common area 370 

Kitchenette 60 

Library 790 

Mailroom 230 

Conference room 190 

Break/meeting areas (3) 480 

UHV workstations 240 

Dark rooms 170 

Storage 750 

Subtotals 7.390 6,690 4,180 

Total net usable area: 18,260 (ft2) 

Total gross enclosed area: 25,200 (ft2) 

provide the required makeup air for the fume hoods and to ensure a safe working 
environment, the laboratory HV AC system will use 100% outside air. Offices and 
support areas will be served by fan-powered, variable-air-volume terminal units, with 
direct digital control systems. Ventilation and fume hood exhaust units for the 
laboratories will be housed in three new roof-top enclosures, considerably smaller but 
otherwise similar to the three existing units. 

The second floor completion work will include the addition of two elevators; one 
will be located in the reception/lobby area on the north side of the building to provide 
handicapped access, and an additional 7000-lb combination passenger-freight elevator 
will be located near the delivery access roll-up door on the south side of the building. 
Modifications to the existing second floor enclosure will include sprinkler system 
changes to reflect the new layout and plumbing changes to furnish additional sanitary 
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5. CONVENTIONAL FACILITIES 

drains in the new laboratory spaces. The existing second floor floor is designed for 50-
Ib/ft2 live loads; the floor will be strengthened in laboratory areas to provide flexibility 
for user needs. 

The laboratory spaces will be equipped with an acid-neutralization system, 
laboratory mechanical and electrical systems, laboratory benches, fume hoods, laminar
flow hoods, and chemical storage cabinets. 

Utilities, including compressed air, hot and cold industrial water, low-conductivity 
water (supply and return lines), natural gas, and 4801277-V and 2081l20-V power, are 
available for distribution in the second floor area. A new electrical transformer and new 
switchgear equipment will be provided for the needs of the second floor, as well as to 
ensure additional power capacity for new ALS beamline loads. 
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6. 
SCHEDULE AND 
COST ESTIMATE 

THE scope of this project includes a complement of 
insertion devices, beamlines, and experimental equipment to be defined in detail by the 
needs of the user community, together with construction of approximately 25,200 gross 
square feet of laboratory, office, and other user-support space in the unfinished second 
floor of the ALS building. For the purposes of this report, special research facility costs 
were determined for the following set of insertion devices, beamlines, and experimental 
equipment: 

• An 8-cm-period undulator and one undulator and one bend-magnetbeamline for 
two-photon studies of dynamical phenomena in materials 

• A lO-cm-period undulator and one beam line for chemical reaction dynamics 

• A crossed-field undulator to provide radiation with controlled circular polarization 
and one beam line for the investigation of materials and biological systems 

• A l6-cm-period wiggler and one beam line with two branches for materials science 
and atomic physics. 

The scope of the project will be consistent with the cost estimate and schedule presented 
here. The project costs include all costs for construction, or fabrication, and installation, 
including engineering, design, and inspection (ED&I), and contingencies. The cost 
estimate does not include any costs for R&D or for operation of the equipment or the 
facility. 

6.1 SCHEDULE 

The project schedule, shown in Fig. 6-1, was developed assuming that construction 
funding will begin in FY 1994 and that the project will be completed in four years. The 
schedule also assumes that the funding profile developed for the Construction Project 
Data Sheet will be supported by Budget Authority authorized by the US Congress. 



6. SCHEDULE AND COST ESTIMATE 

ELEMENT 

1.1 Project Management 

1.2 ALS Beamllne Systems 

US Dynamical Phenomena 

EDI 

US Undulator & Beamllne 

Bend Magnet Beamllne 

U10 Chemical Dynamics 

EDI 

U10 Undulator & Beamllne 

UX Circular Polarization 

EDI 

UX Undulator & Beamllne 

W16 Spectroscopy 

EDI 

W16 Wiggler & Beamllnes 

1.3 Conventional Facilities 

EDI 

Building 6 Construction 

Special Building Facilities 

Utilities, Electrical 

Standard Equipment 
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6.2 Cost Estimnte 

6.2 COST ESTIMATE 

The work breakdown structure (WBS) is a complete compilation of all the work elements 
in this construction project. It defines the scope of the project in terms of the work to be 
done, and it provides a structure for collecting costs in an organized fashion. An 
abbreviated WBS for this project is the basis for the cost estimate summary shown in 
Table 6-1. Levell, the item with a single-digit code, represents the entire project. Level 
2 gives the breakdown into the major categories of project management (1.1), ALS 
beam line systems (1.2), conventional facilities (1.3), and contingencies (1.4). Still lower 
levels of the WBS subdivide the project into ever-finer detail. The cost summary of 
Table 6-1 shows detail in some cases down to level 5. Note that ED&I is a separate 
level 4 item for ALS beam line systems and a level 3 item for conventional facilities. 

The full cost estimate was developed in terms of FY 1992 dollars, then escalated to 
obtain the total estimated cost (TEC) of the project. The estimate includes ED&I and 
deliverables, as well as costs for providing environmental, safety, and health-related 
support. Contingencies were estimated at WBS levels 4 and 5. 

Table 6-2 is a more abbreviated cost summary, in which escalation is shown as a 
separate item and the TEC is given in then-year dollars. To determine the escalation, and 
thus the TEC, a funding profile consistent with the schedule of Fig. 6-1 was developed, 
and escalation was applied to calculate the cost profile in then-year dollars. The 
escalation rates, given in Table 6-3, come from the latest available Department of Energy 
guidelines for construction projects. This table shows how the $37.872 million cost 
estimate, in FY 1992 dollars, escalates to $43.900 million in then-year dollars over the 
life of the project. * 

Table 6-4 is a project cost summary in terms of then-year dollars. Here, escalation 
has been included in each of the cost categories and thus does not appear explicitly as a 
separate line. 

Finally, Table 6-5 is a cost schedule by major categories. This table breaks down 
the costs for each fiscal year into major cost categories, thus showing the cost profiles for 
major systems. An obligations schedule for the entire project is also given at the bottom 
of the table. 

* If Ule ALS structural Biology Support Facilities project is funded for an FY 1994 star~ Ule scope and cost 
of the ALS Beamlines Initiative project could be reduced accordingly. The total cost of the conventional 
facilities could decrease by $1.360 million . 
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6. SCHEDULE AND COST ESTIMATE 

Table 6-1. Summary oflhe bollom-up cost estimale. All cosls are shoHin illihousands of 
FY 1992 dollars. 

ALS Dcamlines Initiative - TEe (costs shown in FYl992 K$) 

1.1. Project Management 

1.2. ALS Bcamlinc Systems 

1.2.1 Dynamical Phenomena Beamlines 7,364 

1.2.1.1 Engineering. Design, & Inspection 1,726 
1.2.1.2 Dynamical Phenomena Beamlines Construction 5,637 

1.2.1.2.1 U8 Undulator 1,111 
1.2.1.2.2 U8 BearnJine Front End 587 
1.2.1.2.3 V8 Branchline 1,596 
1.2.1.2.4 Bend Magnet Beamline Frontend 368 
1.2.1.2.5 Bend Magnet Dranchline 1,975 

1.2.2 Chemical Dynamics DeamJine 4,873 

1.2.2.1 Engineering. Design, & Inspection 1,124 
1.2.2.2 Chemical Dynamics Deamline ConSlruction 3,749 

1.2.2.2.1 V 10 Vndulator 1,411 
1.2.2.2.2 UIO Beamlinc Front End 587 
1.2.2.2.3 U 10 Branchline 1,751 

1.2.3 Circular Polari zation UX Deamlinc 5,120 

1.2.3.1 Engineering. Des ign. & Insl:>eclion 1,301 
1.2.3 .2 Circular Polarization UX Bcamline Construction 3,819 

1.2.3.2.1 UX Undulator 1,636 
1.2.3.2.2 UX Beamiillc Front End 587 
1.2.3.2.3 UX Dranchline 1,596 

- cOlllinued . 
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Table 6-1 continued. 

1.2.4 Spectroscopy Beamline 

1.2.4.1 Engineering, Design, & Inspection 
1.2.4.2 Spectroscopy Deamline BeamJine Construction 

1.2.4.2.1 

1.2.4.2.2 

1.2.4.2.3 

WI6 Wiggler 

W 16 Beamline Front End 
W 16 Branchlines 

1.3 . Conventional Facilities 

1.3.1 Engineering, Design, & Inspection 
1.3.1.1 LBL Activities 

1.3.1.2 AE Activities 

1.3.2 Construction 
1.3.2.1 Building 6 Construction 
1.3.2.2 Special Building Facilities 
1.3.2.3 Utilities; Elect Transformer/Switchgear 
1.3.204 Standard Equipment 

104. Contingency 

1.4.1 

1.4.2 

1.4.3 

Management & Support 
ALS Deamline Systems 
Conventional Facilities 

1,059 

622 

2,628 

6.2 Cost Estimate 

1,630 

4,310 

172 

516 

3,185 

647 

658 

140 

5,940 

688 

4,631 

401 

5,971 

882 

5,319 

7,253 
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6. SCHEDULE AND COST ESTIMATE 

Table 6-2. Project cost summary. All figures are given in Ihousallds of FY 1992 dollars, 
except Ihe tolal escalated cost, which is givell in thousallds of theil-year dollars. 

1 ALS Beamlines and Experimental Facilities (TEC, ilien-year $) $ 43 ,900 

1.1 Project Management 2,004 

1.2 ALS Beamlines Systems 23,297 

1.2.1 Dynamical Phenomena Beamlines 7,364 

1.2.2 Chemical Dynamics Beamline 4,873 

1.2.3 Circular Polarization Beamline 5,120 

1.2.4 Spectroscopy Bcamlincs 5,940 

1.3 Conventional Facilities 5,318 

1.3.1 Engineering, Design & Inspection 688 

1.3.2 Construction 4,630 

1.4 Contingency 7,253 

1.4.1 Project Management 401 

1.4.2 ALS Beamlines Systems 5,971 

1.4.3 Conventional Facilities 882 

Escalation 6,028 

Table 6-3. Escalatioll schedule. Costs are givell ill thousands of dollars. 

FY92 FY93 FY94 FY95 FY96 FY97 Total 

FY 1992 K$ 4,615 13,275 13,355 6,627 37,872 

Inflation (%) 3.4 4.3 4.5 4.7 4.7 

Escalation factor 1.000 1.034 1.078 1.127 1.180 1.235 

'Olen-year K$ 5,015 15,014 15,685 8, 187 43,900 
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6.2 Cost Estill/{lte 

Table 6-4. l'rojeel eosl summary in Illousands of IIIen-year dollars. 

ALS Beamlines Initiative (TEC) $ 43,900 

1.1 Project Management 2,314 

1.2 ALS Beamlines Systems 26,944 

1.2.1 Dynamical Phenomena Beamlines 8,331 

1.2.2 Chemical Dynamics Beamline 5,538 

1.2.3 Circular Polarization Beamline 6,042 

1.2.4 Spectroscopy Beamlines 7,032 

1.3 Conventional Facilities 6,090 

1.3.1 Engineering, Design & Inspection 790 

1.3.2 Construction 5,300 

1.4 Contingency 8,552 

1.4.1 Project Management 464 

1.4.2 ALS Beamlines Systems 7,078 

1.4.3 Conventional Facilities 1,010 
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6. SCHEDULE AND COST ESTIMA'IE 

Table 6-5. Cosl schedule by major calegories, in Ihousands of Ihell-year dollars. All 
obligatioll schedule for I/, e complele projecl is given al Ihe bottom of I/,e lab Ie. 

FY94 FY95 FY96 FY97 Total 

1.1 Project Management 431.38 676.2 707.98 498.59 2,314 

1.2 ALS Beamlines Systems 

Dynamical Phenomena Beamlines 1,833 3,944 2,553 8,331 

Chemical Dynamics Beamline 1,186 2,141 2,210 5,538 

Circular Polarization Beamline 216 1,465 2,360 2,001 6,042 

Spectroscopy Beamlines 108 1,690 2,714 2,520 7,032 

1.3 Conventional Facilities 534 3,294 2,262 6,090 

1.4 Contingency 706 1,803 2,877 3,167 8,552 

Costs, totals by year 5,015 15,014 15,685 8, 187 43,900 

Obligations, totals by year 9,600 15,000 13,000 6,300 43,900 
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ALS Beamlines Initiative 

APPENDIX B 

Project Cost Estimate Details 

The cost estimate for the ALS Beamlines Initiative Project was developed in FYI992 dollars, and 

then escalated to obtain the total estimated cost (TEC). The estimated cost for the project is 

$37.872M in FY 1992 dollars; in actual year (escalated) dollars for a four year project schedule 

(FYI994-FYI997), the TEC is $43.9M. {Note: If the ALS Structural Biology Support Facilities 

project is funded for a FYI994 start, the scope and cost of this project would be decreased 

accordingly. The TEC would decrease by $1.36M; all scope and cost decreases occur in the 

conventional construction categories} The FY 1992 cost estimate detail information is presented in 

this Appendix. The cost estimate includes all construction costs to be incurred after project 

approval. Project scope includes the ALS beamlines systems, conventional facilities, engineering 

design and inspection (EDI), project management, and contingency. These cost estimate details are 

organized into a Work Breakdown Structure (WBS) format that presents a complete compilation of 

all the work elements in the construction project. 

The detailed WBS was developed to insure that all elements of the ALS Beamlines Initiative project 

were evaluated for the design, and then appropriately included in the cost estimate. It defines the 

scope of the project in terms of the work to be done, and provides a structure for collecting costs in 

an organized fashion. WBS Level I, the item with a one-digit code, is the entire project. Level 2 

breaks the project down into the major categories of Management (1.1), ALS Beamlines Systems 

(1.2), Conventional Facilities (1.3), and Contingency (1.4). Lower levels of the WBS subdivide 

the project into ever smaller detail. For example, at Level 3, the ALS Beamlines Systems are 

subdivided into the four major beamline systems: Dynamical Phenomena Beamlines (1.2.1), 

Chemical Dynamics Beamline (1.2.2), Circular Polarization Beamline (1.2.3), and Spectroscopy 

Beamlines (1.2.4). The WBS and costs, summarized to level 4, are shown in Table B.I , page B-4. 

Basis for the Cost Estimate 

ALS Beamlines Systems: Most of the Insertion Devices and Experimental Beamlines cost 

estimate details were derived from previous cost estimates developed and reviewed most recently in 

December 1991 for the Advanced Light Source (ALS). All of this material had been developed and 

assembled (October 1991) by the ALS staff for the DOE ALS Project semi-annual review in 
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December 199 I. Within this same time period, some elements and cost data for the insertion 

devices and beamline portions of the Life Sciences Center and the Combustion Dynamics Research 

Laboratory Projects were derived from this ALS data base as well. Th,-,se data have also been 

examined and validated by DOE review groups within the last year and also describe current 

representations of similar estimated costs of such devices. This ALS data base, then, is the basic 

source of the estimates for the wiggler and undulator insertion devices, experimental system 

beamline 'front ends', and their respective branchlines and monochromator systems. 

The general philosophy of this estimate as regards optical components is the same as that used in 

the ALS costing: current cost estimates are based on optical systems that have actually been fully 

designed. This means that the size, shape, radii of curvature, construction materials, and fabrication 

tolerances for all optical components were fixed, as was the floor layout including the positions of 

all components. The original ALS cost estimates were developed with this design detail definition 

and are appropriate to use as the basis for comparable current element costs. 

Conventional Facilities: For the conventional facilities improvements within the Building 6 

second floor area, the estimate was prepared by LBL's Plant Engineering Group, based on quantity 

take-offs from conceptual design drawings and specifications developed by Keller & Gannon 

Engineering-Architect finn based on a conceptual design study that was completed in April 1992. 

These base Keller & Gannon conventional construction costs, dated April 1992, fonn the basis for 

the current FY92 base costs. The conventional facilities data is included in the WBS and cost 

estimate data base in the Appendix B tables. This data is described and presented in somewhat more 

detail in Appendix A. 

EDI: The portions of the overall cost estimate required for Engineering, Design, and Inspection 

(EDI) activities were developed for both the conventional construction and ALS beamlines systems 

categories. The conventional facilities ED! includes both the cost of the ArchitechtiEngineer (AE) 

scope of work and the LBL Plant Engineering activities. The ED! for the beamline components 

was estimated in a manner consistent with the original ALS detail cost estimate procedures. 

Contingency: A contingency cost is included in the estimate to reflect the technical and cost 

uncertainties associated with each of the individual systems. These contingencies reflect past 

experiences on similar systems. The Contingency Analysis summary is shown in Table B.2. The 

contingency is grouped into three main categories: 1.4.1 - Management Support, 1.4.2 - ALS 

Beamlines Systems, and 1.4.3 - Conventional Facilities. 
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The 'ALS 8eamlines Systems' contingency was developed by examining work category levels as 

low as W8S levelS. The data for "% Contingency" and "K$ Contingency" at these levels is shown 

on Table 8.2. The individual percentage estimates range from 15% to 30% depending on the state 

of the design and the estimated overall uncertainty of the cost estimate. For those elements that 

were developed directly from the ALS cost data base, the same contingency percentage is used as in 

the ALS estimate. (e.g. wiggler and undulator, beamline frontends, and EDI). The resulting 

'overall effective contingency' for the ALS beamlines systems is approximately 25%. 

For the 'Conventional Facilities' contingency rates of 15-20% are used. For the ED! categories, the 

contingencies are 15% for L8L activities and 18% for AlE activities. The construction and standard 

equipment contingency is 15%; the special building facilities and utilities contingency is 20%. 

The total project contingency of 7253K$ represents an 'overall effective contingency' of 

approximately 23% for all project construction costs . The contingency analysis summary is 

presented in Table 8.2, pages 8-4 through 8-5. 

Cost Estimate Details: The lowest level W8S elements, as well as the summary cost entries, 

are shown in the "Cost Estimate Report, Summary by W8S Rollup Levels", Table 8.3 pages 8-6 

through 8-31. The "Cost Estimate Detail Listing" data is included in Table 8.4, pages 8-32 and 

following, and includes the detai I cost entry data sheet for each of the lowest W8S levels of the 

project. 
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Table 8.1 
Cost Estimate Summary 

WDS All costs shown in FY1992 K$ 

1.. ALS Beamlincs Initiative 37,872.1 

1.1. Management & Administrative Support 2,003.6 

1.2. ALS Beamlincs Systems 23,297.0 

1.2.1 Dynamical Phenomena U8 & 8M Beamlincs 7,363.7 

1.2.1.1 Engineering. Design, & Inspection 1,726.4 

1.2.1.2 Construction 5,637.3 

1.2.1.2. 1 U8 Undulator 1,11 0.6 

1.2.1.2.2 U8 Front End 587.4 

1.2.1.2.3 U8 Branchline 1,595.7 

1.2.1.2.4 Bend Magnet Front End 368.3 

1.2.1.2.5 Bend Magnet Branchline 1,975.3 

1.2.2 Chemical Dynamics Vl0 Beamline 4,873.4 

1.2.2. 1 Engineering, Design, & Inspection 1,124.2 

1.2.2.2 Construction 3,749.2 

1.2.2.2.1 UI0 Undulator 1,411.3 

1.2.2.2.2 UIO Front End 587.4 

1.2.2.2.3 U to I3ranchline 1.750.5 

1.2.3 Circular Polarization UX Bcamline 5,120. 1 

1.2.3.1 Engineering, Design, & Inspection 1,301.0 

1.2.3.2 Construction 3.8 19.1 

1.2.3.2.1 UX Undulator 1,636.0 

1.2.3.2.2 UX Front End 587.4 

1.2.3.2.3 UX Branchlinc 1.595.7 

1.2.4 Spectroscopy W 16 Beamline 5.939.8 

1.2.4.1 Engineering, Design, & Inspection 1.630.3 

1.2.4.2 Construction 4.309.5 

1.2.4.2.1 U10 Undulater 1,059.2 

1.2.4.2.2 U 10 Front End 622.4 

1.2.4.2.3 U JO Dranchlinc 2,627.9 

l.3 . Conventional Construction 5.318.4 

1.3 .1 Engineering. Design, & Inspection 688.0 

1.3.1.1 LDL Activities 172.0 

1.3.1.2 AE Activities 516.0 

1.3 .2 Construction 4,630.4 

1.3.2.1 Bldg. 6 Construction 3.185.4 

1.3.2.2 Special Building Facilities 647.3 

1.3.2.3 Utilities; Elect Transformer/Switchgear 657.7 

1.3.2.4 Standard Equipment 140.1 

1.4. Contingency 7,253.1 

1.4 .1 Project Management & Support 400.6 

1.4 .2 AU Dcamline Systems 5.970.5 

1.4 .3 Conventional Facilities 882.0 
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Table B-2 
Contingency Analysis Table 

(All costs shown in FYl992 K$) 

WBS No. Description Base COSiS Contingencies 

% K$ K$ 

Conling. Conling Conting 

Subtotal 
I.. ALS Beamlines Initiative 37.872 7.253 

1.1 - Management & Administrative SUPJX> rt 2.004 20 401 

1.2. ALS Deamlines Systems 23.297 5.971 

1.2. 1 Dynamical Phenomena Beamlines 7.364 1.864 

1.2.1.1 Engineering. Des ign, & Inspection 1,726 452 

1.2.1.1.1 EDI, US Undulator 333 25 83 

1.2.1.1.2 ED I, US Deamline Front End 88 15 13 

1.2. 1.1.3 EDI, US Dra nchl ine 559 25 140 

1.2.1.1.4 ED I, Bend Magnet Fronlend 55 15 8 

1.2.1.1. 5 EDI. Bend Magnet Branchline 691 30 207 

1.2.1.2 Dynamical Phenomena BL Conslr. 5.637 1.413 

1.2. 1.2. 1 US Undu1ator 1.111 25 278 

1.2. 1.2.2 US Beamline Front End 587 15 88 

1.2. 1.2.3 U8 Branchline 1.596 25 399 

1.2. 1.2.4 Bend Magnet Fronlend 368 15 55 

1.2.1.2.5 Bend Magnet Dranchline 1.975 30 593 

1.2.2 Chemical D ynamics Beamline 4.873 1.15 1 

1.2.2.1 Engineering , Design, & In spection 1.124 272 

1.2.2. 1.1 ED), UID Undulator 423 25 106 

1.2.2. 1.2 EDI, UIO Beamline Front End 88 15 13 

1.2.2.1.3 EDI, UIO Dranchline 613 25 153 

1.2.2.2 Chemical Dynamics DL Conslr. 3.749 879 

1.2.2.2.1 U 10 Undulalor 1.411 25 353 

1.2.2.2.2 U 10 Beam line Fronl End 587 15 88 

1.2.2.2.3 U 10 Branchl ine 1.751 25 438 
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Table D.2, Continued 

Contingency Analysis Table 

(All costs shown in FY I992 KS) 

% K$ KS 

Conting. Conling Conl ing 
Subtotal 

1.2.3 Circular Polarization Beamline 5,120 1,212 

1.2.3. 1 Engineering. Design, & Inspection 1,301 3 16 

1.2.3. 1.1 EDI, UX Undulalor 654 25 164 

1.2.3.1.2 EDI, UX Beamline Front End 88 15 13 

1.2.3. 1.3 EDI, UX Bmnchline 559 25 140 

1.2.3.2 Circular Polarization BL Coosle. 3,819 8% 

1.2.3.2. 1 UX Undulator 1,636 25 409 

1.2.3.2.2 UX Beamline Front End 587 15 88 

1.2.3.2.3 UX Branchline 1,596 25 399 

1.2.4 Spectroscopy Deamlines 5,940 1,743 

1.2.4. 1 Engineering, Design, & Inspection 1,630 481 

1.2.4.1.1 ED!, WI6 Wiggler 424 30 127 

1.2.4.1.2 EDI. W 16 Beamline Front End 156 25 39 

1.2.4.1.3 EDI, W 16 Branchline 1,05 1 30 315 

1.2.4 .2 Spectroscopy BL ConsIC. 4,310 1,262 

1.2.4.2. 1 Wt6 Undulator 1,059 30 318 

1.2.4.2.2 WI6 Beamline Front End 622 25 156 

1.2.4.2.3 W l6 Dranchline 2,628 30 788 

1.3. Conventional Facilities 5,3 18 882 

1.3.1 Engineering, Design, & Inspection 688 119 

1.3. 1.1 LBL Activities 172 15 26 

1.3.1.2 ArchitcchtlEnginecring Activities 516 18 93 

1.3.2 Construction 4,630 763 

1.3.2. 1 Building 6 Construction 3,185 IS 48 1 

1.3.2.2 Special Building Facilities 647 20 129 

1.3.2.3 Utilit ies; Eleci Transformer/Switchgear 658 20 132 

1.3.2.4 Standard Equipment 140 IS 21 

1.4 . Contingency 7,253 

1.4. 1 Management & Support 401 

1.4.2 ALS Beamlines Systems 5,971 

1.4.3 Conventional Facilities 882 
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\.Jork Breakdown 
Structure # 

•• • 

•• ** 
1.1 

1.1.1 
1. 1.2 

1.1.3 

•• ** 
1.2 

•• • •• 
1.2.1 

** •••• 
1.2.1.1 

•• ***** 
1.2.1.1.1 

1.2.1.1.2 
1.2.1.1.3 

1.2 . 1.1.4 

1.2.1.1.5 

•• • ••• 
1.2.1.2 

.* ..... 
1.2.1.2.1 

*. *** ••• 
1.2.1.2.1.1 

** ••••••• 
1.2.1.2.1.1.1 

1.2.1.2.1.1.2 

1.2.1.2.1.1.3 
1.2.1.2.1.1.4 

1.2.1.2.1.1.5 

1.2.1.2.1.1.6 
1.2.1.2.1.1. 7 

Table B.3 

Cost Estimate Report 
Summary of Material and labor in FY92KS 

by Roltup levels 

Oescri pt i on 

AlS Beaml ines Initiatives 

Project Management and 
Acini ni strat i on 

Project Direction and Management 
Project Office Services 
Incremental Indirects 

AlS Beamlines Systems 

Dynamical Phenomena Beamlines 

Dynamical Phenomena Beamlines EDI 

U8 Undulator EDI 
U8 Front End EOI 
UB Branchline EDI 
Bend Magnet Front End EDI 
Bend Magnet Branchline EDI 

Dynamical Phenomena Beamlines 
Construction 

333.20 
88.10 

558.50 

55.20 
691.40 

UB Undulator 1,110.63 

Magnetic Structure 

Magnetic Material 
Model-Pole & Pole Assembly (not 
req'd) 
Pole Assemblies 
End Pole Assemblies 
Backing Beams 
Magnet Structure Assembly 
Magnetic Measurements: Mechanical 

117.44 
0.00 

166.39 

76.50 
113.30 

55.46 
8.04 

571.46 

B-7 

Material & labor Total KS 

',726.40 

5,637.33 

1,251.95 
351.63 

400.00 

37,872.07 

2,003.58 

23,296.97 

7,363.73 



Page No. 2 
04/22/92 

\lark Breakdown 
Structure # 

1.2.1.2.1.1.8 

** ****** 
1.2 . 1.2.1.2 

** ******* 
1.2. 1.2.1.2. 1 
1. 2.1.2.1.2.2 

1.2.1.2.1.2.3 

** ****** 
1.2.1.2.1.3 

** ******* 
1.2 . 1.2.1.3.1 

1.2.1.2.1.3.2 
1.2 .1.2.1.3.3 
1.2.1.2.1.3.4 

** ****** 
1.2.1.2.1.4 

1.2 . 1.2.1.5 

** ***** 
1.2 . 1.2.2 

** .*** •• 
1.2.1.2.2.1 

** ******* 
1.2 . 1.2.2.1. 1 
1.2 . 1.2.2.1.2 
1. 2.1.2.2.1.3 

1.2 . 1.2.2.1.4 

1.2.1.2.2.1.5 

1.2.1.2.2.1.6 

1.2.1.2.2.1.7 

** ****** 
1. 2.1.2.2.2 

** ******* 
1.2.1.2.2.2.1 
1.2.1.2.2.2.2 

1.2.1.2.2.2.3 
1.2 .1.2.2 . 2.4 

Cost Es timate Report 
Summary of Material and l abor in FY92K$ 

by Rollup leve l s 

Oescr i pt i on 

Magnetic Measurements: Electrical 

Support & Drive Systems 

Support System Fabrication 
Drive System Fabrication 
local Temperature Control 
Fabrication 

Vacuun Sys tem 

VacuLlll Charrber 
Pumping Systems & Instrumentati on 
Support Structure 
Vacuum Diagnost ics 

Motor Control System 
Install ation 

U8 Front End 

fi xed Aperture 

Aperture Plate 
Bellows 
Collimating Spool 
Isola tion Val ve 
Support Stand 
Assemble, Bakeout, Tes t 
Insta llation 

Photon BPM #1 

fab/Buy Mech Parts & Subassy1s 
Fab/Buy Electr ica l and Control s 
Fab/Buy Support Stand 
Bellows 

34.33 

104.10 
119.65 

21.29 

167.12 
28.19 

14.84 
30.59 

4 . 36 
3.16 

4.35 
24 . 16 

10.24 

4.34 

7.10 

14.35 
26.89 
6.31 

8.84 

245.04 

240.74 

33.79 

19.61 

57.72 

74 .26 

B-8 

Mater ial & Labor Total K$ 

587.37 



Page No. 3 
04/22/92 

Work Breakdown 
Structure II 

1.2.1.2.2.2 . 5 

1.2.1.2.2.2.6 

** ****** 

1.2.1.2.2.3 

** ******* 

1.2.1.2.2.3. 1 
1.2.1.2.2.3.2 
1.2 . 1.2 . 2.3 . 3 
1.2.1.2.2.3.4 

1.2.1.2.2.3.5 
1.2.1.2.2.3.6 
1.2.1.2.2.3.7 
1.2 . 1.2.2.3.8 

1.2 . 1.2.2.4 

** ******* 

1.2.1 . 2.2.4.1 
1.2.1.2.2.4.2 
1.2.1.2.2 .4.3 
1.2 . 1.2.2.4.4 
1.2.1.2.2.4.5 
1.2.1.2.2.4.6 

** ****** 

1.2 . 1.2 . 2.5 

** ******* 

1.2 . 1.2.2.5.1 
1.2.1.2.2.5.2 
1.2.1.2.2.5.3 
1.2.1.2.2.5.4 

1.2.1.2.2 .5.5 
1.2.1.2.2.5.6 
1.2.1.2.2.5.7 
1.2.1.2. 2.5.8 

** ****** 

1.2.1.2.2.6 

Cos t Es timate Report 
Summary of Mater ial and Labor in FY92K$ 

by Rollup level s 

Oeser i pt i on 

Assemble, Bakeout, Tes t (Assembly 
Shop) 

Ins tallation 

Photon Shutter 

Fab/Buy Hech Parts & Subassy1s 
Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers , P.S. 
Assemble, Bakeout, Test 
Ins tallation 
Titanium Sublimation Pump 
Iso lation Valve 

Fas t Valve 

Fast Valve 
Fab/Buy Electrical and Controls 
Bellows 
Aperture Plate 
Assemble, Bakeout, Tes t 
Installat ion 

Personnel Safety Shutter 

Fab/Buy Hech Parts & Subassy1s 
Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Ch amber & Supports 
Vacuum Pumping, Gauges , 
Controllers , P.S. 
Assemble, Bakeout, Test 
Installat ion 
Shield Uall Transi tion Spool 
Isolation Val ve 

Photon BPM 112 

8.56 

9.30 

23.96 
8.54 

19.76 
16 . 54 

14.79 
8.86 
8.72 

19.20 

26.00 
2.89 
3.64 
4 . 36 
3 .95 
2.51 

21.32 
4.68 

16.34 
15.87 

14.23 
6.36 
9 .42 

16.20 

120 . 36 

43 . 35 

104.40 

79.56 

B-9 

Haterial & labor Total K$ 



Page No. 4 

04/22/92 

\.Iork Breakdown 
Structure # 

•• ******* 

1.2.1.2.2.6.1 
1.2. 1.2.2.6.2 

1.2.1.2.2.6.3 
1.2.1.2.2.6.4 

1.2 . 1.2.2.6.5 

1.2.1.2.2.6.6 

•• ****** 

1.2.1.2.2.7 

•• ******* 

1.2.1.2.2.7.1 
1.2.1.2.2.7.2 
1.2.1.2 .2.7.3 

1.2.1.2.2.7.4 

1.2 . 1.2.2.7.5 

1.2.1.2.2.7. 6 

•• ****** 

1.2. 1.2. 2.8 

•• ***** 

1.2.1 .2.3 

•• ****** 

1.2.1.2.3 . 1 

•• ******* 

1.2.1. 2.3 .1.1 

1.2.1.2.3.1.2 

1.2.1.2.3.1.3 
1.2.1.2.3.1.4 

1.2 .1. 2. 3.1.5 

1.2.1.2.3.1.6 
1.2.1.2.3.1.7 

1.2.1.2.3 .1.8 

1.2 . 1.2.3 .1.9 
1.2. 1.2.3.1.10 

1.2 . 1. 2.3 .1. 11 

Cost Estimate Report 
Summary of Material and labor in FY92K$ 

by Rollup levels 

Description 

Fab/Buy Hech Parts & Subassy1s 16.06 
Fab/Buy Electrical and Control s 30.55 

fab/Buy Suppor t Stand 6.31 
Bellows 8 .84 

Asserrble, Bakeout, Test 8.56 
Instal lation 9.24 

Vac ulITI System, Uti tities & 85.14 
Instal lation 

Fab/Buy Mech Parts & Subassy 's 7. 89 
Fab/Buy Electical and Control s 19.09 

Fab/Buy Vacuum Chamber & Support s 6 . 82 
Vacuum Pumping, Gauges , 14.25 

Control lers, P. S. 
Assemble, Bakeout, Tes t 11.20 

Installation 25.89 

Safety Systems 22 .57 

U8 Undulator Branch line 1,595.69 

Horizontal Beam Oefining Aperture 147.27 
(HBOA) 

Fab/Buy Machined Parts & 23 . 96 
Subassy1s 
Fab/Buy Electrical and Control s 16.19 
Fab/Buy VaculITI Chamber & Supports 19.76 

Vacut.n P~i ng, Gauges, 16.30 

Controllers, P.S. 
Asserrble, Bakeout, Tes t 14.64 

Insta ll ati on 7.41 

Beam Diagnostic Device 9.43 
Coll imat ing Spool 4.05 

Bellows 3.64 

Titanium Sublimation Pump 15.70 
Isolation Valve 16.20 

8 -10 

Material & l abor Total K$ 



Page No. 5 
04/22/92 

\Jork Breakdown 
Structure # 

** ****** 
1.2.1.2.3.2 

** ******* 
1.2.1.2.3.2.1 

1.2. 1.2 . 3 . 2.2 

1.2.1.2.3.2.3 
1.2 . 1. 2.3.2.4 

1.2.1.2 .3.2.5 
1.2.1.2.3.2.6 
1.2.1.2.3.2.7 
1.2.1.2.3.2.8 

1.2.1.2.3.2.9 

** ****** 
1.2.1.2.3. 3 

** ******* 
1.2.1.2.3.3.1 

1.2.1.2.3.3.2 

1. 2.1.2.3.3.3 
1.2.1.2.3.3.4 

1.2.1.2.3.3.5 
1. 2 . 1.2.3.3.6 

1.2.1.2.3.3.7 
1.2.1.2.3.3.8 

1.2.1.2.3.3.9 

•• ****** 
1.2.1.2.3.5 

** ******* 
1.2.1.2.3.5.1 

** ******** 
1.2 . 1.2.3.5.1.1 

1.2.1.2.3.5.1.2 
1.2.1.2.3.5.1.3 

1.2.1.2.3.5.1.4 
1.2.1.2.3.5.1.5 

1.2.1.2.3.5.1.6 

1.2.1.2.3.5.1. 7 
1.2.1.2.3.5.1.8 

Cost Estimate Report 
Summary of Material and Labor in fY92K$ 

by Rollup l eve ls 

Description 

M1 Spherical Condensing Mirror 

Fab/Buy Mech Parts & Subassy's 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers , P.S. 
Assemble, Bakeout, Test 
Installation 
Bellows 
Collimating Spool 
Iso lation Valve 

M2 Spherical Condensing Mirror 

Fab/Buy Mech Parts & Subassy 's 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S. 
Assemble, Bakeout, Test 
Insta llation 
Bellows 
Collimating Spool 
Isolation Valve 

Monochromator (lal·SGM) 

Entrance Slit Assembly 

Bellows 
Slit Mechanical Assembly 
Support Sys tems 
Spools 
Vacuum Sys tem 
Isolation Valve 
Assemble and Test 
Install and Align 

6.29 
21.34 

15.69 
6.05 

12.03 
11.20 

9.91 
9.20 

63.65 
25.28 

30.02 
15.60 

15.01 

9.92 
4.99 
5.10 

16.34 

65.57 

25.28 

26.72 
17.55 

15.01 

9.92 
8.99 
3 . 04 

16 .34 

91. 70 

185.91 

188.42 

748.76 

8-11 

Material & labor Total K$ 



Page No. 6 
04/22/92 

\Jork Breakdown 
Structure # 

.. . .... *. 
1.2.1 . 2.3.5.2 

** ••• ***** 

1.2.1.2.3.5.2.1 

1.2.1.2.3.5.2.2 
1.2.1.2.3. 5.2.3 

1.2.1.2.3.5.2.4 
1.2.1.2.3.5.2.5 

1.2.1.2.3.5.2.6 

1.2.1.2.3.5.2. 7 
1.2.1.2.3.5.2.8 
1.2.1.2.3.5.2.9 

.* * ••• **. 

1.2.1.2.3.5.3 

.* .* ••• **. 

1.2.1.2.3.5.3.1 

1.2.1.2.3.5.3.2 
1.2. 1.2 .3.5.3.3 
1.2.1.2.3.5.3.4 

1.2.1.2.3.5 .3 .5 

1.2.1.2.3.5.3.6 
1.2 . 1.2.3.5.3.7 

•• • ••••• 
1.2.1.2.3.8 

.* •••• *** 

1.2.1.2.3.8.1 

1. 2 . 1.2.3.8.2 

1.2 .1.2 . 3. 8.3 

1.2.1.2.3.8.4 

1. 2.1.2.3.8.5 
1.2 . 1.2.3.8. 6 

** **.*** 

1.2.1.2.3.9 

.* * •••• ** 
1.2.1.2.3 .9 .1 

1.2.1.2.3.9.2 
1.2.1.2.3.9.3 

1. 2. 1.2.3.9.4 

Cost Estimate Report 
Summary of Material and Labor in FY92K$ 

by Rollup Leve l s 

Desc ription 

Grating Chamber Assembly 

Bell ows 
Gratings 
Grating Mechani ca l Assembly 
Mask & VeDA 
Electrical & Control s 
Vaculln System 
Support Sys tems 
Assemble & Test 
Ins tall & Al ign 

Exi t Slit Assembly 

Bell ows 
Isolation Valves 
Vaculln System 
Slit Mechanical Assemb ly 
Support Systems 
Assemble & Test 
Ins ta ll & At 19n 

Branch Line Diagnos tics 

Fab/Buy Mech Parts & Subassy 's 
Fab/Buy Electrical & Control s 
Fab/Buy Vaculln Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers , P.S. 
Assemble , Bakeout, Test 
Ins tall ation 

Vacuum System, Controls, & 
Insta ll ation 

Fab/ Buy Mech Parts & Subassy's 
Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controll ers , P. S. 

6.29 

123.59 
92.77 

18.31 
75.53 

30.53 

91.02 
36.05 
15 .93 

23.22 

22.39 
16 . 73 

73.25 

10.32 
12.78 

8 . 33 

490.03 

167.03 

11.94 

0.00 

12.62 

10.73 

7.73 

3.36 

4.95 
79.82 

7.54 
0.00 

46.39 

132 .36 

B-12 

Material & l abor Total K$ 



Page No. 7 
04/22/92 

\Jork Breakdown 
Structure # 

1.2.1.2.3.9.5 
1.2.1.2.3.9.6 

•• • ••••• 
1.2.1.2.3.10 
1.2.1.2.3.11 

•• • •••••• 
1.2.1.2.3.11.1 
1.2.1.2.3.11.2 
1.2.1.2 .3.11.3 

•• • •••• 
1.2.1.2.4 

•• • ••••• 
1.2.1.2.4.1 

•• • •••••• 
1.2.1.2.4.1.1 
1.2.1.2.4.1.2 
1.2.1.2.4.1.3 
1.2 . 1.2.4.1.4 
1.2.1.2.4 . 1.5 
1.2.1.2.4.1.6 
1.2 . 1.2.4 . 1.7 
1.2 . 1.2.4.1.8 
1.2.1.2.4 . 1.9 

1.2.1.2.4.1.10 

•• • ••••• 
1.2 . 1.2 . 4.2 

•• • •••••• 
1.2.1.2.4.2.1 
1. 2. 1.2.4.2.2 
1.2.1.2. 4.2.3 
1.2.1.2.4.2.4 
1.2.1.2.4.2.5 
1.2.1.2.4.2.6 

1.2.1.2.4.2.7 

•• • ••••• 
1.2.1.2 . 4.3 

Cost Es timate Report 
Summary of Material and labor in FY92K$ 

by Rol lup level s 

Description 

Assemble, Bakeout, Test 
Installation 

Branch line Safety Systems 
U8 Branchline Post-Monochromator 
Opt ies 

Vertical Refocus Mirror 
Diagnostic Systems 
Beam Transport 

Bend Magnet Front End 

Photon Shutter Assembly 

Aperture Assemblies 1 & 2 
Bellows 1 & 2 
Isolation Valves 1 & 2 
Photon Shutter 
Vacuun Systems 
Photon Shutter Support Sys tem 
Fas t Shutter 
Collimation Spool 
Cleaning, Assemble, Bakeout & 
Test 
Ins ta II at i on 

Personnel Safety Shutter Assembly 

Personnel Safety Shutter 
Shield Uall Trans ition 
Safety Shutter Support Sys tem 
Isolation Valve 
VacuLlTl Systems 
Cleaning, Assembly, Bakeout and 
Tes t 
Installation 

Photon Beam Pos ition Mon. (User 
Option) 

16.94 
23.11 

85.54 
21.26 
27.23 

9.42 
7.80 

35 . 98 
24.21 
21.17 
17.57 
34 . 03 

5.61 
10 .80 

16.74 

35.09 
7.76 

14 . 24 
13.62 
16.75 
10.80 

16.74 

12.55 
134.03 

183.32 

114.99 

0.00 

B·13 

Material & labor Total K$ 

368.31 



Page No. 8 
04/22/92 

'Work Breakdown 
Structure # 

1.2.1.2.4.4 

** ******* 

1.2 . 1.2.4.4 . 1 
1.2.1.2.4.4.2 

** ***** 

1.2.1.2.5 

** ****** 

1.2 . 1.2.5.1 

** ******* 

1.2.1.2.5.1. 1 

1.2.1.2.5.1.2 

1.2.1.2.5 . 1.3 
1.2.1.2.5.1.4 

1.2.1.2.5.1.5 
1.2.1.2 .5. 1.6 

1.2 . 1.2.5.1.7 

1.2.1.2.5.1.8 

1.2.1.2.5.1.9 
1.2 . 1.2.5.1. 10 
1.2. 1.2.5.1.11 

** ****** 

1.2.1.2.5 .2 

** ******* 

1.2 . 1.2 .5.2.1 
1.2.1.2.5.2.2 

1.2.1.2.5.2 . 3 
1.2 . 1.2.5 . 2.4 

1.2.1.2.5 .2.5 

1.2.1.2.5.2.6 
1.2 . 1.2.5.2.7 
1.2.1.2.5.2.8 

1.2.1.2.5.2.9 

** ****** 

1.2 . 1.2.5.3 

Cost Estimate Report 
Summary of Material and Labor in FY92K$ 

by Rollup l eve ls 

Description 

Misc. Mechanical & El ectrica l 

Mechanical, Electrical & Control s 
Safety Systems 

Bend Magnet Branchline 

Horizontal Beam Defining Aperture 
(HBOA) 

Fab/Buy Machined Parts & 
Subassy1s 
Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges , 
Controllers, P.S. 
Assemble, Bakeout, Test 
Installation 
Beam Diagnostic Device 
Coll imating Spool 
Bellows 
Titanium Sublimation Pump 
Isolation Valve 

M1 Spherical Condensing Mirror 

Fab/Buy Hech Parts & Subassy1s 
Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Chamber & Support s 
Vacuum Pumping, Gauges , 
ControLlers, P.S. 
Assemble, Bakeout, Tes t 
Ins tallation 
Betlows 
Collimating Spool 
Isolati on Valve 

H2 Spherical Condensing Mirror 

53.18 

16.82 

23.96 

16.19 
19.76 
16.30 

14.64 

7.41 
9.43 

4.05 

3.64 

15.70 
16.20 

63.65 
25.28 

30.02 

15.60 

15.01 

9.92 

4 . 99 
5.10 

16.34 

1,975.34 

147.27 

185.91 

188.42 

8-14 

Material & Labor Total K$ 



Page No. 
04/22/92 

9 

\Jork Breakdown 
Structure # 

** ******* 
1.2.1.2.5.3.1 
1.2.1.2.5.3. 2 

1.2.1.2.5.3.3 
1.2.1.2.5 . 3.4 

1.2.1.2.5.3.5 
1. 2.1.2.5.3.6 
1. 2.1.2.5.3.7 

1.2.1.2.5.3.8 

1.2.1.2.5.3.9 

** ****** 
1.2.1.2.5.5 

** **.***. 
1.2 . 1.2.5.5.1 

** .******* 
1.2.1.2.5.5.1.1 
1.2 . 1.2.5 .5 .1.2 

1.2.1.2.5.5.1.3 
1.2.1.2 .5.5.1.4 

1.2 . 1.2.5.5.1.5 
1. 2. 1.2.5 .5 .1.6 

1.2.1.2.5.5.1.7 

1.2.1.2.5.5.1.8 

** .**.*.* 
1.2.1.2.5.5.2 

** **.**.** 
1.2.1.2.5.5 .2.1 
1.2.1.2.5 .5.2.2 

1.2 . 1.2.5.5.2.3 

1.2 . 1.2 .5.5.2.4 
1.2.1.2.5.5.2.5 
1.2.1.2.5.5.2.6 

1.2.1.2.5 .5.2.7 

1.2.1.2.5 .5.2.8 
1.2.1.2.5.5.2.9 

** ******* 
1. 2. 1. 2.5.5 .3 

*. ..* .. *.* 
1.2 . 1.2.5.5.3.1 

Cost Es timate Report 
Summary of Material and Labor in FY92KS 

by Rollup Levels 

Description 

Fab/Buy Mech Parts & Subassy1s 
Fab/Buy Elec trical and Control s 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controll ers, P.S. 
Assemble, Bakeout. Tes t 
Ins tallation 
Bellows 
Collimating Spoo l 
Iso lation Valve 

Monochromator (LBL -SGH) 

Entrance Slit Assembly 

Bellows 
Slit Mechanical Assembly 
Support Sys tems 
Spoo l s 
Vacuum Sys tem 
Isolation Valve 
Assembl e and Test 
Ins tall and Align 

Grating Chamber Assembly 

Bellows 
Gratings 
Grating Mechanical Assembly 
Mask & VBOA 
Electrical & Control s 
Vacuum System 
Support Systems 
Assemble & Tes t 
Install & At ign 

Exit Sl it Asseri>ly 

Bellows 

6 .29 

21.34 
15.69 

6.05 
12.03 
11.20 

9.91 

9.20 

6.29 
123.59 

92.77 

18.31 
75.53 
30.53 

91.02 

36.05 
15.93 

23.22 

65.57 
25.28 

26.72 
17.55 

15.01 

9.92 
8.99 

3.04 
16 .34 

91.70 

490.03 

167.03 

748.76 

8·15 

Material & labor Total K$ 



Page No. 
04/22/92 

10 

\.Iork Breakdown 
Structure # 

1.2.1.2.5.5.3.2 
1.2.1.2.5.5.3.3 

1.2.1.2.5.5.3.4 

1.2.1.2.5.5.3.5 
1.2.1.2 . 5.5.3.6 

1.2. 1.2.5 .5.3.7 

** ****** 
1.2.1.2.5.8 

** ******* 
1.2.1.2.5.8. 1 
1.2.1.2.5.8.2 
1.2.1.2 .5.8.3 

1.2.1.2.5.8.4 

1.2.1.2.5.8.5 

1.2.1.2.5.8.6 

** ****** 
1.2.1.2.5.9 

** •••••• * 
1.2 .1.2.5.9.1 

1.2.1.2.5.9.2 
1.2.1.2.5.9.3 

1.2 . 1.2.5.9.4 

1.2.1.2.5.9. 5 
1.2.1.2.5.9.6 

.* * •• *** 
1.2.1.2.5.10 
1.2.1.2.5.11 

1.2 . 1. 2.5.12 

** **.**** 
1.2 . 1.2.5.12.1 
1.2.1.2. 5 . 12.2 

1.2 .1.2.5.12.3 

** .** 
1.2.2 

Cost Es timate Report 
Summary of Material and labor in FY92K$ 

by Rollup level s 

Descripti on 

Isolation Valves 
Vacuun System 
Slit Mechanical Assemb ly 
Support Systems 
Assembl e & Test 
Install & Al ign 

Branch Line Diagnostics 

Fab/Buy Mech Parts & Subassy 1s 
Fab/Buy Electrical & Control s 
Fab/Buy Vacuum Ch amber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S . 
Assemble, Bakeout, Test 
Ins tallation 

Vacuum System, Controls, & 
Ins tallation 

Fab/Buy Mech Parts & Subassy 's 
Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers , P.S. 
Assemble, Bakeout, Test 
Installation 

Branch Line Safety Systems 
Bend Magnet Branchline Delay Line 
Bend Magnet Brnchln 
Pos t-Monochromator Optics 

Vertical Refocus Mirror 
Diagnostic Systems 
Beam Transport 

Chemical Dynamics Beaml ine 

22.39 

16.73 

73.25 
10 . 32 

12.78 
8.33 

11.94 
0.00 

12.62 

10.73 

7.73 

3.36 

4.95 

79.82 
7. 54 

0. 00 

16.94 

23.11 

85.54 
21.26 

27.23 

46.39 

132.36 

12.55 

379.65 

134.03 

B-16 

MateriaL & labor TotaL K$ 

4,873.34 
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04/22/92 

11 

\Jork Breakdown 
Structure # 

** **** 
1.2.2 . 1 

1.2.2.1.1 

1.2.2.1.2 
1.2.2 . 1. 3 

** **** 
1.2.2.2 

** ***** 
1.2 .2 .2.1 

** ****** 
1.2.2.2.1. 1 

** ******* 
1.2.2.2 .1.1. 1 

1.2 . 2. 2.1.1.2 

1.2.2.2.1.1.3 
1.2.2 .2. 1.1.4 

1.2.2.2.1.1.5 

1.2 .2. 2. 1.1.6 

1.2.2 .2 . 1.1.7 

1.2.2.2.1.1.8 

** ****** 
1.2.2.2.1.2 

** ******* 
1.2 . 2.2.1.2.1 
1.2. 2.2.1.2.2 

1.2.2.2 . 1.2.3 

** ****** 
1.2.2.2.1.3 

** ******* 
1.2.2.2. 1.3.1 

1.2.2.2. 1.3.2 

1.2.2.2.1.3.3 
1.2 .2 .2.1.3.4 

Description 

Chemical Dynam ics EDl 

U10 Undulator EOI 
U10 front End EDI 
U10 Branchline EDI 

Cos t Es timate Report 
Summary of Material and l abor in FY92K$ 

by Rollup leve l s 

Chemical Dynam ics Beamline 
Construction 

423.40 

88.10 
612.70 

U10 Undulator 1,411.26 

Magnetic Structure 

Magnetic Mater ial 
Model-Pole & Pole Assembly (not 
req'd) 
Pole Assemblies 
End Pole Assemblies 
Backing Beams 
Magnet Structure Assembly 
Magnetic Measurements: Mechanica l 
Magnetic Measurements: El ectr ica l 

Support & Drive Systems 

Support System fabrication 
Drive System Fabricati on 
local Temperature Control 
Fabrication 

VaculJl1 System 

VaculJl1 Charrber 
Pumping Sys tems & Ins trumentati on 
Support Structure 
VaculJl1 Diagnos tics 

398 . 01 

0.00 

168.17 

57.98 

110 .26 
54.84 

23.18 

38.65 

104.10 

119.65 

21.29 

167.12 
49 . 19 

14 .84 

30.59 

851.08 

245.04 

261.74 

B-17 

MateriaL & labor Total K$ 

1,124.20 

3,749 . 14 
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04/22/92 

12 

\.Iork. Breakdown 
Structure # 

** •• *.** 

1.2.2.2 . 1.4 
1.2.2.2.1.5 

** *.*.* 

1.2.2.2.2 

** *.*.** 

1.2.2.2 .2. 1 

*. ****.** 

1.2.2.2.2.1.1 
1.2 .2 .2.2.1.2 
1.2 .2 .2.2.1.3 
1.2 .2 . 2.2.1.4 
1.2.2.2 .2 . 1.5 
1.2 .2 .2.2.1.6 
1.2.2 .2.2. 1.7 

** **.* •• 

1.2.2.2.2.2 

** *.***** 

1.2.2.2.2. 2. 1 
1.2.2.2.2.2.2 
1.2.2.2.2.2.3 
1.2.2 . 2.2.2.4 
1.2.2.2 .2.2.5 

1.2.2.2.2.2.6 

** **.*** 

1.2.2.2.2.3 

.* ******* 

1.2.2.2.2.3.1 
1.2.2 . 2.2.3.2 
1.2 .2 . 2.2.3.3 
1.2.2.2 .2.3.4 

1.2.2.2.2.3.5 
1.2.2.2.2 .3.6 
1.2.2.2.2.3.7 
1. 2.2.2.2.3.8 

.* .***** 

1.2.2.2.2.4 

Cost Estimate Report 
Summary of Mat er ial and l abor in FY92KS 

by Rollup level s 

Desc ription 

Motor Control System 
Installati on 

U10 Front End 

Fixed Aperture 

Aperture Plate 
Bellows 
Collimating Spool 
Iso lation Valve 
Support Stand 
Assemble, Bakeout, Tes t 
Insta ll ation 

Photon BPM #1 

Fab/Buy Mech Parts & Subassy ls 
Fab/Buy Electri ca l and Control s 
Fab/Buy Support Stand 
Bellows 
Assembl e, Bakeout, Test (Assembly 
Shop) 

Installation 

Photon Shutter 

Fab/Buy Hech Parts & Subassy1 s 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S . 
Assemble, Bakeout, Tes t 
Ins tall ation 
Titaniun Subl imation Purp 
Iso lation Valve 

Fast Val ve 

4.36 
3.16 
4.35 

24 .16 
10.24 
4. 34 
7.10 

14.35 
26 .89 
6.31 
8.84 

8.56 

9.30 

23.96 
8.54 

19 .76 
16 .54 

14.79 
8.86 
8.72 

19.20 

33.79 
19.61 

57.72 

74.26 

120 .36 

43.35 

8-18 

Material & labor Total KS 

587.37 
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04/22/92 

York Breakdown 
Structure # 

** ******* 

1.2.2.2.2 . 4.1 
1.2.2.2.2 .4.2 
1.2.2.2.2.4.3 
1.2 .2.2. 2. 4.4 
1.2.2.2.2.4.5 
1.2.2 .2.2.4.6 

** ****** 

1.2 .2 .2.2 . 5 

** ******* 

1.2.2.2.2.5.1 
1.2.2.2.2.5.2 
1.2 .2.2.2. 5.3 
1.2.2.2.2.5.4 

1.2 .2.2.2. 5.5 
1. 2.2.2.2. 5.6 
1.2.2.2.2.5.7 
1.2.2.2.2. 5.8 

** ****** 

1.2.2.2.2.6 

** ******* 

1.2.2 . 2.2 . 6.1 
1.2 .2 . 2.2.6.2 
1.2 . 2.2.2 .6.3 
1.2 .2.2.2 .6.4 
1.2.2.2.2.6.5 
1.2 . 2. 2.2.6.6 

** ****** 

1. 2.2 .2.2.7 

** ******* 

1.2.2 .2.2. 7.1 
1.2 .2.2 .2.7.2 
1.2. 2.2.2. 7.3 
1.2 .2 . 2.2.7.4 

1.2 .2.2.2. 7.5 
1.2 .2 .2.2.7.6 

Cost Estimate Report 
Summary of Material and Labor in FY92K$ 

by Ro llup Leve ls 

Descri ption 

Fast Valve 
Fab/Buy Electrical and Control s 
Bellows 
Aperture Plate 
Assemble, Bakeout , Tes t 
Installation 

Personnel Safety Shutter 

Fab/Buy Hech Parts & Subassy1s 
Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controll ers, P,S . 
Assemble, Bakeout, Test 
Installation 
Shield Wall Trans ition Spool 
Iso lation Valve 

Photon BPM #2 

Fab/Buy Hech Parts & Subassy1s 
Fab/Buy Elec trical and Control s 
Fab/Buy Support Stand 
Be llows 
Assemble, Bakeout, Test 
Insta llation 

Vacuum System, Utiliti es & 
Insta llat ion 

Fab/Buy Hech Par ts & Subassy's 
Fab/Buy Electi ca l and Control s 
Fab/Buy Vacuum Chamber & Support s 
Vacuum Pumping, Gauges , 
Controllers , P.S. 
Assemble, 8akeout, Test 
Ins tallation 

26.00 
2.89 
3.64 
4.36 
3.95 
2.51 

21.32 
4.68 

16.34 
15.87 

14.23 
6.36 
9.42 

16.20 

16.06 
30.55 
6.31 
8.84 
8 . 56 
9.24 

7. 89 
19.09 
6.82 

14.25 

11. 20 
25.89 

104.40 

79 .56 

85.14 

8 -1 9 

Haterial & Labor Total K$ 
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04/22/92 

\Jork Breakdown 
Structure # 

•• • ••••• 
1.2.2.2.2.8 

.* ••••• 
1.2.2.2.3 

•• • ••• *. 
1.2.2.2.3.1 

1.2.2.2.3.2 
1.2.2.2.3.3 

1.2.2.2.3.4 
1.2.2.2.3.5 

1.2.2.2.3 . 6 
1.2.2.2.3.7 

1.2.2.2.3.8 
1.2.2.2.3.9 

1.2.2 . 2.3.10 

1.2.2.2.3.11 

1.2.2.2.3.12 

•• • •• 
1.2.3 

.* .**. 
1.2.3.1 

*. • •••• 
1.2.3.1.1 

1.2.3.1.2 
1.2.3.1.3 

** •• ** 
1.2 . 3.2 

.* ..... 
1.2.3.2.1 
1.2.3.2.2 

•• • ••••• 
1.2.3.2.2.1 

•• • ••••• * 

1.2.3.2.2. 1.1 

Cost Estimate Report 
Summary of Material and labor in FY92K$ 

by Rollup levels 

Description 

Safety Systems 

U10 Branchl ine 

Horiz. & Vert. Beam Defining 
Apertures 
1'11 Hi rror 
HZ Mirror 
M3 Mirror 
Monochromator (NIH) 
M4 Hi rror 
M5 Mirror 
Branch line Diagnostics 
Vacuum System: Controls & 
InstalLation 
Branch line Safety Systems 
Harmonic Suppression & Optical 
Fitters 
Secondary Branchline 

Circular Polarization Beamline 

Circular Polarization EOI 

UX Undulator EDI 
UX Front End EDI 
UX Branchl ine EDI 

Circular Polarization Beamline 
Construction 

UX Undulator 
UX Front End 

Fixed Aperture 

Aperture Plate 4.36 

22.57 

122.40 

145.39 

121.44 
84.03 

464.25 

77.51 

72.70 
64 .80 

190.45 

12.18 
145.37 

250.00 

57.72 

1,750.52 

654.40 

88.10 

558.50 

1,636.02 

587.37 

8·20 

Material & labor Total K$ 

5,120.08 

1,301 . 00 

3,819.08 
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04/22192 

\.Iork Breakdown 
Structure # 

1.2.3.2.2.1.2 

1.2.3.2.2.1.3 
1.2.3.2.2.1.4 

1.2.3.2.2.1.5 
1.2 .3.2.2.1.6 

1.2.3.2.2.1.7 

** ****** 
1.2 .3.2.2.2 

** .**.*.* 
1.2.3.2.2.2.1 
1.2.3.2.2.2.2 

1.2.3.2.2.2.3 
1.2.3.2 .2. 2.4 

1.2.3.2.2.2.5 

1.2.3.2.2.2.6 

** .*.* •• 
1.2.3.2. 2. 3 

** ******* 
1.2.3 . 2.2.3.1 
1.2.3.2.2.3.2 

1.2.3.2.2.3.3 
1.2.3.2.2 . 3.4 

1.2.3.2.2.3.5 
1.2.3.2.2.3.6 

1.2.3.2.2.3.7 
1. 2.3.2.2.3.8 

** ****** 
1.2.3.2.2.4 

** **.**** 
1.2.3.2.2.4.1 

1.2.3.2.2.4.2 

1.2.3.2.2 .4.3 
1.2.3.2.2.4.4 

1.2.3.2.2.4 . 5 
1.2.3 .2.2.4.6 

*. **.*.* 
1.2.3.2.2.5 

Cost Estimate Report 
Summary of Material and Labor in FY92K$ 

by Rollup Levels 

Oescr i pt i on 

Bellows 
Collimating Spool 
Isolation Valve 
Support Stand 
Assemble, Bakeout, Test 
Installation 

Photon BPM #1 

Fab/Buy Mech Parts & Subassy's 
Fab/Buy Electrical and Controls 
Fab/Buy Support Stand 
Bellows 
Assemble, Bakeout, Test (Assembly 
Shop) 

Installation 

Photon Shutter 

Fab/Buy Mech Parts & Subassy's 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S. 
Assemble, Bakeout, Test 
Installation 
Titanium Sublimation Pump 
Isolation Valve 

Fas t Valve 

Fas t Valve 
Fab/Buy Electrical and Control s 
Bellows 
Aperture PLate 
Assemble, Bakeout, Test 
Installation 

Personnel Safety Shutter 

3.16 
4.35 

24.16 
10.24 

4.34 
7.10 

14.35 

26.89 
6.31 

8.84 
8.56 

9.30 

23.96 

8.54 
19.76 

16.54 

14 . 79 
8.86 
8.72 

19.20 

26.00 

2.89 
3.64 
4.36 

3.95 

2.51 

74.26 

120.36 

43.35 

104.40 

8-21 

Material & Labor Total K$ 
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04/22/92 

16 

\.Iork Breakdown 
Structure # 

*"" **""*""** 

1 .2.3.2.2.5. 1 

1. 2.3.2.2.5.2 

1.2.3.2.2 .5.3 
1.2.3.2.2.5.4 

1.2.3.2.2.5.5 
1.2.3.2.2.5.6 

1.2.3.2.2.5.7 
1.2 .3.2.2.5.8 

"""" ***.** 

1.2.3 . 2.2.6 

*. .***.*"" 

1 .2.3.2.2.6. 1 

1. 2.3.2.2.6.2 
1.2.3.2. 2.6.3 

1.2.3.2.2.6.4 

1.2.3.2 .2.6.5 
1.2.3.2 . 2.6.6 

** ****** 

1.2.3.2.2.7 

*. ***** •• 

1.2.3.2.2.7. 1 

1.2.3.2.2.7.2 

1.2.3.2.2.7.3 

1.2 .3.2.2.7.4 

1.2.3 . 2. 2.7.5 

1.2.3.2.2.7.6 

** .*** •• 

1.2.3.2. 2.8 

** ***** 

1.2.3.2.3 

."" ****** 

1.2.3.2.3.1 

** ******* 

1.2.3.2.3.1.1 

Cost Es timate Report 
Summary of Material and labor in FY92K$ 

by Rollup levels 

Description 

Fab/Buy Mech Parts & Subassy1s 
Fab/Buy Electrical and Controls 
Feb/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S. 
Assemble, Bakeout , Tes t 
Insta llation 
Shield Wall Transition Spool 
Isolation Valve 

Photon BPH #2 

Fab/Buy Mech Parts & Subassy's 
Fab/Buy Electrica l and Controls 
Fab/Buy Support Stand 
Be llows 
Assemble, Bakeout, Tes t 
Ins tallation 

Vacuum System, Utilities & 
Insta llation 

Fab/Buy Mech Parts & Subassy's 
Fab/Buy Electical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S. 
Assemble, Bakeout, Tes t 
Installation 

Safety Systems 

UX Branchl ine 

Horizonta l Beam Defi ning Aperture 
(HBOA) 

Fab/Buy Machined Parts & 

Subassy 's 

21.32 

4.68 
16.34 
15.87 

14.23 
6.36 
9.42 

16.20 

16 .06 

30.55 
6.31 

8.84 
8.56 

9.24 

7. 89 

19.09 
6.82 

14.25 

11.20 
25.89 

23.96 

79 . 56 

85.14 

22.57 

1,595.69 

147.27 

8-22 

Mater ial & l abor Total K$ 
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04/22/92 

\Jork Breakdown 
Structure # 

1.2.3.2.3.1.2 

1.2.3.2.3.1.3 

1.2.3.2.3.1.4 

1.2.3.2.3.1.5 
1.2.3.2.3.1.6 

1.2.3.2.3.1.7 

1.2.3 . 2.3.1.8 
1.2.3.2.3.1.9 

1.2.3.2.3.1.10 
1.2.3.2.3.1.11 

** '****** 

1.2.3.2.3.2 

** ******* 

1.2.3.2.3.2.1 
1.2.3.2.3.2.2 

1.2.3.2.3.2.3 
1.2.3.2.3.2.4 

1. 2.3.2.3 . 2.5 

1. 2.3.2.3.2.6 
1.2.3.2.3 . 2.7 

1.2.3.2.3.2.8 
1. 2.3.2.3.2.9 

** ****** 

1.2.3.2.3.3 

** ******* 

1. 2.3.2.3.3.1 

1.2.3.2.3.3.2 

1.2.3.2.3.3.3 

1.2.3.2.3.3.4 

1.2.3.2.3.3.5 
1. 2 .3 . 2. 3 .3.6 

1.2.3.2.3.3.7 
1.2 .3.2.3.3.8 

1.2.3.2.3.3.9 

** **'**'** 

1.2.3 . 2 . 3.5 

** '******* 

1.2.3.2.3.5.1 

Cost Estimate Report 
Summary of Material and labor in FY92K$ 

by Rollup levels 

Description 

Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping. Gauges, 
Controllers, P.S. 
Assemble, Bakeout, Test 
Installation 
Beam Diagnostic Device 
Collimating Spool 
Bellows 
Titanium Sublimation Pump 
Isolation Valve 

H1 Spherical Condens ing Mirror 

Fab/Buy Mech Parts & Subas sy's 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
ControLlers, P.S. 
Assemble, Bakeout, Test 
Installation 
Bellows 
Collimating Spool 
Isolation Valve 

HZ Spherical Condensing Mirror 

Fab/Buy Mech Parts & Subassy's 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S. 
Assemble, Bakeout, Tes t 
Installation 
Bellows 
Collimating Spool 
Isolation Valve 

Monochromator (lBL-SGM) 

Entrance Slit Assembly 

16.19 
19.76 

16.30 

14.64 

7.41 
9.43 

4.05 
3 . 64 

15.70 
16.20 

63.65 

25 . 28 
30.02 

15.60 

15.01 
9.92 

4.99 
5.10 

16.34 

65.57 

25.28 

26.72 
17.55 

15.01 
9.92 

8.99 
3 . 04 

16.34 

91. 70 

185.91 

188.42 

748.76 

8-23 

Material & labor Total K$ 
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04/22/92 

\Jork Breakdown 
Structure # 

"'''' ****"'*"'* 
1.2.3. 2.3.5.1.1 

1. 2.3.2.3.5.1.2 
1.2.3. 2.3.5.1.3 

1.2.3.2.3.5.1.4 
1.2.3.2.3.5.1.5 

1.2.3.2.3.5.1.6 
1.2.3.2.3.5.1.7 

1.2.3.2.3.5.1.8 

'II'll *"'****'" 
1.2.3.2.3.5.2 

"'''' ******** 
1.2.3.2.3.5.2.1 
1.2.3 . 2.3.5.2.2 
1.2.3.2.3.5.2.3 

1.2.3 . 2.3.5.2.4 
1.2.3 . 2.3.5.2.5 

1.2.3.2.3.5.2.6 
1.2.3.2.3.5.2.7 

1.2 .3.2.3.5.2.8 
1.2.3.2.3.5.2.9 

'II'" "'''''''''''II'''''' 
1. 2.3.2.3.5.3 

'II'" "''''''''''**** 
1.2.3.2.3.5.3.1 

1. 2.3.2.3.5.3.2 
1.2.3.2.3.5.3.3 

1. 2 .3. 2.3.5.3.4 
1. 2.3 .2.3.5.3.5 

1.2.3 .2. 3.5.3.6 

1.2.3.2.3.5.3.7 

"'''' *"'*"''''* 
1.2.3.2.3.8 

"'* "'* ••• ** 
1.2.3.2.3.8.1 

1.2.3.2.3.8.2 
1.2.3.2.3.8.3 

1.2.3.2.3.8.4 

1.2.3.2.3.8.5 

Cost Estimate Report 
Summary of Material and labor in FY92K$ 

by Rollup levels 

Description 

Bellows 
Slit Mechanical Assembly 
Support Systems 
Spools 
VaculSTl System 
Isolation Valve 
Assemble and Test 
Install and Align 

Grating Chamber Assembly 

Bellows 
Gratings 
Grating Mechanical Assembly 
Ma sk & VSDA 
Electrical & Controls 
VacuLlll System 
Support Systems 
Assemble & Test 
Install & At ign 

Exit Slit Assembly 

Bellows 
Isolation Valves 
VaculSTl System 
Slit Mechanical Assembly 
Support Systems 
Assemble & Test 
Install & Al ign 

Branch line Diagnostics 

Fab/Buy Mech Parts & Subassy1s 
Fab/Buy Electrical & Controls 
Fab/Buy VacuLIll Chamber & Supports 
VacuLlll Pumping, Gauges , 
Controllers, P.S. 
Assemble, Bakeout, Test 

6.29 

21.34 
15.69 

6.05 
12.03 

11.20 
9.91 
9.20 

6.29 
123.59 
92.77 

18.31 
75.53 

30.53 
91.02 

36.05 
15.93 

23.22 

22.39 

16.73 

73.25 
10.32 

12.78 
8.33 

490.03 

167.03 

11.94 

0.00 

12.62 
10.73 

7.73 

46.39 

8-24 

Material & labor Total K$ 
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04/22/92 

\Jork Breakdown 
Structure # 

1.2.3.2.3.8.6 

** ****** 

1.2.3.2.3.9 

** ******* 

1.2.3.2.3.9.1 
1.2.3.2.3.9.2 

1.2.3.2.3.9.3 
1.2.3.2.3.9.4 

1.2.3.2.3.9.5 

1.2.3.2.3.9.6 

** ****** 

1.2 .3.2.3.10 

1.2.3.2.3.11 

** ******* 

1.2.3.2.3.11.1 

1.2.3 . 2.3.11.2 

1.2.3.2.3.11.3 

** *** 

1.2.4 

** **** 

1.2.4.1 

** ***** 

1.2.4.1.1 

1.2.4.1.2 

1.2 . 4.1.3 

** **** 

1.2.4.2 

** ***** 

1.2.4.2.1 

** ****** 

1.2.4.2.1.1 

Cost Estimate Report 
Summary of Material and labor in FY92KS 

by Rollup levels 

Description 

Installation 

Vacuum System, Controls, & 
Installation 

Fab/Buy Mech Parts & Subassy1s 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S. 
Assemble, Bakeout, Test 
Ins tallation 

Branch line Safety Systems 
Circ. Polarizd B.l. 
Pos t-Monochromator Optics 

Vertical Refocus Mirror 
Diagnostic Systems 
Beam Transport 

Spectroscopy Beamline 

Spectroscopy Beamline EOI 

\J16 Uiggler EOI 
\.116 Front End EDI 
U16 Branchline EDt 

Circular Polarization Beamline 
Cons truction 

\.116 Uiggler 

Magnetic Structure 

3.36 

4.95 
79.82 

7.54 
0.00 

16.94 

23.11 

85.54 
21.26 

27.23 

132.36 

12.55 
134.03 

546.99 

423.60 

155.60 

1,051.10 

1,059. 16 

8-25 

Material & labor Total K$ 

5,939.82 

1,630.30 

4,309.52 
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04/22/92 

\Jork Breakdown 
Structure # 

•• ***** .... 

1.2.4.2.1.1.1 

1.2.4.2.1.1.2 

1.2.4.2.1.1.3 
1.2.4.2.1.1.4 

1.2.4.2.1.1.5 
1.2.4.2.1.1.6 
1.2.4.2.1.1.7 

1.2 .4.2.1.1.8 

•• ***** .. 

1.2.4.2.1.2 

•• ******* 

1.2.4.2.1.2.1 
1.2.4.2.1.2.2 

1.2 . 4 . 2.1.2.3 

•• ****** 

1.2.4.2.1.3 

•• ***** .. * 

1.2.4.2.1.3.1 

1.2.4.2.1.3.2 

1.2.4.2.1.3.3 
1.2 . 4.2.1.3.4 

•• ****** 

1.2.4.2.1.4 

1.2 . 4.2.1.5 

.* ***** 

1.2.4.2.2 

•• ****** 

1.2.4.2.2.1 

•• ******* 

1. 2.4. 2. 2. 1.1 

1.2.4.2.2.1.2 

1.2.4.2.2.1.3 

1.2.4.2.2.1.4 
1.2.4.2.2.1.5 

1.2.4.2.2.1.6 

1.2.4.2.2.1.7 

Cost Estimate Report 
Summary of Material and Labor in FY92K$ 

by Rollup l evels 

Description 

Magnetic Material 212.95 
Model-Pole & Pole Assembly (not 10.41 
req'd) 
Pole Assemblies 98.08 
End Pole Assemblies 76.50 
Backing Beams 66.76 
Magnet Structure Assembly 39.92 
Magnetic Measurements: Mechanical 8.04 
Magnetic Measurements: Electrical 34.33 

Support & Drive Systems 245 .04 

Support System Fabrication 104.10 
Drive System Fabrication 119 .65 

l ocal Temperature Control 21.29 

Fabrication 

Vacut..rTI System 213 . 73 

Vacut..rTI Charrber 140.11 
PlIT'ping Systems & Instrumentation 28.19 

Support Structure 14.84 
Vacuum Diagnostics 30.59 

Motor Control System 33.79 

Installation 19. 61 

U16 Uiggl er Beamline Frontend 

Frontend Mechanical Systems 421.70 

Fixed Aperture 12.71 

PBPH #1 49.04 

Front End Photon Shutter 42.60 

Fast Valve 23 .30 

Personnel Safety Shut. 29.26 
Front End Vacuum System 57.90 

Splitting Mirror System 172.87 

8-26 

Material & labor Total K$ 

622.42 
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04/22/92 

\.Iork Breakdown 
Structure # 

1.2.4.2.2.1.8 

** ****.* 

1.2.4.2.2.2 

** .*****. 

1.2.4 .2.2.2.1 

1.2.4.2.2.2.2 
1.2.4.2.2.2.3 
1.2 .4.2.2.2.4 

1.2.4.2.2.2.5 
1.2.4.2.2.2.6 

*. ..**** 

1.2.4.2.2.3 
1.2.4.2.2.4 

1.2.4.2.2.5 

** ***** 

1.2.4.2.3 

** .***** 

1.2.4 .2.3. 1 

*. *** •• ** 

1.2.4.2.3.1.1 

1.2 . 4.2.3.1.2 

1.2 .4 .2.3.1.3 

1.2.4.2.3.1.4 

1.2.4.2.3.1.5 

1.2.4.2.3.1.6 
1.2.4.2.3.1.7 

1.2.4.2.3.1.8 

1.2.4.2.3.1.9 
1.2.4.2.3.1.10 
1.2.4.2.3.1.11 

** •••••• 

1.2.4.2.3.2 

** ••••••• 

1.2.4.2.3.2.1 

Cost Estimate Report 
Summary of Material and Labor in FY92K$ 

by Rollup Levels 

Description 

Front End Mechanical Installation 

Front End Controls: 
Electronics/Vacuum Pumps 

Fixed Aperture Controls 
PBPH #1 Controls 
Photon Shutter Controls 
Fast Valve Controls 
Personnel Safety Shutter Controls 
Vacuum System Controls 

Front End Safety Systems 
Front End Utilities 
Front End Hech/Elect System 
Integration 

\.116 Spectroscopy Branchline 

Horizontal Beam Defining Aperture 
(HBOA) 

feb/Buy Machined Parts & 
Subassy1s 
Feb/Buy Electri cal and Controls 
fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S . 
Assemble, Bakeout, Test 
Installation 
Beam Diagnostic Device 
Collimating Spool 
Bellows 
Titanium Sublimation Pump 
Isolat i on Valve 

M1 Spherical Condensing Mirror 

fab/Buy Mech Parts & Subassyls 

34.03 

9.37 

37.54 
25.88 
23.66 

21.69 

4.71 

23.96 

16.19 
19.76 

16.30 

14.64 
7 . 41 

9.43 

4.05 
3.64 

15.70 

16 .20 

63.65 

122.86 

23.69 

27.57 
26.62 

147.27 

185.91 

1,260.68 

B-27 

Material & Labor Total K$ 



Page No. 22 
04/22/92 

Uork Breakdololn 
Structure # 

1.2.4.2.3.2.2 

1.2.4 .2. 3. 2.3 
1.2.4.2.3.2.4 

1.2.4.2.3.2.5 

1.2.4.2.3 . 2.6 

1.2.4.2.3.2.7 
1.2.4.2.3.2.8 
1.2.4 .2 .3 . 2. 9 

** •••••• 

1.2.4.2.3.5 

•• • •••••• 
1.2.4.2.3.5.1 

•• • ••••••• 
1.2.4.2.3.5 . 1. 1 

1.2.4.2.3.5.1.2 
1.2.4.2.3.5.1 .3 

1.2.4.2.3.5 . 1.4 
1. 2.4.2.3.5. 1.5 

1.2.4.2.3.5.1.6 
1.2 .4 .2 .3.5.1 . 7 

1. 2. 4.2.3.5.1 . 8 

•• • •••••• 
1.2.4.2.3.5.2 

*. • •• ** ••• 

1.2.4 .2.3.5.2.1 

1. 2.4.2.3.5 .2.2 
1.2.4.2.3.5.2.3 

1.2.4.2.3.5.2.4 

1.2.4.2.3.5 . 2.5 

1.2 . 4.2 .3.5.2.6 
1.2 . 4.2.3.5.2.7 
1.2.4.2.3.5.2.8 

1.2.4.2. 3 .5.2.9 

•• • •••••• 
1.2 . 4.2.3.5.3 

** .* •••• *. 

1.2.4.2.3.5 . 3 . 1 
1.2.4 .2 .3 .5.3. 2 

1.2.4 . 2.3.5.3.3 

Cos t Es timate Repor t 
Summary of Material and labor in FY92K$ 

by Rollup l evel s 

Description 

Fab/Buy Electrical and Control s 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges , 
Controll ers, P.S. 
Assemble, Bakeout, Tes t 
Ins tallation 
Be llows 
Coll imating Spool 
Iso lation Valve 

Monoch romator ClBl-SGH) 

Entrance Slit Assembly 

Be llows 
Slit Mechanical Assembly 
Support Systems 
Spools 
VaCU1Jll System 
Isolation Valve 
Assemble and Tes t 
Ins tall and Align 

Grating Chamber Assembly 

Be llows 
Gratings 
Gra ting Mechanical Assembly 
Mask & VBOA 
Electrica l & Control s 
VacuLJll System 
Support Sys t ems 
Assemble & Tes t 
Ins tal t & Al ign 

Exit Slit AssembLy 

Be llows 
Isolation Valves 
VacuLJll System 

6.29 
21.34 

15.69 
6 . 05 

12.03 
11.20 

9.91 
9.20 

6.29 
123.59 

92.77 
18.31 
75.53 

30.53 
91.02 

36.05 
15 . 93 

23 . 22 
22.39 

16.73 

25.28 

30.02 

15.60 

15. 01 
9.92 
4.99 
5.10 

16. 34 

91. 70 

490.03 

167. 03 

748.76 

B-28 

Material & Labor Total K$ 



3ge No. 23 

\/22/92 

orlc Brealcdown 
Structure # 

.2.4 . 2.3.5.3.4 
.. 2.4.2.3.5.3.5 

I. 2.4.2.3.5.3.6 
1.2.4.2.3 .5 .3.7 

•• ****** 

1.2 .4.2 .3.8 

•• * ••••• * 

1.2.4.2.3.8. 1 

1.2.4.2.3.8.2 

1.2.4.2 .3 . 8.3 

1.2 . 4.2.3.8.4 

1.2.4.2.3 .8.5 

1.2.4.2.3.8.6 

.. ***.** 

1.2.4.2.3 . 9 

.. .* ••••• 

1.2.4.2.3 .9. 1 

1.2.4.2 .3.9.2 

1.2.4.2.3 .9.3 

1.2.4 . 2.3.9.4 

1.2.4.2.3.9.5 

1.2.4.2.3.9.6 

•• ..* ••• 

1. 2.4.2 .3.10 

.. *.*** 

1.2.4.2.4 

.. • •••• * 

1.2.4 . 2.4.1 

.. * •• ***. 
1.2.4 . 2.4. 1. 1 

1.2.4.2.4. 1.2 

1.2.4.2.4.1.3 

1.2 . 4 . 2.4. 1.4 

1.2.4.2.4 .1 .5 

1.2.4 . 2.4.1.6 

Cost Estimate Report 
Summary of Material and labor in FY92K$ 

by Rol lup leve l s 

Description 

Sl it Mechanica l Assewbly 73.25 

Support Systems 10.32 

Assemble & Test 12.78 
Install & Al ign 8.33 

Branch Line Diagnostics 46.39 

Fab/Buy Mech Parts & Subassy's 11.94 
Fab/Buy El ectrica l & Contro ls 0.00 

Fab/Buy Vacuum Chamber & Suppor ts 12.62 

VacUU1l P~ing, Gauges, 10.73 

Control lers, P.S. 
Assemble, Balceout, Test 7.73 

Installat ion 3.36 

Vacuum System, Contro ls, & 132.36 

Installation 

Fab/Buy Mech Parts & Subassy's 4.95 
Fab/Buy Electrical and Controls 79.82 

Fab/Buy Vacuum Chamber & Supports 7.54 

Vacuum P~ing , Gauges , 0 . 00 

Controllers, P.S. 
Assemble, Balceout, Test 16.94 

Installation 23. " 

Branch l ine Safety Sys tems 0.00 

U16 Crystallography Branchline 1, 367. 26 

Branch Line Mechanica l Systems 930 .37 

H&V Beam Oefining Apertures 86.36 

Vertical Deflection Mirrors 252.43 

Monochromator 365.00 

Beam l ine Di agnost ics 40 . 12 

Branch Line Vacuum System 67.90 

Branch l ine Mechanica L 28.58 

Insta l lation 

8-29 

Material & labor Tota l K$ 
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/22/92 

24 

Irk: Breakdown 
;tructure # 

.2.4.2.4.1.7 

." ****** 

.2.4.2.4.2 

." ******* 
.2.4.2.4.2.1 

.2.4.2.4.2.2 
. . 2.4.2.4.2.3 

.w ****** 
1.2.4.2.4.3 

1.2.4.2.4.4 
1.2.4.2.4.5 

1.2.4.2.4.6 

.* ******* 
1.2.4.2.4.6.1 
1.2.4.2.4 . 6.2 

1.2.4.2.4.6.3 
1.2.4.2.4.6.4 

1.2.4.2.4.6.5 

1.2.4.2.4.6.6 

1.2.4.2.4.6.7 
1.2.4.2.4.6.6 

1.2.4.2.4.6.9 

** *. 
1.3 

.* .** 
1.3.1 

** **** 
1.3.1.1 

1.3.1.2 

** *** 
1.3.2 

** **** 
1.3.2.1 

1.3.2.2 

Cost Estimate Report 
Summary of Material and labor in FY92K$ 

by Rollup levels 

Descr i pt i on 

Defining SLits 

Branch line Electrical Systems 

Photon Transport Control s & 
Diagnostics 
Monochromator Controls 
Branch line Electrical 
Installation 

Branch line Safety Systems 
Branch line Utilities 
Branch line Mech/Elect System 
Integration 
Branchline Mirror Box Sys tems 

Fab/Buy Mech Parts & Subassyls 
Fab/Buy Electrical and Controls 
Fab/Buy Vacuum Chamber & Supports 
Vacuum Pumping, Gauges, 
Controllers, P.S. 
Assemble, Bakeout, Test 
Installation 
Bellows 
Collimating Spool 
Isolation Valve 

conventional Facilities 

Conventional Facilities EDI 

conventional Facilities EDI:lBl 
Conventional Facilities EDI:A/E 

Office/light lab Cons truction 

Office/light lab Cns trctn:Part A 
Office/Light lab Cnstrctn:Part B 

90.00 

120.11 

54.96 

15.64 

63.65 

25.26 
30.02 

15.60 

15.01 

9 . 92 
4.99 
5.10 

16.34 

190 . 92 

10.36 
25 . 57 

24.12 

165.91 

8,30 

Material & labor Total K$ 

172.00 
516.00 

2,515.56 
669.61 

5,316.42 

666.00 

3,165.37 



~e No. 

122/92 

25 

rk Breakdown 
truc ture # 

, *** 
. 3.3 

• **** 
. 3.3 . 1 

.3.3 . 2 

,* *** 
, .3.4 

1.3.5 

,* **** 
1.3 . 5.1 

1.3.5.2 

•• ** 
1.4 

•• *** 
1.4. 1 
1.4.2 

1.4 . 3 

Descript ion 

Cost Es timate Report 
Summary of Material and l abor in FY92K$ 

by Rollup Levels 

Specia l Building Facilities 

Special Bldng Faci L ities: Part A 

Special Bldng Faci l ities: Part B 

Electri cal Switchgear/Util i ti es 
Standard Equipment 

Standard Equipment: Part A 

Standard Equipment: Part B 

Contingency 

Project Management 
Beam l ine Systems 
Conventional Faci l ities 

8 -31 

Material & Labor Total K$ 

647.26 

452.40 
194.86 

657.72 
140.07 

110.73 

29.34 

7,253 . 10 

400.60 
5, 970.50 

882.00 
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Table B.4 8-33 

04/22/92 
Technical Components Cost Estimate 

'TM ITM UNIT NBR UNIT COST TOTAL LBR HRS/ TOTAL CRAFT CRAFT TOTAL ISC + 

JBR OESCR I PT I ON HEAS UNITS COST BASIS ISC K$ UNTS UNIT HRS CODE RATE LABOR K$ LABOR K$ 

** \.l8S: 1.1.1 Project Direction and Management 
1 Project Manager 0 0.00 0.0 1 6125.0 6125 HE 59.40 363.8 363.8 
2 Deputy Project Manager 0 0.00 0.0 1 3060.0 3060 AA 42.75 130.8 130.8 
3 Conventionl Facilits Mgr 0 0.00 0.0 1 5250.0 5250 PEN 44.95 236.0 236.0 
4 QA Officer 0 0.00 0.0 1 6125.0 6125 HE 59.40 363.8 363 .8 
6 Supplies & Expenses 1 157500.00 eu 157.5 0 0.0 0 0.00 0.0 157.5 

** Subtotal ** 
157.5 20560 1094.5 1252.0 

** WSS: 1.1.2 Project Office Services 
1 Clerical Support 0 0.00 0.0 1 3060.0 3060 AA 42.75 130.8 130.8 
2 Budget & c/scs support 0 0.00 0.0 1 3060.0 3060 AA 42.75 130.8 130 .8 
3 Supplies & Expenses lot 1 90000.00 eu 90 .0 0 0.0 0 0.00 0.0 90 . 0 

** Subtotal ** 
90.0 6120 261.6 351.6 

** \.lSS: 1.1.3 Incremental IncH rects 
1 Incremental Indirects 1 400000.00 400.0 0 0.0 0 0.00 0.0 400.0 

** Subtotal ** 
400.0 0 0.0 400 .0 

** YSS: 1.2.1.1.1 U8 Undulator EDI 
1 Engineering 0 0.00 0.0 1 3100.0 3100 HE 59.40 184.1 184.1 
2 Design 0 0.00 0.0 1 3100.0 3100 HO 42.25 131.0 131.0 
3 S&E lot 1 18085 .00 eu 18.1 0 0. 0 0 0.00 0.0 18.1 

** Subtotal ** 
18.1 6200 315.1 333.2 

** \.las: 1.2.1.1.2 U8 Front End EOI 
1 Des ign 0 0.00 0.0 1 2000.0 2000 HO 42.25 84.5 84.5 
2 S&E lot 1 3600.00 eu 3.6 0 0.0 0 0. 00 0.0 3.6 

, Subtotal ** 
3.6 2000 84 . 5 88 . 1 

** WBS: 1.2.1.1.3 U8 Branchline EDI 
1 Engineering 0 0.00 0.0 1 2800.0 2800 HE 59.40 166.3 166.3 
2 Design 0 0.00 0.0 1 8400.0 8400 HO 42.25 354.9 354.9 
3 S&E lot 1 37280.00 eu 37.3 0 0.0 0 0.00 0.0 37.3 

** Subtotal ** 
37 .3 11200 521.2 558.5 

** uas: 1.2.1.1.4 Bend Magnet Front End EDI 
1 Design 0 0.00 0.0 1 1200.0 1200 HO 42.25 50.7 50.7 
2 S&E lot 1 4500.00 eu 4.5 0 0.0 0 0.00 0.0 4.5 

** Subtotal ** 
4.5 1200 50.7 55.2 

** WBS: 1.2.1.1.5 Bend Magnet Branchl ine EDI 
1 Engineering 0 0.00 0.0 1 3500.0 3500 HE 59.40 207.9 207 .9 
2 Design 0 0.00 0.0 1 10500.0 10500 HO 42.25 443.6 443.6 
3 S&E lot 1 39875.00 eu 39.9 0 0.0 0 0. 00 0.0 39.9 

** Subtotal ** 
39 .9 14000 651.5 691.4 

** ~BS: 1.2.1.2 . 1.1.1 Magnetic Material 
1 NDFE Blocks ea 1480 68.80 A90 101.8 0 0.0 0 0.00 0.0 101.8 
2 Measurement Prep 0 0.00 0.0 1 20 . 0 20 EM 33.00 0.7 0.7 
3 0 0.00 0.0 1 20.0 20 EE 59.40 1.2 1.2 
4 Measurements LOT 1 500 .00 EU 0.5 0 0.0 0 0.00 0.0 0.5 
5 3-Axis H.C. Meas 0 0.00 0.0 1480 0.1 222 EM 33 .00 7.3 7.3 
6 Supervision 0 0.00 0.0 1 100.0 100 EE 59.40 5.9 5.9 

** Subtotal ** 
102.3 362 15.1 117.4 

• WBS: 1.2.1.2.1.1.3 Pole Asserrbl ies 
1 Vanadium Permendur ea 246 81. 71 A91 20 . 1 0 0.0 0 0.00 0.0 20 . 1 



Page No. 2 8-34 
04122192 

Technical Components Cost Estimate 

ITH ITH UNIT NBR UNIT COST TOTAL LBR HRSI TOTAL CRAfT CRAfT TOTAL ISC ... 
NBR DESCRIPTION HEAS UNITS COST BASIS ISC KS UNTS UNIT HRS COOE RATE LABOR KS LABOR K$ 

2 Keepers eo 246 205.00 A91 50.4 1 80.0 80 HH 38 .60 3.1 53.5 
3 Keeper Inspection lot 1 300.00 EU 0.3 246 0.8 197 HH 38.60 7.6 7.9 
4 Assy Fi Ktures 0 0.00 0.0 1 40.0 40 HH 38.60 1.5 1.5 
5 Assembly eo 246 10.50 A91 2.6 246 6.0 1476 HH 38.60 57.0 59.6 
6 Pole Assemb ly Mounts eo 10 1914.00 A91 19.1 10 12.0 120 HH 38.60 4.6 23.8 

•• Subtotal ** 
92.6 1913 73.8 166.4 

•• ~BS: 1.2.1.2.1 . 1.4 End Pole Assemblies 
1 End Pole Keepers LOT 1 12157.00 A91 12.2 0 0.0 0 0.00 0.0 12.2 
2 NdFe Block Cutting 0 0.00 0.0 24 4.0 96 HS 37.73 3.6 3.6 
3 Assembly - Keepers 0 0.00 0.0 8 48.0 384 HA 38.60 14.8 14.8 
4 Rotator 0 0.00 0.0 8 40.0 320 HH 38.60 12.4 12.4 
5 Rotator Block Cutting 0 0.00 0.0 24 4.0 96 HS 37.73 3.6 3.6 
6 Assemble - Rotator 0 0.00 0.0 8 16.0 128 HA 38.60 4.9 4.9 
7 Rotator linkage eo 8 105.00 EU 0.8 8 8.0 64 HH 38.60 2.5 3.3 
8 Manuat Rotatr Drv eo 8 525.00 CP 4.2 8 16.0 128 HH 38.60 4.9 9.1 
9 0 0.00 0.0 8 12.0 96 HA 38.60 3.7 3.7 

10 End pote mounts/levelers lot 1 7595.00 A91 7.6 4 8.0 32 HH 38.60 1.2 8.8 
•• Subtotal·· 

24.8 1344 51.7 76.5 

•• \.ISS: 1.2.1.2.1.1.5 Backing Beams 
1 Sacking Beams (2) lot 74900.00 A91 74.9 1 50.0 50 HH 38.60 1.9 76.8 
2 FluK Shunt eo 6500.00 eu 6.5 1 206.0 206 HA 38.60 8.0 14.5 
3 Rigging Hardware lot 500.00 EU 0.5 0 0.0 0 0.00 0.0 0.5 
4 Misc. lot 1000.00 eu 1.0 1 80.0 80 HA 38.60 3.1 4.1 
5 Z spacers lot 100.00 eu 0.1 1 100.0 100 HH 38.60 3.9 4.0 
6 Adjusters/guides lot 9257.00 A91 9.3 1 40.0 40 HA 38.60 1.5 10.8 
7 Magnetic Shields lot 200.00 eu 0.2 1 64.0 64 HA 38.60 2.5 2.7 .. Subtotal·· 

92.5 540 20.8 113 .3 

•• \.IBS: 1.2.1 .2. 1.1.6 Magnet Structure Assembly 
1 Keeper Pole Moun t Assembl eo 10 235.00 A91 2.4 10 60.0 600 HA 38.60 23.2 25.5 
2 End Pole Assembly 0 0. 00 0.0 4 60.0 240 HH 38.60 9.3 9.3 
3 Pole Mount/Bckg Bm Assy eo 10 105.00 EU 1.1 10 32.0 320 HA 38.60 12.4 13.4 
4 Fiducializing lot 1 105.00 EU 0.1 2 40.0 80 HA 38.60 3.1 3.2 
5 Hi sce ll aneous lot 1 1000.00 eu 1.0 1 80.0 80 HH 38.60 3.1 4.1 

•• Subtota L ** 
4.5 1320 51.0 55.5 

•• ~BS: 1.2.1.2 .1.1.7 Magnetic Measurements: Mechanical 
1 AssembLy Section Setup 0 0.00 0.0 10 4.0 40 HA 38.60 1.5 1.5 
2 10 Setup lot 1 315.00 eu 0.3 1 160.0 160 HA 38.60 6.2 6.5 

.. SubtotaL •• 
0.3 200 7.7 8.0 

•• ~BS: 1.2.1.2.1.1.8 Magnetic Measurements: Electrical 
1 Setup Assemb Ly Sections 0 0.00 0.0 1 16.0 16 EE 59.40 1.0 1.0 
2 0 0.00 0.0 10 4. 0 40 ES 33 .00 1.3 1.3 
3 Data Acquire: Assy Sectns 0 0.00 0.0 10 3.0 30 EE 59.40 1.8 1.8 
4 0 0.00 0.0 10 4.0 40 ES 33.00 1.3 1.3 
5 Data Analysis:Assy Sectns 0 0.00 0.0 1 80.0 80 EE 59.40 4.8 4.8 
6 Code Software Coil Paramt 0 0.00 0.0 1 8.0 8 CP 59 . 40 0.5 0.5 
7 0 0.00 0.0 1 8.0 8 EE 59 . 40 0.5 0.5 
8 10 Setup: Electronic 0 0.00 0.0 1 16.0 16 EE 59.40 1.0 1.0 
9 0 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 

10 10 Setup: Electrical 0 0. 00 0.0 1 40.0 40 ES 33 . 00 1.3 1.3 
11 10 : Data Acquisition 0 0.00 0.0 1 40.0 40 EE 59.40 2.4 2.4 
12 0 0.00 0.0 1 240.0 240 ES 33.00 7.9 7.9 
13 10: Data Analys i s 0 0.00 0.0 1 40.0 40 EE 59.40 2.4 2.4 
14 Data Preparation 0 0.00 0.0 1 80.0 80 ES 33.00 2.6 2.6 
15 O/C Verification 0 0.00 0.0 1 20.0 20 EE 59.40 1.2 1.2 
16 0 0.00 0.0 1 20.0 20 ES 33.00 0.7 0.7 
17 Shutdown/Storage 0 0.00 0.0 1 20.0 20 EE 59.40 1.2 1.2 
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18 0 0.00 0.0 40.0 40 ES 33.00 1.3 1.3 
** SubtotaL ** 

0.0 818 34.3 34.3 

** WBS: 1.2.1.2.1.2.1 Support System Fabrication 
1 Support System Assembly e. 1 55200.00 EU 55.2 20.0 20 MA 38.60 0.8 56.0 
2 Associated Parts lot 1 1000.00 EU 1.0 80.0 80 MM 38.60 3.1 4.1 
3 Miscellaneous lot 1 1900.00 EU 1.9 210.0 210 MM 38.60 8.1 10.0 
4 Assembly lot 1 1800.00 EU 1.8 835.0 835 MA 38.60 32.2 34.0 

** Subtotal ** 
59.9 1145 44.2 104.1 

** WBS: 1.2.1.2.1.2.2 Drive System Fabrication 
1 Roller Screw AssembLy e. 1 53200.00 A91 53.2 32.0 32 MM 38.60 1.2 54.4 
2 Spring System e. 1 1000 .00 eu 1.0 130.0 130 MM 38.60 5.0 6.0 
3 Bearing System lot 1 900.00 EU 0.9 105.0 105 MM 38.60 4.1 5.0 
4 Sprocket/Chain System lot 1 700.00 eu 0.7 50.0 50 MM 38.60 1.9 2.6 
5 Gear Box & Mtg. e. 1 1700.00 EU 1.7 20.0 20 MM 38.60 0.8 2.5 
6 Encoder System lot 1 500.00 eu 0.5 50.0 50 MM 38.60 1.9 2.4 
7 Motor Mounting Bracket e. 1 400.00 eu 0.4 40.0 40 MM 38.60 1.5 1.9 
8 Fan System lot 1 200.00 eu 0.2 40.0 40 MM 38.60 1.5 1.7 
9 Miscellaneous lot 1 1200.00 EU 1.2 235.0 235 MM 38.60 9.1 10.3 

10 Assembly lot 1 900.00 EU 0.9 365.0 365 MA 38.60 14.1 15.0 
11 Roller Screw Kinematc Mnt e. 8 1400.00 eu 11.2 170.0 170 MM 38.60 6.6 17.8 

** SubtotaL ** 
71.9 1237 47.7 119.6 

** WBS: 1.2.1.2.1.2.3 local Temperature ControL Fabrication 
1 Frame & Curtain lot 1 3000.00 EU 3.0 200.0 200 MA 38.60 7.7 10.7 
2 Blower & Dryer System lot 1 1100.00 EU 1.1 80.0 80 MA 38.60 3.1 4.2 
3 Mi scellaneous lot 1 2000.00 EU 2.0 40.0 40 MA 38.60 1.5 3.5 
4 Electrical Installation e. 1 200.00 eu 0.2 80.0 80 EI 33.00 2.6 2.8 

** Subtotal ** 
6.3 400 15.0 21.3 

** UBS: 1.2.1.2.1.3.1 Vaculln Chamber 
1 Vacuum Chamber (1 em) 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
2 Material lbs 2275 2.32 VQ 5.3 0 0.0 0 0.00 0.0 5.3 
3 Fabrication e. 1 58810.00 A91 58.8 0 0.0 0 0.00 0.0 58.8 
4 e. 1 55260.00 A91 55.3 0 0.0 0 0.00 0.0 55.3 
5 Fabricate Flanges lot 1 2620.00 A91 2.6 1 120.0 120 MM 38.60 4.6 7.3 
6 Fab Flange Transitions lot 1 1144.00 A91 1.1 6 30.0 180 MH 38.60 6.9 8.1 
7 Assemble/Test 0 0.00 0.0 1 320.0 320 MA 38.60 12.4 12.4 
8 System Assembly 0 0.00 0.0 1 80.0 80 MA 38.60 3.1 3.1 
9 UHV Bakeout 0 0.00 0.0 1 160.0 160 MA 38.60 6.2 6.2 

10 Trial Installation 0 0.00 0.0 1 80.0 80 MA 38.60 3.1 3.1 
11 Final Inst allation 0 0.00 0.0 1 120.0 120 MA 38.60 4.6 4.6 
12 Vaculln Chamber Inspection 0 0.00 0.0 1 80.0 80 MM 38.60 3.1 3.1 

** SubtotaL ** 
123.1 1140 44.0 167.1 

** \.IBS: 1.2.1.2.1.3.2 Pumping Systems & .1 nstrt..mentat ion 
1 Ion Pump/TSP Combination e. 3 4200.00 CP 12.6 0 0.0 0 0.00 0.0 12.6 
2 90 deg Elbow to Pump e. 3 610.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
3 Right Angle Valve e. 2 880.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
4 Aluminum Conflats e. 5 95.00 CP 0.5 0 0.0 0 0.00 0.0 0.5 
5 NEG ELectrical Feedthru e. 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 
6 NEG Strip e. 2 1340.00 CP 2.7 0 0.0 0 0.00 0.0 2.7 
7 NEG Strip Mountng Hardwre ea 2 312.00 eu 0.6 2 60.0 120 MM 38.60 4.6 5.3 
8 NEG Strip Assembly e. 1 104 .00 eu 0.1 2 40.0 80 MA 38.60 3.1 3.2 

** Subtotal ** 
20.5 200 7.7 28.2 

** WBS: 1.2.1.2.1 .3.3 Support Structure 
1 Vacuum Chamber Support lot 1 2100.00 EU 2.1 1 160.0 160 MM 38.60 6.2 8.3 
2 Ion Pump Supports e. 3 210.00 EU 0.6 3 20.0 60 MM 38.60 2.3 2.9 
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3 Installat ion Fi xture ea 525 .00 EU 0.5 80.0 80 MM 38.60 3.1 3.6 
** Subtotal ** 

3.3 300 11.6 14.8 

-- ~BS: 1.2.1 . 2. 1.3.4 Vacuum Di agnos tics 
1 IG Controll e r eaa 1 895.00 CP 0.9 1 2.0 2 ES 33 .00 0.1 1. 0 
2 Degas Module ea 1 157.50 CP 0.2 0 0.0 0 0.00 0.0 0.2 
3 Second IG Module ea 1 78.75 CP 0. 1 0 0.0 0 0. 00 0.0 0.1 
4 Process Control Module ea 1 367.50 CP 0.4 0 0. 0 0 0.00 0.0 0.4 
5 Rack Mount ea 1 52.50 CP 0. 1 1 1. 0 1 ES 33 .00 0.0 0.1 
6 Remote I/O Modul e ea 1 85.00 CP 0.1 0 0.0 0 0.00 0.0 0.1 
7 Dua l Convect ron Modul e ea 1 420 .00 CP 0.4 0 0.0 0 0.00 0.0 0.4 
8 UHV Electromete r Module ea 1 420.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 
9 IEEE-488 Inte rface ea 1 378 .00 CP 0.4 0 0.0 0 0.00 0.0 0. 4 

10 Nude Ion Gauge ea 1 326.55 CP 0.3 1 1.0 1 HS 37.73 0.0 0.4 
11 IG Cable : 50 feet eo 1 204.75 CP 0. 2 1 1.0 1 ES 33 .00 0.0 0.2 
12 Convec tron Gauge ea 1 145.95 CP 0. 1 1 1.0 1 HS 37.73 0. 0 0.2 
13 Convec tron Cabl e : 50 feet ea 1 220 . 50 CP 0.2 1 1.0 1 ES 33.00 0. 0 0. 3 
14 IG Connec tor ea 1 10.50 EU 0.0 1 1.0 1 HS 37 .73 0. 0 0.0 
15 IG Cabl e Interface ea 1 52.50 EU 0.1 1 4. 0 4 ES 33 .00 0.1 0.2 
16 Ion Pump Controll er ea 3 2045.40 CP 6.1 3 2.0 6 ES 33.00 0.2 6.3 
17 Ion Pump Cab le ea 3 234 . 15 CP 0.7 3 4.0 12 ES 33.00 0.4 1. 1 
18 Ion Pump Cable Interface ea 3 105. 00 EU 0.3 3 4.0 12 ES 33.00 0.4 0.7 
19 IEEE-488 Interface ea 3 522.90 CP 1.6 0 0.0 0 0.00 0.0 1.6 
20 ILC Crate ea 1 1000.00 EU 1.0 1 40 .0 40 ES 33.00 1.3 2.3 
21 ILC ea 2 1100.00 EU 2.2 1 40 .0 40 ES 33.00 1.3 3.5 
22 Subli mati on Controll e r ea 1 2100 . 00 CP 2.1 1 4.0 4 ES 33. 00 0.1 2. 2 
23 Subli mati on Mux ea 1 2100.00 EU 2. 1 1 80. 0 80 ES 33.00 2.6 4.7 
24 Fil ament Cabl es set 1 525.00 EU 0.5 1 40. 0 40 ES 33.00 1.3 1.8 
25 NE G Power Supp ly ea 1 2000. 00 eu 2.0 0 0.0 0 0. 00 0.0 2.0 

** Subtotal ** 
22 .5 246 8.1 30.6 

•• ~BS: 1.2 . 1. 2. 1.4 Motor Control Sys tem 
1 Control le r 500 Indexer ea 1 1515.00 CP 1.5 0 0.0 0 0.00 0. 0 1.5 
2 Motor Package PK130M-T eo 1 4703.00 CP 4.7 0 0.0 0 0.00 0.0 4.7 
3 Abso lut e Encoder ea 1 1805.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
4 100 Ft cabl es set 1 1000 .00 CP 1.0 0 0.0 0 0.00 0.0 1.0 
5 ILC eo 1 11 00.00 eu 1.1 0 0.0 0 0.00 0.0 1.1 
6 ILC Crate (holds 6 ILCs ) ea 1 1000 .00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
7 Final Ins ta ll ati on lot 1 4000.00 eu 4 .0 1 180.0 180 EI 33. 00 5.9 9.9 
8 Indexer / Cont. lot 1 2000.00 eu 2.0 1 60 .0 60 IEL 62.85 3.8 5.8 
9 Shop Insta ll ati on lot 1 3000 .00 eu 3.0 1 120.0 120 EI 33.00 4.0 7.0 .. Subtotal ** 

20 . 1 360 13. 7 33 .8 

** \.IBS : 1. 2. 1. 2.1.5 Ins ta ll ati on 
1 Prepare & Truck to Si te lot 1 525.00 eu 0.5 80.0 80 MA 38 .60 3.1 3.6 
2 Ri gger 's \.Iork lot 1 1200.00 eu 1.2 64.0 64 RG 37.65 2.4 3.6 
3 Survey & Alignment 0 0.00 0.0 80.0 80 HA 38 .60 3.1 3. 1 
4 Install ati on lot 1 315.00 eu 0.3 100.0 100 MA 38 .60 3.9 4.2 
5 Vacuum Hookup/Pumpdown lot 1 105.00 eu 0.1 40. 0 40 HA 38.60 1.5 1.6 
6 Re install Temp Ctrl Housg 0 0.00 0.0 40. 0 40 MA 38.60 1.5 1.5 
7 Mi sce ll aneous 0 0.00 0.0 50.0 50 MA 38.60 1.9 1.9 

•• Subtotal ** 
2. 1 454 17. 5 19 .6 

.- ~BS: 1. 2.1. 2.2.1.1 Aperture Pl ate 
1 \.late r Coo led Absorber eo 1 800.00 A91 0.8 40 . 0 40 HS 37.73 1.5 2.3 
2 Brazing Fi xtures/ Tooling LOT 1 200. 00 EU 0. 2 30.0 30 HU 35.92 1.1 1.3 
3 Fl ange Gaskets & Hardware lot 2 200. 00 eu 0.4 10 .0 10 HS 37.73 0.4 0.8 

-- Subtotal ** 
1.4 80 3.0 4.4 

--~BS: 1. 2. 1. 2. 2.1.2 Bell ows 
1 Yelded Bell ows Assy ea 3000. 00 A91 3.0 1. 0 1 HS 37.73 0.0 3.0 
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2 Inspec t,Clean,Bake ea 50.00 eu 0.1 2.0 2MU 35.92 0.1 0.1 
•• Subtotal --

3.0 3 0.1 3.2 

•• ~BS: 1.2.1.2.2.1.3 Coll imating Spool 
, Spoo l Piece ea 1 1250. 00 A91 1.2 8.0 8 HU 35.92 0.3 1.5 
2 Misc. Flanges/UHV Hardwre lot 1 500.00 eu 0.5 8.0 8 HS 37.73 0.3 0.8 
3 Lead Shielding & Hounting lot 1 500.00 eu 0.5 40.0 40 HS 37.73 1.5 2.0 

*. Subtotal *. 
2.2 56 2.1 4.3 

•• ~BS: 1.2.1.2.2.1.4 Isolation Valve 
1 Valve & Controller Proc. ea 1 22140.00 A91 22 .1 0 0.0 0 0.00 0.0 22.1 
2 Prelim Assemble & Test lot 1 50.00 ea 0.1 1 8.0 8 HU 35.92 0.3 0.3 
3 Inspect/Clean/Etc .. lot 1 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
5 BLank flngs & mntng hrdwr lot 2 200.00 eu 0.4 1 20.0 20 HS 37.73 0.8 1.2 

** Subtotal .-
22.8 36 1.3 24.2 

•• ~BS: 1.2.1.2.2.1.5 Support Stand 
1 Support s tand, misc . hrdw ea 1 1500.00 eu 1.5 1 40.0 40 HS 37.73 1.5 3.0 
2 Struts & hardware ea 6 500.00 A91 3.0 6 8.0 48 MU 35.92 1.7 4.7 
3 Hi sc. lot 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

•• Subtotal ** 
5.5 128 4.7 10.2 

•• ~BS: 1.2.1.2.2.1.6 Assemble, Bakeout, Test 
1 Clean parts lot 1 100.00 eu 0.1 1 16.0 16 HU 35.92 0.6 0.7 
2 Final vae assy,leak check lot 1 100.00 eu 0.1 1 16.0 16 MU 35.92 0.6 0.7 
3 Fiducialize 0 0.00 0.0 2 8.0 16 MS 37.73 0.6 0.6 
3 Bakeout jackets ea 1 1500 . 00 A91 1.5 1 8.0 8 MU 35.92 0.3 1.8 
4 RGA scans , UHV pre-qualfy 0 0.00 0.0 1 16.0 16 HS 37.73 0.6 0.6 

•• Subtota l * • 
1.7 72 2.6 4.3 

•• ~BS: 1.2. 1.2.2.1.7 Installation 
1 Ins taLL/check valvs/cntrl lot 1 200.00 eu 0.2 1 16.0 16 EI 33.00 0.5 0.7 
2 Ins tall utilities lot 1 500.00 eu 0.5 1 16.0 16 MU 35 .92 0.6 1..1 
3 Ins tall/align supprt stnd lot 1 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
4 Ins tll/align vac hardware 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
5 Vae ennetns, leak check 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
6 Bakeout 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
7 Et ee . instaLLation 0 0.00 0.0 1 8.0 8 IEL 62.85 0.5 0.5 

•• SubtotaL ** 
0.9 168 6.2 7.1 

•• WBS: 1.2.1.2.2.2.1 Fab/Buy Meeh Parts & Subassy's 
1 Flange/mntng pLate fab ea 1 600.00 eu 0.6 1 40.0 40 MS 37.73 1.5 2.1 
2 CF feed-thrus for electrn ea 8 200.00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
3 Brazing & fixtures lot 1 100.00 eu 0.1 1 20.0 20 MU 35.92 0.7 0.8 
4 Feedthrus welding lot 1 50.00 eu 0.1 1 20.0 20 HS 37.73 0.8 0.8 
5 Blades fab ea 2 100.00 eu 0.2 2 20.0 40 HS 37.73 1.5 1.7 
6 In-vae parts & elec fab lot 1 200.00 eu 0.2 1 40.0 40 MS 37.73 1.5 1.7 
7 lCU hardware lot 1 100.00 eu 0.1 1 8.0 8 MU 35.92 0.3 0.4 
8 2-axis trans lation mech ea 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
9 Outs ide vae mntng hardwre lot 1 500.00 eu 0.5 1 20.0 20 HS 37. 73 0.8 1.3 

10 Blade alignment fixtures lot 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
•• Subtotal ** 

6.6 208 7.8 14.3 

•• ~BS: 1.2.1.2.2.2.2 Fab/Buy Electrical and Control s 
1 Bias power supply ea 2 3000.00 eu 6.0 2 8.0 16 EI 33.00 0.5 6.5 
2 I LC & SBX ea 3 1500 .00 eu 4.5 3 20.0 60 EI 33.00 2.0 6.5 
3 ELectrometer ea 2 1695.00 cp 3.4 2 8.0 16 EI 33.00 0.5 3.9 
4 Euroca rd crate ea 1 1000.00 eu 1.0 1 16.0 16 EI 33.00 0.5 1.5 
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5 Thermocouples & contro l s ea 2 500 .00 eu 1.0 2 8. 0 16 EI 33 . 00 0. 5 1.5 
6 Stepper motor cont ro ll er ea 1 3000.00 eu 3.0 1 16. 0 16 EI 33.00 0. 5 3.5 
7 Cables lot 1 1000.00 eu 1.0 1 40 .0 40 EI 33 .00 1.3 2.3 
8 Flow switch ea 2 400.00 eu 0.8 2 4.0 8 EI 33 .00 0.3 1. 1 

** Subtota l ** 
20 .7 188 6.2 26.9 

•• ~BS: 1.2 . 1.2.2 .2.3 Fab/Buy Support Stand 
1 Sli des mounting hardwre ea 200.00 eu 0.2 8.0 8 HS 37. 73 0.3 0. 5 
2 Support post & hardware lot 3000 .00 eu 3.0 8.0 8 MS 37.73 0.3 3.3 
3 Misc hardwre & fi xtures lot 1000.00 eu 1.0 40.0 40 MS 37. 73 1.5 2.5 

•• Subtotal *'* 
4.2 56 2. 1 6.3 

•• ~BS: 1.2 .1.2.2.2.4 Qell ows 
1 Welded bel lows assy ea 2 4000 .00 A91 8.0 0 0.0 0 0.00 0.0 8.0 
2 Bl ank f langes , gaskets ,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspect,c lean,bake lot 2 50.00 eu 0. 1 2 2.0 4 MU 35.92 0.1 0.2 

** Subtota 1 ** 
8.7 4 0. 1 8.8 

•• ~BS: 1.2.1 .2.2.2 .5 Assemb le , 8akeout, Tes t (Assembly Shop) 
1 Assemb le/test PBPM mech ea 1 500 .00 eu 0.5 2 20.0 40 MU 35.92 1.4 1.9 
2 Assemble/tes t P8PM e lec ea 1 500.00 eu 0. 5 1 40.0 40 EI 33. 00 1.3 1.8 
3 Bakeout/UHV pre-qualify ea 1 500 .00 eu 0.5 1 40 .0 40 MU 35.92 1.4 1.9 
4 Fiducialization 0 0.00 0.0 2 16.0 32 MU 35 .92 1. 1 1. 1 
5 Mise assy equip, jacket s , lot 1 1000.00 eu 1.0 1 20.0 20 MU 35. 92 0.7 1. 7 

** Subtota l ** 
2.5 172 6. 1 8.6 

•• ~BS: 1.2.1 . 2.2.2.6 Ins tallati on 
1 l CW Hardware & connection lot 1 300 .00 eu 0.3 2 20 .0 40 HU 35.92 1.4 1.7 
2 Transport & on- s ite setup lot 1 200.00 eu 0.2 2 8.0 16 HU 35.92 0.6 0.8 
3 Vae assemble & l eak check lot 1 100 .00 eu 0.1 2 16.0 32 MU 35 .92 1.1 1.2 
4 Ins tallat i on alignment 0 0.00 0.0 2 16.0 32 HS 37.73 1. 2 1. 2 
5 Mech instal l,tes t ,debug lot 1 100.00 eu 0.1 2 20.0 40 MU 35. 92 1.4 1.5 
6 Elec. ins ta l la t ion lot 1 100.00 eu 0.1 1 20 .0 20 IEL 62 .85 1.3 1.4 
7 Final bake & UHV qualify 0 0.00 0.0 2 20.0 40 MU 35 .92 1.4 1.4 

** Subtotal ** 
0.8 220 8. 5 9. 3 

• • ~BS : 1. 2. 1.2.2.3 . 1 Fab/Buy Mech Parts & Subassy's 
1 Machine absorber bl ades ea 2 1000.00 A91 2.0 2 40 .0 80 HS 37 .73 3.0 5.0 
2 Braze absorber blades ea 2 100.00 eu 0.2 2 20 .0 40 MS 37.73 1.5 1.7 
3 Brazing tooling/f ixtures ea 1 200.00 eu 0.2 1 20 .0 20 HS 37.73 0.8 1. 0 
4 Bl ade/p ivot mounting ea 2 500 .00 A91 1.0 2 60.0 120 HS 37.73 4.5 5.5 
5 Pneumatic actuator mechan ea 2 500.00 eu 1.0 2 40.0 80 MS 37.73 3.0 4.0 
6 limit stops & switches ea 2 100.00 eu 0.2 2 20.0 40 HS 37.73 1.5 1. 7 
7 Bell ws/conf lat ass 'y/weld ea 2 1000 .00 A91 2.0 2 40.0 80 MS 37.73 3.0 5.0 

•• Subtota l ** 
6.6 460 17.4 24.0 

•• ~BS : 1.2.1 . 2.2.3.2 Fab/Buy Electri ca l and Control s 
1 ILC & SBX ea 1 1500.00 eu 1.5 1 20.0 20 EI 33.00 0. 7 2.2 
2 Cabl es lot 1 200.00 eu 0.2 1 8.0 8 EI 33 .00 0.3 0.5 
3 Flow switch & interlocks ea 2 400.00 eu 0.8 2 4.0 8 EI 33 .00 0.3 1.1 
4 Pos i tion indicators set 1 500 .00 eu 0.5 1 8.0 8 EI 33. 00 0.3 0.8 
5 Air solenoids ea 4 500.00 eu 2.0 4 8. 0 32 EI 33 . 00 1.1 3.1 
6 Air pressure interlocks ea 1 500 .00 eu 0.5 1 16.0 16 EI 33.00 0.5 1.0 

** Subtota 1 ** 
5.5 92 3. 0 8.5 

•• ~BS : 1.2.1.2.2.3.3 Fab/Buy Vacuum Chamber & Supports 
1 Cus tom vacuum chamber ea 1 8000.00 A91 8.0 1 40.0 40 MU 35 .92 1.4 9.4 
2 Mise flanges & UHV hardwr lot 1 2500.00 eu 2.5 0 0.0 0 0.00 0.0 2.5 
3 Mount ing s trut s /hardware ea 6 500.00 A91 3,0 6 8.0 48 MS 37.73 1.8 4.8 
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4 Support posts,frame,hrdwr lot 1500.00 A91 1.5 40.0 40 MS 37.73 1.5 3.0 
.. Subtota l ** 

15.0 128 4.8 19.8 

** WBS: 1.2. 1.2 .2 .3.4 Vacuum Pumping, Gauges, Controllers, P.S. 
1 Ion pump, 400 LIs ea 1 7527.00 A92 7.5 1 4.0 4 MU 35.92 0.1 7.7 
2 Ion pump controller ea 1 2180.00 A92 2.2 1 4.0 4 EI 33.00 0.1 2.3 
3 Ion pump cable,bakeable ea 1 250.00 A91 0.2 1 4.0 4 EI 33.00 0.1 0.4 
4 IEEE-48 cable, 3m cntrller ea 1 421.00 A92 0.4 0 0.0 0 0.00 0.0 0.4 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4 MU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box,IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

** Subtotal ** 
15.7 24 0.8 16.5 

** ~BS: 1. 2.1.2 .2.3.5 Assemble, Bakeout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 2 80.0 160 MU 35.92 5.7 6.2 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 2 40.0 80 MS 37.73 3.0 3.5 
3 Survey/calibration 0 0. 00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Mise tools,fixtures ,cart, lot 1 1000.00 eu 1.0 1 80.0 80 MU 35 .92 2.9 3.9 

** Subtotal ** 
2.0 352 12.8 14 .8 

** WBS: 1.2 . 1.2 .2.3.6 Ins tallation 
1 LCY hardware/connections lot 1 300.00 eu 0.3 2 16.0 32 MU 35.92 1.1 1.4 
2 Transport/on-site setup lot 1 200 .00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
4 Ins tallation alignment 0 0.00 0.0 2 16.0 32 MS 37 .73 1.2 1.2 
5 Pneumatic hardware/cnnctn lot 1 300.00 eu 0.3 2 16.0 32 MU 35.92 1.1 1.4 
6 Mech install/test/debug lot 1 50.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
7 Elec installation 0 0.00 0.0 1 16.0 16 IEl 62.85 1.0 1.0 

** Subtotal ** 
0.9 208 8.0 8.9 

** ~BS: 1.2.1.2.2.3.7 Titanium Sublimation Pump 
1 TSP pump spool piece ea 1 2700.00 A91 2.7 0 0.0 0 0.00 0.0 2.7 
2 TSP filaments & controllr ea 1 3500.00 eu 3.5 1 8.0 8 EI 33.00 0.3 3.8 
3 Flanges & UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 Misc (extrus ions , etc . ) lot 1 1000.00 eu 1.0 1 20.0 20 MS 37.73 0.8 1.8 

** Subtota I ** 
7.7 28 1.0 8.7 

** ~BS: 1.2.1.2.2.3.8 Isolation Valve 
1 Valve & controllr proc . ea 1 18000.00 A91 18.0 0 0.0 0 0.00 0.0 18.0 
2 Prelim assemble & test lot 1 50.00 eu 0.1 1 8.0 8 MU 35.92 0.3 0.3 
3 Inspection, cleaning, etc lot 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200 .00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtata l ** 
18. 7 14 0.5 19.2 

** ~BS: 1.2.1.2.2 .4.1 Fast Valve 
1 Mod it i ed VAT fast shutter ea 26000 .00 A91 26.0 0 0.0 0 0. 00 0.0 26.0 

** Subtota l ** 
26.0 0 0.0 26.0 

** ~BS: 1.2.1.2.2.4.2 Fab/Buy Electrical and Controls 
1 Cables & connectors lot 1 500.00 A91 0.5 1 8.0 8 EI 33.00 0.3 0.8 
2 Air pressure interlocks ea 1 500.00 eu 0.5 1 16.0 16 EI 33.00 0.5 1.0 
3 Junction box,IG cable ea 3 200.00 eu 0.6 0 0.0 0 0.00 0.0 0.6 
4 Interlock cable ea 1 500 .00 eu 0.5 0 0.0 0 0.00 0.0 0.5 

.... Subtata I ** 
2.1 24 0.8 2.9 
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~* was: 1.2.1.2.2.4.3 Bellows 
1 Yelded bellows assy ea 3000.00 A91 3.0 1 4.0 4 HS 37.73 0.2 3.2 
2 Blank flanges,gaskets,etc lot 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
3 Inspect,clean,bake lot 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 

t* Subtotal ** 
3.3 8 0.3 3.6 

t* \.I8S: 1.2.1.2.2.4.4 Aperture Plate 
1 Water-cooled absorber ea 1 800.00 A91 0.8 40.0 40 HS 37.73 1.5 2.3 
2 Brazing,fixtures,tooling lot 1 200.00 eu 0.2 30.0 30 HU 35.92 1.1 1.3 
3 flange gaskets & hardware lot 2 200.00 eu 0.4 10.0 10 HS 37.73 0.4 0.8 

t* Subtata l ** 
1.4 80 3.0 4.4 

t* wss: 1.2.1.2.2.4.5 Assemble, Balc:eout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 80.0 80 MU 35.92 2.9 3.4 
2 Survey/calibration 0 0.00 0.0 16.0 16 MU 35.92 0.6 0.6 

t* Subtotal ** 
0.5 96 3.4 3.9 

t* YSS: 1.2.1.2.2.4.6 Installation 
1 Pneumatic hardwar/cnnctns lot 1 300.00 eu 0.3 16.0 16 MU 35.92 0.6 0.9 
2 Mech install/test/debug lot 1 50.00 eu 0.1 16.0 16 MU 35.92 0.6 0.6 
3 Elec installation 0 0.00 0.0 16.0 16 IEL 62.85 1.0 1.0 

t* Subtotal ** 
0.3 48 2.2 2.5 

t* YSS: 1.2.1.2.2.5.1 Fab/Buy Mech Parts & Subassy's 
1 Sintered tungsten shutter ea 1 4000.00 eu 4.0 40.0 40 MS 37.73 1.5 5.5 
2 Shutter flange-mounting ea 1 500.00 eu 0.5 40.0 40 HS 37.73 1.5 2.0 
3 In-vae position stops/mon ea 1 1500.00 eu 1.5 80.0 80 MS 37.73 3.0 4.5 
4 Bellows/cnflat ass'y/weld ea 1 2000.00 eu 2.0 20.0 20 HS 37.73 0.8 2.8 
5 Pneumatic actuatr/mountng ea 1 2000.00 eu 2.0 120.0 120 HS 37.73 4.5 6.5 _. 
Subtotal ** 

10.0 300 11.3 21.3 

~1r '-JBS: 1.2.1.2.2.5.2 Fab/Buy Electrical and Controls 
1 ILC & SBX ea 1 1500.00 eu 1.5 16.0 16 EI 33.00 0.5 2.0 
2 Cables lot 1 200.00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 
3 Position indicators set 1 200.00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 
4 Air solenoids ea 1 200.00 eu 0.2 8.0 8 EI 33.00 0.3 0.5 
5 Air pressure interlocks ea 1 200.00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 

~1r Subtotal ** 
2.3 72 2.4 4.7 

t1r '-JSS: 1.2.1.2.2.5.3 Fab/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber ea 1 5000.00 A91 5.0 1 20.0 20 MU 35.92 0.7 5.7 
2 Misc flanges & UHV hardwr lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
4 Mounting struts/hardware ea 6 500.00 A91 3.0 6 8.0 48 HS 37.73 1.8 4.8 
5 Support posts ea 2 1000.00 eu 2.0 2 20.0 40 HS 37.73 1.5 3.5 

~1r Subtotal ** 
12.3 108 4.0 16.3 

~1r '-JBS: 1.2.1.2.2.5.4 Vacuum Pumping, Gauges, Controllers, P.S. 
1 Ion pump, 220 lIs ea 1 4865.00 A91 4.9 1 4.0 4 HU 35.92 0.1 5.0 
2 Ion pump controller ea 1 2500.00 A91 2.S 1 4.0 4 EI 33.00 0.1 2.6 
3 Ion pump cable, bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-488 cable, 3m cntller ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4 HU 35.92 0.1 3.6 
6 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
7 Junction box, IG cable ea 1 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Ion gauge controlLer ea 1 3500.00 cp 3.5 0 0.0 0 0.00 0.0 3.5 
9 InterLock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
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*. Subtotal .. 
15.3 16 0.6 15.9 

•• YBS: 1.2.1 .2.2.5.5 Asserrble, Bakeout. Test 
1 Assemble & test lot 1 500.00 eu 0.5 2 &0.0 160 MU 35.92 5.7 6.2 
2 Pre-bakeout tungstn block ea 1 300.00 eu 0.3 1 20.0 20 MU 35.92 0.7 1.0 
3 Bakeout & UHV qualify es 1 500.00 eu 0.5 2 40.0 &0 MU 35.92 2.9 3.4 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
4 Mise tools,fixtures,cart, lot 1 1000.00 eu 1.0 1 40.0 40 HU 35.92 1.4 2.4 

** Subtotal ** 
2.3 332 11.9 14.2 

** was: 1.2.1.2.2.5.6 Installation 
1 Transport & on-site setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
2 Vae assemble & leak check lot 1 50.00 eu 0.1 2 16.0 32 HU 35.92 1.1 1.2 
3 Instlttn algnrnnt (stnd) 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 
4 Pneumatic hardwar/cnnctns lot 1 300.00 eu 0.3 1 16.0 16 HU 35.92 0.6 0.9 
5 Mech install,test,debug lot 1 50.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
6 Elec installation 0 0.00 0.0 1 16.0 16 EI 33.00 0.5 0.5 

** Subtotal ** 
0.6 160 5.& 6.4 

*. ~BS: 1.2.1.2.2.5.7 Sh ield \.Iall Transition Spool 
1 S~T spool piece es 1 2500.00 A91 2.5 1 4.0 4 HS 37.73 0.2 2.7 
2 Misc. flanges & UHV hrdwr lot 1 500.00 eu 0.5 1 4.0 4 HS 37.73 0.2 0.7 
3 lead shielding & supports lot 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 
4 Struts and hardware lot 2 500.00 A91 1.0 2 &.0 16 HS 37.73 0.6 1.6 
5 Mise extrusions, ete. lot 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

'** Subtotal ** 
5.5 104 3.9 9.4 

** UBS: 1.2.1.2.2 .5 .8 Isolation Valve 
1 Valve & controller proc es 1 15000.00 vq 15.0 0 0.0 0 0.00 0.0 15.0 
2 Prelim assy & test lot 1 50.00 eu 0.1 1 8.0 &HU 35.92 0.3 0.3 
3 Inspection,cleaning,etc. lot 1 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 
4 Cables & connectors es 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blan~ flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtotal ** 
15.7 14 0.5 16.2 

** ~BS: 1.2.1.2.2.6.1 Fab/Buy Hech Parts & Subassyls 
1 Flange & mntng plate fab es 1 600.00 eu 0.6 1 40.0 40 HS 37.73 1.5 2.1 
2 Cf feedthru for electrncs ea & 200.00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
3 Brazing & fixtures ea 1 100.00 eu 0.1 1 20.0 20 MU 35.92 0.7 0.8 
4 feedthrus - welding es 1 50.00 eu 0.1 1 20.0 20 HS 37.73 0.& 0.& 
5 Blades fab ea 4 100.00 eu 0.4 4 20.0 &0 HS 37.73 3.0 3.4 
6 In-vac parts & elec fab lot 1 200.00 eu 0.2 1 40.0 40 MS 37.73 1.5 1.7 
7 LCW Hardware lot 1 100.00 eu 0.1 1 &.0 & HU 35.92 0.3 0.4 
8 2-axis transltn mechanism ea 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
9 Outside-vac mntng hardwre lot 1 500.00 eu 0.5 1 20.0 20 HS 37.73 0.& 1.3 

10 Blade alignment fixtures ea 1 200.00 eu 0.2 1 20.0 20 MS 37.73 0.& 1.0 
'** Subtotal ** 

6.8 248 9.3 16.1 

•• YBS: 1.2.1.2.2.6.2 fab/Buy Electrical and Controls 
1 Bias power supply es 2 3000.00 eu 6.0 2 &.0 16 EI 33 .00 0.5 6.5 
2 ILC & sax es 3 1500.00 eu 4.5 3 20.0 60 EI 33.00 2.0 6.5 
3 Electrometer ea 4 1695.00 cp 6.8 4 8.0 32 EI 33.00 1.1 7.& 
4 Eurocard crate ea 1 1000.00 eu 1.0 1 16.0 16 EI 33.00 0.5 1.5 
5 Thermocoupl es & controls ea 2 500.00 eu 1.0 2 8.0 16 EI 33.00 0.5 1.5 
6 Stepper motor controller ea 1 3000.00 eu 3. 0 1 16.0 16 EI 33.00 0.5 3.5 
7 Cables lot 1 1000.00 eu 1.0 1 32.0 32 EI 33.00 1.1 2.1 
8 Flow switch ea 2 400.00 eu 0.8 2 4.0 & EI 33 .00 0.3 1.1 

'** Subtotal·· 
24 . 1 196 6.5 30.5 
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•• ~BS: 1.2.1.2.2.6.3 Fab/Buy Support Stand 
1 Slides mounting hardwr ea 1 200.00 EU 0.2 8.0 8 HS 37.73 0.3 0.5 
2 Support post & hardware ea 1 3000.00 eu 3.0 8.0 8 HS 37.73 0.3 3.3 
3 Mise hardware & fixtures ea 1 1000.00 eu 1.0 40.0 40 HS 37.73 1.5 2.5 

•• Subtotal _. 
4.2 56 2.1 6.3 

•• ~BS: 1.2.1.2 .2.6.4 Bellows 
1 ~etded bellows assy ea 2 4000.00 A91 8.0 0 0.0 0 0.00 0.0 8.0 
2 Blan~ flanges, gaskets, lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspection,cleaning,bake lot 2 50.00 eu 0.1 2 2.0 4 HU 35.92 0.1 0.2 .. SubtotaL •• 

8.7 4 0.1 8.8 

•• \JBS: 1.2.1.2.2.6.5 AssE!fTble, Bakeout, Test 
1 Assemble/test PBPM mech ea 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
2 Assemble/test PBPH elec ea 1 500.00 eu 0.5 1 40.0 40 El 33.00 1.3 1.8 
3 Bakeout/UHV pre-qualify ea 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 
4 Fiducialization 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
5 Mise assy equip,jackets, lot 1 1000.00 eu 1.0 1 20.0 20 HU 35.92 0.7 1.7 

•• Subtotal .. 
2.5 172 6.1 8.6 

•• was: 1.2.1.2.2.6.6 Installation 
1 LCIJ Hardware & connection lot 1 300.00 eu 0.3 2 20.0 40 HU 35.92 1.4 1.7 
2 Transport & on-site setup lot 1 200.00 eu 0.2 2 8.0 16 HU 35.92 0.6 0.8 
3 Vae assemble & leak check lot 1 100.00 eu 0.1 2 16.0 32 HU 35.92 1.1 1.2 
4 Installation alignment 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
5 Mech install,test,debug lot 1 100.00 eu 0.1 2 20.0 40 HU 35.92 1.4 1.5 
6 ELec. installation lot 1 100.00 eu 0.1 1 20.0 20 lEL 62.85 1.3 1.4 
7 Final bake & UHV qualify 0 0.00 0.0 2 20.0 40 HU 35.92 1.4 1.4 

'** Subtotal·· 
0.8 220 8.4 9.2 

•• WBS: 1.2.1.2.2.7.1 Feb/Buy Mech Parts & Subassy's 
1 Misc machine shop effort lot 1 1000.00 eu 1.0 80.0 80 HS 37.73 3.0 4.0 
2 Misc mech tech & tools lot 1 1000.00 eu 1.0 80.0 80 HU 35.92 2.9 3.9 

•• Subtotal·· 
2.0 160 5.9 7.9 

•• WBS: 1.2.1.2.2.7.2 Feb/Buy Electical and Controls 
1 Cables,valve actuation & lot 3 100.00 eu 0.3 3 8.0 24 El 33.00 0.8 1.1 
2 X·connect blocks & frame ea 1 500.00 eu 0.5 1 40.0 40 El 33.00 1.3 1.8 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 40.0 40 El 33.00 1.3 1.9 
4 48 Ch. opto-isolator ea 1 700.00 cp 0.7 1 40.0 40 El 33.00 1.3 2.0 
5 Cable trays, conduit, etc lot 1 2000.00 eu 2.0 1 80.0 80 IEL 62.85 5.0 7.0 
6 Double elec. rack ea 1 1300.00 eu 1.3 1 40.0 40 El 33.00 1.3 2.6 
7 BA panel 3 ph 30A ea 1 50.00 cp 0.1 1 1.0 1 E I 33.00 0.0 0.1 
8 Breaker panel ea 2. 200.00 cp 0.4 2 4.0 8 El 33.00 0.3 0.7 
9 Plug strip ea 2 20.00 eu 0.0 2 4.0 8 El 33 .00 0.3 0.3 

10 Rack fans ea 2 50.00 eu 0.1 2 2.0 4 El 33.00 0.1 0.2 
11 Flow switches/interlocks ea 2 400.00 eu 0.8 2 8.0 16 El 33.00 0.5 1.3 

** Subtotal·· 
6.8 lOl 12.3 19.1 

•• WBS: 1.2.1.2.2.7.3 Feb/Buy Vacuum Chamber & Supports 
1 Mise flanges,viewprts,etc lot 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Roughing valves ea 4 650.00 cp 2.6 0 0.0 0 0.00 0.0 2.6 
3 Misc. unistrut/hardware lot 1 500.00 eu 0.5 1 20.0 20 MU 35.92 0.7 1.2 

** Subtotal ** 
6.1 20 0.7 6.8 

•• ~BS: 1.2.1.2.2.7.4 Vacuum Pumping, Gauges, Controllers, P.S. 
1 RCA system ea 1 12000.00 cp 12.0 1 40.0 40 HU 35.92 1.4 13.4 
2 RCA cable, bakeable ea 1 250.00 cp 0.2 1 8.0 8 El 33.00 0.3 0.5 
3 Junction box, RCA cable ea 1 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
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4 Interlock cabLe ea 100.00 eu 0.1 0 0.0 0 0.00 0.0 0. 1 
""" Subtotal·· 

12.5 48 1.7 14.3 

•• was : 1.2.1.2 . 2.7.5 Asseri:l te, Bakeout, Test 
1 Mise assemble & test ea 1 1000.00 eu 1.0 2 40.0 80 HU 35 .92 2.9 3.9 
2 Mise bakeout/UHV qualify lot 1 1000.00 eu 1.0 2 40 .0 80 HU 35 .92 2.9 3.9 
3 Survey/calibration 0 0.00 0.0 3 32.0 96 MU 35.92 3.4 3.4 

*. Subtotal·· 
2.0 256 9.2 11.2 

•• WBS: 1.2.1.2.2.7. 6 Install ation 
1 Shielding wall modify lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
2 lead shielding installatn lot 1 500.00 eu 0.5 1 40.0 40 MU 35.92 1.4 1.9 
3 Installatn final algnment 0 0.00 0.0 2 40.0 80 MU 35.92 2.9 2.9 
4 F. E. pneumatic service ea 1 1000.00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 
5 F.E. Lew service lot 1 1000.00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 
6 Mech install/test/debug lot 1 50,00 eu 0.1 1 40.0 40 MU 35.92 1.4 1.5 
7 Elee installation 0 0.00 0.0 1 80.0 80 IEL 62.85 5.0 5.0 
8 Lew temp control system ea 1 5000.00 A90 5.0 1 40.0 40 EI 33 . 00 1.3 6.3 

** Subtotal --
8.1 440 17.8 25.9 

** was: 1.2.1.2.2.8 Safety Systems 
1 ILC & SBX ea 2 1500.00 eu 3.0 2 20.0 40 EI 33 . 00 1.3 4.3 
2 Eurocard cfete ea 2 800.00 eu 1.6 0 0.0 0 0. 00 0.0 1.6 
3 Key panel ea 1 400.00 cp 0.4 0 0.0 0 0.00 0.0 0.4 
4 Monitor lights panel ea 6 500.00 cp 3.0 0 0.0 0 0. 00 0.0 3.0 
5 Push button panel ea 1 500 .00 cp 0.5 0 0.0 0 0. 00 0.0 0.5 
6 Breaker panel ea 1 500.00 cp 0.5 0 0.0 0 0.00 0. 0 0.5 
7 Cables lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
8 Uiring assembly 0 0.00 0.0 1 120.0 120 EI 33.00 4.0 4.0 
9 Video camera & lens ea 1 800.00 cp 0.8 0 0.0 0 0.00 0.0 0.8 

10 Video monitor ea 1 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
11 RG59 coax,camera/monitor ea 1 50.00 eu 0.1 1 2.0 2 EI 33.00 0.1 0.1 
12 Video connectors ea 2 5.00 eu 0.0 2 0.5 1 E I 33.00 0.0 0.0 
13 Hisc hardware lot 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 
14 Elec. installation 0 0.00 0.0 , 40.0 40 IEL 62.85 2.5 2.5 

** Subtotal ** 
11.7 283 10.9 22 .6 

** ~BS: 1.2.1.2.3.1.1 Fab/Buy Hachined Parts & Subassy's 
1 Machine absorber blades ea 2 1000.00 A91 2.0 2 40.0 80 MS 37.73 3.0 5.0 
2 Braze absorber blades ea 2 100.00 A91 0.2 2 20.0 40 MS 37.73 1.5 1.7 
3 Brazing tooling/fixtures ea 1 200.00 A91 0.2 1 20.0 20 MS 37.73 0.8 1.0 
4 Blade/pivot mounting ea 2 500.00 A91 1.0 2 60.0 120 MS 37.73 4.5 5.5 
5 Actuator mechanism ea 2 500 .00 A91 1.0 2 40.0 80 MS 37.73 3.0 4.0 
6 Limit stops & switches ea 2 100.00 A91 0.2 2 20.0 40 MS 37.73 1.5 1.7 
7 Bellws/conflat ass 'y/weld ea 2 1000.00 A91 2.0 2 40.0 80 MS 37.73 3.0 5.0 

** Subtotal ** 
6.6 460 17.4 24.0 

""* UBS: 1.2.1.2.3.1.2 Fab/Buy Electrical and Controls 
1 Stepper/encoder/limits ea 2 3000.00 eu 6.0 2 20.0 40 HS 37.73 1.5 7.5 
2 Driver/encoder cables ea 2 200.00 eu 0.4 1 16 .0 16 EI 33.00 0.5 0.9 
3 Flow switch & interlocks ea 2 400.00 eu 0.8 2 4.0 8 EI 33.00 0.3 1.1 
4 VME module,RS232,B-port eat 1 800.00 eu 0.8 1 16.0 16 EI 33.00 0.5 1.3 
5 CAble, RS232 ea 2 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Hotor/encoder controllers ea 2 2000.00 eu 4.0 2 8.0 16 EI 33.00 0.5 4.5 
7 Triax cable, 100 I lot 2 100.00 eu 0.2 2 8.0 16 EI 33.00 0.5 0.7 

** Subtotal -* 
12.3 112 3.9 16.2 

** WBS: 1. 2.1 . 2.3.1.3 Fab/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber ea 1 8000.00 A91 8.0 1 40 .0 40 HU 35.92 1.4 9.4 
2 Misc flanges/UHV hardware lot 1 2500.00 eu 2.5 0 0.0 0 0.00 0.0 2.5 
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ITH ITH UNIT NBR UNIT COST TOTAL LBR HRSI TOTAL CRAFT CRAFT TOTAL ISC + 

~lBR DESCRIPTION MEAS UNHS COST BASIS ISC KS UNTS UNIT HRS COOE RATE LABOR KS LABOR K$ 

3 Hount ing struts/hardware ea 6 500 .00 A91 3.0 6 8.0 48 MS 37.73 1.8 4.8 
4 Support posts ,frame,hrdwr lot 1 1500.00 A91 1.5 1 40.0 40 HS 37 .73 1.5 3.0 .. Subtotal ** 

15 .0 128 4.8 19.8 

•• UBS: 1.2.1.2 .3 . 1.4 Vacuum Pumping, Gauges, Controllers, P.S. 
1 Ion pump, 400 lis ea 1 7500.00 A91 7.5 1 4.0 4 MU 35.92 0.1 7.6 
2 Ion pump controller ea 1 2500.00 A91 2.5 0 4.0 o EI 33 .00 0.0 2.5 
3 Ion pump cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable ,3m cntrller ea 1 150.00 cp 0. 1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4MU 35 .92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33. 00 0.1 0.4 
6 Junction box,IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0. 1 0.3 
9 Inter lock cable ea 1 100 .00 eu 0.1 0 0.0 a 0.00 0.0 0.1 

.. Subtotal ** 
15 .8 16 0.6 16.3 

*It \JBS: 1.2.1.2 .3. 1.5 Assemble , Sakeout, Tes t 
1 Assemb le & test ea 1 500.00 eu 0.5 2 80.0 160 MU 35.92 5.7 6.2 
2 Bakeout & UHV quaLify lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
3 Survey/calibration a 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
4 Mi se tooL s ,fi xtures ,cart lot 1 1000.00 eu 1.0 1 80.0 80 HU 35.92 2.9 3.9 

*It Subtotal *. 
2.0 352 12.6 14.6 

** YBS: 1.2.1 . 2.3.1.6 Installat ion 
1 lew hardware/connections lot 1 300.00 eu 0.3 2 16 .0 32 HU 35.92 1. 1 1.4 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16 .0 32 HU 35.92 1.1 1.3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 2 16 .0 32 HU 35. 92 1.1 1.2 
4 Insta llati on alignment 0 0.00 0.0 2 16 .0 32 MS 37.73 1.2 1.2 
5 Mech install/test/debug lot 1 50. 00 eu 0.1 2 16 .0 32 HU 35.92 1.1 1.2 
6 Elec installation a 0.00 0.0 1 16.0 16 IEL 62.85 1.0 1.0 .. Subtotal ** 

0.6 176 6.8 7.4 

** WBS: 1.2 . 1.2.3.1.7 Beam Diagnostic Dev ice 
1 l inear drive mech(VGassy) ea 1 3000 .00 cp 3.0 a 0.0 0 0.00 0.0 3.0 
2 Mods for water cooling ea 1 200.00 eu 0.2 1 20. 0 20 HS 37.73 0.8 1.0 
3 In-vac parts fab lot 1 1000.00 eu 1.0 1 80.0 80 HS 37. 73 3.0 4.0 
4 Brazing & welding assy ea 1 200.00 A91 0.2 1 20.0 20 HS 37.73 0.8 1.0 
5 Phosphor coating ea 1 500.00 eu 0.5 a 0.0 0 0.00 0.0 0.5 

** Subtotal ** , 
4.9 120 4.5 9.4 

** W8S: 1.2.1.2.3.1 .8 collimating Spool 
1 Spoo l pfece ea 1 1250.00 A91 1.2 1 8.0 8 HU 35.92 0.3 1.5 
2 Mi se fl anges, UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
3 l ead shielding & mounting lot 1 500.00 eu 0.5 1 40 .0 40 HS 37.73 1.5 2.0 .. Subtotal ** 

2.2 48 1.8 4.0 

** WSS: 1.2.1.2.3.1 .9 Bellows 
1 Welded bellows assy ea 3000.00 A91 3.0 1 4.0 4 MS 37.73 0.2 3.2 
2 Blank flanges, gaskets,etc lot 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
3 Inspection, cleaning, bake ea 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 .. Subtotal ** 

3.3 8 0.3 3.6 

** WSS : 1.2.1. 2.3.1.10 Ti tanium Sublimation Pump 
1 TSP pump spool piece ea 1 2700 .00 A91 2.7 0 0.0 a 0.00 0.0 2.7 
2 TSP filaments&controller ea 1 3500.00 eu 3.5 1 8.0 8 EJ 33 .00 0.3 3.8 
3 Flanges,& UHV hardware lot 1 500.00 eu 0.5 a 0.0 0 0.00 0.0 0.5 
4 Support post , misc hardwr lot 1 1500.00 eu 1.5 1 20.0 20 HS 37.73 0.8 2.3 
5 Struts & hardware ea 6 500.00 A91 3.0 6 8.0 48 HU 35.92 1.7 4.7 
6 Mi sc extrusns, mounts, etc lot 1 1000 .00 eu 1.0 1 20 .0 20 HS 37.73 0.8 1.8 
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NBR DESCRIPTION MEAS UNITS COST BA.SIS ISC 1($ UNTS UNIT HRS COOE RATE LABOR KS LABOR KS 

** Subtets l .. 
12.2 96 3.5 15.7 

•• YBS: 1.2.1 . 2.3.1.11 Isolation Valve 
1 Valve & contrllr proc. ea I 15000.00 vq 15.0 0 0.0 0 0.00 0.0 15.0 
2 Prelim assembl & test ea I 50.00 eu 0.1 1 B.O BHU 35.92 0.3 0.3 
3 tnspection,cleaning,etc. lot I 50.00 eu 0.1 1 4.0 4HU 35.92 0.1 0.2 
4 Cables & connectors lot I 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

'** Subtotal ..... 
15.7 14 0.5 16.2 

•• WBS: 1.2.1.2 .3.2 . 1 Fab/Buy Mech Parts & Subassy'S 
1 Mirror pol ish;ng. ea I 20300.00 A91 20.3 0 0.0 0 0.00 0.0 20.3 
2 Optical coatfng ea I 1000.00 AM 1.0 0 0.0 0 0.00 0.0 1.0 
3 Substrate parts machining lot I 3000.00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
4 Substrate brzng/leak chk eo I 200.00 eu 0.2 1 20.0 20 HU 35.92 0.7 0.9 
5 Braze & leak chk fixtures ea 1 200.00 A91 0.2 1 40.0 40 HU 35.92 1.4 1.6 
6 UHV mirrr 1n-vae mounting es 1 1000.00 eu 1.0 I 120.0 120 HS 37.73 4.5 5.5 
7 Mirror positioning mech eo 1 1000.00 eu 1.0 1 80.0 BO HS 37.73 3.0 4.0 
6 Mirror shfppng crate/mnt eo I BOO.OO A91 O.B 0 32.0 o HS 37.73 0.0 0.8 
9 Mise UHV flanges/hardware lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Bellows/eonflst ass'y eo I 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
11 Tube/joystick 8SS'Y eo I 200 .00 A86 0.2 1 60.0 60 HS 37.73 2.3 2.5 
12 Masks : parts & machining eo 4 3000.00 A91 12.0 0 0.0 0 0.00 0.0 12.0 
13 Masks:Braze & weld assy ea 4 200.00 A91 O.B 4 40.0 160 HU 35.92 5.7 6.5 
14 Lead shfelding eo I 500.00 eu 0.5 1 40.0 40 HU 35 .92 1.4 1.9 

H Subtotal .. 
44.5 520 19.1 63.6 

•• WBS: 1.2.1.2.3.2.2 fab/Buy Electrical and Controls 
1 Stepper/encoder/limits eo 3 2500.00 eu 7.5 3 20.0 60 HS 37.73 2.3 9.8 
2 Driver/encoder cables eo 3 200.00 eu 0.6 3 16.0 4B EI 33.00 1.6 2.2 
3 flow switch & interlocks ea I 400.00 eu 0.4 1 4.0 4 EI 33.00 0.1 0.5 
4 Module, YHE, RS232,B-port ea I 800.00 eu O.B 1 16.0 16 EI 33.00 0.5 1.3 
5 Cable, RS232 eo 3 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Glow discharg optcl clean ea 1 10000.00 eu 10.0 1 40.0 40 EI 33.00 1.3 11.3 

.. Subtotal·· 
19.5 168 5.8 25.3 

•• WBS: 1.2.1.2.3.2.3 fab/Buy Vacuum Chamber & Supports 
1 Cus tom vacuum chamber eo 1 10000.00 A91 10.0 0 0.0 0 0.00 0.0 10.0 
2 Downstream mask chamber 00 1 2500.00 cp 2.5 0 0.0 0 0.00 0.0 2.5 
3 Mi sc. flanges/UHV hardwre lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Roughing valve ea 2 650.00 cp 1.3 0 0.0 0 0.00 0.0 1.3 
5 Mounting struts/hardware ee 2 500.00 A91 1.0 2 B.O 16 HS 37.73 0.6 1.6 
6 Motorized struts/hardware ea 4 1000.00 eu 4.0 4 16.0 64 HS 37.73 2.4 6.4 
7 Support posts ea 1 1500.00 A91 1.5 I 40.0 40 HS 37.73 1.5 3.0 
8 Pump welded bellws assy ea I 4000 .00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Bellws inspect/clean/bake ea 1 50.00 eu 0.1 I 4.0 4 HU 35.92 0.1 0.2 

** Subtotal·· 
25 .4 124 4.7 30 .0 

.* WBS: 1.2.1 .2.3.2.4 Vacuum Pumping, Gauges, Controllers , P.S. 
I Ion pump, 400 LIs eo 1 7500.00 A91 7.5 1 8.0 8 HU 35.92 0.3 7.8 
2 Ion pump controller ee 1 2500.00 A91 2.5 I B.O 8 EI 33 .00 0.3 2.B 
3 Ion pump cable,bakeable eo 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable, 3m cntrlter ea I 150.00 cp 0.1 0 0.0 0 0.00 0.0 o. I 
5 Ion gauge & controls eo 1 3500 .00 A91 3.5 I 8.0 B HU 35.92 0.3 3.8 
6 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 I 8.0 B EI 33 .00 0.3 0.5 
7 Junction box,IG cable ea 1 250 .00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Interlock cable eo 1 100 .00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

** Subtotal·· 
14.5 32 1.1 15.6 
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** \185 : 1.2.1 .2.3.2.5 Assenble, 8akeout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 MS 37.73 4.5 5.0 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 MU 35.92 4.3 4.8 
3 Survey/calibrati on 0 0.00 0.0 2 16.0 32 MIl 35.92 1. 1 1_1 
4 Mise tools/fixtrs/cart ea 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 

*. Subtotal '** 
2.0 352 13.0 15.0 

** \l8S: 1.2.1.2.3.2.6 Ins tallation 
1 Leu hardware/connections lot 1 300.00 eu 0.3 1 16.0 16 MIl 35 _92 0.6 0.9 
2 Transport/on-site setup lot 1 200 . 00 eu 0.2 2 16 .0 32 MIl 35 _92 1.1 1.3 
3 Vae assemble & leak check lot 1 50 . 00 eu 0. 1 1 20 . 0 20 MIl 35.92 0. 7 0.8 
4 Installation alignment 0 0.00 0.0 2 32.0 64 MIl 35 .92 2.3 2.3 
5 Mech install/test/~ebug lot 1 500.00 eu 0.5 2 40.0 80 MIl 35.92 2.9 3.4 
6 El ec installation 0 0.00 0.0 1 20 .0 20 IEL 62.85 1.3 1.3 

.* Subtotal ** 
1.1 232 8.9 9.9 

** \l8S: 1.2.1.2.3. 2. 7 Be llows 
1 Uetded bellows assy ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
2 Blank flnges ,gskts, etc lot 2 300 .00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspct,clean, pre lim bake ea 2 50.00 eu 0.1 2 4.0 8 MIl 35.92 0.3 0.4 

** Subtotal·· 
4.7 8 0.3 5.0 

** USS : 1. 2.1.2.3 . 2.8 Collimating Spool 
1 Spool piece ea 1 2000.00 A91 2.0 1 8.0 8 MU 35.92 0.3 2.3 
2 Mi se flanges & UHV hrdwre ea 1 500.00 eu 0.5 1 8.0 8 MS 37.73 0.3 0.8 
3 lead shielding/mounting ea 1 500.00 eu 0.5 1 40.0 40 MS 37.73 1.5 2.0 

** Subtotal·· 
3.0 56 2.1 5. 1 

** \.I8S: 1.2.1.2.3.2.9 Isolation Val ve 
1 Valve & contrllr proc. ea 1 15000.00 A91 15 .0 1 8.0 81tU 35.92 0.3 15.3 
2 Pre lim assmb le & tes t ea 1 50.00 eu 0. 1 1 4_0 4 MIl 35_92 0.1 0.2 
3 Inspect,clean, etc ea 1 50.00 eu 0.1 1 4.0 4 MU 35 .92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 2.0 2 EI 33 .00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtota 1 .. 
15.7 18 0.6 16.3 

.. WBS: 1.2.1.2.3.3.1 fab/Buy Hech Part s & Subassyls 
1 Mi rror poli shing eo 1 20300 .00 A91 20.3 0 0.0 0 0.00 0.0 20 .3 
2 Optical coat i ng ea 1 1000.00 AM 1.0 0 0.0 0 0.00 0.0 1.0 
3 Subs trate parts machining tot 1 3000 .00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
4 Substrate brzng/leak chk e. 1 200.00 eu 0.2 1 40.0 40 MU 35.92 1.4 1.6 
5 Braze & leak chk fi xtures ea 1 200.00 A91 0.2 1 40.0 40 MIl 35.92 1.4 1.6 
6 UHV mirrr in-vac mounting ea 1 1000.00 eu 1.0 1 120.0 120 MS 37.73 4.5 5.5 
7 Mirror pos itioning mech eo 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 
8 Mirror shippng crate/mnt ea 1 800.00 A91 0.8 1 32 .0 32 MS 37.73 1.2 2.0 
9 Mi se UHV flanges/hardware lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Bell ows/conflat ass'y ea 1 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
11 Tube/joysti ck ass'y eo 1 200.00 A86 0.2 1 60.0 60 MS 37.73 2.3 2.5 
12 Masks : parts & machining .a 4 3000.00 A91 12.0 0 0.0 0 0.00 0.0 12.0 
13 Masks: Braze & weld assy .0 4 200.00 A91 0.8 4 40.0 160 MU 35.92 5.7 6.5 
14 lead shielding ea 1 500 .00 eu 0.5 1 40.0 40 MIl 35.92 1.4 1.9 

•• Subtotal·· 
44 .5 572 21.1 65.6 

** ~BS: 1.2.1.2.3.3.2 Fab/Buy Electrical and Controls 
1 Stepper/encoder/limits ea 3 2500.00 eu 7.5 3 20.0 60 MS 37.73 2.3 9.8 
2 Driver/encoder cDbles ea 3 200 .00 eu 0.6 3 16.0 48 EI 33.00 1.6 2.2 
3 Flow switch & interl ocks eo 1 400 .00 eu 0. 4 1 4.0 4 El 33 .00 0.1 0.5 
4 Module, VHf, RS232,a- port ea 1 800 .00 eu 0.8 1 16.0 16 El 33.00 0.5 1.3 
5 Cable, Rs232 ea 3 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Glow di scharg optcl c lean ea 1 10000.00 eu 10.0 1 40 .0 40 EI 33.00 1.3 11.3 
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** Subtotal ** 
19.5 168 5.8 25.3 

•• ~BS: 1.2.1.2.3.3.3 Feb/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber eo 1 10000.00 A91 10.0 0 0.0 0 0.00 0.0 10.0 
3 Misc. flanges/UHV hardwre lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Roughing valve ea 2 650.00 ep 1.3 0 0.0 0 0.00 0.0 1.3 
5 Mounting struts/hardware eo 3 500.00 A91 1.5 3 8.0 24 MS 37.73 0.9 2.4 
6 Motorized struts/hardware ea 3 1000.00 eu 3.0 3 16.0 48 MS 37.73 1.8 4.8 
7 Support posts ea 1 1500.00 A91 1.5 1 40.0 40 MS 37.73 1.5 3.0 
8 Pump welded bellws essy ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Bellw5 inspect/clean/bake ea 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 

•• Subtotal ** 
22.4 116 4.4 26.7 

*. was: 1.2.1.2.3.3.4 Vacuum Pumping, Gauges, Controllers , P.S. 
1 Ion pump. 400 lIs ea 1 7500.00 A91 7.5 1 8.0 8 MU 35.92 0.3 7.8 
2 Ion pump controller ea 1 2500.00 A91 2.5 1 8.0 8 EI 33.00 0.3 2.8 
3 Ion ptJ1l) cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable,3m cntrlter ea 1 150.00 ep 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controls eo 1 3500 .00 A91 3.5 1 8.0 8 HU 35.92 0.3 3.8 
6 Ion gauge cable, bakeable ea 1 250.00 ep 0.2 1 8.0 8 EI 33.00 0.3 0.5 
7 Junction box,IG cable eo 1 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
9 Leu O.ldcg temp cntrllr eo 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 

.. Subtotal .* 
16.4 32 1.1 17.6 

** WBS: 1.2.1 .2.3.3.5 Asserrble, 8akeout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 HS 37.73 4.5 5.0 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
4 Misc tools/fixtrs/cart ea 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 

** Subtotal ** 
2.0 352 13.0 15.0 

** ~BS: 1. 2.1.2.3.3.6 Installation 
1 leu hardware/connections lot 1 300.00 eu 0.3 1 16.0 16 HU 35.92 0.6 0.9 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
3 Vac assemble' leak check lot 1 50.00 eu 0. 1 1 20.0 20 HU 35.92 0.7 0.8 
4 Installation alignment 0 0.00 0.0 2 32.0 64HU 35.92 2.3 2.3 
5 Mech ins tall/test/debug lot 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
6 Elec ins tallation 0 0.00 0.0 1 20.0 20 JEL 62.85 1.3 1.3 

** Subtotal ** 
1.1 232 8.9 9.9 

** YBS: 1.2.1.2.3.3.7 Bellows 
1 Yelded bellows 8SSy eo 2 4000.00 A91 8.0 0 0. 0 0 0.00 0.0 8.0 
2 Blank flng es ,gskts,etc lot 2 300.00 ep 0.6 0 0. 0 0 0.00 0.0 0.6 
3 Inspct,clean,prelim bake ea 2 50.00 eu 0.1 2 4.0 8HU 35.92 0.3 0.4 

** SubtotaL ** 
8.7 8 0.3 9.0 

** YBS: 1.2 . 1.2. 3 . 3.8 CoLlimating Spool 
1 Spool piece ea 1 1000.00 A91 1.0 8.0 8 MU 35.92 0.3 1.3 
2 Supprt post&mountng hrdwr ea 1 1000.00 eu 1.0 20.0 20 HS 37.73 0.8 1.8 

** Subtotal ** 
2.0 28 1.0 3.0 

** was: 1. 2.1.2.3.3 .9 Iso lation VaLve 
1 Valve & contrllr proc. ea 1 15000.00 A91 15 .0 1 8.0 8HU 35.92 0.3 15.3 
2 Prelim assmble & test eo 1 50.00 eu 0. 1 1 4.0 4 HU 35.92 0.1 0.2 
3 Inspect,clean, etc eo 1 50.00 eu 0. 1 1 4.0 4HU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200 .00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 
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•• Subtotal ** 
15.7 18 0.6 16.3 

** was: 1.2.1.2.3.5.1.1 Bellows 
1 Welded bellows assy ea 2 2500.00 A91 5.0 2 4.0 8 MS 37.73 0.3 5.3 
2 Blank flanges,gaskets,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspection,cleaning,bake ea 2 50.00 eu o. I 2 4.0 8MU 35.92 0.3 0.4 

*'" Subtotal ** 
5.7 16 0.6 6.3 

.. UBS: 1.2.1.2.3.5. 1.2 Slit Mechanical Assembly 
1 Flanges & flexure plate ea I 1000.00 eu 1.0 I 80.0 80 HS 37.73 3.0 4.0 
2 Cf feedthrus for elctncs ea 4 200.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 Viewports & mirrors ea 2 200.00 eu 0.4 2 8.0 16 HS 37.73 0.6 1.0 
4 Brazing & fixtures ea I 100.00 eu o. I I 20.0 20 HU 35.92 0.7 O.B 
5 Feedthrus - welding ea I 50.00 eu o. I I 8.0 8 MS 37.73 0.3 0.4 
6 Blades tab/buy ea 2 5000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
7 lew hardware ea I 100.00 eu O. I I B.O BHU 35.92 0.3 0.4 
a Micrometer mech ea I 1000.00 eu 1.0 I 20.0 20 HS 37.73 0.8 1.8 
9 Outside vae mntng hrdware lot I 500.00 eu6 0.5 I 20.0 20 HS 37.73 0.8 1.3 

10 Blade alignment fixtures lot I 200.00 eu 0.2 I 20.0 20 MS 37.73 0.8 1.0 
•• SubtotaL ** 

14. I 192 7.2 21.3 

** WBS: 1.2.1.2.3.5.1.3 Support Sys tems 
1 Slit assy mntng hardwre ea 6 1000.00 eu 6.0 6 8.0 48 MS 37.73 1.8 7.8 
2 Support post & hardware ea I 500.00 eu 0.5 I 40.0 40 HS 37.73 1.5 2.0 
3 Struts & mntng hardwre ea 6 500.00 eu 3.0 6 8.0 48 HS 37.73 1.8 4.8 
4 Support pos t & hardware ea 1 300.00 eu 0.3 I 20.0 20 HS 37.73 0.8 1.1 

U SubtotaL .. 
9.8 156 5.9 15.7 

*. WBS: 1.2.1.2.3.5.1.4 Spools 
1 Diagnostic spooL piece ea 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
2 Collmtng spooL piece ea 1250.00 A91 1.2 I 8.0 8 HU 35.92 0.3 1.5 
3 Mise flanges & UHV hardwr lot 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 Lead shielding & mounting ea 500.00 eu 0.5 I 40.0 40 HS 37.73 1.5 2.0 

•• Subtotal·· 
4.2 48 1.8 6.0 

•• ~BS: 1.2.1.2.3.5.1.5 Vaculln System 
I Ion pump 120 lIs ea I 4000.00 A91 4.0 I 4.0 4 MU 35.92 O. I 4. I 
2 Jon pump controller .a I 1600.00 A91 1.6 I 4.0 4 EI 33.00 o. I 1.7 
3 Ion pump cable, bakeabLe ea I 250.00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE·48 cable# 3m cntrlLr ea I 150 .00 cp O. I 0 0.0 0 0.00 0.0 O. I 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea I 3500.00 A91 3.5 I 4.0 4 MU 35.92 o. I 3.6 
7 Ion gauge cabLe, bakeable ea I 250.00 cp 0.2 I 4.0 4 El 33.00 o. I 0.4 
B Junction box, JG cable ea I 200.00 eu 0.2 I 4.0 4 EI 33.00 o. I 0.3 
9 InterLock cabLe ea I 100.00 eu O. I 0 0.0 0 0.00 0.0 o. I 

.. Subtotal ** 
11.3 20 0.7 12.0 

.. WBS: 1.2.1.2.3.5.1.6 Isolation Valve 
1 Valve & controller proc e. I 10000.00 vq 10.0 0 0.0 0 0.00 0.0 10.0 
2 Prelim assemble & test ea I 50.00 eu O. I I 8.0 8 MU 35 .92 0.3 0.3 
3 Inspect,clean,etc •• I 50.00 eu O. I I 4.0 4MU 35.92 o. I 0.2 
4 Cables & connectors .a I 200.00 eu 0.2 I 2.0 2 El 33.00 O. I 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

*' Subtotal *. 
10.7 14 0.5 11 .2 

.. WBS: 1.2.1.2.3.5.1.7 Assemble and Test 
1 Assemble & test .a I 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
2 Bakeout & UHV qualify e. I 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
3 Survey & calibrate 0 0.00 0.0 2 16.0 32 MU 35.92 1. 1 1.1 
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4 Mise tools, fixtures,cart lot 500.00 euS 0.5 40 .0 40 MS 37.73 1.5 2.0 
.. Subtotal ** 

1.5 232 8.4 9.9 

** was: 1.2.1.2.3.5.1.8 Ins tall and A'igo 
1 LeW hardware & cnnections lot 1 300.00 euS 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport & onsite setup ea 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
3 Vae assmble & leak check ea 1 50.00 euS 0.1 2 20.0 40 MU 35.92 1.4 1.5 
4 Installation alignment 0 0.00 0.0 2 32.0 64MU 35.92 2.3 2.3 
5 Mech ins tall/test/debug lot 1 500. 00 eu 0.5 2 20.0 40 MU 35 .92 1.4 1.9 
6 Elee installation 0 0.00 0.0 1 20.0 20 lEL 62.85 1.3 1.3 

*. Subtotal ** 
1.1 212 8.2 9.2 

•• OBS: 1.2.1.2.3.5.2. 1 Bellows 
1 Welded bel l ows assy ea 2 2500.00 A91 5.0 2 4.0 8 MS 37.73 0.3 5.3 
2 Blank flanges & gaskets lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 lnspect,clean,bakeout ea 2 50.00 eu 0. 1 2 4.0 8HU 35.92 0.3 0.4 

** Subtotal .. 
5.7 16 0.6 6.3 

•• OBS: 1.2.1.2.3.5 .2.2 Gratings 
1 Brazed subs trate parts ea 3 3500.00 A91 10.5 0 0.0 0 0.00 0.0 10.5 
2 Subs trate brazing,welding ea 3 200.00 A91 0.6 3 20.0 60 MU 35 .92 2.2 2.8 
3 Mise leak & flow tes ts ea 3 100.00 A91 0.3 3 8.0 24 MU 35.92 0.9 1.2 
4 Poli shing ea 3 20000.00 A91 60.0 0 0.0 0 0.00 0.0 60 .0 
5 Rut ing ea 3 15000.00 eu 45.0 0 0.0 0 0.00 0.0 45.0 
6 Optical coatings ea 3 1000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
7 Shipping & handling ea 3 200.00 eu 0.6 4 4.0 16 MU 35.92 0.6 1.2 

** Subtotal ** 
120.0 100 3.6 123.6 

•• OBS: 1.2.1.2.3.5.2.3 Grat ing Mechanical Assellbly 
1 Invac mounting hardware ea 1 20000.00 eu 20.0 1 800.0 800 MS 37.73 30.2 50.2 
2 Scan drive mechanism ea 1 5000.00 eu 5.0 1 200.0 200 MS 37.73 7.5 12 .5 
3 Sl ide ea 1 20000.00 A87 20.0 0 0.0 0 0.00 0.0 20 .0 
4 Grating fntrchnge 8ctuatr ea 1 2000.00 A87 2.0 1 80.0 80 MS 37.73 3.0 5.0 
5 Alignmnt manipulator ea 1 2000 .00 A87 2.0 1 80.0 80 MS 37. 73 3.0 5.0 

** Subtotal ** 
49.0 1160 43.8 92 .8 

•• OBS: 1.2.1.2.3.5.2.4 Mask & VBOA 
1 Blade mechanism ea 2 1000.00 eu 2.0 2 80.0 160 MS 37.73 6.0 8.0 
2 Vacuum housing ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
3 Manual actuator/micometer ea 2 1500.00 eu 3.0 2 20 .0 40 HS 37.73 1.5 4.5 
4 Leu hardware ea 1 500.00 cp 0. 5 1 20.0 20 MS 37.73 0.8 1.3 
5 Mi sc parts & tools lot 1 1000.00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 

** subtotal .. 
8.5 260 9.8 18.3 

•• OBS : 1.2.1.2.3.5.2.5 Electrical & Controls 
1 Scan drive electronics ea 1 40000.00 A87 40.0 0 0.0 0 0.00 0.0 40.0 
2 Interferometer pos i tionng ea 1 25000.00 A87 25 .0 0 0.0 0 0.00 0.0 25.0 
3 Glow dschrge optcl cleang ea 1 10000.00 eu 10.0 1 16.0 16 EI 33.00 0.5 10.5 

** Subtotal ** 
75.0 16 0.5 75.5 

•• WBS: 1.2.1 .2.3.5.2.6 VacullTl Sys tem 
1 Ion pump 400 lIs ea 1 7500.00 A91 7.5 1 4.0 4MU 35.92 0. 1 7.6 
2 Ion pump heater ea 1 1000.00 A91 1.0 1 4.0 4 EI 33.00 0.1 1.1 
3 Ion pump controller ea 1 2500.00 A91 2.5 1 4.0 4 EI 33.00 0.1 2.6 
4 Ion pump cabte,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
5 IEEE·46 cable, 3 meter ea 1 150.00 cp 0. 1 0 0.0 0 0.00 0.0 0.1 
6 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
7 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4MU 35.92 0.1 3.6 
8 Ion gauge cable,bakeable ea 1 250. 00 cp 0.2 1 4.0 4 EI 33.00 0. 1 0.4 
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9 Junction box, IG cable eo 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
10 Interlock cable eo 100.00 eu 0.1 0 0.0 0 0.00 0.0 0. 1 
l' TSP pump spool piece eo 3000.00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
12 TSP filament s/controLler eo 3500.00 eu 3.5 1 8.0 8 EI 33.00 0.3 3.8 
13 Flanges & UHV hardware lot 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
14 Support stand mise hardwr ea 500.00 eu 0.5 1 20.0 20 HS 37. 73 0.8 1.3 
15 Pump welded bellws assy ea 2500.00 A91 2.5 0 0.0 0 0. 00 0.0 2.5 
16 Bellows inspect,clean,bak ea 50.00 eu 0.1 1 4.0 4MU 35 .92 0.1 0.2 
17 Mise extrusions,mounting lot 1000.00 eu 1.0 1 20.0 20 MS 37.73 0.8 1.8 

** Subtotal ... 
27.8 76 2.7 30.5 

** \JBS: 1.2.1.2.3.5.2.7 Support Sys tems 
, Grating chamber ea 1 40000 .00 A88 40.0 1 800.0 800 MS 37. 73 30 .2 70. 2 
2 Struts & mounting hardwre ea 6 1000.00 eu 6.0 6 8.0 48 MS 37.73 1.8 7.8 
3 Support stand & hardware eo 1 2000 .00 eu 2.0 1 80.0 80 MS 37.73 3.0 5.0 
4 Mise blank-off flanges lot 8 500.00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
5 Mi se UHV tools,parts ,etc lot 1 2500.00 eu 2.5 1 40.0 40 MS 37.73 1.5 4.0 

** Subtotal ** 
54.5 968 36.5 91.0 

.. \JSS: 1.2.1.2.3.5.2.8 Assemble & Test 
1 Assemble grating BOA ea 1 500.00 eu 0.5 2 80.0 160 MS 37.73 6.0 6.5 
2 Assemble grating mounting ea 1 500 .00 A88 0.5 2 80.0 160 MS 37.73 6.0 6.5 
3 Assemble drive mechani sm eo 1 500 .00 A88 0.5 2 80.0 160 MS 37.73 6.0 6.5 
4 Assemble grating chamber ea 1 500.00 A88 0.5 2 80.0 160 MS 37.73 6.0 6.5 
5 Bakeout & UHV qualify ea 1 500.00 eu 0.5 2 80.0 160 MU 35.92 5.7 6.2 
6 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
7 Mi sc tool s ,fixtures,cart lot 1 1000 .00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 

** Subtotal *>III 

3.5 872 32.6 36. 1 

•• ~BS: 1.2. 1.2.3 .5.2.9 Install & Al ign 
1 Lew hardware & connctions ea 1 300.00 eu 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport & onsite setup eo 1 500.00 eu 0.5 2 40.0 80 MU 35 .92 2.9 3.4 
3 Vac assemble & leakcheck eo 1 50.00 eu 0. 1. 2 40.0 80 MU 35.92 2.9 2.9 
4 Installation aLignment 0 0.00 0.0 2 40.0 80 MU 35.92 2.9 2.9 
5 Mech install,test,debug eo 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
6 ELectrical installation 0 0.00 0.0 1 40.0 40 IEl 62 .85 2.5 2.5 

** Subtotal ** 
1.4 376 14 .6 15.9 

•• ~BS: 1.2.1.2.3.5.3 . 1 BelLows 
1 Welded bellows assy eo 2 8000 .00 A86 16.0 2 4.0 8 MS 37.73 0.3 16 .3 
2 Inspection, cLeaning, bake eo 2 50.00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.4 
3 Anti- sag supports eo 2 1000.00 eu 2.0 2 60.0 120 MS 37 .73 4. 5 6.5 

** Subtotal ** 
18.1 136 5.1 23.2 

•• ~BS: 1.2.1.2.3.5.3.2 IsoLation Val ves 
1 Valve & controlLer proc . e. 2 10000.00 vq 20.0 0 0.0 0 0.00 0.0 20.0 
2 Prelim assembL e & test lot 2 50 .00 eu 0.1 2 8.0 16 MU 35 .92 0.6 0.7 
3 Inspection, clean, bake lot 2 50 .00 eu 0.1 2 4.0 8 HU 35.92 0.3 0.4 
4 Cables & connectors lot 2 200.00 eu 0.4 2 2.0 4 EI 33.00 0.1 0.5 
5 Bl ank flanges & hardware lot 4 200.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 

** Subtotal ** 
21.4 28 1.0 22 .4 

•• ~BS: 1.2 .1.2.3.5.3.3 Va CUlnl Sys tem 
1 Ion pulp 60 LIs eo 1 2700.00 A91 2.7 1 4.0 4 MU 35.92 0. 1 2.8 
2 Ion pump controller eo 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Ion pump cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable, 3 m e. 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve eo 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controL s eo 1 3500 .00 A91 3.5 1 4.0 4 MU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33 .00 0.1 0.4 
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8 Junction box, IG cable ea 1 ZOO.OO eu O.Z 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

10 Spool pieces ea 3 ZOOO.OO au 6.0 0 0.0 0 0.00 0.0 6.0 
.. Subtotal·· 

16.0 ZO 0.7 16.7 

•• WBS: 1.Z.1.Z.3.5.3.4 Slit Mechanical Assembly 
1 FLanges & flexure plate ea 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
2 Cf feed-thrus for elctncs ea 4 ZOO.OO eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 Viewports & mirrors ea 2 200.00 eu 0.4 Z 8.0 16 HS 37.73 0.6 1.0 
4 Brazing & fixtures ea 1 100.00 eu 0.1 1 ZO.O ZO HU 35.92 0.7 0.8 
5 feedthrus welding ea 1 50.00 eu 0.1 1 8.0 8 HS 37.73 0.3 0.4 
6 Blades fab/buy ea 2 200.00 eu 0.4 2 ZO.O 40 HS 37.73 1.5 1.9 
8 leu hardware ea 1 100.00 eu 0.1 1 8.0 8HU 35.92 0.3 0.4 
9 Micrometer mechanism ea 1 1000.00 eu 1.0 1 ZO.O 20 HS 37.73 0.8 1.8 

10 Outside vae mnting hardwr ea 1 500.00 eu 0.5 1 ZO.O ZO HS 37.73 0.8 1.3 
11 Blade aLignment fixtures lot 1 200.00 eu 0.2 1 ZO.O 20 HS 37.73 0.8 1.0 
12 Exit slit motion system ea 1 60000.00 A87 60.0 0 0.0 0 0.00 0.0 60.0 

.. Subtotal·· 
64.5 232 8.7 73.3 

•• WBS: 1.2.1.Z.3.5.3.5 Support Systems 
1 Slit assy mounting hardwr ea 6 1000.00 eu 6.0 6 8.0 48 HS 37.73 1.8 7.8 
2 Support post & hardware ea 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

** Subtotal ** 
7.0 88 3.3 10.3 

•• WBS: 1.2.1.2.3.5.3.6 Asserrble & Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
2 Bakeout & UHV qualify ea 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
3 Survey/ca librati on 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Misc tools,fixtures,cart lot 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 

** Subtotal ** 
1.5 312 11.3 12 .8 

•• WBS: 1.Z.1 . 2.3.5.3 .7 Install & Align 
1 Transport & onsite setup lot 1 200.00 eu 0.2 2 16.0 3Z HU 35.92 1.1 1.3 
2 Vac assmble & leakcheck ea 1 50.00 eu 0.1 2 20.0 40 HU 35 .92 1.4 1.5 
3 Installation alignment 0 0.00 0.0 2 3Z.0 64 HU 35.92 2.3 2.3 
4 Mech install,test,debug ea 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
5 Electrical installation 0 0.00 0.0 1 20.0 20 IEl 62.85 1.3 1.3 

** Subtota l ** 
0.8 196 7.6 8.3 

•• WBS: 1.2.1 .2 .3.8.1 Fab/Buy Mech Parts & Subassyls 
1 linear device mech ea 1 4000 .00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
2 Mods for water cooling ea 1 200.00 eu 0.2 1 20.0 20 MS 37.73 0.8 1.0 
3 In-vac part fab. ea 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
4 Brazing & welding assy ea 1 200.00 A91 0.2 1 20.0 20 HS 37.73 0.8 1.0 
5 Detector,feedthru,phosphr ea 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 

** Subtotal ** 
5.9 160 6.0 11.9 

** UBS: 1.2.1.2.3.8.3 Fab/Buy VacuuII ChaflDer & Supports 
1 Spool piece ea 2 2000.00 eu 4.0 0 0.0 0 0.00 0.0 4.0 
2 Struts & Mounting hardwar ea 6 500.00 eu 3.0 6 8.0 48 HS 37.73 1.8 4.8 
3 Support post & hardware ea 1 300.00 eu 0.3 1 20.0 ZO HS 37.73 0.8 1.1 
4 Mise flanges & feedthrus lot 1 2000.00 eu 2.0 1 20.0 20 HS 37.73 0.8 2.8 

** Subtotal .. 
9.3 88 3.3 12.6 

•• UBS: 1.2.1.2.3.8.4 Vacuum Pumping. Gauges. Controllers, P.S. 
1 Ion ~. 601/s ea 1 2700.00 A91 2.7 1 4.0 4HU 35.92 0.1 2.8 
2 Ion pump controller ea 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Jon pump cable, bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-488 cable, 3m ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0. 1 
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5 Roughing valve ea 2 650 . 00 A9I 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & contrts e. 1 3500.00 A91 3.5 1 4.0 4 MU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box, IG cable e. 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable e • 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

.. Subtotal .* 
10.0 20 0.7 10.7 

** ~BS: 1.2.1.2.3.8.5 Assenble, Bakeout, Test 
1 Assemble & test e. 2 500.00 eu 1.0 2 20.0 40 HS 37.73 1.5 2.5 
2 Bakeout & UHV qualify e. 2 500.00 eu 1.0 2 40.0 80 HS 37.73 3.0 4.0 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 

.. Subtotal .. 
2.0 152 5.7 7.7 

** ~S: 1.2.1.2.3.8.6 Ins tallation 
1 Transport & on-site setup 0 0.00 0.0 2 4.0 8 HU 35.92 0.3 0.3 
2 Vae assemble & leak check ea 1 100.00 eu 0.1 2 20.0 40 MU 35.92 1. 4 1.5 
3 Hech instaLL/tes t/debug e. 1 100. 00 eu 0.1 2 20.0 40 MU 35.92 1.4 1.5 

** Subtotal '** 
0.2 88 3.2 3.4 

** ~BS : 1.2.1.2.3.9 . 1 Fab/Buy Meeh Parts & SubassY's 
1 Mi se machine shop effort lot 1 1000.00 eu 1.0 40.0 40 HS 37.73 1.5 2.5 
2 Mise mech tech & tool s lot 1 1000.00 eu 1.0 40.0 40 MU 35.92 1.4 2.4 

.. Subtotal ** 
2.0 80 2.9 4.9 

.. \JBS: 1.2.1.2.3.9.2 Fab/Buy Electrical and Controls 
1 Cables,valve actuation & lot 3 100.00 eu 0.3 3 4.0 12 EI 33.00 0.4 0.7 
2 X-connect blocks & frame e. 1 500.00 eu 0.5 1 24.0 24 EI 33.00 0.8 1.3 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 24.0 24 EI 33.00 0.8 1.4 
4 48 channel opto·isotators ea 1 700.00 cp 0.7 1 24.0 24 EI 33.00 0.8 1.5 
5 Cable trays , conduit, etc tot 1 2000.00 eu 2.0 1 120.0 120 IEl 62.85 7. 5 9.5 
6 Double elec. rack ea 1 1300.00 cp 1.3 1 16.0 16 EI 33 . 00 0.5 1.8 
7 BA panel 3 ph 30A e. 1 50.00 eu 0.1 1 16.0 16 EI 33.00 0.5 0.6 
8 Breaker panel ea 2 200.00 eu 0.4 2 2.0 4 EI 33.00 0. 1 0.5 
9 Plug strip e. 2 20.00 eu 0.0 2 1.0 2 EI 33.00 0.1 0.1 

10 Rack fans ea 2 50.00 eu 0.1 2 2.0 4 EI 33.00 0.1 0.2 
11 Misc. hardware lot 1 1000.00 eu 1.0 1 40.0 40 EI 33.00 1.3 2.3 
12 Prograrrmabl logic cntrllr ea 1 8000.00 eu 8.0 1 40 .0 40 CP 59.40 2.4 10.4 
13 PLC Cabling ea 1 500.00 eu 0.5 1 20.0 20 EI 33.00 0.7 1.2 
14 Operator Console ea 1 8000.00 eu 8.0 0 0.0 0 0.00 0.0 8.0 
15 Branch line device server 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
16 VME crate w/power spply ea 1 3000.00 cp 3.0 1 0.0 0 0.00 0.0 3.0 
17 VHE processor ea 1 3500.00 cp 3.5 0 40.0 o CP 59.40 0.0 3.5 
18 IEEE·48 module e. 1 800.00 cp 0.8 0 0.0 0 0.00 0.0 0.8 
19 Real time O/S ea 1 500.00 cp 0.5 0 0.0 0 0.00 0.0 0.5 
20 Network interface 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
21 Ethernet router ea 1 2000.00 eu 2.0 1 20.0 20 EI 33 . 00 0.7 2.7 
22 Ethernet di s tribution ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
23 Cables . thicknet ea 5 200.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
,24 Di splay/control statt on 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
25 Di splay station ea 1 10000.00 eu 10 .0 0 0.0 0 0.00 0.0 10.0 
26 Di splay software e. 1 3000 . 00 eu 3.0 1 40.0 40 CP 59.40 2.4 5.4 
27 TV display controls 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
28 TV monitor ea 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
29 TV patch pane l ea 1 200.00 eu 0.2 1 20 .0 20 EI 33.00 0.7 0.9 
30 TV scanner e. 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
31 TV camera ea 6 500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
32 Cabling, patch ea 6 20.00 eu 0.1 0 0.0 0 0. 00 0.0 0.1 
33 24VDC power di s tribution 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
34 24VDC power supply ea 1 2000.00 eu 2.0 1 20.0 20 EI 33.00 0.7 2.7 
35 24VDC distribution e. 1 2000.00 eu 2.0 1 40.0 40 EI 33.00 1.3 3.3 
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~!9R DESCRIPTION ME.",S UNITS COST BASIS lSC lei UNTS UNIT HRS CroE RATE LABOR KS LABOR KS 

** Subtota l ** 
58 . I 486 21.7 79.S 

.. was: 1.2. I .2.3.9 .3 Fab/Buy Vacuum Chamber & Supports 
1 Mise flanges,viewprts,etc lot I 3000.00 eu 3.0 a 0.0 0 0.00 0.0 3.0 
2 Roughing valve e. 4 650.00 cp 2.6 a 0.0 0 0.00 0.0 2.6 
3 Hisc. unistrut/hardwsre lot I 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 

** Subtotal ** 
6. I 40 1.4 7.5 

•• YBS: 1.2.1.2.3.9.5 Asse«ble, Balceout. Test 
1 Mise assemble & test e. I 1000.00 eu 1.0 2 SO.O 160 HU 35.92 5.7 6.7 
2 Mise bakeout/UHV qualify lot I 1000.00 eu 1.0 2 SO.O 160 HU 35.92 5.7 6.7 
3 Survey/calibration a 0.00 0.0 3 32.0 96 HU 35.92 3.4 3.4 

.. Subtotal ** 
2.0 416 14.9 16.9 

•• ~BS: 1.2.1.2.3.9.6 Installati on 
1 Transport & on-site setup lot I 100.00 eu O. I 2 40.0 80 HU 35.92 2.9 3.0 
2 Vae assmble & leak checks lot I 500.00 eu 0.5 2 40.0 SO MU 35.92 2.9 3.4 
4 lead shielding installatn lot I 200.00 eu 0.2 I 40.0 40 HU 35.92 1.4 1.6 
5 Installation alignment a 0.00 0.0 3 32.0 96 MU 35.92 3.4 3.4 
6 Pneumatic service e. I 1000.00 eu 1.0 I 40.0 40 MU 35.92 1.4 2.4 
7 lC\.I serv; ce lot I 1000.00 eu 1.0 I 40.0 40 MU 35.92 1.4 2.4 
8 Mech install/test/debug lot I 100.00 eu 0. 1 2 40.0 SO HU 35.92 2.9 3.0 
9 Elee installation 0 0.00 0.0 I 40 .0 40 IEL 62.85 2.5 2.5 

10 0 0.00 0.0 I 40.0 40 EI 33.00 1.3 1.3 
** Subtotal ** 

2.9 536 20.2 23.1 

** uas: 1.2.1.2.3.10 Branch line Safety Systems 
I ILC & SBX e. 2 1500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Eurocard crete e. I 1000 .00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Key panel e. I 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
4 Monitor lights panel e. 6 250.00 cp 1.5 0 0.0 0 0.00 0.0 1.5 
5 Push button paneL e. 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
6 Breaker panel ea I 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
7 Cables lot 1 100.00 eu O. I 0 0.0 0 0.00 0.0 O. I 
8 ufrfng assembly 0 0.00 0.0 1 80.0 80 EI 33.00 2.6 2.6 
9 Mise hardware & locks lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Elec fnstallation 0 0.00 0.0 I 40.0 40 IEL 62.S5 2.5 2.5 
** Subtotal .* 

7.4 120 5.2 12.6 

** U8S: 1.2 . 1.2.3.11.1 Vertical Refocus Mirror 
1 Vertical Refocus Mirror e. I 20000.00 eu 20.0 0 0.0 0 0.00 0.0 20.0 
2 Pfezo·tranducer e. I 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
3 Mirror mount e. I 5000.00 eu 5.0 I 120.0 120 HS 37 .73 4.5 9.5 
4 Vacuun vessel e. I 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10 .0 
5 Stand ea I 5000.00 eu 5.0 I 80.0 80 MS 37.73 3.0 8.0 
6 Ion pump 220 lIs e. I 7000.00 eu 7.0 I 8.0 8HU 35.92 0.3 7.3 
7 Ion pump controller ea I 2500.00 eu 2.5 I S.O S EI 33.00 0.3 2.S 
8 Ion gauge ea I 700.00 eu 0.7 I 8.0 SHU 35.92 0.3 1.0 
9 Ion gauge controller ea I 2100.00 cu 2.1 I S.O S EI 33.00 0.3 2.4 

10 Horizontl deflectn mirror ea 2 2000.00 eu 4.0 0 0.0 0 0.00 0.0 4.0 
11 Mirror mount ea I 5000.00 eu 5.0 I 120.0 120 MS 37.73 4.5 9.5 
12 Ins taltation lot I 200.00 eu 0.2 I 24.0 24 MU 35.92 0.9 1.1 

** SubtotaL ** 
71.5 376 14.0 85 .5 

.* 'WBS: 1.2.1.2.3.11.2 Diagnostic Systems 
1 Diagnostics e. 1 2000.00 eu 2.0 I 80.0 80 EI 33.00 2.6 4.6 
2 VaculI1l vessel e. I 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
3 St.nd e. I 2000.00 eu 2.0 I 80.0 80 HS 37.73 3.0 5.0 
4 Ion pump 120 lIs e. I 4500.00 eu 4.5 I S.O 8HU 35.92 0.3 4.8 
5 Ion pump controller e. I 2500 .00 eu 2.5 I 8.0 S EI 33.00 0.3 2.S 
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ITM ITM UNIT NBR UNIT COST TOTAL LBR HRS/ TOTAL CRAFT CRAFT TOTAL ISC + 

NBR: DESCRIPTION MEAS UNITS COST BASIS ISC KS UNTS UNIT HRS CCCE RATE LABOR KS LABOR KS 

6 Jon gauge ea 700 .00 eu 0.7 8.0 8 MU 35.92 0.3 1.0 
7 Installation lot 200.00 eu 0.2 24.0 24 HU 35.92 0.9 1.1 

** Subtotal ** 
13.9 208 7.4 21.3 

** \.I8S: 1.2.1.2.3.11.3 Beam Transport 
1 Bellows ea 4 1000.00 eu 4.0 4 16.0 64MU 35.92 2.3 6.3 
2 Beam Pipe ea 4 500.00 eu 2.0 4 8.0 32 HU 35.92 1.1 3.1 
3 Isolation valves ea 3 5000.00 eu 15.0 3 16.0 48 MU 35.92 1.7 16.7 
4 Installation lot 1 200.00 eu 0.2 1 24.0 24 HU 35.92 0.9 1.1 

** Slbtotsl _. 
21.2 168 6.0 27.2 

.* \.I8S: 1.2.1.2.4.1.1 Aperture Assemblies 1 & 2 
1 Parts fabrication ea 2 350.00 eu 0.7 2 40 .0 80 MS 37.73 3.0 3.7 
2 Inspection LOT 2 25.00 EU 0.1 2 4.0 8 MS 37.73 0.3 0.4 
3 Cleaning lot 2 25.00 eu 0.1 2 4.0 8 HU 35.92 0.3 0.3 
4 Brazing,fixturfng,toolfng ea 2 200.00 eu 0.4 2 40.0 80 MU 35.92 2.9 3.3 
5 Vae & water leak check ea 1 25.00 eu 0.0 2 6.0 12 HU 35.92 0.4 0.5 
6 Mise flanges & hardware lot 1 1000.00 eu 1.0 1 8.0 8 MU 35.92 0.3 1.3 

U Subtotal •• 
2.2 196 7.2 9.4 

** \.Jss: 1.2.1.2.4.1.2 Bellows 1 & 2 
1 Welded capsule & flanges ea 2 2500.00 cp 5.0 0 0.0 0 0.00 0.0 5.0 
2 Inspection ea 2 25.00 eu 0.1 2 4.0 8 MS 37.73 0.3 0.4 
3 CLeaninig ea 2 25.00 eu 0.1 2 2.0 4 MU 35.92 0.1 0.2 
4 Vae furnace bakeout ea 2 100.00 eu 0.2 2 6.0 12 MU 35.92 0.4 0.6 
5 Leak check ea 2 25.00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.3 
6 Mise flanges & hardware lot 1 1000.00 eu 1.0 1 8.0 8HU 35.92 0.3 1.3 

.. Subtotal .. 
6.3 40 1.5 7.8 

.. \l8S: 1.2.1.2.4.1.3 IsoLation Valves 1 & 2 
1 ON160, 24 voLt,w/solenoid ea 2 16450.00 A91 32.9 0 0.0 0 0. 00 0.0 32.9 
2 leak check ea 2 25.00 eu 0.1 2 4.0 8 MS 37.73 0.3 0.4 
3 Inspection & cleaning ea 2 50.00 eu 0.1 2 4.0 8MU 35.92 0.3 0.4 
4 Test & qualify ea 2 50.00 eu 0.1 2 4.0 8MU 35.92 0.3 0.4 
5 Cables & connectors ea 2 200.00 eu 0.4 2 4.0 8 EI 33.00 0.3 0.7 
6 Misc. flanges & hardware lot 1 1000.00 eu 1.0 1 8.0 8HU 35.92 0.3 1.3 

•• Subtotal ** 
34 .5 40 1.4 36.0 

•• \lOS: 1.2.1.2.4.1.4 Photon Shutter 
1 Vacul.f!l vessel ea 1 3300.00 A91 3.3 0 0.0 0 0.00 0.0 3.3 
2 Vessel inspection ea 1 25.00 eu 0.0 1 6.0 6 MS 37.73 0.2 0.3 
3 Vessel leak check ea 1 25.00 eu 0.0 1 4.0 4 MU 35.92 0.1 0.2 
4 Bellows ea 1 2535.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
5 Bellows inspection ea 1 25.00 eu 0.0 1 2.0 2 MS 37 .73 0.1 0.1 
6 Bellows cleaning ea 1 25.00 eu 0.0 1 2.0 2 MU 35.92 0.1 0.1 
7 Bellows furnace bakeout ea 1 25 .00 eu 0.0 1 6.0 6 MU 35.92 0.2 0.2 
8 Bellows leak check ea 1 25.00 eu 0.0 1 3.0 3 MU 35.92 0.1 0.1 
9 linear actuator ea 1 1860.00 A91 1.9 0 0.0 0 0.00 0.0 1.9 

10 Actuator Inspection ea 1 25.00 cu 0.0 1 1.0 1 MS 37.73 0.0 0. 1 
11 Electro-pneumatic solenoi ea 1 53.00 A91 0.1 0 0.0 0 0.00 0.0 0. 1 
12 Thermal absorber fab ea 1 1724.00 A91 1.7 0 0.0 0 0.00 0.0 1.7 
13 Absorber inspection ea 1 25 .00 eu 0.0 1 2.0 2 MS 37.73 0.1 0.1 
14 Absorber cleaning &brazng ea 1 200.00 eu 0.2 1 32.0 32 MU 35.92 1.1 1.3 
15 Absorber welding ea 1 25.00 eu 0.0 1 12.0 12 MU 35.92 0.4 0.5 
16 Vac & water leak check ea 1 25.00 eu 0.0 1 6.0 6 MU 35.92 0.2 0.2 
17 Bellows drive plate ea 1 120.00 A91 0.1 1 24.0 24 NC 56.50 1.4 1.5 
18 Misc part fab lot 1 400.00 eu 0.4 1 60.0 60 MS 37.73 2.3 2.7 
19 Actuator support fab ea 2 200.00 eu 0.4 , 18.0 18 MS 37.73 0.7 1.1 
20 Actuator ossy & alignment ea 1 24 .00 eu 0.0 1 16 .0 16 MU 35.92 0.6 0.6 
21 Bakeout & UHV qualify ea 1 100.00 eu 0.1 1 80.0 80 HU 35.92 2.9 3.0 
22 Photon shutter leak check ea 1 25.00 eu 0.0 , 8.0 8 HU 35.92 0.3 0.3 
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~lBR DESCRIPTION HEAS UNITS COST BASIS 1St I(S UNTS UNIT HRS COOE RATE LABOR 1($ LABOR KS 

23 Misc. lot 1000.00 eu 1.0 40.0 40 MU 35.92 1.4 2.4 
•• Subtotal •• 

12.0 322 12.2 24.2 

** ~BS: 1.2.1.2.4.1.5 VaclUll Systems 
1 TSP·vacuum vessel ea 2620.00 A91 2.6 a 0.0 0 0.00 0.0 2.6 
2 Vessel inspection ea 25.00 eu 0.0 1 6.0 6 MS 37.73 0.2 0.3 
3 Vessel leak check ea 25.00 eul 0.0 1 8.0 8MU 35.92 0.3 0.3 
4 TSP filament ea 650.00 A91 0.7 0 0.0 0 0.00 0.0 0.7 
5 TSP power supply ea 1950.00 cp 1.9 0 0.0 0 0.00 0.0 1.9 
6 TSP cartridge cable ea 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
7 TSP Extr. fab,clean,instl ea 585.00 eu 0.6 1 40.0 40 MU 35.92 1.4 2.0 
8 Ion pumps, 220 lIs ea 4865.00 A91 4.9 1 8.0 8 HS 37.73 0.3 5.2 
9 Ion pump controller ea 2500.00 A91 2.5 1 8.0 8 EI 33.00 0.3 2.8 

10 Ion pump cable, bakeable ea 250.00 cp 0.2 1 8.0 8 EI 33.00 0.3 0.5 
11 IEEE·488 cable, pump ctrl ea 100.00 A91 0.1 0 0.0 0 0.00 0.0 0.1 
12 Ion gauge ea 400.00 cp 0.4 1 8.0 8MU 35.92 0.3 0.7 
13 Ion gauge cable, bakeable ea 100.00 A91 0.1 1 8.0 8 EI 33.00 0.3 0.4 
14 Junction box, IG cable ea 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
15 Ion gauge controller es 2700.00 A91 2.7 1 4.0 4 EI 33.00 0.1 2.8 
16 Interlock cable es 100.00 eu 0.1 1 4.0 4 EI 33.00 0.1 0.2 

*if Subtota l ** 
17.6 102 3.6 21.2 

.. \.I8S: 1.2.1.2.4.1.6 photon Shutter support System 
1 Tri-frame weldment ea 1 700.00 eu 0.7 1 60.0 60 HS 37.73 2.3 3.0 
2 Assy frame weldment ea 1 700.00 eu 0.7 1 60.0 60 HS 37.73 2.3 3.0 
3 Inspection & painting ea 2 150.00 eu 0.3 2 8.0 16 HS 37.73 0.6 0.9 
4 Parker clevises ea 6 25.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Hex stand-offs ea 6 10.00 eu 0.1 6 2.0 12 MU 35.92 0.4 0.5 
6 Strut assemblies ea 6 500.00 eu 3.0 6 9.0 54 HS 37.73 2.0 5.0 
7 Hilti stud assemblies ea 6 25.00 eu 0.1 6 2.0 12 HS 37;73 0.5 0.6 
6 Support table ea 1 150.00 eu 0.1 1 8.0 8 HS 37.73 0.3 0.5 
9 Ion pump supports ea 2 15.00 eu 0.0 2 8.0 16 HS 37.73 0.6 0.6 

10 IV #2 supports ea 2 15.00 eu 0.0 2 8.0 16 HS 37.73 0.6 0.6 
11 Fast shutter supports ea 2 15.00 eu 0.0 2 8.0 16 HS 37.73 0.6 0.6 
12 Installation & grouting ea 6 25.00 eu 0.1 6 2.0 12 HS 37.73 0.5 0.6 
13 Onsite floor prep ea 6 25.00 eu 0.1 6 2.0 12 HU 35.92 0.4 0.6 
14 Transport & onsite setup ea 1 200.00 eu 0.2 1 20.0 20 HU 35.92 0.7 0.9 

•• Subtotal·· 
5.8 314 11.8 17.6 

•• ~BS: 1.2.1.2.4.1.7 Fast Shutter 
1 0'160. 25.150 aperture ea 1 16540.00 A91 16.5 0 0.0 0 0.00 0.0 16.5 
2 High vacuum sensors ea 2 1050.00 A91 2.1 0 0.0 0 0.00 0.0 2.1 
3 HV sensor modules ea 2 2607.00 A91 5.2 0 0.0 0 0.00 0.0 5.2 
4 Controller rack unit ea 1 2552.00 A91 2.6 0 0.0 0 0.00 0.0 2.6 
5 Control module ea 1 588.00 A91 0.6 0 0.0 0 0.00 0.0 0.6 
7 Remote module ea 1 1229.00 A91 1.2 0 0.0 0 0.00 0.0 1.2 
8 Sense to control cable ea 2 703.00 A91 1.4 0 0.0 0 0.00 0.0 1.4 
9 Control to shutter cable ea 1 447.00 A91 0.4 0 0.0 0 0.00 0.0 0.4 

10 Shutter inspection ea 1 25.00 eu 0.0 1 4.0 4 HS 37.73 0.2 0.2 
11 Shutter leak check es 1 24.00 eu 0.0 1 12.0 12 MU 35.92 0.4 0.5 
12 Mise flanges & hardware lot 1 1000.00 eu 1.0 1 8.0 8 HU 35.92 0.3 1.3 
14 Cables install lot 1 500.00 eu 0.5 1 16.0 16 IEL 62.85 1.0 1.5 
14 Cables terminate 0 0.00 0.0 1 16.0 16 EI 33.00 0.5 0.5 

.. Subtotal .. 
31.6 56 2.4 34.0 

•• ~BS: 1.2.1.2.4.1.8 Collimation Spool 
, Vaeull1l vesse l ea 1 1250.00 A91 1.2 0 0.0 0 0.00 0.0 1.2 
2 Vessel inspection ea 1 25.00 eu 0.0 1 4.0 4 HS 37.73 0.2 0.2 
3 Vesse l leak check ea 1 25.00 eu 0.0 1 12.0 12 HU 35.92 0.4 0.5 
4 Lead shielding assy lot 1 1000.00 eu 1.0 1 40.0 40 HU 35.92 1.4 2.4 
5 Hise flanges & hardware lot 1 1000.00 eu 1.0 1 8.0 8 HU 35.92 0.3 1.3 
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•• Subtotal .* 
3.3 64 2.3 5.6 

*. WBS: 1.2.1.2.4.1.9 Cleaning, Asscnbl c , Bakeout & Tes t 
1 Cleaning, assemble, &tes t ea 1 200.00 eu 0.2 80.0 80MU 35.92 2.9 3.1 
2 Bakeout & UHV qualify ea 1 200.00 eu 0.2 120.0 120 MU 35 .92 4.3 4.5 
3 Survey/calibration ea 1 200.00 eu 0.2 32 .0 32 MU 35.92 1.1 1.3 
4 Misc. flanges & hardware lot 1 500.00 eu 0.5 4.0 4MU 35.92 0.1 0.6 
5 Mi sc. fixtures & tools lot 1 500.00 eu 0.5 20.0 20 MU 35.92 0.7 1.2 

** Subtots l ** 
1.6 256 9.2 10.8 

*. WBS: 1.2.1.2 .4. 1. 10 Install ati on 
1 Pneumatic service ea 1 2000.00 eu 2.0 40.0 40 HU 35 .92 1.4 3.4 
2 LCIJ service ea 1 2000.00 eu 2.0 40.0 40 MU 35.92 1.4 3.4 
3 Transport & onsite setup ea 1 200 .00 eu 0.2 20.0 20 HU 35.92 0.7 0.9 
4 Vae assemble & leak check ea 1 50.00 eu 0.1 20.0 20 HU 35.92 0.7 0.8 
5 Installation alignment ea 1 100.00 eu 0. 1 20.0 20 HS 37. 73 0.8 0.9 
6 Pneumatic hardware&c onnec ea 1 300 .00 eu 0.3 16.0 16 HU 35 .92 0.6 0.9 
7 Mech instll,tes t lot 1 200.00 eu 0.2 80.0 80 HU 35.92 2.9 3.1 
8 Elec install,test lot 1 200.00 eu 0.2 40.0 40 IEL 62.85 2.5 2.7 
9 " " 0 0.00 0.0 20 .0 20 EI 33 .00 0.7 0.7 

** Subtotal *if 

5.0 296 11.7 16.7 

•• ~BS: 1.2.1.2.4.2.1 Personnel Saf ety Shutter 
1 Vacuun vessel ea 1 5000.00 eu 5.0 1 40.0 40 HS 37.73 1.5 6.5 
2 Vessel inspection ea 1 25.00 eu 0.0 1 6.0 6 HS 37.73 0.2 0.3 
3 Vessel leak. check es 1 25.00 eu 0.0 1 8.0 8 HU 35.92 0.3 0.3 
4 Bellows ea 1 2535 .00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
5 Bellows inspecti on ea 1 25.00 eu 0.0 1 2.0 2 HS 37.73 0.1 0.1 
6 Bellows cleaning ea 1 25 . 00 eu 0.0 1 2.0 2 HU 35.92 0.1 0.1 
7 Be llows furnace bakeout ea 1 25.00 eu 0.0 1 8.0 8 HU 35.92 0.3 0.3 
8 Bellows leak check es 1 25.00 eu 0.0 1 4.0 4 HU 35.92 0.1 0.2 
9 linear actuator ea 1 1860.00 A91 1.9 0 0.0 0 0.00 0.0 1.9 

10 Actuator Inspecti on es 1 25.00 eu 0.0 1 1.0 1 HS 37.73 0.0 0.1 
11 Electro·pneumati c so lenoi ea 1 53.00 A91 0.1 0 0.0 0 0.00 0.0 0.1 
12 Tungsten block buy es 1 3500.00 eu 3.5 0 0.0 0 0.00 0.0 3.5 
13 Tungs ten machining ea 1 25.00 eu 0.0 1 16 .0 16 HS 37.73 0.6 0.6 
14 UHV sensor fab ea 1 500.00 eu 0.5 1 60.0 60 HU 35.92 2.2 2.7 
15 Tungsten clean & bake ea 1 100 .00 eu 0.1 1 32.0 32 HU 35.92 1.1 1.2 
16 Bellows drive plate ea 1 120 .00 A91 0.1 1 24.0 24 NC 56 .50 1.4 1.5 
17 Hi sc part fab lot 1 400.00 eu 0.4 1 60.0 60 HS 37.73 2.3 2.7 
18 Actuator support fab ea 2 200 . 00 eu 0.4 1 18 .0 18 HS 37.73 0.7 1.1 
19 Actuator assy & alignment ea 1 25 .00 eu 0.0 1 16.0 16 MU 35.92 0.6 0.6 
20 Hi sc flanges & hardware lot 1 350 .00 eu 0.3 0 0.0 0 0.00 0.0 0.3 
21 Safety shutter assy/bake ea 1 100.00 eu 0. 1 1 24.0 24 HU 35 .92 0.9 1.0 
22 Safety shutter leak check ea 1 25 .00 eu 0.0 1 8.0 8 MU 35.92 0.3 0.3 
23 Bakeout & UHV qualify ea 1 100.00 eu 0.1 1 80.0 80 MU 35 .92 2.9 3.0 
24 l ead shfelding & support lot 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 
25 Mi sc. lot 1 1000 .00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 

** Subtota l ** 
16.8 489 18.3 35.1 

** \lB S: 1.2. 1.2.4.2 .2 Shield uall Transi tion 
1 SUT vessel fab ea 1 1200.00 eu 1.2 1 32.0 32 HS 37.73 1.2 2.4 
2 SUT inspection ea 1 25.00 eu 0.0 1 4.0 4 HS 37.73 0.2 0.2 
3 SUT leak check ea 1 25.00 eu 0.0 1 4.0 4MU 35.92 0.1 0.2 
4 SUT supports ea 2 500.00 eu 1.0 2 8.0 16 HU 35.92 0.6 1.6 
5 Shield wall mods lot 1 250.00 eu 0.2 1 40 .0 40 MU 35.92 1.4 1.7 
6 lead shielding lot 1 100.00 eu 0.1 1 10.0 10 MU 35.92 0.4 0.5 
7 Mi se flange s & hardware lot 1 1000.00 eu 1.0 1 8.0 8 HU 35 .92 0.3 1.3 

** Subtotal ** 
3.6 114 4.2 7.8 
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•• ~BS: 1.2.1.2.4.2.3 Safety Shutter Support System 
1 Frame weldment .a 1 300.00 .u 0.3 1 40.0 40 MS 37.73 1.5 1.8 
2 Assembly frame weldment .a 1 300.00 eu 0.3 1 40.0 40 MS 37.73 1.5 1.8 
3 Inspection & painting .at 2 150.00 eu 0.3 2 8.0 16 MS 37.73 0.6 0.9 
4 Parker clevises .a 6 25.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Hex stand-ofts ea 6 10.00 eu 0.1 6 1.0 6 MS 37.73 0.2 0.3 
6 Strut assemblies ea 6 500 .00 eu 3.0 6 9.0 54 MS 37.73 2.0 5.0 
7 Hilt; stud assemblies ea 6 25.00 eu 0.1 6 2.0 12 MS 37.73 0.5 0.6 
8 Hain table ea 1 150.00 eu 0.1 1 12.0 12 MS 37.73 0.5 0.6 
9 Ion pump install fixture ea 1 200.00 eu 0.2 1 12.0 12 MU 35.92 0.4 0.6 

10 Ion pump support brackets ea 2 15.00 eu 0.0 2 4.0 8 MS 37. 73 0.3 0.3 
11 Installation & grouting ea 6 25.00 eu 0. 1 6 2.0 12 MU 35.92 0.4 0.6 
12 Onsite floor prep ea 6 25.00 eu 0.1 6 2.0 12 MU 35.92 0.4 0.6 
13 Transport & onsite setup ea 1 200 .00 eu 0.2 1 20.0 20 MU 35 .92 0.7 0.9 

** Subtotal ** 
5.1 244 9.1 14.2 

** YBS: 1.2.1 . 2.4.2.4 Isolation Valve 
1 DN100,24volt, w/solenoid ea 10730.00 cp 10.7 16.0 16 MU 35.92 0.6 11.3 
2 Leak check. ea 25.00 eu 0.0 4.0 4 MS 37.73 0.2 0.2 
3 Inspection & cleaning ea 50.00 eu 0.1 4.0 4MU 35.92 0.1 0.2 
4 Test & qualify eo 50.00 eu 0.1 4.0 4MU 35.92 0.1 0.2 
5 Cables & connectors lot 200.00 eu 0.2 8.0 8 EI 33.00 0.3 0.5 
6 Misc. flanges & hardware lot 1000.00 eu 1.0 8.0 8MU 35.92 0.3 1.3 

.. Subtotal .. 
12.1 44 1.6 13.6 

** YBS: 1.2.1.2.4.2.5 Vacull11 Systems 
1 Ion pump, 220l/s ea 1 4865.00 A91 4.9 1 8.0 8 MS 37.73 0.3 5.2 
2 Ion pump controlLer ea 1 2500.00 A91 2.5 1 8.0 8 EI 33.00 0.3 2.8 
3 Jon pump cabLe, bakeabLe ea 1 250.00 cp 0.2 1 8.0 8 EJ 33.00 0.3 0.5 
4 IEEE~488 cable, pump ctrl ea 1 100.00 A91 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge ea 1 400.00 cp 0.4 1 8.0 8 MU 35.92 0.3 0.7 
6 Ion gauge cable,bakeabte ea 1 100.00 A91 0. 1 1 8.0 8 EJ 33.00 0.3 0.4 
7 Junction box, IG cable ea 1 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Ion gauge controlLer ea 1 2700.00 A91 2.7 1 4.0 4 El 33.00 0.1 2.8 
9 Interlock cabLe ea 1 100.00 eu 0.1 1 4.0 4 EI 33 .00 0.1 0.2 

10 Roughing valves ea 4 650.00 A91 2.6 0 0.0 0 0.00 0.0 2.6 
11 Mise fLanges & hardware lot 1 1000.00 eu 1.0 1 8.0 8 HU 35.92 0.3 1.3 

** Subtotal ** 
14.8 56 1.9 16.7 

•• ~BS: 1.2.1.2.4.2.6 Cleaning, Asserrbly, Bakeout and Test 
1 Cleaning,assemble,test lot 1 200.00 ei 0.2 80.0 80 MU 35.92 2.9 3.1 
2 Bakeout & UHV qualify lot 1 200.00 eu 0.2 120.0 120 MU 35.92 4.3 4.5 
3 Survey/calibration lot 1 200.00 eu 0.2 32.0 32 HU 35.92 1.1 1.3 
4 Mise flanges & hardware lot 1 500.00 eu 0.5 4.0 4 HU 35.92 0.1 0.6 
5 Misc. fixtures & tools lot 1 500.00 eu 0.5 20.0 20 HU 35.92 0.7 1.2 

** Subtote 1 .. 
1.6 256 9.2 10.8 

•• ~BS: 1.2.1.2.4.2.7 Installation 
1 Pneumatic service ea 1 2000.00 eu 2.0 40 .0 40 HU 35.92 1.4 3.4 
2 lCU service lot 1 2000.00 eu 2.0 40.0 40 MU 35.92 1.4 3.4 
3 Transport/on·site setup lot 1 200 . 00 eu 0.2 20.0 20 MU 35.92 0.7 0.9 
4 Vac assemble & leak check lot 1 50 .00 eu 0.1 20.0 20 MU 35.92 0.7 0.8 
5 Installation alignment ea 1 100.00 eu 0.1 20.0 20 MS 37.73 0.8 0.9 
6 Pneumatic hardware/cnnctn lot 1 300.00 eu 0.3 16.0 16 MU 35.92 0.6 0.9 
7 Mech install/test/debug lot 1 200.00 eu 0.2 80.0 80 MU 35.92 2.9 3.1 
8 Elee installation lot 1 200 . 00 eu 0.2 40.0 40 IEL 62.85 2.5 2.7 
9 " " 0 0.00 0.0 20.0 20 El 33.00 0.7 0.7 

** Subtotal·· 
5.0 296 11.7 16.7 

•• ~BS: 1.2.1.2.4.4.1 Hechan i ca l, Electrical & ControLs 
1 Cables,vaLve actuation & lot 3 100 .00 eu 0.3 3 4.0 12 EJ 33 .00 0.4 0.7 
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2 X-connect blocks & frame ea 1 500.00 eu 0.5 1 24.0 24 EI 33.00 0.8 1.3 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 24.0 24 EI 33.00 0.8 1.4 
4 48 channel optc-fsoLator ea 1 700.00 cp 0.7 1 24 .0 24 EI 33.00 0.8 1.5 
5 Cable trays, conduft, etc lot 1 1000.00 eu 1.0 1 120.0 120 IEL 62.85 7.5 8.5 
6 Double elec. rack ea 1 1300.00 cp 1.3 1 16.0 16 EI 33.00 0.5 1.8 
7 BA panel 3 ph 30A ea 1 50.00 cp 0.1 1 1.0 1 E I 33.00 0.0 0.1 
8 Breaker paneL ea 2 200 .00 cp 0.4 2 2.0 4 EI 33.00 0.1 0.5 
9 Plug strfp ea 2 20.00 eu 0.0 2 2.0 4 EI 33.00 0.1 0.2 

10 Rack. fans ea 2 50.00 cp 0.1 2 2.0 4 EI 33.00 0.1 0.2 
11 Flow swftches/interlocks ea 2 400.00 eu O.B 4 8.0 32 EI 33.00 1.1 1.9 
12 Custom bakeout jackets ea 6 1200.00 EU 7.2 6 4.0 24 HU 35.92 0.9 8.1 
13 Other bakeout heaters ea 6 200.00 eu 1.2 6 4.0 24 HU 35.92 0.9 2.1 
14 Mise electrical lot 1 1000.00 eu 1.0 1 80.0 80 EI 33.00 2.6 3.6 
15 Misc. hardware & locks lot 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 
16 Electrical installation 0 0.00 0.0 1 40.0 40 IEl 62.85 2.5 2.5 
17 Misc. machine shop effort lot 1 1000.00 eu 1.0 1 160.0 160 MS 37.73 6.0 7.0 
18 Mise mech tech & tools lot 1 2000.00 eu 2.0 1 160.0 160 MU 35.92 5.7 7.7 

** Subtotal .* 
19.2 833 34.0 53.2 

.. wss: 1.2.1.2.4.4 .2 Safety Systems 
1 ILC & SBX ea 3 1500.00 eu 4.5 3 20.0 60 EI 33.00 2.0 6.5 
2 Air pressure interlocks ea 2 500.00 eu 1.0 2 16.0 32 EI 33.00 1.1 2.1 
3 Eurocard crate ea 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Key panel ea 1 300 .00 eu 0.3 0 0.0 0 0.00 0.0 0.3 
5 Monitor lights panel ea 6 250.00 cp 1.5 0 0.0 0 0.00 0.0 1.5 
6 Push button panel ea 1 250.00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
7 Breaker panel ea 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Fast shutter cable assy ea 1 1000.00 eu 1.0 1 40.0 40 EI 33.00 1.3 2.3 
9 Wiring assembly ea 1 25.00 eu 0.0 1 80.0 80 EI 33.00 2.6 2.7 

.. Subtotal .. 
9.8 212 7.0 16.B 

.. WBS: 1.2.1.2.5. 1.1 Feb/Buy Machined Parts & Subassy1s 
1 Machine absorber blades ea 2 1000.00 A91 2.0 2 40.0 80 MS 37.73 3.0 5.0 
2 Braze absorber blades ea 2 100.00 A91 0.2 2 20.0 40 MS 37.73 1.5 1.7 
3 Brazing tooling/fixtures ea 1 200.00 A91 0.2 1 20.0 20 MS 37.73 0.8 1.0 
4 Blade/pivot mounting ea 2 500.00 A91 1.0 2 60.0 120 MS 37.73 4.5 5.5 
5 Actuator mechanism ea 2 500.00 A91 1.0 2 40.0 80 MS 37.73 3.0 4.0 
6 limit stops & switches ea 2 100.00 A91 0.2 2 20.0 40 MS 37.73 1.5 1.7 
7 Bellws/conflat ass'y/weld ea 2 1000.00 A91 2.0 2 40.0 80 MS 37. 73 3.0 5.0 

** Subtotal·· 
6.6 460 17.4 24.0 

•• YBS: 1.2. 1.2.5.1.2 Fab/Buy Electrical and Controls 
1 Stepper/encoder/limits ea 2 3000.00 eu 6.0 2 20.0 40 MS 37.73 1.5 7.5 
2 Driver/encoder cables ea 2 200.00 eu 0.4 1 16.0 16 EI 33 .00 0.5 0.9 
3 Flow switch & interlocks ee 2 400.00 eu 0.8 2 4.0 8 EI 33.00 0.3 1. 1 
4 VME module,RS232,B-port eat 1 800.00 eu 0.8 1 16 .0 16 EI 33.00 0.5 1.3 
5 CAble, RS232 ea 2 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Hotor/encoder controllers ea 2 2000.00 eu 4.0 2 8.0 16 EI 33.00 0.5 4.5 
7 Triax cable, 100 I lot 2 100.00 eu 0.2 2 8.0 16 EI 33.00 0.5 0.7 

** Subtotal·· 
12.3 112 3.9 16.2 

** WBS: 1.2.1.2.5.1.3 Fab/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber ea 1 8000.00 A91 8.0 1 40.0 40 MU 35.92 1.4 9.4 
2 Mise flanges/UHV hardware lot 1 2500.00 eu 2. 5 0 0.0 0 0.00 0.0 2.5 
3 Mounting struts/hardware ea 6 500.00 A91 3.0 6 8.0 48 MS 37.73 1.8 4.8 
4 Support posts,frame,hrdwr lot 1 1500.00 A91 1.5 1 40.0 40 MS 37.73 1.5 3.0 

** Subtotal·· 
15.0 128 4.8 19.8 

** WBS: 1.2. 1.2.5.1.4 Vacuum pumping, Gauges, Controllers, P.S. 
1 Ion pump, 400 LIs ea 1 7500 .00 A91 7.5 1 4.0 4 MU 35.92 0.1 7.6 
2 Ion pump controller ea 1 2500.00 A91 2.5 0 4.0 o EI 33.00 0.0 2.5 



6 -59 
Page No. Z7 
04/ZZ/92 

Technica l Components Cost Es t ima te 

ITM ITM UNIT NBR UNIT COST TOTAL LBR HRS/ TOTAL CRAF T CRAFT TOTAL ISC + 
NBR DESCRIPTI ON MEAS UNITS COST BASIS ISC KS UNTS UNIT HRS COOE RATE LABOR KS LABOR I(S 

3 Ion pump cable ,bakeable e. 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 O.Z 
4 IEEE ·48 cable ,3m cntrll er ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing va lve e. 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & contro ls e. 1 3500.00 A91 3.5 1 4.0 4HU 35.92 0.1 3.6 
7 Ion gauge cabl e, bakeabl e ea 1 250. 00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box,lG cable ea 1 ZOO. OO eu 0.2 1 4. 0 4 EI 33.00 0.1 0.3 
9 Interl ock cable e. 1 100. 00 eu 0.1 0 0.0 0 0.00 0.0 0. 1 

*. Subtota L ** 
15.8 16 0.6 16.3 

•• WBS : 1.2. 1.2.5.1 .5 Asserrb l e, Bakeout , Test 
1 Assemble & test ea 1 500.00 eu 0.5 2 80 .0 160 HU 35.92 5.7 6. 2 
2 Bakeout & UHV qualify lo t 1 500.00 eu 0.5 2 40.0 80 HU 35 .92 2.9 3.4 
3 Survey/ca l ibrat ion 0 0.00 0.0 2 16 .0 32 HU 35.92 1. 1 1.1 
4 Mise tooLs , fix tures , cart l ot 1 1000.00 eu 1.0 1 80.0 80 HU 35 .92 2.9 3.9 

.. Subtot aL ** 
2.0 352 12.6 14 .6 

.. was: 1.2. 1.2.5. 1.6 Ins tal lati on 
1 LC~ hardware/connecti ons lot 1 300. 00 eu 0.3 2 16.0 32 MU 35 .92 1.1 1.4 
2 Transport/on-site set up lot 1 200 .00 eu 0. 2 2 16.0 32 MU 35. 92 1. 1 1.3 
3 Vae assemble & leak check lot 1 50. 00 eu 0. 1 2 16.0 32 HU 35.92 1.1 1.2 
4 Instal lat ion ali gnment 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 
5 Mech ins tall / test/debug lot 1 50.00 eu 0.1 2 16.0 32 HU 35.92 1.1 1.2 
6 El ee ins tal lati on 0 0.00 0. 0 1 16.0 16 IEL 62 .85 1.0 1.0 

** Subtotal·· 
0.6 176 6.8 7.4 

*. YBS : 1. 2.1 . 2. 5. 1. 7 Beam Di agnos ti c Dev ice 
1 Linear drive mecn(VGassy) ea 3000.00 cp 3.0 0 0.0 0 0.00 0.0 3.0 
2 Mods for water cooti ng ea 200.00 eu 0.2 1 20 .0 20 HS 37.73 0.8 1.0 
3 In- vac parts fab lo t 1000. 00 eu 1.0 1 80 .0 80 HS 37.73 3.0 4.0 
4 Brazing & we ld ing assy ea 200.00 A91 0.2 1 20. 0 20 HS 37.73 0.8 1.0 
5 Phosphor coat ing ea 500.00 eu 0.5 0 0.0 0 0. 00 0.0 0.5 

** Subtotal ** 
4.9 120 4.5 9.4 

•• WBS : 1.2. 1.2.5. 1.8 Coll imati ng Spoo l 
1 Spool piece ea 1 1250.00 A91 1.2 1 8.0 8 HU 35 .92 0.3 1.5 
2 Mise fl anges, UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
3 Lead shie ld ing & mounting lot 1 500. 00 eu 0. 5 1 40.0 40 HS 37.73 1. 5 2. 0 

** Subtota l ** 
2. 2 48 1.8 4. 0 

•• ~BS: 1.2. 1.2. 5. 1.9 Bell ows 
1 Uctdcd bellows assy ea 3000.00 A91 3.0 1 4.0 4 MS 37. 73 0.2 3.2 
2 Blank fl anges ,gaskets , etc lot 300.00 cp 0.3 0 0.0 0 0. 00 0.0 0.3 
3 Inspec ti on , cleani ng ,bake •• 50.00 eu 0.1 1 4.0 4 HU 35 .92 0. 1 0.2 

** Subtotal ** 
3.3 8 0.3 3.6 

** I./BS: 1. 2.1. 2. 5.1.1 0 Ti tanium Sublimation Pump 
1 TSP pump spoo l pieee eo 1 2700.00 A91 2.7 0 0. 0 0 0.00 0.0 2.7 
2 TSP f ilaments&control ler eo 1 3500.00 eu 3.5 1 8.0 8 EI 33.00 0.3 3.8 
3 Flanges ,& UHV hardwa re lot 1 500 . 00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 Support post, mise hardwr lot 1 1500.00 eu 1.5 1 20.0 20 HS 37.73 0.8 2.3 
5 Struts & hardware eo 6 500.00 A91 3.0 6 8.0 48 HU 35 .92 1.7 4. 7 
6 Mise eKtrusns, mounts , etc lot 1 1000.00 eu 1.0 1 20 .0 20 HS 37 .73 0.8 1.8 

** Subtota l ** 
12 .2 96 3.5 15.7 

** I./BS : 1. 2.1.2 .5 .1. 11 Iso lat ion Val ve 
1 Va lve & cont rl lr proc. e. 1 15000.00 vq 15 .0 0 0.0 0 0.00 0.0 15.0 
2 Preli m assembl & tes t eo 1 50.00 eu 0.1 1 8.0 8 HU 35.92 0.3 0.3 
3 Inspectt on,c leaning,etc. lot 1 50. 00 eu 0.1 1 4. 0 4 MU 35.92 0. 1 0.2 
4 Cables & connectors lot 1 200 .00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
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5 Btank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 
•• Subtotal ** 

15.7 14 0.5 16.2 

** ~8S: 1.2.1.2.5.2.1 Feb/Buy Mech Parts & Subassy's 
1 Mirror polishing ea 1 20300.00 A91 20.3 0 0.0 0 0.00 0.0 20.3 
2 Optical coating ea 1 1000.00 A88 1.0 0 0.0 0 0.00 0.0 1.0 
3 Substrate parts machining lot 1 3000.00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
4 Substrate brzng/leak chk ea 1 200.00 eu 0.2 1 20.0 20 HU 35.92 0.7 0.9 
5 Braze & leak chk fixtures ea 1 200.00 A91 0.2 1 40.0 40 HU 35.92 1.4 1.6 
6 UHV mirrr in-vae mountfng ea 1 1000.00 eu 1.0 1 120.0 120 MS 37.73 4.5 5.5 
7 Mirror positioning mech ea 1 1000.00 eu 1.0 1 SO.O SO MS 37.73 3.0 4.0 
B Mirror shippng crate/mnt ea 1 800.00 A91 0.8 0 32.0 o HS 37.73 0.0 0.8 
9 Mise UHV flanges/hardware lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Bellows/conflat ass'y ea 1 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
l' Tube/joystick ass'y ea 1 200.00 A86 0.2 1 60.0 60 MS 37.73 2.3 2.5 
12 Masks: parts & machining ea 4 3000.00 A91 12.0 0 0.0 0 0.00 0.0 12.0 
13 Hasks:Braze & weld assy ea 4 200.00 A91 0.8 4 40.0 160 HU 35.92 5.7 6.5 
14 lead shielding ea 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 

** Subtotal .. 
44.5 520 19.1 63.6 

t* UBS: 1.2.1.2.5.2.2 fab/Buy Electrical and Controls 
1 Stepper/encoder/limits ea 3 2500.00 eu 7.5 3 20.0 60 MS 37.73 2.3 9.8 
2 Driver/encoder cables ea 3 200.00 eu 0.6 3 16.0 48 EI 33.00 1.6 2.2 
3 Flow switch & interlocks eo 1 400.00 eu 0.4 1 4.0 4 EI 33.00 0.1 0.5 
4 Module, VME, RS232,B-port ea 1 800.00 eu 0.8 1 16.0 16 EI 33.00 0.5 1.3 
5 Cable, RS232 eo 3 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Glow discharg optcl clean ea 1 10000.00 eu 10.0 1 40.0 40 EI 33.00 1.3 11.3 

** Subtota l ** 
19.5 168 5.8 25.3 

** UBS: 1.2.1.2.5. 2.3 Fab/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber ea 1 10000.00 A91 10.0 0 0.0 0 0.00 0.0 10.0 
2 Downstream mask chamber ea 1 2500.00 cp 2.5 0 0.0 0 0.00 0.0 2.5 
3 Misc. fLanges/UHV hardwre lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Roughing valve ea 2 650.00 cp 1.3 0 0.0 0 0.00 0.0 1.3 
5 Mounting struts/hardware ea 2 500.00 A91 1.0 2 8.0 16 HS 37.73 0.6 1.6 
6 Motorized struts/hardware ea 4 1000.00 eu 4.0 4 16.0 64 MS 37.73 2.4 6.4 
7 Support posts ea 1 1500.00 A91 1.5 1 40.0 40 MS 37.73 1.5 3.0 
8 Pump welded bellws assy ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Bellws inspect/clean/bake ea 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 

** Subtotal ** 
25.4 124 4.7 30.0 

** \,ISS: 1.2.1.2.5.2.4 Vacuum Pumping, Gauges , Controllers , P.S. 
1 Ion pump, 400 lIs ea 1 7500.00 A91 7.5 1 8.0 8 MU 35.92 0.3 7.8 
2 Ion pump controLler ea 1 2500.00 A91 2.5 1 8.0 8 EI 33 .00 0.3 2.8 
3 Ion pump cable,bakeabLe eo 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable,3m cntrller ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controLs ea 1 3500.00 A91 3.5 1 8.0 8 MU 35.92 0.3 3.8 
6 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 8.0 8 EI 33.00 0.3 0.5 
7 Junction box,IG cable ea 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Interlock cable e. 1 100.00 cu 0.1 0 0.0 0 0.00 0.0 0.1 

** Subtotal ** 
14.5 32 1.1 15.6 

u \,ISS: 1.2.1.2.5.2.5 Asserrble, Bakeout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 MS 37.73 4.5 5.0 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 MU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Misc tools/fixtrs/cart ea 1 1000.00 eu 1.0 1 80 .0 SO MS 37.73 3.0 4.0 

** Subtota l ** 
2.0 352 13.0 15.0 
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•• WBS: 1.2.1.2.5.2.6 Installation 
, lew hardware/connections lot I 300.00 eu 0.3 I 16.0 16 HU 35.92 0.6 0.9 
2 Transport/on-site setup lot I 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
3 Vae assemble & leak check lot I 50.00 eu O. I I 20.0 20 HU 35.92 0.7 0.8 
4 Installation alignment 0 0.00 0.0 2 32.0 64HU 35.92 2.3 2.3 
5 Mech install/test/debug lot 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
6 Elee installation 0 0.00 0.0 I 20.0 20 IEL 62.85 1.3 1.3 

** Subtotal ** 
1.1 232 8.9 9.9 

•• WBS: 1.2.1.2.5.2.7 Bellows 
1 Welded bellows assy e. 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
2 Blank flnges,gskts,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspct,clean,prelim bake e • 2 50.00 eu 0.1 2 4.0 8 HU 35.92 0.3 0.4 

.. Subtotal ** 
4.7 8 0.3 5.0 

** WBS: 1,2.1.2.5.2.8 Collimating Spool 
1 Spool piece e. 1 2000.00 A91 2.0 8.0 8 HU 35.92 0.3 2.3 
2 Mise fLanges & UHV hrdwre ea 1 500.00 eu 0.5 8.0 8 HS 37.73 0.3 0.8 
3 Lead shielding/mounti ng e. 1 500.00 eu 0.5 40.0 40 HS 37.73 1.5 2.0 

** Subtota l .-
3.0 56 2. I 5. I 

•• WBS: 1.2.1.2.5.2.9 Isolation Valve 
1 Valve & contrllr proc. e. I 15000.00 A91 15.0 1 8.0 8 HU 35.92 0.3 15.3 
2 Prelim assmble & test ea I 50.00 eu O. I I 4.0 4HU 35.92 o. I 0.2 
3 Inspect,clean, etc e. I 50.00 eu O. I I 4.0 4 HU 35.92 O. I 0.2 
4 Cables & connectors lot I 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtotal .-
15.7 18 0.6 16.3 

** YBS: 1.2.1.2.5.3.1 Fab/Buy Mech Parts & Subassy1s 
1 Mirror polishing e. 1 20300.00 A91 20.3 0 0.0 0 0.00 0.0 20.3 
2 Optical coating ea 1 1000.00 A88 1.0 0 0.0 0 0.00 0.0 1.0 
3 Substrate parts machining lot 1 3000.00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
4 Substrate brzng/leak chk e. 1 200.00 eu 0.2 1 40.0 40 HU 35.92 1.4 1.6 
5 Braze & leak chk fixtures ea 1 200.00 A91 0.2 1 40.0 40 HU 35.92 1.4 1.6 
6 UHV mirrr in-vac mounting ea 1 1000.00 eu 1.0 1 120.0 120 HS 37.73 4.5 5.5 
7 Mirror positioning mech e. 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
8 Mirror shippng crate/mnt e. 1 BOO.OO A91 0.8 1 32.0 32 HS 37.73 1.2 2.0 
9 Mise UHV flanges/hardware lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Bellows/conflat ass'Y e. 1 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
11 Tube/joystick ass1y e. 1 200.00 A86 0.2 1 60.0 60 HS 37.73 2.3 2.5 
12 Masks: parts & machining ea 4 3000.00 A91 12.0 0 0.0 0 0.00 0.0 12.0 
13 Masks:Braze & weld assy e. 4 200.00 A91 0.8 4 40.0 160 HU 35.92 5.7 6.5 
14 lead shielding •• 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 

** Subtotal ** 
44.5 572 21.1 65.6 

** YBS: 1.2.1.2.5.3.2 Fab/Buy Electrical and Controls 
1 Stepper/encoder/l imits e. 3 2500.00 eu 7.5 3 20.0 60 HS 37.73 2.3 9.8 
2 Driver/encoder cables ea 3 200.00 eu 0.6 3 16.0 48 EI 33.00 1.6 2.2 
3 Flow switch & interlocks ea 1 400.00 eu 0.4 1 4.0 4 EI 33.00 0.1 0.5 
4 Module, VME, RS232,B-port ea 1 800 .00 eu 0.8 1 16.0 16 EI 33.00 0.5 1.3 
5 Cable, RS232 e. 3 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Glow discharg optcl clean ea 1 10000.00 eu 10 .0 1 40.0 40 EI 33.00 1.3 11.3 

** Subtotal ** 
19 .5 168 5.8 25.3 

** \ISS: 1.2.1.2.5.3.3 Fab/Buy Vacuum Chamber & supports 
1 Custom vacuum chamber e. 1 10000.00 A91 10.0 0 0.0 0 0.00 0.0 10.0 
3 Misc. flanges/UHV hardwre lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Roughing valve e. 2 650.00 cp 1.3 0 0.0 0 0.00 0.0 1.3 
5 Mounting struts/hardware e. 3 500.00 A91 1.5 3 8.0 24 HS 37.73 0.9 2.4 
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6 Motorized struts/hardware ea 3 1000.00 eu 3.0 3 16.0 48 MS 37-13 1.8 4.8 
7 Support posts ea 1 1500.00 A91 1.5 1 40.0 40 MS 37.73 1.5 3.0 
8 Pump welded bellw. a •• y ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Bellws inspect/clean/bake ea 1 50.00 eu 0.1 1 4.0 4HU 35.92 0.1 0.2 

** Subtotal ** 
22.4 116 4.4 26.7 

•• ~BS: 1.2.1.2.5.3.4 Vacuum Pumping, Gauges, Controllers , P.S. 
1 Ion pump. 400 l/. ea 1 7500.00 A91 7.5 1 8.0 8 MU 35.92 0.3 7.8 
2 Jon pump control ler ea 1 2500.00 .91 2.5 1 8.0 8 EI 33.00 0.3 2.8 
3 Ion pI..Ill) cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable,3m cntrller es 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controls ea 1 3500 .00 A91 3.5 1 8.0 8 MU 35.92 0.3 3.8 
6 Ion gauge cable, bakeeble ea 1 250 .00 cp 0.2 1 8.0 8 EI 33.00 0.3 0.5 
7 Junction box,IG cable eo 1 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
9 lOW O.1deg temp cntrttr ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 

** Subtota 1 ** 
16.4 32 1.1 17.6 

** WBS: 1.2.1 .2.5 .3.5 Asserrble, Bakeout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 MS 37.73 4.5 5.0 
2 8akeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
4 Mise tools/fixtrs/cart ea 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 *. Subtotal ** 

2.0 352 13.0 15.0 

** WBS: 1.2.1.2.5.3.6 Installation 
1 ley hardware/connections lot 1 300.00 eu 0.3 1 16.0 16 HU 35.92 0.6 0.9 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 1 20.0 20 HU 35.92 0.7 0.8 
4 Installation alignment 0 0.00 0.0 2 32.0 64HU 35.92 2.3 2.3 
5 Mech install/test/debug lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
6 flee ins tallation 0 0.00 0.0 1 20.0 20 IEl 62.85 1.3 1.3 

** Subtotal·· 
1.1 232 8.9 9.9 

•• ~BS: 1.2.1 .2.5.3.7 Bellows 
1 Welded bellows assy ea 2 4000.00 .91 8.0 0 0.0 0 0.00 0.0 8.0 
2 Blank flnges,gskts,etc lot 2 300 .00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspct,clean,prelim bake ea 2 50.00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.4 

** Subtotal .* 
8.7 8 0.3 9.0 

.. was: 1.2.1.2.5.3.8 Collimating Spool 
1 Spool piece ea 1 1000.00 A91 1.0 8.0 8 MU 35.92 0.3 1.3 
2 Supprt post&mountng hrdwr ea 1 1000.00 eu 1.0 20.0 20 HS 37.73 0.8 1.8 

.. Subtotal ** 
2.0 28 1.0 3.0 

•• ~BS: 1.2.1.2.5.3.9 Isolation Valve 
1 Valve & contrllr proc. ea 1 15000.00 .91 15.0 1 8.0 8HU 35.92 0.3 15.3 
2 Prelim assmble & test ea 1 50 .00 eu 0. 1 1 4.0 4HU 35.92 0.1 0.2 
3 Inspect,clean, etc ea 1 50.00 eu 0.1 1 4.0 4HU 35 .92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

.. Subtotal .* 
15.7 18 0.6 16.3 

.. \l8S: 1.2.1.2.5.5.1.1 Bellows 
1 welded bellows assy ea 2 2500.00 A91 5.0 2 4.0 8 MS 37.73 0.3 5.3 
2 Blank flanges,gaskets,etc lot 2 300 .00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspection,cleaning,bake ea 2 50.00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.4 
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** subtotal ** 
5.7 16 0.6 6.3 

•• ~S: 1.2.1.2.5.5.1.2 Slit Mechanical Assembly 
1 Flanges & flexure plate ea 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
2 Cf feedthrus for elctncs ea 4 200.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 Viewports & mirrors ea 2 200.00 eu 0.4 2 8.0 16 HS 37.73 0.6 1.0 
4 Brazing & fixtures ea 1 100.00 eu 0.1 1 20.0 20 HU 35.92 0.7 0.8 
5 Feedthrus • welding ea 1 50.00 eu 0.1 1 8.0 8 HS 37.73 0.3 0.4 
6 Blades fab/buy ea 2 5000.00 eu 10.0 0 0.0 0 0.00 0.0 10 .0 
7 lC\l hardware ea 1 100.00 eu 0.1 1 8.0 8HU 35_92 0.3 0.4 
8 Micrometer mech ea 1 1000.00 eu 1.0 1 20.0 20 HS 37.73 0.8 1.8 
9 Outside vae mntng hrdware lot 1 500.00 eu6 0.5 1 20.0 20 HS 37.73 0.8 1.3 

10 Blade alignment fixtures lot 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
** Subtotal ** 

14.1 192 7.2 21.3 

•• ~BS: 1.2.1.2.5.5.1.3 Support Systems 
1 Slit assy mntng hardwre ea 6 1000.00 eu 6.0 6 8.0 48 HS 37.73 1.8 7.8 
2 Support post & hardware ea 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 
3 Struts & mntng hardwre ea 6 500.00 eu 3.0 6 8.0 48 HS 37.73 1.8 4.8 
4 Support post & hardware ea 1 300.00 eu 0.3 I 20.0 20 HS 37.73 0.8 1.1 

*. Subtotal·· 
9.8 156 5.9 15.7 

.* USS: 1.2.1.2.5.5.1.4 Spools 
1 Diagnostic spool piece ea 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
2 Collmtng spool piece ea 1250.00 A91 1.2 I 8.0 8HU 35.92 0.3 1.5 
3 Mise flanges & UHV hardwr lot 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 lead shfelding & mounting ea 500.00 eu 0.5 1 40_0 40 HS 37.73 1.5 2.0 

** Subtotal·· 
4.2 48 1.8 6.0 

•• YBS: 1.2.1.2.5.5.1.5 Vaculfll System 
1 Ion pump 120 lIs ea 1 4000.00 A91 4.0 1 4.0 4 HU 35.92 0.1 4.1 
2 Ion pump controller ea 1 1600.00 A91 1.6 I 4.0 4 EI 33.00 0.1 1.7 
3 Ion pump cable, bakeable ea 1 250.00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE·48 cable, 3m cntrllr ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4 HU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junet i on box, IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 O. I 

** Subtotal·· 
11.3 20 0.7 12.0 

•• ~BS: 1.2.1.2.5.5.1.6 Isolation Valve 
1 Valve & controller proc ea 1 10000.00 vq 10 .0 0 0.0 0 0.00 0.0 10.0 
2 Prel im assenble & test ea 1 50.00 eu 0.1 1 8.0 8 HU 35.92 0.3 0.3 
3 Inspect,clean,etc ea I 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 
4 Cables & connectors ea I 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

. •• Subtotal·· 
10.7 14 0.5 11.2 

•• ~BS: 1.2.1.2.5.5.1.7 Assenble and Test 
1 Assemble & test ea 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
2 8akeout & UHV qualify ea 1 500.00 eu 0.5 2 40.0 80 HU 35 .92 2.9 3.4 
3 Survey & calibrate 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
4 Mise tools, fixtures, cart lot I 500.00 euS 0.5 1 40.0 40 HS 37.73 1.5 2.0 

•• Subtotal·· 
1.5 232 8.4 9.9 

.. U8S: 1.2.1.2.5.5.1.8 Install and Align 
1 leu hardware & cnnections lot 1 300.00 euS 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport & onsite setup ea 1 200 .00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
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3 Vae assmble & leak check ea 1 50.00 eu8 0.1 2 20. 0 40 MU 35.92 1.4 1.5 
4 Installation alignment 0 0.00 0.0 2 32.0 64 MU 35.92 2.3 2.3 
5 Hech ins tall/test/debug lot 1 500.00 eu 0.5 2 20.0 40 MU 35.92 1.4 1.9 
6 Elec ins tallation 0 0.00 0.0 1 20.0 20 IEL 62.85 1.3 1.3 

*'" Subtotal ** 
1.1 212 8.2 9.2 

•• WBS: 1.2.1 . 2.5.5 . 2. 1 Bellows 
1 Welded bellows assy ea 2 2500 .00 A91 5.0 2 4.0 8 HS 37.73 0.3 5.3 
2 Blank flanges & gaskets lot 2 300 .00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspect,clean,bakeout ea 2 50 . 00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.4 

** Subtotal ** 
5.7 16 0.6 6.3 

** YBS: 1.2.1.2.5.5.2.2 Gratings 
1 Brazed substrate parts ea 3 3500 .00 A91 10.5 0 0.0 0 0.00 0.0 10.5 
2 Substrate brazing ,welding ea 3 200.00 A91 0.6 3 20.0 60 MU 35.92 2.2 2.8 
3 Mise l eak & flow tests ea 3 100.00 A91 0.3 3 8.0 24 HU 35.92 0.9 1.2 
4 Pol ishing ea 3 20000 . 00 A91 60.0 0 0.0 0 0.00 0.0 60.0 
5 Rul ing ea 3 15000.00 eu 45 .0 0 0.0 0 0.00 0.0 45.0 
6 Optical coat i ngs ea 3 1000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
7 Shipping & handling ea 3 200.00 eu 0.6 4 4.0 16 MU 35.92 0.6 1. 2 

** Subtotal ** 
120.0 100 3.6 123.6 

•• WBS: 1.2 . 1.2 .5.5.2.3 Grating Mechanical Assembly 
1 Invac mounting hardware ea 1 20000 .00 eu 20.0 1 800.0 800 HS 37.73 30.2 50 . 2 
2 Scan drive mechani sm ea 1 5000 .00 eu 5.0 1 200.0 200 HS 37.73 7.5 12.5 
3 Sl ide ea 1 20000.00 A87 20 .0 0 0.0 0 0.00 0.0 20.0 
4 Grating intrchnge actuatr ea 1 2000.00 A87 2.0 1 80.0 80 HS 37.73 3.0 5.0 
5 Alignmnt manipulator ea 1 2000 .00 A87 2.0 1 80.0 80 HS 37.73 3.0 5.0 

** Subtotal ** 
49.0 1160 43.8 92.8 

•• was: 1.2.1.2.5.5.2. 4 Mask & VBDA 
1 Blade mechanism ea 2 1000.00 eu 2.0 2 80.0 160 HS 37.73 6.0 8.0 
2 Vacuum housing ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
3 Manual actuator/micometer ea 2 1500. 00 eu 3.0 2 20.0 40 HS 37.73 1.5 4.5 
4 LC~ hardware ea 1 500.00 cp 0.5 1 20.0 20 HS 37 . 73 0.8 1.3 
5 Mi sc parts & tools lot 1 1000.00 eu 1.0 1 40.0 40 HS 37 . 73 1.5 2.5 

.. Subtotal ** 
8.5 260 9.8 18.3 

** WSS: 1.2.1.2.5.5.2.5 Electri ca l & Control s 
1 Scan drive el ectronics ea 1 40000.00 A87 40 .0 0 0.0 0 0.00 0.0 40.0 
2 Interferometer pos iti onng ea 1 25000.00 AS7 25 .0 0 0.0 0 0. 00 0.0 25.0 
3 Glow dschrge optcl cleang ea 1 10000.00 eu 10 .0 1 16.0 16 El 33 . 00 0.5 10.5 

** Subtotal ** 
75.0 16 0.5 75 . 5 

** WSS: 1.2.1. 2 .5.5 .2. 6 VaculITl Sys tem 
1 Ion purp 400 lIs ea 1 7500.00 A91 7.5 1 4.0 4 MU 35 .92 0. 1 7.6 
2 Ion pump heater ea 1 1000.00 A91 1.0 1 4.0 4 EI 33.00 0.1 1.1 
3 Ion pump controll er ea 1 2500.00 A91 2.5 1 4.0 4 EI 33.00 0.1 2.6 
4 Ion pump cable , bakeable ea 1 250.00 A91 0.2 0 0.0 0 0. 00 0.0 0.2 
5 IEEE-48 cabl e , 3 meter ea 1 150.00 cp 0. 1 0 0.0 0 0.00 0.0 0.1 
6 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
7 Ion gauge & controls ea 1 3500 .00 A91 3.5 1 4.0 4 HU 35.92 0.1 3.6 
8 Ion gauge cabte,bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
9 Junction box, IG cable ea 1 200 . 00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 

10 Interlock cable ea 1 100 . 00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
11 TSP pump spool piece ea 1 3000.00 A91 3.0 0 0.0- 0 0.00 0.0 3.0 
12 TSP filaments/controller ea 1 3500.00 eu 3.5 1 8.0 8 EI 33.00 0.3 3.8 
13 Flanges & UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
14 Support stand misc hardwr ea 1 500.00 eu 0.5 1 20.0 20 HS 37.73 0.8 1.3 
15 Pump welded bellws assy ea 1 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
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16 Bellows inspect,clean,ba~ ea 50.00 eu 0.1 4.0 4 HU 35.92 0.1 0.2 
17 Misc extrusions,mounting lot 1000.00 eu 1.0 20.0 20 HS 37. 73 0.8 1.8 

'** Subtotal ** 
27.8 76 2.7 30. 5 

•• UBS: 1.2.1 .2.5.5.2.7 Support Systems 
1 Grating chamber ea 1 40000.00 A88 40.0 1 800.0 800 HS 37.73 30.2 70.2 
2 Struts & mounting hardwre ea 6 1000.00 eu 6.0 6 8.0 48 HS 37.73 1.8 7.8 
3 Support stand & hardware ea 1 2000.00 eu 2.0 1 80.0 80 HS 37.73 3.0 5.0 
4 Misc blan~-off flanges lot 8 500.00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
5 Misc UHV tools,parts,etc lot 1 2500.00 eu 2.5 1 40.0 40 HS 37.73 1.5 4.0 

** Subtotal ** 
54.5 968 36.5 91.0 

•• UBS: 1.2.1.2.5 .5.2.8 Assembl e & Test 
1 Assemble grating BOA eo 1 500.00 eu 0.5 2 80.0 160 HS 37.73 6.0 6.5 
2 Assemble grating mounting ea 1 500.00 A88 0.5 2 80.0 160 HS 37.73 6.0 6.5 
3 Assemble drive mechani sm eo 1 500.00 A88 0.5 2 80.0 160 HS 37.73 6.0 6.5 
4 Assemble grating chamber eo 1 500.00 A88 0.5 2 80 .0 160 HS 37.73 6.0 6.5 
5 Bakeout & UHV qualify ea 1 500.00 eu 0.5 2 80.0 160 HU 35.92 5.7 6.2 
6 Survey/calibration 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
7 Misc tools ,fixtures,cart lot 1 1000.00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 

'** Subtotal ** 
3.5 872 32 .6 36.1 

•• UBS: 1.2. 1.2.5.5.2.9 Ins tall & Align 
1 lCW hardware & connctions ea 1 300.00 eu 0.3 1 16.0 16 HU 35 .92 0.6 0.9 
2 Transport & onsite setup ea 1 500.00 eu 0.5 2 40.0 80 HU 35 .92 2.9 3.4 
3 Vac assemble & leakcheck ea 1 50.00 eu 0. 1 2 40.0 80 HU 35.92 2.9 2.9 
4 Installation alignment 0 0.00 0.0 2 40.0 80 HU 35.92 2.9 2.9 
5 Mech install,test,debug ea 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
6 Electrical installation 0 0.00 0.0 1 40.0 40 IEL 62 .85 2.5 2.5 

** Subtotal ** 
1.4 376 14.6 15.9 

** YBS: 1.2 . 1.2.5.5.3.1 Bellows 
1 Yelded bel l ows BS Sy ea 2 8000.00 A86 16.0 2 4.0 8 HS 37.73 0.3 16.3 
2 Inspection, cLeaning,bake ea 2 50.00 eu 0.1 2 4.0 8 HU 35.92 0.3 0.4 
3 Anti-sag supports ea 2 1000 .00 eu 2.0 2 60.0 120 HS 37.73 4.5 6.5 

** Subtotal ** 
18 . 1 136 5.1 23.2 

•• UBS: 1.2 . 1.2.5.5.3.2 isolati on Valves 
1 Valve & controller proc. ea 2 10000.00 vq 20.0 0 0.0 0 0.00 0.0 20 .0 
2 PreLim assemble & test lot 2 50.00 eu 0. 1 2 8.0 16 HU 35.92 0.6 0.7 
3 Inspection, clean,bake l ot 2 50 .00 eu 0. 1 2 4.0 8 HU 35.92 0.3 0.4 
4 Cables & connectors lot 2 200.00 eu 0.4 2 2.0 4 EI 33 .00 0. 1 0.5 
5 Blank fl anges & hardware lot 4 200 .00 eu 0.8 0 0.0 0 0.00 0.0 0.8 

** Subtotal ** 
·21.4 28 1.0 22.4 

** UB S: 1.2.1.2.5.5 . 3. 3 Vacuun System 
1 Ion pump 60 lis eo 1 2700.00 A91 2.7 1 4.0 4HU 35.92 0. 1 2.8 
2 Ion pump controller eo 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Ion pump cable,bakeabLe eo 1 250 .00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 iEEE-48 cable, 3 m eo 1 150 .00 cp 0. 1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve eo 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & control s eo 1 3500 .00 A91 3.5 1 4.0 4HU 35.92 0. 1 3.6 
7 Ion gauge cable, bakeabLe ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0. 1 0.4 
8 Juncti on box, IG cable eo 1 200 . 00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable eo , 100.00 eu 0. 1 0 0.0 0 0.00 0.0 0.1 

10 Spool pieces eo 3 2000 .00 eu 6.0 0 0.0 0 0.00 0.0 6.0 
** Subtotal ** 

16.0 20 0.7 16 .7 
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•• WBS: 1.2.1.2.5.5.3.4 Slit Mechanical Assembly 
1 Flanges & flexure plate ea 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
2 CF feed-thrus for elctncs ea 4 200.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 Viewports & mirrors ea 2 200.00 eu 0.4 2 8.0 16 HS 37.73 0.6 1.0 
4 Brazing & fixtures ea 1 100.00 eu 0.1 1 20.0 20 HU 35.92 0.7 0.8 
5 Feedthrus welding ea 1 50.00 eu 0.1 1 8.0 8 HS 37.73 0.3 0.4 
6 Blades fab/buy ea 2 200.00 eu 0.4 2 20.0 40 HS 37.73 1.5 1.9 
8 LCW hardware ea 1 100.00 eu 0.1 1 8.0 8 HU 35.92 0.3 0.4 
9 Micrometer mechanism ea 1 1000.00 eu 1.0 1 20.0 20 HS 37.73 0.8 1.8 

10 Outside vae mnting hardwr ea 1 500.00 eu 0.5 1 20.0 20 HS 37.73 0.8 1.3 
11 Blade alignment fixtures lot 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
12 Exit slit motion system ea 1 60000.00 A87 60.0 0 0.0 0 0.00 0.0 60.0 

** Subtotal ** 
64.5 232 8.7 73.3 

•• was: 1.2.1.2.5.5.3.5 Support Systems 
1 Slit assy mounting hardwr ea 6 1000.00 eu 6.0 6 8.0 48 HS 37.73 1.8 7.8 
2 Support post & hardware ea 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

** Subtotal .. 
7.0 88 3.3 10.3 

.* WBS: 1.2.1.2.5.5.3.6 Asserrble & Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
2 Bakeout & UHV qualify ea 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
4 Mise tools,fixtures,cart lot 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 

** Subtotal .-
1.5 312 11.3 12.8 

•• WBS: 1.2.1.2.5.5.3.7 Instal L & At ig" 
1 Transport & onsite setup lot 1 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
2 Vae assmble & leakcheck ea 1 50.00 eu 0.1 2 20.0 40 HU 35.92 1.4 1.5 
3 Installation alignment 0 0.00 0.0 2 32.0 64 HU 35.92 2.3 2.3 
4 Hcch install,test,debug ea 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
5 Electrical installation 0 0.00 0.0 1 20.0 20 lEL 62.85 1.3 1.3 

** Subtotal .* 
0.8 196 7.6 8.3 

** UBS: 1.2.1.2.5.8.1 Fab/Buy Mech Parts & Subassy1s 
1 linear device mech ea 1 4000.00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
2 Mods for water cooling ea 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
3 In-vac part fab. ea 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
4 Brazing & welding assy ea 1 200.00 A91 0.2 1 20.0 20 HS 37.73 0.8 1.0 
5 Detector,feedthru,phosphr ea 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 

.. Subtotal ** 
5.9 160 6.0 11.9 

•• WBS: 1.2.1.2.5.8.3 Fob/Buy Vacuum Chamber & Supports 
1 Spool piece .a 2 2000.00 eu 4.0 0 0.0 0 0.00 0.0 4.0 
2 Struts & Mounting hardwar ea 6 500.00 eu 3.0 6 8.0 48 HS 37.73 1.8 4.8 
3 Support post & hardware ea 1 300.00 eu 0.3 1 20.0 20 HS 37.73 0.8 1.1 
4 Mise flanges & feedthrus lot 1 2000.00 eu 2.0 1 20.0 20 HS 37.73 0.8 2.8 

"""" Subtotal ** 
9.3 88 3.3 12.6 

•• UBS: 1.2.1.2.5.8.4 Vacuum Pumping, Gauges , Controllers , P.S. 
1 Ion pLfl'P, 601/s ea 1 2700.00 A91 2.7 1 4.0 4 HU 35.92 0.1 2.8 
2 Ion pump controller ea 1 1600.00 A91 1.6 1 4.0 4 EI 33 .00 0.1 1.7 
3 Ion pump cable, bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 lEEE-488 cable, 3m eo 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 .91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & contrls ea 1 3500.00 A91 3.5 1 4.0 4HU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box, IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 InterlocK cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
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.. Subtotal .. 
10.0 20 0.7 10.7 

•• ~BS: 1.2.1.2.5.8.5 Asserrble, Bak.eout • Test 
, Assemble & test ea 2 500.00 eu 1.0 2 20.0 40 MS 37.73 1.5 2.5 
2 Bakeout & UHV qualify ea 2 500.00 eu 1.0 2 40.0 80 HS 37.73 3.0 4.0 
3 survey/calibration 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 

.. Subtotal .. 
2.0 152 5.7 7.7 

** ~BS: 1.2.1.2.5 .8.6 Installation 
1 Transport & on-site setup 0 0.00 0.0 2 4.0 8HU 35.92 0.3 0.3 
2 Vae assemble & leak check ee 1 100.00 eu 0.1 2 20.0 40 HU 35.92 1.4 1.5 
3 Mech install/test/debug ea 1 100.00 eu 0.1 2 20.0 40 HU 35.92 1.4 1.5 

u Subtotal ** 
0.2 88 3.2 3.4 

** ~BS: 1.2.1.2.5.9.1 Fab/Buy Hech Parts & Subassy's 
1 Hise machine shop effort lot 1 1000.00 eu 1.0 40.0 40 NS 37.73 1.5 2.5 
2 Mise mech tech & tools lot 1 1000.00 eu 1.0 40.0 40 HU 35.92 1.4 2.4 

** Subtota l ** 
2.0 80 2.9 4.9 

** U8S: 1.2.1.2.5 .9 .2 Feb/Buy Electrical and Controls 
1 Cables, valve actuation & lot 3 100.00 eu 0.3 3 4.0 12 EI 33.00 0.4 0.7 
2 X-connect blocks & frame ea 1 500.00 eu 0.5 1 24.0 24 EI 33.00 0.8 1.3 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 24.0 24 EI 33.00 0.8 1.4 
4 48 channel optc-isolators ea 1 700.00 cp 0.7 1 24.0 24 EI 33.00 0.8 1.5 
5 Cable trays, conduit, etc lot 1 2000.00 eu 2.0 1 120.0 120 IEl 62.85 7.5 9.5 
6 Double elec. rack ea 1 1300.00 cp 1.3 1 16.0 16 EI 33 .00 0.5 1.8 
7 BA panel 3 ph 30A ea 1 50.00 eu 0.1 1 16.0 16 EI 33.00 0.5 0.6 
8 Breaker panel ea 2 200.00 eu 0.4 2 2.0 4 EI 33.00 0.1 0.5 
9 Plug strip ea 2 20.00 eu 0.0 2 1.0 2 EI 33.00 0.1 0.1 

10 Rack fans ea 2 50.00 eu 0.1 2 2.0 4 EI 33.00 0.1 0.2 
11 Misc. hardware lot 1 1000.00 eu 1.0 1 40.0 40 EI 33.00 1.3 2.3 
12 Programmabl logic cntrllr ea 1 8000.00 eu 8.0 1 40.0 40 CP 59.40 2.4 10.4 
13 PlC Cabling ea 1 500.00 eu 0.5 1 20.0 20 EI 33.00 0.7 1.2 
14 Operator Console ea 1 8000.00 eu 8.0 0 0.0 0 0.00 0.0 8.0 
15 Branch line device server 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
16 VHE crate w/power spply ea 1 3000.00 cp 3.0 1 0.0 0 0.00 0.0 3.0 
17 VME processor ea 1 3500.00 cp 3.5 0 40.0 o CP 59.40 0.0 3.5 
18 IEEE-48 module ea 1 800.00 cp 0.8 0 0.0 0 0.00 0.0 0.8 
19 Real time O/S ea 1 500.00 cp 0.5 0 0.0 0 0.00 0.0 0.5 
20 Network interface 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
21 Ethernet router ea 1 2000.00 eu 2.0 1 20.0 20 EI 33.00 0.7 2.7 
22 Ethernet distribution ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
23 Cables, thicknet ea 5 200.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
24 Display/control station 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
25 Display station ea 1 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
26 Display software ea 1 3000.00 eu 3.0 1 40.0 40 CP 59.40 2.4 5.4 
27 TV display controls 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
28 TV monitor ea 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
29 TV patch panel ea 1 200.00 eu 0.2 1 20.0 20 EI 33.00 0.7 0.9 
30 TV scamer CD 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
31 TV camera ea 6 500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
32 Cabl ing, patch ea 6 20.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
33 24VDC power distribution 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
34 24VDC power supply ea 1 2000.00 eu 2.0 1 20.0 20 EI 33.00 0.7 2.7 
35 24VDC distribution ea 1 2000.00 eu 2.0 1 40.0 40 EI 33.00 1.3 3.3 

.. Subtotal ** 
58.1 486 21.7 79.8 

•• YBS: 1.2.1.2.5.9.3 Fab/Buy Vacuum Chamber & Supports 
1 Mise flanges,viewprts,etc lot 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Roughing valve ea 4 650.00 cp 2.6 0 0.0 0 0.00 0.0 2.6 
3 Misc. unistrut/hardware lot 1 500 . 00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 
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u Subtotal ** 
6. 1 40 1.4 7.5 

** \lSS: 1.2.1.2.5.9.5 Asserrble, Bakeout, Test 
1 Mise assemble & test ea 1 1000.00 eu 1.0 2 SO.O 160 MU 35.92 5.7 6.7 
2 Mise bakeout/UHV qualffy lot 1 1000.00 eu 1.0 2 SO.O 160 MU 35.92 5.7 6.7 
3 Survey/calibration a 0.00 0.0 3 32.0 96 MU 35.92 3.4 3.4 

** Subtotal·· 
2.0 416 14.9 16.9 

** WBS: 1.2.1.2.5.9.6 Installation 
1 Transport & on-site setup lot 1 100.00 eu 0.1 2 40.0 80 HU 35.92 2.9 3.0 
2 Vae assmble & leak checks lot 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
4 lead shielding installetn lot 1 200.00 eu 0.2 1 40.0 40 HU 35.92 1.4 1.6 
5 Installation alignment 0 0.00 0.0 3 32.0 96 HU 35.92 3.4 3.4 
6 Pneumatic service ea 1 1000.00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 
7 lew servi ce lot 1 1000.00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 
8 Hech install/test/debug lot 1 100.00 eu 0.1 2 40.0 SOMU 35.92 2.9 3.0 
9 Elec installation 0 0.00 0.0 1 40.0 40 IEl 62.85 2.5 2.5 

10 0 0.00 0.0 1 40.0 40 EI 33.00 1.3 1.3 
.* Subtotal ** 

2.9 536 20.2 23.1 

** WBS: 1.2.1.2.5.10 Branch line Safety Systems 
1 IlC & SBX ea 2 1500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Eurocard crate ea 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Key panel ea 1 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
4 Monitor lights panel ea 6 250.00 cp 1.5 0 0.0 0 0.00 0.0 1.5 
5 Push button panel ea 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
6 Breaker panel e. 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
7 Cables lot 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
8 Wiring assembly 0 0.00 0.0 1 80.0 80 EI 33.00 2.6 2.6 
9 Mise hardware & locks lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Elee installation 0 0.00 0.0 1 40.0 40 IEl 62.85 2.5 2.5 
** Subtotal ** 

7.4 120 5.2 12.6 

•• YBS: 1.2.1.2.5.11 Bend Magnet Branchline Delay Li ne 
1 50 Inch Translation Stage ea 1 50043.00 CP 50.0 0 0.0 0 0.00 0.0 50.0 
2 4 Inch Translation Stage ea 2 3449.00 EU 6.9 0 0.0 0 0.00 0.0 6.9 
33 Axis Stppr Mtr Contrllr ea 1 2999.00 CP 3.0 0 0.0 0 0.00 0.0 3.0 
4 Driver Card, 4 inch stage ea 2 846.00 CP 1.7 0 0.0 0 0.00 0.0 1.7 
5 Driver Card, SO inch stage ea 5 26.45 VQ 0.1 0 0.0 0 0.00 0.0 0.1 
6 6 Inch Copper Gaskets ea 2 26.45 VQ 0.1 0 0.0 0 0.00 0.0 0.1 
78 Inch Flange Bolt Kit e. 20 28.57 VQ 0.6 0 0.0 0 0.00 0.0 0.6 
8 8 Inch Copper Gaskets ea 10 38.09 VQ 0.4 0 0.0 0 0.00 0.0 0.4 
9 End Bel Lows e. 2 3650.00 EU 7.3 0 0.0 0 0.00 0.0 7.3 

10 Pressure Compnstd Bellows ea 2 4073.00 EU 8.1 0 0.0 0 0.00 0.0 8.1 
11 Straight Pipe, 6" 0.0. e. 2 1137.00 EU 2.3 0 0.0 0 0.00 0.0 2.3 
12 30 lIS Ion Pump e. 2 1878.00 CP 3.8 0 0.0 0 0.00 0.0 3.8 
13 60 lIS Ion Pump ea 2 3359.00 CP 6.7 0 0.0 0 0.00 0.0 6.7 
14 120V Heater e. 4 291.00 CP 1.2 0 0.0 0 0.00 0.0 1.2 
15 Pump Power Supply e. 4 2111.00 CP 8.4 0 0.0 0 0.00 0.0 8.4 
16 High Voltage Cable ea 4 391.00 CP 1.6 0 0.0 0 0.00 0.0 1.6 
17 Sci ssor Assy ea 4 10n.00 EU 4.3 0 0.0 0 0.00 0.0 4.3 
18 Center Gimbal Assy ea 1 60940.00 EU 60.9 0 0.0 0 0.00 0.0 60.9 
19 End Single Axis Gimbal e. I 30470.00 EU 30.5 0 0.0 0 0.00 0.0 30.5 
20 End Two Axis Gimbal ea 1 32586.00 EU 32.6 0 0.0 0 0.00 0.0 32.6 
21 Tubing Guide e. 2 2978.00 EU 6.0 0 0.0 0 0.00 0.0 6.0 
22 support Structure ea 1 15447.00 EU 15.4 0 0.0 0 0.00 0.0 15.4 
23 Mirror Cell ea 4 5290.00 EU 21.2 0 0.0 0 0.00 0.0 21.2 
24 Mirrors, MOl • Mo4 ea 4 9649.00 VQ 38.6 0 0.0 0 0.00 0.0 38.6 
25 Mirror Coating ea 4 5279.00 VQ 21. 1 0 0.0 0 0.00 0.0 21.1 
26 Asserrtlly 0 0.00 0.0 1 800.0 800 HT 27.85 22 .3 22.3 
27 0 0.00 0.0 1 120.0 120 HS 37.73 4.5 4.5 
28 Test 0 0.00 0.0 1 120.0 120 HT 27.85 3.3 3.3 
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29 Installation 0 0.00 0.0 160.0 160 MT 27.B5 4.5 4.5 
30 0 0.00 0.0 BO.O 80 IEL 62.B5 5.0 5.0 
31 0 0.00 0.0 120.0 120 EI 33.00 4.0 4.0 
32 At i gnment 0 0.00 0.0 120.0 120 MT 27.B5 3.3 3.3 

""* Subtotal ** 
332.7 1520 46.9 379.7 

** WBS: 1.2.1.2.5.12.1 Vertical Refocus Mirror 
1 Vertical Refocus Mirror eo 1 20000.00 eu 20.0 0 0.0 0 0.00 0.0 20.0 
2 Piezo·tranducer eo 1 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
3 Mirror mount ea 1 5000.00 eu 5.0 1 120.0 120 MS 37.73 4.5 9.5 
4 Vaculln vessel eo 1 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10 .0 
5 Stand eo 1 5000.00 eu 5.0 1 BO.O 80 MS 37.73 3.0 B.O 
6 Ion ~ 220 lIs . ea 1 7000.00 eu 7.0 1 B.O BMU 35.92 0.3 7.3 
7 Jon plIll) controller ea 1 2500.00 eu 2.5 1 B.O B EI 33.00 0.3 2.B 
8 Ion gauge ea 1 700.00 eu 0.7 1 B.O 8MU 35.92 0.3 1.0 
9 Ion gauge controller ea 1 2100.00 eu 2.1 1 8.0 8 EI 33.00 0.3 2.4 

10 ~orizontl deflectn mirror ea 2 2000.00 eu 4.0 0 0.0 0 0.00 0.0 4.0 
11 Mirror mount ea 1 5000.00 eu 5.0 1 120.0 120 MS 37.73 4.5 9.5 
12 Installation lot 1 200.00 eu 0.2 1 24.0 24 MU 35.92 0.9 1.1 

** Subtotal ** 
71.5 376 14.0 B5.5 

*. WBS: 1.2 .1.2.5.12.2 Diagnostic Systems 
1 Diagnostics ea 1 2000.00 eu 2.0 1 BO.O BO EI 33.00 2.6 4.6 
2 VaculJIl vessel ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
3 Stand ea 1 2000.00 eu 2.0 1 80.0 BO MS 37.73 3.0 5.0 
4 Ion pump 120 lIs ea 1 4500.00 eu 4.5 1 8.0 8MU 35.92 0.3 4.B 
5 Ion pump controller ea 1 2500.00 eu 2.5 1 8.0 8 EI 33.00 0.3 2.8 
6 Ion gauge ea 1 700.00 eu 0.7 1 8.0 8MU 35.92 0.3 1.0 
7 Installation lot 1 200.00 eu 0.2 1 24.0 24 HU 35.92 0.9 1.1 

*'II Subtotal ** 
13.9 208 7.4 21.3 

** WBS: 1.2.1.2.5.12.3 Seam Transport 
1 Bellows ea 4 1000.00 eu 4.0 4 16.0 64 HU 35.92 2.3 6.3 
2 Beam Pipe e. 4 500.00 eu 2.0 4 B.O 32 HU 35.92 1.1 3.1 
3 Isolation valves e. 3 5000.00 eu 15.0 3 16.0 4B HU 35.92 1.7 16.7 
4 Installation lot 1 200.00 eu 0.2 1 24.0 24 HU 35.92 0.9 1.1 

.. Subtota l *-
21.2 168 6.0 27.2 

.- UBS: 1.2.2 . 1.1 Ul0 Undulator EDI 
1 Engineering 0 0.00 0.0 1 4000.0 4000 HE 59.40 237.6 237.6 
2 Design 0 0.00 0.0 1 4000 .0 4000 HD 42.25 169.0 169.0 
3 S&e lot 1 16800.00 eu 16.B 0 0.0 0 0.00 0.0 16.8 

** Subtotal ** 
16.B BODO 406.6 423.4 

•• YBS: 1.2.2.1.2 U10 Front End EDI 
1 Design 0 0.00 0.0 1 2000.0 2000 HD 42.25 84.5 84.5 
2 S&E lot 1 3600.00 eu 3.6 0 0.0 0 0.00 0.0 3.6 

** Subtotal *. 
3.6 2000 84.5 88.1 

•• ~BS: 1.2.2.1.3 U10 Branchtine EDI 
1 Engineering 0 0.00 0.0 1 3100.0 3100 HE 59.40 184.1 184.1 
2 Design 0 0.00 0.0 1 9300.0 9300 HD 42 . 25 392.9 392.9 
3 S&E lot 1 35635.00 eu 35.6 0 0.0 0 0.00 0.0 35.6 

** Subtotal ** 
35.6 12400 577.1 612.7 

** WBS: 1.2.2.2.1.1.1 Magnetic Material 
t NDFE Blocks e. 1150 330.00 VO 379.5 0 0.0 0 0.00 0.0 379.5 
2 Gauges/Field Coils/Holdrs lot 1 315.00 EU 0.3 1 160.0 160 MU 35.92 5.7 6.1 
3 Measurement Prep 0 0.00 0.0 1 20.0 20 EH 33.00 0.7 0.7 
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4 0 0.00 0.0 20.0 20 EE 59.40 1.2 1.2 
5 Measurements LOT 1 105.00 EU 0.1 0 0.0 0 0.00 0.0 0.1 
6 3'Axfs H.C. Heas 0 0.00 0.0 1150 0.1 138 EM 33.00 4.6 4.6 
7 supervisfon 0 0.00 0.0 1 100.0 100 EE 59.40 5.9 5.9 

** Subtota L ** 
379.9 438 18.1 398.0 

** was: 1.2.2.2.1.1.3 Pole Assemblies 
1 Vanadium Permendur ea 198 120.20 A91 23.8 0 0.0 0 0.00 0.0 23.8 
2 Keepers ea 198 246.00 A91 48.7 0 0.0 0 0.00 0.0 48.7 
3 Keeper Inspection lot 1 1050.00 EU 1.1 198 0.8 148 MM 38.60 5.7 6.8 
4 Containers ea 198 15.75 EU 3.1 0 0.0 0 0.00 0.0 3.1 
5 Assy Fixtures ea 10 52.50 A82 0.5 12 30.0 360 MM 38.60 13.9 14.4 
6 Asseably ea 198 10.50 A82 2.1 198 6.0 1188 MM 38.60 45.9 47.9 
7 Pole Asserrbty Mounts ea 10 1414.00 A91 14.1 10 24 . 0 240 MM 38.60 9.3 23.4 

** Subtotal .* 
93.4 1936 74.7 168.2 

** WBS: · 1.2.2.2.1.1.4 End Pole Assemblies 
1 End Pole Keepers LOT 1 12157.00 A91 12.2 0 0.0 0 0.00 0.0 12.2 
2 NdFe Block Cutting 0 0.00 0.0 24 4.0 96 MS 37.73 3.6 3.6 
3 Assembly - Keepers 0 0.00 0.0 8 24.0 192 MA 38.60 7.4 7.4 
4 Rotator 0 0.00 0.0 8 32.0 256 MM 38.60 9.9 9.9 
5 Rotator 81oc~ Cutting 0 0.00 0.0 24 4.0 96 MS 37.73 3.6 3.6 
6 Assemble - Rotator 0 0.00 0.0 8 4.0 32 MA 38.60 1.2 1.2 
7 Rotator Linkage ea 8 105.00 EU 0.8 8 4.0 32 MM 38.60 1.2 2.1 
8 Manual Rotatr Drv ea 8 525.00 CP 4.2 8 16.0 128 MM 38.60 4.9 9.1 
9 0 0.00 0.0 8 4.0 32 HA 38.60 1.2 1.2 

10 End pole mounts/Levelers lot 1 7595.00 A91 7.6 0 0.0 0 0.00 0.0 7.6 
** Subtotal ** 

24.8 864 33.2 58.0 

** was : 1.2.2.2.1.1.5 Backing Beams 
1 Backing Beams (2) lot 74900.00 A91 74.9 1 50.0 50 HM 38.60 1.9 76.8 
2 Flux Shunt ea 6500.00 eu 6.5 1 206.0 206 MA 38.60 8.0 14.5 
3 Rigging Hardware lot 900.00 EU 0.9 1 80.0 80 MM 38.60 3.1 4.0 
4 Misc. lot 1000.00 eu 1.0 1 80.0 80 MA 38.60 3.1 4.1 
5 Shimes lot 100.00 eu 0.1 1 40.0 40 MM 38.60 1.5 1.6 
6 Adjusters/guides lot 9257.00 A91 9.3 0 0.0 0 0.00 0.0 9.3 

** Subtotal ** 
92.7 456 17.6 110.3 

** ~BS: 1.2.2.2.1.1.6 Magnet Structure Assembly 
1 Keeper Pole Mount Assembl ea 10 235.00 A91 2.4 10 60.0 600 MA 38.60 23.2 25.5 
2 End Pole Assembly 0 0.00 0.0 4 16.0 64 MH 38.60 2.5 2.5 
3 Pole Mount/Bckg Bm Assy e. 10 105.00 EU 1.1 10 48.0 480 MA 38.60 18.5 19.6 
4 Fiducial ;zing lot 1 105.00 EU 0.1 2 40.0 80 MA 38.60 3.1 3.2 
5 Interferometer Hardware lot 1 1000.00 eu 1.0 1 80.0 80 H" 38.60 3.1 4.1 

.** Subtota l ** 
4.5 1304 50.3 54 .8 

•• ~BS: 1.2.2.2.1.1.7 Magnetic Measurements: Mechanical 
1 Coil & Probe Mounts 0 0.00 0.0 1 40.0 40 HU 35.92 1.4 1.4 
2 Assembly Section Setup 0 0.00 0.0 12 12.0 144 MA 38.60 5.6 5.6 
3 Coi ls ea 2 105.00 eu 0.2 2 120.0 240 HU 35.92 8.6 8.8 
4 Gap Spacers 0 0.00 0.0 1 24.0 24 MU 35.92 0.9 0.9 
5 10 Setup lot 1 315.00 eu 0.3 1 160.0 160 MA 38 .60 6.2 6.5 

** SubtotaL ** 
0.5 608 22.7 23.2 

** ~8S: 1.2.2.2.1.1.8 Magnetic Measurements: Electrical 
1 Setup Assembly Sections 0 0.00 0.0 1 16.0 16 EE 59.40 1.0 1.0 
2 0 0.00 0.0 12 4.0 48 ES 33.00 1.6 1.6 
3 Data Acquire: Assy Sectns 0 0.00 0.0 12 3.0 36 EE 59. 40 2. 1 2.1 
4 0 0.00 0.0 12 8.0 96 ES 33.00 3.2 3.2 
5 Data Analysis:ASSY Sectns 0 0.00 0.0 1 80.0 80 EE 59.40 4.8 4.8 
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6 Cal ibrate NuLL Coil 0 0.00 0.0 20.0 20 EE 59.40 1.2 1.2 
7 0 0.00 0.0 20.0 20 ES 33.00 0.7 0.7 
8 Code Software Coil Paramt 0 0.00 0.0 8.0 8 CP 59.40 0.5 0.5 
9 0 0.00 0.0 8.0 8 EE 59.40 0.5 0.5 

10 10 Setup: Electronic 0 0.00 0.0 16.0 16 EE 59.40 1.0 1.0 
II 0 0.00 0.0 40.0 40 ES 33.00 1.3 1.3 
12 10 Setup: Electrical 0 0.00 0.0 40.0 40 ES 33.00 1.3 1.3 
13 10: Data Acquisition 0 0.00 0.0 40.0 40 EE 59.40 2.4 2.4 
14 0 0.00 0.0 240.0 240 ES 33.00 7.9 7.9 
15 10: Data Analysis 0 0.00 0.0 40.0 40 EE 59.40 2.4 2.4 
16 Data Preparation 0 0.00 0.0 80.0 80 ES 33.00 2.6 2.6 
17 Q/e Verification 0 0.00 0.0 20.0 20 EE 59.40 1.2 1.2 
lB 0 0.00 0.0 20.0 20 ES 33.00 0.7 0.7 
19 Shutdown/Storage 0 0.00 0.0 20.0 20 EE 59.40 1.2 1.2 
20 0 0.00 0.0 40.0 40 ES 33.00 1.3 1.3 

** Subtotal ** 
0.0 928 38.6 38.6 

•• YBS: 1.2.2.2.1.2.1 Support System Fabri cation 
1 Support System Assembly ea 55200.00 EU 55.2 20.0 20 HA 38.60 0.8 56.0 
2 Associated Parts lot 1000.00 EU 1.0 80.0 80 HH 38.60 3.1 4.1 
3 Miscellaneous lot 1900.00 EU 1.9 210.0 210 HH 38.60 8.1 10.0 
4 Assembly lot lBOO.OO EU I.B 835.0 835 HA 3B.60 32.2 34.0 

.. Subtotal .* 
59.9 1145 44.2 104.1 

*. UBS: 1.2.2.2.1.2.2 Drive System Fabrication 
1 Roller Screw Assembly ea 1 53200.00 A91 53.2 32.0 32 HH 3B.60 1.2 54.4 
2 Spring System ea 1 1000.00 eu 1.0 130.0 130 HH 38.60 5.0 6.0 
3 Bearing System lot 1 900.00 EU 0.9 105.0 105 HH 38.60 4.1 5.0 
4 Sprocket/enein System lot 1 700.00 eu 0.7 50.0 50 HH 3B.60 1.9 2.6 
5 Gear Box & Mtg. ea 1 1700.00 EU 1.7 20.0 20 HH 38.60 0.8 2.5 
6 Encoder System lot 1 500.00 eu 0.5 50.0 50 HH 3B.60 1.9 2.4 
7 Hotor Hounting Bracket ea 1 400.00 eu 0.4 40.0 40 HH 38.60 1.5 1.9 
8 Fan System lot 1 200.00 eu 0.2 40.0 40 HH 38.60 1.5 1.7 
9 Miscellaneous lot 1 1200.00 EU 1.2 235.0 235 HH 38.60 9.1 10.3 

10 Assembly lot 1 900.00 EU 0.9 365.0 365 HA 38.60 14 .1 15.0 
11 Roller Screw Kinematc Hnt ea B 1400.00 eu 11.2 170.0 170 HH 38.60 6.6 17.8 

** Subtotal ** 
71.9 1237 47.7 119.6 

** Yes: 1.2.2.2.1.2.3 local Temperature Control Fabrication 
1 Frame & Curtain lot 1 3000.00 EU 3.0 200.0 200 HA 38.60 7.7 10.7 
2 Blower & Dryer System lot 1 1100.00 EU 1.1 80.0 80 HA 38.60 3.1 4.2 
3 Miscellaneous lot 1 2000.00 EU 2.0 40.0 40 HA 38.60 1.5 3.5 
4 Electrical Ins tallation ea 1 200.00 eu 0.2 80.0 80 EI 33.00 2.6 2.8 

** Subtotal ** 
6.3 400 15.0 21.3 

** Yes: 1.2.2.2.1.3 . 1 VaCULm Chamber 
1 VaCULm Chamber (1 em) 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
2 Material lbs 2275 2.32 va 5.3 0 0.0 0 0.00 0.0 5.3 
3 Fabrication ea 1 58810.00 A91 5B.B 0 0.0 0 0.00 0.0 5B.B 
4 ea 1 55260.00 A91 55.3 0 0.0 0 0.00 0.0 55.3 
5 Fabricate Flanges lot 1 2620.00 A91 2.6 1 120.0 120 HH 38.60 4.6 7.3 
6 Fab Flange Transitions lot 1 1144.00 A91 1.1 6 30 .0 180 HH 38 .60 6.9 8. I 
7 Asserrbl eIT es t 0 0.00 0.0 1 320.0 320 HA 38.60 12.4 12.4 
8 System Asserrbly 0 0.00 0.0 1 80.0 80 HA 38.60 3.1 3. I 
9 UHV Babout 0 0.00 0.0 1 160.0 160 HA 38.60 6.2 6.2 

10 Trial Installation 0 0.00 0.0 1 80.0 60 HA 36.60 3.1 3.1 
11 Final Installation 0 0.00 0.0 1 120.0 120 HA 3B.60 4.6 4.6 
12 Vacuum Chamber Inspection 0 0.00 0.0 I 80 .0 80 HH 38 .60 3. I 3.1 

** Subtotal ** 
123. I 1140 44.0 167.1 
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** WBS: 1.2.2.2. 1.3.2 Pumping Systems & instrunentetion 
1 Photon Stop/TSP Pump ea 1 21000.00 EU 21.0 0 0.0 0 0.00 0.0 21.0 
2 Ion Pump/TSP Combination ea 3 4200.00 CP 12.6 0 0.0 0 0.00 0. 0 12.6 
3 90 deg Elbow to Pump ea 3 610.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
4 Right Angl e Valve ea 2 880.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
5 Aluminum Ccnflats ee 5 95.00 CP 0.5 0 0.0 0 0.00 0.0 0.5 
6 NEG ELectrical Feedthru ee 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 
7 NEG Strip ea 2 1340.00 CP 2.7 0 0.0 0 0.00 0.0 2.7 
8 NEG Strip Hountng Hardwre ea 2 312.00 eu 0.6 2 60.0 120 HN 38.60 4.6 5.3 
9 NEG Strip Assembly ee 1 104 .00 eu 0.1 2 40.0 80 MA 38.60 3.1 3. 2 

.. Subtotal ·· 
41.5 200 7.7 49.2 

** WBS: 1.2.2.2.1.3.3 Support Structure 
1 Vacuum Chamber Support lot 1 2100.00 EU 2.1 1 160.0 160 HM 38.60 6.2 8.3 
2 Ion Pump Supports ea 3 210 .00 EU 0. 6 3 20.0 60 HM 38.60 2.3 2.9 
3 Instal lation fixture ea 1 525.00 EU 0.5 1 80.0 80 HM 38.60 3.1 3.6 

** Subtotal .* 
3.3 300 11.6 14.8 

*. WBS: 1.2.2.2.1.3.4 Vacuum Diagnostics 
1 IG Controller eae 1 895.00 CP 0.9 1 2.0 2 ES 33.00 0.1 1.0 
2 Degas Module ea 1 157.50 CP 0.2 0 0.0 0 0.00 0.0 0.2 
3 Second IG ModuLe ee 1 78 .75 CP 0.1 0 0.0 0 0.00 0.0 0.1 
4 Process ControL Module ea 1 367.50 CP 0.4 0 0.0 0 0.00 0.0 0.4 
5 Rock Hount ea 1 52.50 CP 0.1 1 1.0 1 ES 33.00 0.0 0.1 
6 Remote I/O Module ea 1 85.00 CP 0.1 0 0.0 0 0.00 0.0 0.1 
7 Dual Convect ron Module ee 1 420.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 
8 UHV El ectrometer Module ee 1 420.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 
9 IEEE-488 Interface ea 1 378.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 

10 Nude Ion Gauge ea 1 326 .55 CP 0.3 1 1.0 1 HS 37.75 0.0 0.4 
11 IG Cable: 50 feet ea 1 204.75 CP 0.2 1 1.0 1 ES 33.00 0.0 0.2 
12 Convect ron Gauge ea 1 145.95 CP 0.1 1 1.0 1 NS 37.73 0.0 0.2 
13 Convect ron Cable: 50 feet ea 1 220.50 CP 0.2 1 1.0 1 ES 33.00 0.0 0.3 
14 IG Comector ea 1 10 .50 EU 0.0 1 1.0 1 HS 37.73 0.0 0.0 
15 IG Cable Interface ee 1 52.50 EU 0.1 1 4.0 4 ES 33.00 0.1 0.2 
16 Ion Pump Controller ea 3 2045.40 CP 6.1 3 2.0 6 ES 33.00 0.2 6.3 
17 Ion PlITp Cable ea 3 234.15CP 0.7 3 4.0 12 ES 33.00 0.4 1.1 
18 Ion Pump Cable Interface ea 3 105 .00 EU 0.3 3 4.0 12 ES 33 .00 0.4 0.7 
19 IEEE-488 Interface ea 3 522.90 CP 1.6 0 0.0 0 0.00 0.0 1.6 
20 IlC Crate ea 1 1000.00 EU 1.0 1 40.0 40 ES 33 .00 1.3 2.3 
21 ILC ea 2 1100.00 EU 2.2 1 40.0 40 ES 33.00 1.3 3.5 
22 Sublimation Controller ea 1 2100.00 CP 2.1 1 4.0 4 ES 33.00 0.1 2.2 
23 Subl imation Mux ea 1 2100.00 EU 2.1 1 80.0 80 ES 33.00 2.6 4.7 
24 filament Cables set 1 525.00 EU 0.5 1 40.0 40 ES 33.00 1.3 loB 
25 NEG Power Supply eo 1 2000.00 cu 2.0 0 0.0 0 0.00 0.0 2.0 

** Subtota l .. 
22.5 246 8.1 30.6 

•• \.IBS: 1.2.2.2.1.4 Motor Control System 
1 Controller sao Indexer ea 1 1515.00 CP 1.5 0 0.0 0 0.00 0.0 1.5 
2 Motor Package PK130M-T ea 1 4703 .00 CP 4. 7 0 0.0 0 0.00 0.0 4.7 
3 Absolute Encoder ea 1 1805.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
4 100 ft tables set 1 1000.00 CP 1.0 0 0.0 0 0.00 0.0 1.0 
5 ILC ea 1 1100.00 eu 1.1 0 0.0 0 0.00 0. 0 1.1 
6 IlC Crate (holds 6 ILCs) ea 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
7 final Ins tatlation lot 1 4000 .00 eu 4.0 1 180.0 180 EI 33.00 5.9 9.9 
8 Indexer/Cont. lot 1 2000.00 eu 2.0 1 60 .0 60 IEl 62.85 3.B 5.8 
9 Shop Ins tallation lot 1 3000.00 eu 3.0 1 120.0 120 EI 33.00 4.0 7.0 

** Subtotal·· 
20. 1 360 13.7 33 .8 

*. \.IBS: 1. 2.2.2.1.5 Installati on 
1 Prepare & Truck to Site lot 1 525.00 eu 0.5 80.0 80 MA 38.60 3.1 3.6 
2 Rigger'S Work. lot 1 1200.00 eu 1.2 64.0 64 RG 37.65 2.4 3.6 
3 survey & Alignment 0 0.00 0.0 80.0 80 HA 38. 60 3.1 3.1 
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4 Install at ion lot I 315 .00 eu 0.3 100.0 100 HA 38 .60 3.9 4.2 
5 Vacuum Hookup/Pumpdown lot I 105 .00 eu 0.1 40.0 40 HA 38 .60 1.5 1.6 
6 Re ins tall Temp etr l Housg 0 0.00 0.0 40.0 40 HA 38 .60 1.5 1.5 
7 Miscellaneous 0 0.00 0.0 50.0 50 HA 38 .60 1.9 1.9 

•• Subt otal - -
2. 1 454 17.5 19.6 

•• ~BS : 1.2.2.2.2.1.1 Aperture Pl ate 
1 Water Coo led Absorber ea I 800.00 A91 0.8 40.0 40 MS 37.73 1.5 2.3 
2 Brazing Fi xtures/Tooli ng LOT I 200.00 EU 0. 2 30.0 30 HU 35 .92 1.1 1.3 
3 Fl ange Gaskets & Hardware lot 2 200 . 00 eu 0.4 10 .0 10 HS 37.73 0.4 0.8 

*. Subtota l ** 
1.4 80 3.0 4.4 

•• ~BS : 1.2 .2.2.2. 1.2 Be llows 
1 We lded Be ll ows Assy ea 3000 .00 A91 3.0 1.0 I HS 37.73 0.0 3.0 
2 Inspect , Cl ean, Bake ea 50.00 eu 0. 1 2.0 2 HU 35.92 0.1 0. 1 

... Subtotal --
3.0 3 0. 1 3.2 

*. WBS: 1. 2. 2. 2 .2.1.3 Co il imat ing Spool 
1 Spoo l Piece ea 1 1250 .00 A91 1.2 8.0 8HU 35.92 0.3 1.5 
2 Mi se . Fl anges/UHV Hardwre lot 1 500 .00 eu 0. 5 8.0 8 HS 37.73 0.3 0.8 
3 lead Sni e ld ing & Hount i ng lot 1 500.00 eu 0. 5 40.0 40 HS 37. 73 1.5 2.0 

** Subtota l .* 
2. 2 56 2.1 4.3 

.* WB S: 1. 2.2.2. 2. 1. 4 Iso lati on Valve 
1 Va lve & Controll er Prot . ea 1 22140 .00 A91 22.1 0 0.0 0 0.00 0.0 22. 1 
2 Pre lim Assembl e & Test lot 1 50,00 ea 0. 1 1 8.0 8HU 35 .92 0.3 0.3 
3 Inspect/Clean/Etc . lot I 50.00 eu 0. 1 1 4.0 4HU 35.92 0. 1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 4.0 4 EI 33. 00 0. 1 0.3 
5 Bl ank fl ngs & mntng hrdwr lot 2 200 . 00 eu 0.4 1 20 .0 20 HS 37. 73 0.8 1.2 

.. Subtota l ** 
22.8 36 1.3 24.2 

• • ~B S: 1.2.2 .2.2. 1. 5 Support Stand 
1 Support s tand, mi sc. hrdw ea 1 1500.00 eu 1.5 1 40 .0 40 HS 37. 73 1.5 3.0 
2 Strut s & hardware ea 6 500.00 A91 3.0 6 8.0 48 HU 35.92 1.7 4. 7 
3 Hisc. lot 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

** Subtota l ** 
5.5 128 4.7 10 .2 

** UBS: 1. 2. 2 .2. 2. 1.6 Assemble, Bakeout, Test 
1 Clean parts lot 1 100.00 eu 0. 1 I 16.0 16 HU 35.92 0.6 0.7 
2 Fina l vac assy,l eak check lot I 100 .00 cu 0.1 I 16.0 16 HU 35 .92 0.6 0.7 
3 Bakeout jackets ea I 1500 .00 A91 1.5 I 8.0 8 MU 35.92 0.3 1.8 
3 Fiduci aUze 0 0.00 0.0 2 8.0 16 MS 37.73 0.6 0.6 
4 RCA scans, UHV pre-qual t y 0 0.00 0.0 1 16.0 16 HS 37 .73 0.6 0.6 

** Subtotal ** 
1. 7 72 2.6 4.3 

** UBS: 1.2. 2.2 .2. 1.7 Insta l lat ion 
1 Ins tal l / check valvs/cntrl lot I 200.00 eu 0. 2 1 16. 0 16 EI 33 .00 0.5 0.7 
2 Insta ll ut H it i es lot I 500. 00 eu 0. 5 1 16 .0 16 HU 35.92 0.6 1.1 
3 Insta ll/aLign supprt stnd lot I 200 .00 eu 0. 2 2 16.0 32 HU 35.92 1.1 1.3 
4 InstI L/ali gn vac hardwa re 0 0.00 0.0 2 16.0 32 HU 35 .92 1. I 1.1 
5 Yac cnnctns, leak check 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
6 Bakeout 0 0.00 0.0 2 16.0 32 HU 35 .92 1. 1 1.1 
7 Elee. ins tall ati on 0 0.00 0.0 1 8 .0 8 IEL 62.85 0.5 0.5 

.. Subtota l ** 
0.9 168 6.2 7. 1 

•• ~BS: 1. 2. 2.2 .2.2 .1 Fab/Buy Hech Parts & Subassy1s 
1 Flange/ mn tng pl ate fab ea I 600. 00 eu 0.6 1 40.0 40 HS 37.73 1.5 2. 1 
2 CF teed· thrus for e l ect rn ea 8 200.00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
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3 Brazing & fixtures lot 1 100 .00 eu 0.1 1 20.0 20 HU 35.92 0.7 0.8 
4 Feedthrus welding lot 1 50.00 eo 0. 1 1 20.0 20 HS 37.73 0.8 0.8 
5 Blades tab ee 2 100.00 eo 0.2 2 20.0 40 HS 37.73 1.5 1.7 
6 In·vac parts & elec feb lot 1 200.00 eu 0.2 1 40.0 40 MS 37.73 1.5 1.7 
7 lC\J hardware lot 1 100 .00 eu 0.1 1 8. 0 8MU 35.92 0.3 0.4 
8 2· axis translation mech ee 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
9 Outside vae mntng hardwre lot 1 500.00 eu 0.5 1 20.0 20 HS 37.73 0.8 1.3 

10 Blade alignment fixtures lot 1 200 .00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
.. Subtotal ** 

6.6 208 7.8 14.3 

*. ~BS: 1.2.2 . 2.2 . 2. 2 Feb/Buy Electrical and Controls 
1 Bias power supply ea 2 3000.00 eo 6.0 2 8.0 16 EI 33.00 0.5 6.5 
2 IlC & sax ee 3 1500.00 eu 4.5 3 20.0 60 EI 33.00 2.0 6.5 
3 Electrometer ea 2 1695.00 cp 3.4 2 8.0 16 El 33 .00 0.5 3.9 
4 Eurocard crate ee 1 1000.00 eu 1.0 1 16.0 16 EI 33.00 0.5 1.5 
5 Th ermocoupl es & controls ee 2 500.00 eu 1.0 2 8.0 16 EI 33.00 0.5 1.5 
6 Stepper motor contro ller ea 1 3000 .00 eu 3.0 1 16 .0 16 EI 33.00 0.5 3.5 
7 Cables lot 1 1000.00 eu 1.0 1 40.0 40 EI 33.00 1.3 2.3 
8 flow swi tch ea 2 400.00 eu 0.8 2 4.0 8 EI 33.00 0.3 1.1 

** Subtotal ** 
20 .7 188 6.2 26.9 

•• WBS: 1.2.2.2.2.2.3 Fab/Buy Support Stand 
1 Sl ides mounting hardwre ee 1 200.00 eo 0.2 8.0 8 HS 37.73 0.3 0.5 
2 Support post & hardware lot 1 3000 .00 eo 3.0 8.0 8 HS 37.73 0.3 3.3 
3 Mise hardwre & fixtures lot 1 1000.00 eo 1.0 40.0 40 HS 37.73 1.5 2.5 

*. Subtota l .* 
4.2 56 2.1 6.3 

** ~BS: 1.2.2.2.2.2.4 Bellows 
1 Welded be llows assy ee 2 4000.00 A91 8.0 0 0.0 0 0.00 0.0 8.0 
2 Blank fl anges,gaskets , etc lot 2 300.00 cp 0.6 0 0. 0 0 0.00 0.0 0.6 
3 Inspect, clean, bake lot 2 50.00 eo 0. 1 2 2.0 4 HU 35.92 0.1 0.2 

.. Subtotal ** 
8.7 4 0.1 8.8 

•• WBS : 1.2.2.2.2.2.5 Assenble, Bakeout, Test (Assembly Shop) 
1 Assemble/test PBPH mech ee 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
2 Assemble/test PBPH elec ee 1 500.00 eu 0.5 1 40.0 40 EI 33.00 1.3 1.8 
3 Bakeout/UHV pre-qualify ee 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 
4 Fiducialization 0 0.00 0.0 2 16 .0 32 HU 35.92 1.1 1.1 
5 Mise assy equip, jackets , lot 1 1000.00 eo 1.0 1 20.0 20 HU 35.92 0.7 1.7 

.. Subtotal ** 
2.5 172 6.1 8.6 

** WBS : 1.2 .2.2.2.2.6 Installation 
1 LC~ Hardware & connection lot 1 300.00 eu 0.3 2 20.0 40 MU 35.92 1.4 1.7 
2 Transport & on-site setup lot 1 200.00 eu 0.2 2 8.0 16 HU 35 .92 0.6 0.8 
3 Vae assemble & leak check lot 1 100.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
4 Instal lation alignment 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 
5 Heeh install,test,debug lot 1 100.00 eo 0.1 2 20.0 40 MU 35.92 1.4 1.5 
6 ELee. installation lot 1 100.00 eu 0. 1 1 20.0 20 IEl 62.85 1.3 1.4 
7 Final bake & UHV qualify 0 0.00 0.0 2 20. 0 40 MU 35.92 1.4 1.4 

.. Subtotal ** 
0.8 220 8.5 9.3 

•• ~BS: 1.2.2.2.2.3.1 Fab/ Buy Mech Part s & Subassy1s 
1 Machine absorber blades ee 2 1000.00 A91 2.0 2 40.0 80 HS 37.73 3.0 5.0 
2 Braze absorber blades ee 2 100.00 eu 0.2 2 20.0 40 HS 37.73 1.5 1.7 
3 Brazing tooling/fi xtures ee 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
4 Bl ade/pi vot mounting ee 2 500.00 A91 1.0 2 60.0 120 HS 37.73 4.5 5.5 
5 Pneumatic actuator mechan ea 2 500.00 eu 1.0 2 40.0 80 HS 37.73 3.0 4. 0 
6 Limit stops & switches ea 2 100 .00 eu 0.2 2 20.0 40 HS 37.73 1.5 1.7 
7 Bellws/conflat 8ss 'y/weld ea 2 1000.00 A91 2.0 2 40.0 80 HS 37.73 3.0 5.0 
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** Subtotal .. 
6.6 460 17.4 24.0 

.* WBS: 1.2.2.2 .2 .3 .2 Fab/Buy El ectri cal and Controls 
1 ILt & SBX ea 1 1500.00 eu 1.5 1 20.0 20 EI 33 .00 0.7 2.2 
2 Cables lot 1 200.00 eu 0.2 1 B.O B EI 33.00 0.3 0.5 
3 Flow switch & interlocks ea 2 400.00 eu O.B 2 4.0 B EI 33.00 0.3 1.1 
4 Position indicators set 1 500.00 eu 0.5 1 B.O B EI 33.00 0.3 O.B 
5 Air solenoids ea 4 500.00 eu 2.0 4 B.O 32 EI 33.00 1.1 3.1 
6 Air pressure interlocks ea 1 500.00 eu 0.5 1 16.0 16 EI 33.00 0.5 1.0 

•• Subtota l --
5.5 92 3.0 B.5 

•• ~BS: 1.2.2.2.2.3.3 Fab/Buy Vacuum Ch amber & Support s 
1 Custom vacuum chamber ea 1 BOOO.OO A91 B.O 1 40.0 40 HU 35.92 1.4 9.4 
2 Mise flanges & UHV hardwr lot 1 2500.00 eu 2.5 0 0.0 0 0.00 0.0 2.5 
3 Hounting struts/hardware ea 6 500.00 A91 3.0 6 B.O 4B HS 37.73 1.8 4.8 
4 Support posts,frame,hrdwr lot 1 1500.00 A91 1.5 1 40.0 40 HS 37.73 1.5 3.0 

** Subtotal·· 
15.0 128 4.8 19.8 

•• ~BS : 1.2.2.2.2.3.4 Vacuum Pumping, Gauges, Controllers , P. S. 
1 Ion pump, 400 tIs ea 1 7527.00 A92 7.5 1 4.0 4 HU 35.92 0.1 7.7 
2 Ion pump controller .a 1 2180.00 A92 2.2 1 4.0 4 EI 33.00 0.1 2.3 
3 Ion pump ceble,bakeable ea 1 250.00 A91 0.2 1 4.0 4 EI 33.00 0.1 0.4 
4 IEEE-48 cable,3m cntrller ea 1 421.00 A92 0.4 0 0.0 0 0.00 0.0 0.4 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls .a 1 3500.00 A91 3.5 1 4.0 4 HU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box,lG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0. 1 0 0.0 0 0.00 0.0 0.1 

** Subtotal ** 
15 .7 24 0.8 16.5 

•• ~BS: 1.2.2.2.2.3.5 Asserrble, Bakeout, Test 
1 Assemble & tes t .a 1 500.00 eu 0.5 2 SO.O 160 MU 35.92 5.7 6.2 
2 Bakeout & UHV qual i fy lot 1 500.00 eu 0.5 2 40.0 80 HS 37.73 3.0 3.5 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Mise tools,fixtures,cart, lot 1 1000.00 eu 1.0 1 SO.O 80 HU 35.92 2.9 3.9 

*'* Subtota l ** 
2.0 352 12.8 14.B 

** UBS: 1.2.2.2.2.3.6 Ins tallation 
1 lCU hardware/connec tions lot 1 300.00 eu 0.3 2 16.0 32 HU 35.92 1.1 1.4 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16 .0 32 HU 35.92 1.1 1.3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 2 16.0 32 HU 35.92 1.1 1.2 
4 Installation alignment 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 
5 Pneumatic hardware/cnnctn lot 1 300 .00 eu 0.3 2 16 .0 32 HU 35.92 1.1 1.4 
6 Mech install/test/debug lot 1 50 .00 eu 0.1 2 16.0 32 HU 35.92 1.1 1.2 
7 Elec installation 0 0.00 0.0 1 16.0 16 IEL 62.85 1.0 1.0 .. Subtotal ** 

0.9 20S B.O B.9 

** UBS: 1.2 .2.2 .2 .3.7 Titanium Sublimation Pump 
1 TSP pump spool piece .a 1 2700 .00 A91 2.7 0 0.0 0 0.00 0.0 2.7 
2 TSP filaments & controllr ea 1 3500.00 eu 3.5 1 8.0 B EI 33 .00 0.3 3.S 
3 Flanges & UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 Misc (extrusions, etc.) lot 1 1000.00 eu 1.0 1 20.0 20 HS 37.73 0.8 1.S .. Subtotal ** 

7.7 2B 1.0 S.7 

** UBS: 1.2.2.2.2.3 .8 Isolation Valve 
1 Valve & controllr proc . e. 18000.00 A91 1B.0 0 0.0 0 0.00 0.0 18.0 
2 Prelim assemble & tes t lot 50.00 eu 0. 1 1 B.O SHU 35.92 0.3 0.3 
3 Inspection, cleaning, etc lot 50.00 eu 0. 1 1 4.0 4HU 35.92 0. 1 0.2 
4 Cables & connectors lot 200.00 eu 0.2 1 2.0 2 EI 33 .00 0.1 0.3 



8-76 

Page No. 44 
04/22/92 

Technical Components Cos t Estimate 

ITM ITM UNIT NBR UNIT COST TOTAL LBR HRS/ TOTAL CRAFT CRAFT TOTAL ISC ... 
NBR DESCRIPTION MEAS UNITS COST BASI S ISC KS UNTS UNIT HRS CODE RATE LABOR KS LABOR KS 

5 Blank flanges & hardware lot 2 200.00 eu 0_4 D 0.0 0 0.00 0.0 0.4 *. Subtotal ** 
18.7 14 0.5 19.2 

.* WSS: 1.2.2.2 .2.4.1 Fas t Valve 
1 Modified VAT fast shutter ea 26000 .00 A91 26.0 0 0.0 0 0.00 0.0 26.0 

** Subtotal ** 
26.0 0 0.0 26.0 

.. WSS: 1.2.2.2.2.4 .2 Fab/Buy Electrical and Controls 
1 Cabl es & connectors lot 1 500.00 A91 0.5 1 8.0 8 El 33.00 0.3 0.8 
2 Air pressure interlocks ea 1 500.00 eu 0.5 1 16 .0 16 El 33.00 0.5 1.0 
3 Junction box,IG cable ea 3 200 .00 eu 0.6 0 0.0 0 0.00 0.0 0.6 
4 Interl ock cable ea 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 

.. Subtotal ** 
2. 1 24 0.8 2.9 

... wSS : 1.2.2 .2.2.4 .3 Bellows 
1 Welded bellows 8 SSy .a 3000 .00 A91 3.0 1 4.0 4 MS 37. 73 0.2 3.2 
2 Blenk flang es,g8skets,etc lot 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
3 Inspect , elean,bake lot 50 . 00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 

** Subtota l ** 
3.3 8 0.3 3.6 

.* WS: 1.2.2.2.2.4.4 Aperture Plate 
1 Water-cooled absorber ea 1 800.00 A91 0.8 40 .0 40 MS 37.73 1.5 2.3 
2 Brazing,fixtures,tooling lot 1 200.00 eu 0.2 30.0 30 MU 35.92 1.1 1.3 
3 Flange goskets & hardware Lot 2 200.00 eu 0.4 10.0 10 MS 37.73 0.4 0.8 

** Subtete 1 *'* 
1.4 80 3.0 4.4 

** was: 1.2.2.2.2.4.5 Asse!Tble, Bakeout, Tes t 
1 Assemble & test ea 1 500.00 eu 0.5 80.0 80 MU 35.92 2.9 3.4 
2 Survey/calibration 0 0.00 0.0 16 .0 16 MU 35.92 0.6 0.6 

•• Subtotal --
0.5 96 3.4 3.9 

** \.I8S: 1.2 .2.2.2 .4.6 Ins tallati on 
1 Pneumatic hardwar/cnnctns lot 1 300 .00 eu 0.3 16.0 16 MU 35.92 0.6 0.9 
2 Mech ins tall/test/debug lot 1 50.00 eu 0.1 16.0 16 MU 35.92 0.6 0.6 
3 Elec ins tallati on 0 0.00 0.0 16 .0 16 lEL 62.85 1.0 1.0 

•• Subtotal ** 
0.3 48 2.2 2.5 

""* WBS: 1.2.2.2.2.5.1 Fab/Buy Mech Part s & Subassy1s 
, Sintered tungs ten shutter ea 1 4000.00 eu 4.0 40.0 40 MS 37.73 1.5 5.5 
2 Shutter flange-mounting ea 1 500_00 eu 0.5 40 .0 40 MS 37.73 1.5 2.0 
3 In-vac pos ition stops/mon ea 1 1500_00 eu 1.5 80.0 80 MS 37.73 3.0 4.5 
4 Bellows/cnflat ass'y/weld ea 1 2000.00 eu 2.0 20.0 20 MS 37.73 0.8 2.8 
5 Pneumatic actuatr/mountng ea 1 2000.00 eu 2.0 120.0 120 MS 37.73 4.5 6.5 

•• Subtotal ""* 
10.0 300 11.3 21.3 

** was: 1.2 . 2.2.2 . 5. 2 Fab/Buy El ec trical and Controls 
1 ILC & SBX ea 1 1500.00 eu 1.5 16.0 16 El 33.00 0.5 2.0 
2 Cables lot 1 200 .00 eu 0.2 16.0 16 EI 33 .00 0.5 0.7 
3 Pos iti on indicators set 1 200 .00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 
4 Air sol enoids ea 1 200.00 eu 0.2 8.0 8 El 33 .00 0.3 0.5 
5 Air pressure Interlocks ea 1 200. 00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 

** Subtotal ** 
2.3 72 2.4 4.7 

** UBS: 1.2.2.2.2.5.3 Fab/Buy Vacuum Ch amber & Supports 
1 Cus tom vacuum chamber ea 1 5000.00 A91 5.0 1 20.0 20 MU 35.92 0.7 5.7 
2 Mi se flanges & UHV hardwr lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
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4 Mounting struts/hardware ea 6 500.00 A91 3.0 6 8.0 48 MS 37.73 1.8 4.8 
5 Support posts ea 2 1000.00 eu 2.0 2 20.0 40 MS 37.73 1.5 3.5 

** Subtotal ** 
12.3 108 4.0 16.3 

** WBS: 1.2.2.2.2.5.4 Vacuum Pumping, Gauges, Controllers, P.S. 
1 Ion pump. 220 lIs e. 1 4865 .00 A91 4.9 1 4.0 4MU 35 .92 0.1 5.0 
2 Ion pump controlLer ea 1 2500.00 A91 2.5 1 4.0 4 EI 33.00 0.1 2.6 
3 Ion pump cable, bakeable e. 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-488 cable,3m cntller ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4MU 35.92 0.1 3.6 
6 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
7 Junction box, IG cable e. 1 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Ion gauge controller ea 1 3500.00 cp 3.5 0 0.0 0 0.00 0.0 3.5 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

** Subtotal .* 
15.3 16 0.6 15.9 

.* ~BS: 1.2.2.2.2.5.5 Asserrble, Bakeout, Test 
1 Assemble & test lot 1 500 .00 eu 0.5 2 80.0 160 MU 35.92 5.7 6.2 
2 Pre-bakeout tungstn block ea 1 300.00 eu 0.3 1 20.0 20 MU 35.92 0.7 1.0 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1. 1 
3 Bakeout & UHV qualify es 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
4 Hise tools,fixtures,cart. lot 1 1000.00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 

** Subtotal *iii' 

2.3 332 11.9 14.2 

*. ~BS : 1.2.2.2.2 .5.6 Installation 
1 Transport & on-site setup lot 1 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
2 Vae assemble & leak check lot 1 50.00 eu 0.1 2 16.0 32 HU 35.92 1.1 1.2 
3 Instlltn algnmnt (stnd) 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 
4 Pneumatic hardwar/cnnctns lot 1 300.00 eu 0.3 1 16.0 16 MU 35.92 0.6 0.9 
5 Mech install,test,debug lot 1 50.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
6 Elec installation 0 0.00 0.0 1 16.0 16 EI 33 . 00 0.5 0.5 

** Subtotal ** 
0.6 160 5.8 6.4 

•• ~BS: 1.2.2 . 2.2.5.7 Shield \.IalL Transition Spool 
1 S\.IT spool piece e. 1 2500.00 A91 2.5 1 4.0 4 HS 37.73 0.2 2.7 
2 Misc. flanges & UHV hrdwr lot 1 500.00 eu 0.5 1 4.0 4 HS 37.73 0.2 0.7 
3 Lead shielding & sUppOrts lot 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 
4 Struts and hardware lot 2 500.00 A91 1.0 2 8.0 16 HS 37.73 0.6 1.6 
5 Misc extrusions, etc. lot 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

** Subtotal ** 
5.5 104 3.9 9.4 

•• ~BS: 1.2.2. 2.2.5 .8 Isolation Valve 
1 Valve & controller proc eo 1 15000.00 vq 15.0 0 0.0 0 0.00 0.0 15.0 
2 Prelim assy & test lot 1 50 . 00 eu 0.1 1 8.0 8 HU 35.92 0.3 0.3 
3 Inspection,cleaning,etc. lot 1 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 
4 Cables & connectors e. 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

.. subtotal ** 
15.7 14 0.5 16.2 

•• WBS: 1. 2. 2.2.2.6.1 Fab/Buy Mech Parts & subassy's 
1 Flange & mntng plate fab e. 1 600.00 eu 0.6 1 40.0 40 HS 37.73 1.5 2.1 
2 Cf feedthru for electrncs ea 8 200 . 00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
3 Brazing & fixtures eo 1 100 .00 eu 0.1 1 20.0 20 MU 35.92 0.7 0.8 
4 Feedthrus • welding e. 1 50.00 eu 0. 1 1 20.0 20 HS 37.73 0.8 0.8 
5 Blades fab e. 4 100.00 eu 0.4 4 20.0 80 HS 37.73 3.0 3.4 
6 In-vae parts & elec fab lot 1 200.00 eu 0.2 1 40.0 40 HS 37.73 1.5 1.7 
7 Lew Hardware lot 1 100.00 eu 0.1 1 8.0 8MU 35.92 0.3 0.4 
8 Z-axis transltn mechanism ea 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
9 Outside-vae mntng hardwre lot 1 500.00 eu 0.5 1 20.0 20 HS 37.73 0.8 1.3 

10 Blade alignment fixtures eo 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
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*tit Subtotal •• 
6.8 248 9.3 16.1 

** ~BS: 1.2.2.2.2.6.2 Fab/Buy Electrical and Controls 
1 Bias power supply ea 2 3000.00 eu 6.0 2 8.0 16 EI 33.00 0.5 6.5 
2ILC&SBX ea 3 1500.00 eu 4.5 3 20.0 60 EJ 33.00 2.0 6.5 
3 Electrometer ea 4 1695.00 cp 6.8 4 8.0 32 EJ 33.00 1.1 7.8 
4 Eurocard crate ea 1 1000.00 eu 1.0 1 16.0 16 EJ 33.00 0.5 1.5 
5 Thermocouples & controls ea 2 500.00 eu 1.0 2 8.0 16 EI 33.00 0.5 1.5 
6 Stepper motor controller ea 1 3000.00 eu 3.0 1 16.0 16 EI 33.00 0.5 3.5 
7 Cables lot 1 1000.00 eu 1.0 1 32.0 32 EI 33 . 00 1.1 2.1 
8 Flow switch ea 2 400.00 eu 0.8 2 4.0 8 EI 33.00 0.3 1.1 

** Subtotal ** 
24.1 196 6.5 30.5 

** was: 1.2.2.2.2.6.3 Fab/Buy Support Stand 
, Slides mounting hardwr ea 1 200.00 EU 0.2 8.0 8 MS 37.73 0.3 0.5 
2 Support post & hardware ea 1 3000.00 eu 3.0 8.0 8 HS 37.73 0.3 3.3 
3 Mise hardware & fi xtures ea 1 1000.00 eu 1.0 40.0 40 HS 37.73 1.5 2.5 

.. SubtotaL .. 
4.2 56 2.1 6.3 

*. ~BS: 1.2.2.2.2.6.4 Bellows 
1 Uelded bellows assy ea 2 4000.00 A9l 8.0 0 0.0 0 0.00 0.0 8.0 
2 Blank flanges, gaskets, lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspection,cleaning,bake lot 2 50.00 eu 0.1 2 2.0 4 MU 35.92 0.1 0.2 

** Subtotal ** 
8.7 4 0.1 8.8 

*. waS: 1.2.2.2.2.6.5 Asserrble, Bakeout. Test 
1 Assemble/test PBPH mech ea 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
2 Assemble/test PBPM elec ea 1 500.00 eu 0.5 1 40.0 40 EJ 33.00 1.3 1.8 
3 Bakeout/UHV pre-qualify ea 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 
4 Fiducialization 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
5 Mise assy equip, jackets, lot 1 1000.00 eu 1.0 1 20.0 20 HU 35.92 0.7 1.7 

** Subtotal .-
2.5 172 6.1 8.6 

.* UBS: 1.2.2.2.2.6.6 Installation 
1 LC~ Hardware & connection lot 1 300.00 eu 0.3 2 20.0 40 HU 35.92 1.4 1.7 
2 Transport & on-site setup lot 1 200.00 eu 0.2 2 8.0 16 HU 35.92 0.6 0.8 
3 Vac assemble & leak check lot 1 100.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
4 Installation alignment 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
5 Mech install,test,debug lot 1 100.00 eu 0.1 2 20.0 40 HU 35.92 1.4 1.5 
6 Elec. installation lot 1 100.00 eu 0.1 1 20.0 20 IEL 62.85 1.3 1.4 
7 Final bake & UHV qualify 0 0.00 0.0 2 20.0 40 HU 35.92 1.4 1.4 

** Subtotal ** 
0.8 220 8.4 9.2 

** YBS: 1.2.2.2.2.7.1 Fab/Buy Mech Parts & Subassy's 
1 Mise machine shop effort lot 1 1000.00 eu 1.0 80.0 80 HS 37.73 3.0 4.0 
2 Mise mech tech & tools lot 1 1000.00 eu 1.0 80.0 80 HU 35.92 2.9 3.9 

** Subtotal ** 
2.0 160 5.9 7.9 

** Yes: 1.2.2.2.2.7.2 Feb/Buy Electical and Controls 
1 Cables,valve actuation & lot 3 100.00 eu 0.3 3 8.0 24 EI 33.00 0.8 1.1 
2 X·connect blocks & frame ea 1 500.00 eu 0.5 1 40.0 40 EI 33.00 1.3 1.8 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 40.0 40 EI 33.00 1.3 1.9 
4 46 Ch . opto-;solator ea 1 700.00 cp 0.7 1 40.0 40 EI 33.00 1.3 2.0 
5 Cable trays, conduit, etc lot 1 2000.00 eu 2.0 1 80.0 80 let 62.85 5.0 7.0 
6 Double elec. rack ea 1 1300.00 eu 1.3 1 40.0 40 EI 33.00 1.3 2.6 
7 BA panel 3 ph 30A ea 1 50.00 cp 0.1 1 1.0 1 EI 33.00 0.0 0.1 
6 Breaker panel ea 2 200.00 cp 0.4 2 4.0 8 EI 33.00 0.3 0.7 
9 Plug strip ea 2 20.00 eu 0.0 2 4.0 8 EI 33.00 0.3 0.3 

10 Rack fans ea 2 50 . 00 eu 0.1 2 2.0 4 EI 33.00 0.1 0.2 
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11 flow switches/interlocks ea 2 400_00 eu 0.8 2 8.0 16 EI 33.00 0.5 1.3 
.. Subtotal·· 

6.8 301 12.3 19.1 

.* UBS: 1.2.2.2.2.7.3 Feb/Buy Vacuum Chamber & Supports 
1 Mise flanges,viewprts,etc lot 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Roughing valves ea 4 650.00 cp 2.6 0 0.0 0 0.00 0.0 2.6 
3 Misc. unistrut/hardware lot 1 500 .00 eu 0.5 1 20.0 20 MU 35.92 0.7 1.2 

... Subtotal ** 
6.1 20 0.7 6.8 

•• WBS: 1.2.2.2.2.7.4 Vacuum Pumping, Gauges, Controllers, P. S. 
1 RGA system ea 1 12000.00 cp 12.0 1 40.0 40 MU 35.92 1.4 13.4 
2 RGA cable, bakeable ea 1 250.00 cp 0.2 1 8.0 8 EI 33.00 0.3 0.5 
3 Junction box, RGA cable ea 1 200.00 eu 0.2 0 0. 0 0 0.00 0.0 0.2 
4 Interlock cable ea 1 100 . 00 eu 0. 1 0 0.0 0 0.00 0.0 0.1 

.. Subtotal ** 
12 .5 48 1.7 14.3 

•• WBS: 1.2.2.2.2.7.5 Asserrble, Bakeout, lest 
1 Mise assemble & test ea 1 1000.00 eu 1.0 2 40.0 80 MlJ 35.92 2.9 3.9 
2 Mise bakeout/UHV qualify lot 1 1000.00 eu 1.0 2 40.0 BOMlJ 35.92 2.9 3.9 
3 Survey/calibration 0 0.00 0.0 3 32.0 96 MlJ 35.92 3.4 3.4 

.. SubtotaL ** 
2.0 256 9.2 11.2 

•• WBS: 1.2.2.2.2.7.6 Install ation 
1 Shie lding wall modify lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
2 lead shielding installatn lot 1 500 .00 eu 0.5 1 40.0 40 MU 35.92 1.4 1.9 
3 Installatn final algnment 0 0.00 0.0 2 40.0 80 MU 35.92 2.9 2.9 
4 F.E. pneumatic service ea 1 1000.00 eu 1.0 1 40 . 0 40 MU 35.92 1.4 2.4 
5 F.E. LC~ service lot 1 1000.00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 
6 Mech insta ll/test/debug lot 1 50.00 eu 0.1 1 40.0 40 MU 35.92 1.4 1.5 
7 Elec installation 0 0.00 0.0 1 80.0 80 IEl 62.85 5.0 5.0 
8 LC~ temp control system ea 1 5000.00 A90 5.0 1 40.0 40 EI 33.00 1.3 6.3 

** Subtotal·· 
8. 1 440 17.8 25.9 

** UBS: 1.2.2.2.2.8 Safety Systems 
1 ILC & S8X ea 2 1500.00 eu 3.0 2 20.0 40 EI 33.00 1.3 4.3 
2 Eurocard crate ea 2 800.00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
3 Key panel ea 1 400.00 cp 0.4 0 0.0 0 0.00 0.0 0.4 
4 Monitor lights panel ea 6 500.00 cp 3.0 0 0.0 0 0.00 0.0 3.0 
5 Push button panel ea 1 500.00 cp 0.5 0 0.0 0 0.00 0.0 0.5 
6 Break.er panel ea 1 500.00 cp 0.5 0 0.0 0 0.00 0.0 0.5 
7 Cables lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
8 Uiring assembly 0 0.00 0.0 1 120.0 120 EI 33.00 4.0 4.0 
9 Video camera & lens ea 1 800.00 cp 0.8 0 0.0 0 0.00 0.0 0.8 

10 Video monitor ea 1 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
11 RG59 coax, camera/monitor ea 1 50.00 eu 0.1 1 2.0 2 EI 33 .00 0.1 0.1 
12 Video connectors ea 2 5.00 eu 0.0 2 0.5 1 EI 33.00 0.0 0.0 
13 Misc hardware lot 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 
14 Elec . installation 0 0.00 0.0 1 40.0 40 IEL 62.85 2.5 2.5 

** Subtotal ** 
11.7 283 10.9 22.6 

** W'Bs: 1.2 .2.2.3.1 Horiz. & Vert. Beam Defining Apertures 
1 Fab/procure mech parts lot 1 30000.00 eu 30.0 460.0 460 MS 37.73 17.4 47.4 
2 Fob/procure elec & cntrls lot 1 12300.00 eu 12 .3 40.0 40 MS 37.73 1.5 13.8 
3 0 0.00 0.0 72.0 72 EI 33.00 2.4 2.4 
4 Fab/procure vac chamber lot 1 15000.00 eu 15.0 128.0 128 MS 37.73 4.8 19.8 
5 Vac pumpng,gages,ps,etc. lot 1 15800.00 eu 15.8 16.0 16 MU 35.92 0.6 16.4 
6 0 0.00 0.0 16.0 16 EI 33 .00 0.5 0.5 
7 Assemble,bakeout,test lot 1 2000.00 eu 2.0 352.0 352 MU 35.92 12.6 14.6 
8 Installation lot 1 600.00 eu 0.6 130.0 130 MU 35.92 4.7 5.3 
9 0 0.00 0.0 32 .0 32 MS 37.73 1.2 1.2 
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10 0 0.00 0.0 16.0 16 IEL 62.85 1.0 1.0 
** Subtotal •• 

75.7 1262 46.7 122.4 

** WBS: 1.2.2.2.3.2 H1 Mirror 
1 fab/procure lot 1 32200.00 eu 32.2 1 "16.0 1116 HS 37.73 42.1 74.3 
2 Feb/procure lot 1 16700.00 eu 16.7 1 40.0 40 HS 37.73 1.5 18.2 
3 0 0.00 0.0 1 16.0 16 EI 33.00 0.5 0.5 
4 Feb/procure vae chamber lot 1 15150.00 eu 15.2 1 100.0 100 HS 37.73 3.8 18.9 
5 Vae pumpng,gages,ps,etc. lot 1 16850.00 eu 16.9 1 16.0 16 HS 37.73 0.6 17.5 
6 0 0.00 0.0 1 16.0 16 EI 33.00 0.5 0_5 
7 Assemble,bakeout,test lot 1 500.00 eu 0.5 1 230_0 230 HS 37.73 8.7 9_2 
8 Installation lot 1 600.00 eu 0.6 1 100.0 100 HU 35.92 3.6 4.2 
9 0 0.00 0.0 1 20.0 20 HS 37.73 0.8 0.8 

10 0 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 
.. Subtotal·· 

82.0 1694 63.4 145.4 

** was: 1.2.2.2.3.3 H2 Mirror 
1 Feb/procure mech parts lot 1 31200.00 eu 31.2 816.0 816 HS 37.73 30.8 62.0 
2 Fab/procure elee & cntrls lot 1 7700.00 eu 7.7 40.0 40 HS 37.73 1.5 9.2 
3 0 0.00 0.0 52.0 52 ES 33.00 1.7 1.7 
4 Fab/procure vae chamber lot 1 15350.00 eu 15.3 100.0 100 HS 37.73 3.8 19.1 
5 Vae pumpng,gages,ps,etc. lot 1 12750.00 eu 12.8 16.0 16 HS 37.73 0.6 13.4 
6 0 0.00 0.0 16.0 16 EI 33.00 0.5 0.5 
7 Assemble,bakeout,test lot 1 500.00 eu 0.5 232.0 232 HS 37.73 8.8 9.3 
8 Installation lot 1 600.00 eu 0.6 100.0 100 HU 35.92 3.6 4.2 
9 0 0.00 0.0 20.0 20 HS 37.73 0.8 0.8 

10 0 0.00 0.0 40.0 40 ES 33.00 1.3 1.3 
.. Subtotal .* 

68.1 1432 53.3 121.4 

** was: 1.2.2.2.3.4 H3 Mirror 
1 Feb/procure mech parts lot 1 15900.00 eu 15.9 536.0 536 HS 37.73 20.2 36.1 
2 Fab/procure elect & cntrl lot 1 4950.00 eu 5.0 20_0 20 HS 37.73 0.8 5.7 
3 0 0.00 0.0 36.0 36 ES 33.00 1.2 1.2 
4 Feb/procure vae chamber lot 1 9350.00 eu 9.3 100.0 100 HS 37.73 3.8 13.1 
5 Vae pumpng,gages,ps,etc. lot 1 12750.00 eu 12.8 16.0 16 HS 37.73 0.6 13.4 
6 0 0.00 0.0 16.0 16 EI 33.00 0.5 0.5 
7 Assemble,bakeout,test lot 1 500.00 eu 0.5 192.0 192 HS 37.73 7.2 7.7 
6 Installation lot 1 600.00 eu 0.6 100.0 100 HU 35.92 3.6 4.2 
9 0 0.00 0.0 20.0 20 HS 37.73 0.8 0.8 

10 0 0.00 0.0 40.0 40 ES 33.00 1.3 1.3 
** Subtotal ** 

44.1 1076 40.0 84.0 

*. ~BS: 1.2.2.2.3.5 Monochromator (NIH) 
1 Feb/procure mech parts lot 1 323600.00 eu 323.6 1 932.0 932 HS 37.73 35.2 358.8 
2 Fab/procure elec & cntrls lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Fab/procure vae chamber lot 1 12800.00 eu 12.8 1 480.0 480 HS 37.73 18.1 30.9 
4 Vae pumpng,gages,ps,etc. lot 1 34200.00 eu 34.2 1 32.0 32 HS 37.73 1.2 35.4 
5 0 0.00 0.0 1 16.0 16 EI 33.00 0.5 0.5 
6 Assemble,bakeout,test lot 1 400.00 eu 0.4 1 616.0 616 HS 37.73 23.2 23.6 
7 Installation lot 1 600.00 eu 0.6 1 240.0 240 HS 37.73 9.1 9.7 
8 0 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 
9 0 0.00 0.0 1 80.0 80 HS 37.73 3.0 3.0 

** Subtota l ** 
372.6 2436 91.6 464.2 

** UBS: 1.2.2.2.3.6 M4 Hi rror 
1 Fab/procure mech parts lot 1 30000.00 eu 30.0 1 256.0 256 HS 37.73 9.7 39.7 
2 Fab/procure lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Fab/procure vae chamber lot 1 11350.00 eu 11.3 1 100.0 100 HS 37.73 3.8 15.1 
4 Vae pumpng.g8ges,ps,etc. lot 1 11600.00 eu 11.6 1 16.0 16 HS 37.73 0.6 12.2 
5 0 0.00 0.0 1 16.0 16 EI 33.00 0.5 0.5 
6 Assemble,baKeout,test lot 1 200.00 eu 0.2 1 152.0 152 HS 37.73 5.7 5.9 
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7 Installation lot I 300.00 eu 0.3 60.0 60 HU 35.92 2.2 2.5 
8 0 0.00 0.0 16.0 16 HS 37.73 0.6 0.6 

** Subtotal *it 

54.5 616 23. I 77.5 

•• YBS: 1.2.2.2.3.7 M5 Mirror 
1 Fab/procure lot 1 30000.00 eu 30.0 1 256.0 256 HS 37.73 9.7 39.7 
2 Fab/procure lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Fab/procure vae chamber lot 1 11350.00 eu 1 1.3 1 100.0 100 HS 37.73 3.8 15.1 
4 Vae pumpng,gages,ps,etc. lot 1 11600.00 eu 1 1.6 1 16.0 16 HS 37.73 0.6 12.2 
5 0 0.00 0.0 1 16.0 16 EJ 33.00 0.5 0.5 
6 Assemble,bakeout,test lot 1 100.00 eu 0.1 1 72.0 72 HS 37.73 2.7 2.8 
7 Installation lot 1 50.00 eu 0.1 1 16.0 16 HS 37.73 0.6 0.7 
8 0 0.00 0.0 1 20.0 20 HU 35.92 0.7 0.7 

** Subtota 1 ** 
54.1 496 18.6 72.7 

** YBS: 1.2.2.2.3.8 Branch Line Diagnostics 
1 Fab/procure mech parts lot 1 18000.00 eu 18.0 480.0 480 HS 37.73 18.1 36.1 
2 Fab/procure vae chamber lot 1 13200.00 eu 13.2 84.0 84 HS 37.73 3.2 16.4 
3 Assemble,bakeout,test lot 1 600.00 eu 0.6 228.0 228 HS 37.73 8.6 9.2 
4 Installation lot 1 100.00 eu 0.1 84.0 84 HU 35.92 3.0 3.1 

** Subtotal ** 
31.9 876 32.9 64 .8 

*. ~BS: 1.2.2.2.3.9 VacUl.I1I System: Controls & Installation 
1 Fab/procure mech parts lot 1 17500.00 eu 17.5 100.0 100 HU 35.92 3.6 21.1 
2 0 0.00 0.0 52.0 52 HS 37.73 2.0 2.0 
3 Fab/procure elec & cntrls lot 1 48790.00 eu 48.8 120.0 120 EH 33.00 4.0 52.8 
4 0 0.00 0.0 162.0 162 ES 33.00 5.3 5.3 
5 0 0.00 0.0 120.0 120 CP 59.40 7.1 7.1 
6 0 0.00 0.0 60.0 60 EJ 33.00 2.0 2.0 
7 Fab/procure vae chamber lot 1 45150.00 eu 45.1 288.0 288 HS 37.73 10.9 56.0 
8 Vae pumpng.gages,ps,etc . lot 1 11850.00 eu 11.8 16.0 16 HS 37.73 0.6 12.5 
9 0 0.00 0.0 16.0 16 EJ 33.00 0.5 0_5 

10 Assemble,bakeout,test lot 1 300.00 eu 0.3 168.0 168 MS 37.73 6.3 6.6 
11 Installation lot 1 4200.00 eu 4.2 340.0 340 MU 35.92 12.2 16.4 
12 0 0.00 0.0 48.0 48 HS 37.73 1.8 1.8 
13 0 0.00 0.0 40.0 40 CP 59.40 2.4 2.4 
14 0 0.00 0.0 120.0 120 ES 33.00 4.0 4.0 

""" Subtotal •• 
127.8 1650 62.7 190.5 

** YBS: 1.2.2.2.3.10 Branch Line Safety Systems 
1 Branch Line Safety System lot 1 6900.00 eu 6.9 80.0 80 ES 33 .00 2.6 9.5 
2 0 0.00 0.0 80 .0 80 EM 33.00 2.6 2.6 

""" Subtotal ** 
6.9 160 5.3 12.2 

** YBS: 1.2.2 . 2.3.11 Harmonic Suppression & Optical Filters 
1 Fab/procure mech parts lot 1 23000.00 eu 23.0 160.0 160 HS 37.73 6.0 29 .0 
2 Fab/procure vac chamber lot 1 26850.00 lot 26.9 100.0 100 MS 37.73 3.8 30.6 
3 Vac pumpng,gages,ps.etc . lot 1 63700 . 00 eu 63.7 56.0 56 MS 37.73 2.1 65 .8 
4 0 0.00 0.0 16.0 16 EJ 33.00 0.5 0.5 
5 Assemble,bakeout.test lot 1 400 . 00 eu 0.4 288.0 288 MS 37.73 10.9 11.3 
6 Installation lot I 300.00 eu 0.3 120.0 120 MU 35.92 4.3 4.6 
7 0 0.00 0.0 40. 0 40 MS 37.73 1.5 1.5 
8 0 0.00 0.0 60.0 60 ES 33.00 2.0 2.0 

** Subtotal ** 
114.3 840 31.1 145.4 

** YBS: 1.2.2 . 2.3.12 Secondary Branchline 
1 Sec. Branchline Allowance lot I 250000.00 250.0 0 0.0 0 0.00 0.0 250.0 

""" Subtotal ** 
250.0 0 0.0 250.0 
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** was: 1.2.3.1. 1 UX Undulator EDI 
1 Engineering 0 0.00 0.0 1 6100.0 6100 HE 59.40 362 .3 362.3 
2 Design 0 0.00 0.0 1 6100.0 6100 I'D 42.25 257.7 257.7 
3 S&E lot 1 34335.00 eu 34.3 0 0.0 0 0.00 0.0 34 .3 

** Subtota l ** 
34.3 12200 620.1 654.4 

** was: 1.2.3.1.2 UX Front End EDI 
1 Design 0 0.00 0.0 1 2000.0 2000 I'D 42.25 84.5 84.5 
2 S&E lot 1 3600.00 eu 3.6 0 0.0 0 0. 00 0.0 3.6 

** Subtotal ** 
3.6 2000 84.5 88.1 

** was : 1.2.3.1.3 UX Branchline EOI 
1 Engineering 0 0.00 0.0 1 2800.0 2800 HE 59.40 166.3 166.3 
2 Design 0 0.00 0.0 1 8400.0 8400 I'D 42.25 354.9 354.9 
3 S&E lot 1 37280.00 eu 37.3 0 0.0 0 0.00 0.0 37.3 

** Subtotal ** 
37.3 11200 521.2 558.5 

** WBS: 1.2.3.2 . 1 UX Undulator 
1 Undulators (BlX) ea 2 721200.00 A87 1442.4 0 0.0 0 0.00 0.0 1442.4 
2 Controls lot 1 40000.00 eu 40.0 1 320.0 320 EE 59.40 19.0 59.0 
3 " " 0 0.00 0.0 1 240.0 240 EI 33.00 7.9 7.9 
4 " " 0 0.00 0.0 1 120.0 120 EM 33.00 4.0 4.0 
5 " " 0 0.00 0.0 1 40.0 40 IEL 62.85 2.5 2.5 
6 Ins tallation 0 0.00 0.0 1 240.0 240 MU 35.92 8.6 8.6 
7 " " 0 0.00 0.0 1 160.0 160 EI 33.00 5.3 5.3 
8 " " 0 0.00 0.0 1 80.0 80 EH 33.00 2.6 2.6 
9 " " 0 0.00 0.0 1 160.0 160 IEL 62.85 10.1 10.1 

10 " " 0 0.00 0.0 1 64.0 64 RG 37.65 2.4 2.4 
11 Magnetic Modulator System lot 1 20000.00 eu 20.0 1 400.0 400 HS 37.73 15.1 35.1 
12 " " 0 0.00 0.0 1 400.0 400 HA 38.60 15.4 15.4 
13 " " 0 0.00 0.0 1 240.0 240 HU 35.92 8.6 8.6 
14 " " lot 1 10000.00 eu 10.0 1 320 .0 320 EI 33.00 10.6 20.6 
14 " " 0 0.00 0.0 1 120.0 120 IEL 62 .85 7.5 7.5 
15 " " 0 0. 00 0.0 1 120 .0 120 EH 33.00 4.0 4. 0 

** Subtotal ** 
1512 .4 3024 123.6 1636.0 

** WBS: 1.2 . 3.2.2.1 . 1 Aperture Plat e 
1 Water Cooled Absorber ea 1 800.00 A91 0.8 40 .0 40 MS 37.73 1.5 2.3 
2 Brazing Fixtures/Tooling LOT 1 200.00 EU 0.2 30.0 30 HU 35.92 1.1 1.3 
3 Flange Gas kets & Hardware lot 2 200.00 eu 0.4 10 .0 10 MS 37.73 0.4 0.8 

'u Subtotal ** 
1.4 80 3.0 4.4 

** WBS: 1. 2. 3.2.2 . 1. 2 Bellows 
1 we lded Bellows Assy ea 3000.00 A91 3.0 1.0 1 MS 37.73 0.0 3.0 
2 Inspect, Cl ean, Bake e. 50.00 eu 0. 1 2.0 2 MU 35.92 0. 1 0.1 

** SubtotaL *'II' 

3.0 3 0. 1 3.2 

** UBS: 1.2.3.2.2.1.3 Collima ting spool 
1 Spool Piece ea 1 1250.00 A91 1.2 8.0 8 HU 35.92 0.3 1.5 
2 Mi sc. Flanges/UHV Hardwre lot 1 500.00 eu 0.5 B.O 8 HS 37.73 0.3 0.8 
3 lead Shi e lding & Hounting lot 1 500.00 eu 0.5 40.0 40 HS 37.73 1.5 2.0 

** subtota l ** 
2.2 56 2.1 4.3 

** WBS: 1.2.3.2.2.1 .4 Isolation Valve 
1 VaLve & ControlLer Proc. ea 1 22140.00 A91 22 . 1 0 0.0 0 0. 00 0.0 22 . 1 
2 Prelim Assemble & Test lot 1 50.00 ea 0. 1 1 8.0 8HU 35.92 0.3 0.3 
3 Inspect/Clean/Etc. lot 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 4.0 4 EI 33 .00 0.1 0.3 
5 Blank flngs & mntng hrdwr lot 2 200.00 eu 0.4 1 20.0 20 MS 37. 73 0.8 1.2 
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** Subtotal ** 
22 .8 36 1.3 24.2 

•• WBS: 1.2.3.2.2.1.5 Support Stand 
1 Support stand, misc. hrdw ea 1 1500.00 eu 1.5 1 40.0 40 HS 17.7l 1.5 3.0 
2 Struts & hardware e. 6 500.00 A91 3.0 6 8.0 48 HU 35.92 1.7 4.7 
3 Misc. lot 1 1000.00 eu 1.0 1 40.0 40 MS 37.7l 1.5 2.5 

" Subtotal ** 
5.5 128 4.7 10.2 

" WBS: 1.2.3 .2.2.1.6 Asserrbl e, Bakeout, Test 
1 Clean parts lot 1 100.00 eu 0.1 1 16.0 16 HU 35 .92 0.6 0.7 
2 Final vae assy,leak check. l ot 1 100.00 eu 0.1 1 16.0 16 MU 35 .92 0.6 0.7 
3 Bakeout jackets e. 1 1500.00 A91 1.5 1 8.0 8 MU 35.92 0.3 1.8 
3 Fiducial he 0 0.00 0.0 2 8.0 16 MS 17.7l 0.6 0.6 
4 RGA scans, UHV pre· qualfy 0 0.00 0.0 1 16.0 16 MS 17.7l 0.6 0.6 

*. Subtotal '*. 
1.7 72 2.6 4.3 

** WBS: 1. 2.3.2.2.1.7 Ins tallat ion 
1 Install/check v8lvs/cntrl lot 1 200.00 eu 0.2 1 16.0 16 EI 33.00 0.5 0.7 
2 Install utilities lot 1 500.00 eu 0.5 1 16.0 16 HU 35.92 0.6 1.1 
3 Install/alig" supprt stnd lot 1 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
4 Instll/align vae hardware 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
5 Vae cnnctns, leak check 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
6 Bakeout 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
7 Elec. installation 0 0.00 0.0 1 8.0 8 IEL 62.85 0.5 0.5 

** Subtotal ** 
0.9 168 6.2 7.1 

** WBS: 1.2.3.2.2.2.1 Fab/Buy Mech Parts & Subassyls 
1 Flange/mntng plate fab e. 1 600.00 eu 0.6 1 40.0 40 HS 17.7l 1.5 2.1 
2 CF feed·thrus for electrn ea 8 200.00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
3 Brazing & fi xtures lot 1 100.00 eu 0.1 1 20.0 20 HU 35.92 0.7 0.8 
4 feedthrus welding lot 1 50.00 eu 0.1 1 20.0 20 HS 37.7l 0.8 0.8 
5 Blades fab e. 2 100.00 eu 0.2 2 20 .0 40 HS 37.7l 1.5 1.7 
6 In-vac parts & elec lab lot 1 200.00 eu 0.2 1 40.0 40 HS 37.7l 1.5 1.7 
7 LeY hardware lot 1 100.00 eu 0.1 1 8.0 8HU 35.92 0.3 0.4 
8 2-axis translation mech e. 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
9 Outside V8C mntng hardwre lot 1 500_00 eu 0.5 1 20.0 20 HS 17.7l 0.8 1.3 

10 Blade alignment fi xtures lot 1 200.00 eu 0.2 1 20.0 20 HS 17.7l 0.8 1.0 
.. Subtotal ** 

6.6 208 7.8 14 .3 

** UBS : 1. 2.3 .2 .2.2.2 fab/Buy El ec trical and Control s 
1 Bias power supply e. 2 3000.00 eu 6.0 2 8.0 16 EI 33.00 0.5 6.5 
2 ILC & sax e. 3 1500.00 eu 4.5 3 20.0 60 EI 33 .00 2.0 6.5 
3 Electrometer •• 2 1695.00 cp 3.4 2 8.0 16 EI 33.00 0.5 3.9 
4 Eurocard crate e. 1 1000.00 eu 1.0 1 16.0 16 EI 33.00 0.5 1.5 
5 Thermocouples & controls e. 2 500.00 eu 1.0 2 8.0 16 EI 33.00 0.5 1.5 
6 Stepper motor controller e. 1 3000.00 eu 3.0 1 16.0 16 EI 33.00 0.5 3.5 
7 Cables lot 1 1000.00 eu 1.0 1 40.0 40 EI 33 .00 1.3 2.3 
8 Flow swi tch e • 2 400 .00 eu 0.8 2 4.0 8 EI 33.00 0.3 1.1 

.... Subtotal'll· 
20. 7 188 6.2 26.9 

** WB S: 1. 2.3 .2.2.2. 3 f ab/Buy Support Stand 
1 Slides mounting hardwre e. 200.00 eu 0.2 8.0 8 MS 37.7l 0.3 0.5 
2 Support post & hardware lot 3000.00 eu 3.0 8.0 8 MS 37.7l 0.3 3.3 
3 Mise hardwre & fixtures lot 1000.00 eu 1.0 40.0 40 HS 17.7l 1.5 2.5 

** Subtotal *" 
4.2 56 2.1 6.3 

** "BS : 1.2.3.2.2.2.4 Bellows 
1 Uelded bellows assy e. 2 4000.00 A91 8.0 0 0.0 0 0.00 0.0 8.0 
2 Blank flange s ,gaskets,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
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3 Inspect,clean,bake lot 2 50 .00 eu 0.1 2 2.0 4 MU 35.92 0.1 0.2 
** Subtotal .. 

8.7 4 0.1 8.8 

•• ~BS: 1.2.3. 2.2.2.5 AssefTble, Bakeout. Test (Assembly Shop) 
1 Assemble/test PBPH mech ea 1 500.00 eu 0.5 2 20.0 40 MU 35 .92 1.4 1.9 
2 Assemble/test PBPH elec ea 1 500.00 eu 0.5 1 40.0 40 EI 33 .00 1.3 1.8 
3 Bakeout/UHV pre'quaLify ea 1 500.00 eu 0.5 1 40.0 40 MU 35.92 1.4 1.9 
4 Fiducialization 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
5 Hisc assy equip, jackets, lot 1 1000.00 eu 1.0 1 20.0 20 MU 35.92 0.7 1.7 

** Subtotal '** 
2.5 172 6.1 8.6 

** was: 1.2 .3.2.2.2.6 Install ation 
1 Lew Hardware & connection lot 1 300.00 eu 0.3 2 20.0 40 MU 35.92 1.4 1.7 
2 Transport & on- s ite setup lot 1 200.00 eu 0.2 2 8.0 16 MU 35.92 0.6 0.8 
3 Vac assemble & leak check lot 1 100.00 eu 0.1 2 16 .0 32 MU 35.92 1.1 1.2 
4 Installation alignment 0 0.00 0.0 2 16.0 32 MS 37.73 1.2 1.2 
5 Hech install,test,debug lot 1 100.00 eu 0.1 2 20.0 40 MU 35.92 1.4 1.5 
6 ELec . installation lot 1 100.00 eu 0.1 1 20.0 20 IEL 62.85 1.3 1.4 
7 Final bak.e & UHV qualify 0 0.00 0.0 2 20.0 40 MU 35.92 1.4 1.4 

** Subtotal ** 
0.8 220 8.5 9.3 

** was: 1.2.3.2.2.3.1 F ab/Buy Mech Parts & Subassy's 
1 Machine absorber blades ea 2 1000.00 A91 2.0 2 40.0 80 MS 37.73 3.0 5.0 
2 Braze absorber blades ea 2 100.00 eu 0.2 2 20.0 40 MS 37.73 1.5 1.7 
3 Brazing tooling/fixtures ea 1 200.00 eu 0.2 1 20.0 20 MS 37.73 0.8 1.0 
4 Blade/pivot mounting ea 2 500 . 00 A91 1.0 2 60.0 120 MS 37.73 4.5 5.5 
5 Pneumatic actuator mechan ea 2 500.00 eu 1.0 2 40.0 80 MS 37.73 3.0 4.0 
6 limit stops & switches ea 2 100 . 00 eu 0.2 2 20.0 40 MS 37.73 1.5 1.7 
7 Bellws/conflat ass 'y/weld ea 2 1000.00 A91 2.0 2 40 .0 80 MS 37.73 3.0 5.0 

** Subtotal ** 
6.6 460 17.4 24.0 

** YBS: 1.2.3 .2.2.3 .2 Fab/Buy El ectrical and Control s 
1 ILC & SBX ea 1 1500.00 eu 1.5 1 20.0 20 EI 33 .00 0.7 2.2 
2 Cables lot 1 200 .00 eu 0.2 1 8.0 8 EI 33.00 0.3 0.5 
3 Flow switch & interlocks ea 2 400 .00 eu 0.8 2 4.0 8 EI 33.00 0.3 1.1 
4 Position indicators set I 500.00 eu 0.5 1 8.0 8 EI 33.00 0.3 0.8 
5 Air solenoids ea 4 500.00 eu 2.0 4 8.0 32 EI 33 .00 1.1 3.1 
6 Air pressure interlocks ea I 500 . 00 eu 0.5 1 16.0 16 EI 33.00 0.5 1.0 

** Subtotal '** 
5.5 92 3.0 8.5 

** WBS : 1.2.3.2.2.3.3 Fab/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber ea 1 8000 . 00 A91 8.0 1 40 .0 40 MU 35.92 1.4 9.4 
2 Hi sc flanges & UHV hardwr lot 1 2500 . 00 eu 2.5 0 0.0 0 0.00 0.0 2.5 
3 Haunting struts/hardware ea 6 500.00 A91 3.0 6 8.0 48 MS 37.73 1.8 4.8 
4 Support posts,frame,hrdwr lot 1 1500. 00 A91 1.5 1 40.0 40 MS 37.73 1.5 3.0 

** Subtotal *it 

15.0 128 4.8 19.8 

** WBS: 1.2 .3.2.2.3.4 Vacuum Pumping, Gauges, Controllers , P.S. 
1 Ion pump, 400 lis ea 1 7527. 00 A92 7.5 1 4.0 4 MU 35 .92 0. 1 7.7 
2 Ion pump controller ea 1 2180 . 00 A92 2.2 1 4.0 4 EI 33.00 0. 1 2.3 
3 Ion pump cable,bakeable ea 1 250 . 00 A91 0.2 1 4.0 4 EI 33.00 0. 1 0.4 
4 IEEE-48 cable,3m cntrller ea 1 421.00 A92 0.4 0 0.0 0 0.00 0.0 0.4 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500 . 00 A91 3.5 1 4.0 4 MU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 I 4.0 4 EI 33.00 0.1 0.4 
8 Junction box,IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100 . 00 eu 0.1 0 0.0 0 0.00 0.0 o. I 

** Subtotal ** 
15.7 24 0.8 16.5 
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** \.IBS: 1.2.3.2.2 .3.5 Assenble, Bakeout, Test 
1 Assemble & test ea I 500.00 eu 0.5 2 80.0 160 MU 35.92 5.7 6.2 
2 Bakeout & UHV qualify lot I 500.00 eu 0.5 2 40.0 80 MS 37.73 3.0 3.5 
3 Survey/ca librat ion 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1. I 
4 Mise tools ,fi xtures ,cart, lot I 1000.00 eu 1.0 I 80.0 80MU 35.92 2.9 3.9 

** Subtotal ... 
2.0 352 12.8 14.8 

" ~BS: 1. 2.3 .2.2. 3.6 Insta ll ation 
1 lCW hardware/connections lot I 300.00 eu 0.3 2 16.0 32 MU 35.92 1.1 1.4 
2 Transport/on-site setup lot I 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
3 Vac assemble & leak check lot I 50.00 eu O. I 2 16.0 32 MU 35 .92 1.1 1.2 
4 Installation alignment 0 0.00 0.0 2 16.0 32 MS 37.73 1.2 1.2 
5 Pneumatic hardware/cnnctn lot I 300.00 eu 0.3 2 16.0 32 MU 35.92 1.1 1.4 
6 Mech install/tes t/debug lot I 50.00 eu O. I 2 16.0 32 MU 35.92 1.1 1.2 
7 Elec installation 0 0.00 0.0 I 16.0 16 IEL 62.85 1.0 1.0 

" Subtotal ** 
0.9 208 8.0 8.9 

** was: 1.2.3.2.2.3 .7 Titanium Sublimation Pump 
1 TSP pump spool piece ea 1 2700.00 A91 2.7 0 0.0 0 0.00 0.0 2.7 
2 TSP filaments & controllr ea 1 3500 .00 eu 3.5 1 8.0 8 EI 33.00 0.3 3.8 
3 flanges & UHV hardware lot I 500 .00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 Misc (extrusions, etc.) lot 1 1000.00 eu 1.0 1 20.0 20 MS 37.73 0.8 1.8 

** Subtotal ** 
7.7 28 1.0 8.7 

" ~BS: 1.2.3.2.2. 3.8 Iso lati on Valve 
1 Valve & cant roll r proc. ea 1 18000.00 A91 18.0 0 0.0 0 0.00 0.0 18.0 
2 Prelim assemble & test lot 1 50 .00 eu O. I 1 8.0 8 MU 35.92 0.3 0.3 
3 Inspection, cleaning , etc lot 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200 .00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Bl ank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtota l ** 
18.7 14 0.5 19.2 

" ~BS: 1.2.3.2.2.4.1 Fas t Val ve 
1 Modified VAT fast shutter ea 26000.00 A91 26.0 0 0.0 0 0.00 0.0 26.0 

" Subtotal ** 
26. 0 0 0.0 26.0 

** WBS: 1.2.3.2.2.4.2 Fab/Buy Electrical and Controls 
1 Cables & connectors lot 1 500.00 A91 0.5 1 8.0 8 EI 33.00 0.3 0.8 
2 Air pressure interlocks ea 1 500.00 eu 0.5 1 16.0 16 EI 33.00 0.5 1.0 
3 Junction box,lG cable ea 3 200.00 eu 0.6 0 0.0 0 0.00 0.0 0.6 
4 Interlock cable ea 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 

" Subtotal ** 
2. 1 24 0.8 2.9 

" WBS: 1.2.3.2.2 .4 .3 Bellows 
1 Welded bellows assy ea 3000.00 A91 3.0 1 4.0 4 MS 37.73 0.2 3.2 
2 Blank flanges,ga skets,etc lot 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
3 Inspect,clean, bake lot 50.00 eu 0.1 1 4.0 4MU 35.92 0.1 0.2 

** Subtota l *. 
3.3 8 0.3 3.6 

" WBS: 1.2.3.2.2.4.4 Aperture Plate 
1 Water-cooled absorber ea I 800.00 A91 0.8 40.0 40 MS 37.73 1.5 2.3 
2 Brazing,fixtures,tooling lot I 200.00 eu 0.2 30.0 30 MU 35.92 1.1 1.3 
3 Fl ange gaskets & hardware tot 2 200.00 eu 0.4 10.0 10 MS 37.73 0.4 0.8 

** Subtota 1 ** 
1.4 80 3.0 4.4 

** \.I8S: 1.2.3.2.2.4.5 Assembl e, Bakeout, Test 
1 Assemble & tes t ea I 500.00 eu 0. 5 80 .0 80 MU 35.92 2.9 3.4 
2 Survey/calibration 0 0.00 0.0 16.0 16 MU 35.92 0.6 0.6 
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.. Subtotal·· 
0.5 96 3.4 3.9 

•• ~BS: 1.2.3.2.2.4.6 Installation 
1 Pneumatic hardwar/cnnctns lot 1 300.00 eu 0.3 16.0 16 MU 35.92 0.6 0.9 
2 Mech install/test/debug lot 1 50 .00 eu 0.1 16.0 16 MU 35.92 0.6 0.6 
3 Elec installation 0 0.00 0.0 16.0 16 IEL 62.85 1.0 1.0 

** Subtotal "'* 
0.3 48 2.2 2.5 

*. WBS: 1.2.3.2.2.5.1 Fab/Buy Mech Parts & Subassy's 
1 Sintered tungsten shutter ea 1 4000.00 eu 4.0 40.0 40 MS 37.73 1.5 5.5 
2 Shutter flange-mounting ea 1 500.00 eu 0.5 40.0 40 MS 37.73 1.5 2.0 
3 In·vac position stops/mon ea 1 1500.00 eu 1.5 80 .0 80 MS 37.73 3.0 4.5 
4 Bellows/cnflat ass'y/weld ea 1 2000.00 eu 2.0 20.0 20 HS 37.73 0.8 2.8 
5 Pneumatic actuatr/mountng ea 1 2000 .00 eu 2.0 120.0 120 MS 37.73 4.5 6.5 .. Subtotal ** 

10.0 300 11.3 21.3 

** WBS: 1.2.3.2.2.5.2 Fab/Suy Electrical and Controls 
1 ILC & SBX ea 1 1500.00 eu 1.5 16.0 16 EI 33 .00 0.5 2.0 
2 Cables lot 1 200.00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 
3 Pos ition indicators set 1 200.00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 
4 Air solenoids ea 1 200.00 eu 0.2 8.0 8 EI 33.00 0.3 0.5 
5 Air pressure interlocks ea 1 200.00 eu 0.2 16.0 16 EI 33.00 0.5 0.7 

*. Subtotal·· 
2.3 72 2.4 4.7 

.* WSS: 1.2.3.2.2.5.3 Fab/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber ea 1 5000.00 A91 5.0 1 20 .0 20 MU 35.92 0.7 5.7 
2 Mise flanges & UHV hardwr lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
4 Mounting struts/hardware ea 6 500.00 .91 3.0 6 8.0 48 MS 37.73 1.8 4.8 
5 Support posts ea 2 1000.00 eu 2.0 2 20.0 40 MS 37.73 1.5 3.5 

** Subtotal ** 
12.3 108 4.0 16.3 

** YBS : 1.2 .3.2.2.5.4 Vacuum Pumping, Gauges, Controllers , P.S. 
I Ion pump, 220 L/s ea I 4865 .00 A91 4.9 I 4.0 4 MU 35.92 o. I 5.0 
2 Ion pump controller ea I 2500.00 A91 2.5 I 4.0 4 EI 33.00 o. I 2.6 
3 Ion pump cable, bakeable ea I 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-488 cable,3m cntller ea I 150.00 cp o. I 0 0.0 0 0.00 0.0 o. I 
5 Ion gauge & controls ea I 3500.00 A91 3.5 I 4.0 4 MU 35 .92 o. I 3.6 
6 Ion gauge cable, bakeable ea I 250.00 cp 0.2 I 4.0 4 EI 33 .00 o. I 0.4 
7 Junet ; on box, IG cable ea I 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
6 Ion gauge controller ea I 3500 .00 cp 3.5 0 0.0 0 0.00 0.0 3.5 
9 InterLock cable ea I 100.00 eu O. I 0 0.0 0 0.00 0.0 o. I 

** Subtotal ** 
15 .3 16 0.6 15 .9 

** \.IBS: 1.2.3. 2.2.5.5 Assemble, Bakeout, Test 
1 Assemble & test lot I 500.00 eu 0.5 2 80.0 160 .... 35.92 5.7 6.2 
2 Pre·bakeout tungs tn block ea I 300.00 eu 0.3 I 20.0 20 MU 35.92 0.7 1.0 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1. I 
3 8akeout & UHV qualify ea I 500.00 eu 0.5 2 40 .0 80 MU 35.92 2.9 3.4 
4 Hisc tools,fixtures ,cart, lot I 1000.00 eu 1.0 1 40.0 40 MU 35 .92 1.4 2.4 

*. Subtotal ** 
2.3 332 11.9 14.2 

** WBS: 1.2.3.2.2.5.6 Ins tallation 
Transport & on'site setup lot I 200 .00 eu 0.2 2 16.0 32 .... 35 .92 1.1 1.3 

2 Vac assemble & leak check lot I 50.00 eu o. I 2 16 .0 32 I4lJ 35.92 1.1 1.2 
3 InsUltn algrvnnt (stnd) 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 
4 Pneumatic hardwar/cnnctns lot I 300.00 eu 0.3 I 16.0 16 I4lJ 35 .92 0.6 0.9 
5 Hech instaLl,test,debug lot I 50.00 eu O. I 2 16.0 32 MU 35.92 1.1 1.2 
6 Elec installati on 0 0.00 0.0 I 16.0 16 El 33.00 0.5 0.5 
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** Subtotal ** 
0.6 160 5.8 6.4 

*. WBS: 1. 2.3 .2.2.5.7 Shield Walt Trans itfon Spool 
1 S~T spool piece ea 1 2500.00 A91 2.5 1 4.0 4 MS 37. Tl 0.2 2.7 
2 Misc . flanges & UHV hrdwr lot 1 500.00 eu 0.5 1 4.0 4 HS 37. Tl 0.2 0.7 
3 lead shielding & supports lot 1 500.00 eu 0.5 1 40.0 40 HS 37.Tl 1.5 2.0 
4 Struts and hardware lot 2 500.00 A91 1.0 2 8.0 16 HS 37.Tl 0.6 1.6 
5 Misc extrusions, etc. lot 1 1000.00 eu 1.0 1 40.0 40 HS 37.Tl 1.5 2.5 

** Subtotal·· 
5.5 104 3.9 9.4 

** WBS: 1.2.3.2.2.5.8 Isolation Valve 
1 Valve & controLler proc ea 1 15000.00 vq 15 .0 0 0.0 0 0.00 0.0 15.0 
2 Prelim assy & tes t lot 1 50.00 eu 0.1 1 8.0 8HU 35 .92 0.3 0.3 
3 Inspection, cLeaning,etc . lot 1 50.00 eu 0.1 1 4.0 4HU 35 .92 0.1 0.2 
4 Cables & connectors ea 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Bl ank fl anges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtotal·· 
15.7 14 0.5 16.2 

•• WBS: 1.2.3.2.2.6.1 Feb/Buy Mech Parts & Subassy's 
1 Flange & mntng plate fab ea 1 600.00 eu 0.6 1 40.0 40 HS 37. Tl 1.5 2.1 
2 Cf feedthru for electrncs ea 8 200.00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
3 Brazing & fixtures ea 1 100.00 eu 0.1 1 20.0 20 MU 35.92 0.7 0.8 
4 Feedthrus - welding ea 1 50.00 eu 0.1 1 20.0 20 MS 37.Tl 0.8 0.8 
5 Blades tab ea 4 100.00 eu 0.4 4 20.0 80 MS 37.Tl 3.0 3.4 
6 In-vac parts & elec fab lot 1 200.00 eu 0.2 1 40.0 40 HS 37.Tl 1.5 1.7 
7 lCW Hardware lot 1 100.00 eu 0.1 1 8.0 8 MU 35 .92 0.3 0.4 
6 2-axis transltn mechanism ea 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
9 Outsi de·vac mntng hardwre lot 1 500.00 eu 0.5 1 20.0 20 HS 37.Tl 0.8 1.3 

10 Blade alignment fixtures ea 1 200.00 eu 0.2 1 20.0 20 MS 37.Tl 0.8 1.0 
•• Subtotal·· 

6.8 248 9.3 16.1 

** ~BS : 1.2.3 .2.2 .6.2 Fab/Buy El ectrical and Controls 
1 Bias power supply ea 2 3000.00 eu 6.0 2 8.0 16 EI 33.00 0.5 6.5 
2 ILC & sax ea 3 1500.00 eu 4.5 3 20 .0 60 EI 33.00 2.0 6.5 
3 Electrometer ea 4 1695 .00 cp 6.8 4 8.0 32 EI 33.00 1.1 7.8 
4 Eurocard crate ea 1 1000.00 eu 1.0 1 16.0 16 EI 33.00 0.5 1.5 
5 Thermocouples & controls ea 2 500.00 eu 1.0 2 8.0 16 EI 33.00 0.5 1.5 
6 Stepper motor controller ea 1 3000.00 eu 3.0 1 16.0 16 EI 33.00 O.S 3.5 
7 Cables lot 1 1000.00 eu 1.0 1 32.0 32 EI 33 .00 1.1 2. 1 
8 Flow switch ea 2 400.00 eu 0.8 2 4.0 8 EI 33 .00 0.3 1.1 

•• Subtotal .. 
24.1 196 6.5 30.5 

*. WBS: 1.2.3.2.2.6.3 Fab/Buy support Stand 
1 Slides mounting hardwr ea 1 200.00 EU 0.2 1 8.0 8 HS 37.73 0.3 0.5 
2 Support post & hardware ea 1 3000.00 eu 3.0 1 8.0 8 MS 37.Tl 0.3 3.3 
3 Mise hardware & fixtures ea 1 1000.00 eu 1.0 1 40.0 40 MS 37. Tl 1.5 2.5 

** Subtotal .. 
4.2 56 2.1 6.3 

** was: 1.2.3.2.2.6.4 Bellows 
1 welded bellows assy ea 2 4000.00 A91 8.0 0 0.0 0 0.00 0.0 8.0 
2 Blank flanges, gaskets, lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspee tion,cleaning,bake lot 2 50.00 eu 0. 1 2 2.0 4 MU 35.92 0.1 0.2 

•• Subtotal .. 
8.7 4 0.1 8.8 

** \JBS: 1.2.3.2.2.6.5 Assemble, Bakeout, Tes t 
1 Assemble/test PBPM mech ea 1 500.00 eu 0.5 2 20.0 40 MU 35.92 1.4 1.9 
2 Assemble/tes t PBPH elee ea 1 500.00 eu O.S 1 40 .0 40 EI 33 .00 1.3 1.8 
3 Bakeout/UHV pre-qualify ea 1 500.00 eu 0.5 1 40.0 40 MU 35.92 1.4 1.9 
4 Fiduc ialization 0 0.00 0.0 2 16.0 32 MU 35.92 1. 1 1.1 
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5 Mise assy equip, jackets, lot 1000.00 eu LO 20.0 20 HU 35.92 0.7 L7 
.. Subtotal ** 

2.5 172 6.1 8.6 

•• WBS: 1.2.3.2.2.6.6 Installation 
1 LCW Hardware & connection lot 1 300.00 eu 0.3 2 20.0 40 HU 35.92 L4 1.7 
2 Transport & on-site setup lot 1 200.00 eu 0.2 2 8.0 16 HU 35.92 0.6 0.8 
3 Vac assemble & leak cheek lot 1 100.00 eu 0.1 2 16.0 32 HU 35.92 1.1 1.2 
4 Installation alignment 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 Ll 
5 Mech install,test,debug lot 1 100.00 eu 0.1 2 20.0 40 HU 35.92 L4 1.5 
6 ELec. installation lot 1 100.00 eu 0.1 1 20.0 20 IEL 62.85 L3 1.4 
7 Final bake & UHV qualify 0 0.00 0.0 2 20.0 40 HU 35.92 L4 1.4 

.. Subtota 1 *. 
0.8 220 8.4 9.2 

•• WBS: 1.2.3.2 .2.7. 1 feb/Buy Mech Parts & Subassy1s 
1 Mi se machine shop effort lot 1 1000.00 eu LO 80.0 80 HS 37.73 3.0 4.0 
2 Mise mech tech & tools lot 1 1000.00 eu LO 80.0 80 HU 35.92 2.9 3.9 

.. Subtotal *. 
2.0 160 5.9 7.9 

.* WBS: 1.2.3.2.2.7.2 Feb/Buy Electical and Controls 
1 Cables ,valve actuation & lot 3 100.00 eu 0.3 3 8.0 24 EI 33.00 0.8 L1 
2 X-connect blocks & frame ea 1 500 .00 eu 0.5 1 40.0 40 EI 33.00 L3 L8 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 40.0 40 EI 33 .00 L3 L9 
4 48 Ch . opto- isolator ea 1 700.00 cp 0.7 1 40.0 40 EI 33.00 L3 2.0 
5 Cable trays, conduit, etc lot 1 2000.00 eu 2.0 1 80.0 80 IEL 62.85 5.0 7.0 
6 Double elec . rack ea 1 1300.00 eu L3 1 40.0 40 EI 33 .00 L3 2.6 
7 BA panel 3 ph 30A ea 1 50.00 cp 0.1 1 LO 1 EI 33.00 0.0 0. 1 
8 Breaker panel ea 2 200.00 cp 0.4 2 4.0 8 EI 33.00 0.3 OJ 
9 Plug s trip ea 2 20 .00 eu 0.0 2 4.0 8 EI 33.00 0.3 0.3 

10 Rack fans ea 2 50.00 eu 0.1 2 2.0 4 EI 33.00 0.1 0.2 
11 flow switches /interlocks ea 2 400.00 eu 0.8 2 8.0 16 EI 33.00 0.5 L3 

.. Subtotal·· 
6.8 301 12.3 19.1 

** UBS: 1.2.3.2 . 2.7.3 Fab/Buy Vacuum Chamber & Supports 
1 Mi sc flanges ,vi ewprts,etc lot 1 3000.00 e<J 3.0 0 0.0 0 0.00 0.0 3.0 
2 Roughing valves ea 4 650.00 cp 2.6 0 0.0 0 0.00 0.0 2.6 
3 Misc. uni s trut/hardware lot 1 500.00 e<J 0.5 1 20 .0 20 HU 35 .92 0.7 L2 

.. Subtota l ** 
6.1 20 0.7 6.8 

** WBS: 1.2.3.2.2.7.4 Vacuum Pumping, Gauges, Controllers , P.S. 
1 RGA system ea 1 12000.00 cp 12 .0 1 40.0 40 HU 35.92 L4 13.4 
2 RGA cable, bakeable ea 1 250.00 cp 0.2 1 8.0 8 EI 33.00 0.3 0.5 
3 Junction box, RGA cable ea 1 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
4 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

•• Subtotal ** 
12 .5 48 1.7 14 .3 

** USS: 1.2.3.2.2.7.5 Asserrble, Salceout, Tes t 
1 Misc assemble & tes t ea 1 1000.00 eu LO 2 40 .0 80 HU 35.92 2.9 3.9 
2 Mi se bakeout/UHV qualify lot 1 1000.00 eu LO 2 40 .0 80 HU 35.92 2.9 3.9 
3 Survey/calibration 0 0.00 0.0 3 32.0 96 HU 35.92 3.4 3.4 

.. Subtotal ** 
2.0 256 9.2 1L2 

** UBS: 1. 2.3.2.2.7.6 Installation 
1 Shielding wall modify lot 1 500 .00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
2 lead shielding installatn lot 1 500 . 00 eu 0.5 1 40.0 40 HU 35.92 L4 L9 
3 Ins tallatn final algnment 0 0.00 0.0 2 40.0 80 HU 35.92 2.9 2.9 
4 F.E. pneumati c serv ice ea 1 1000.00 eu LO 1 40.0 40 HU 35.92 L4 2.4 
5 F.E. LCU s ervice lot 1 1000.00 eu LO 1 40.0 40 HU 35.92 L4 2.4 
6 Hech ins tall/test/debug lot 1 50.00 eu 0.1 1 40.0 40 HU 35.92 L4 1.5 
7 Elec ins tallation 0 0.00 0.0 1 80.0 80 IEL 62.85 5.0 5.0 
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8 lew temp control system ea 5000.00 A90 5.0 40.0 40 EI 33.00 1.3 6.3 
** Subtotal ** 

8.1 440 17.8 25.9 

** ~s: 1.2.3.2.2.8 Safety systems 
1 ILC & SBX ea 2 1500.00 eu 3.0 2 20.0 40 EI 33.00 1.3 4.3 
2 Eurocard crate ea 2 800.00 eu 1.6 0 0.0 0 0.00 0.0 1.6 
3 Key panel ea 1 400.00 cp 0.4 0 0.0 0 0.00 0.0 0.4 
4 Monitor lights panel ea 6 500.00 cp 3.0 0 0.0 0 0.00 0.0 3.0 
5 Push button panel ea 1 500.00 cp 0.5 0 0.0 0 0.00 0.0 0.5 
6 Breaker panel ea 1 500.00 cp 0.5 0 0.0 0 0.00 0.0 0.5 
7 Cables lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
8 Wiring assembly 0 0.00 0.0 1 120 .0 120 EI 33.00 4.0 4.0 
9 Video camera & lens ea 1 800.00 cp 0.8 0 0.0 0 0.00 0.0 0.8 

10 Video monitor ea 1 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
11 RG59 coax,camera/monitor ea 1 50.00 eu 0.1 1 2.0 2 EI 33.00 0.1 0.1 
12 Video connectors ea 2 5.00 eu 0.0 2 0.5 1 EI 33.00 0.0 0.0 
13 Mise hardware lot 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
14 Elec. installation 0 0.00 0.0 1 40.0 40 IEL 62.85 2.5 2.5 

** Subtotal ** 
11.7 283 10.9 22.6 

** \JaS: 1.2.3.2.3.1. 1 Feb/Buy Machined Parts & Subassy 's 
1 Machine absorber blades ea 2 1000.00 A91 2.0 2 40.0 80 HS 37.73 3.0 5.0 
2 Braze absorber blades ea 2 100.00 A91 0.2 2 20.0 40 HS 37.73 1.5 1.7 
3 Brazing tooling/fixtures ea 1 200.00 A91 0.2 1 20.0 20 HS 37.73 0.8 1.0 
4 Blade/pivot mounting ea 2 500.00 A91 1.0 2 60.0 120 HS 37.73 4.5 5.5 
5 Actuator mechani sm ea 2 500.00 A91 1.0 2 40.0 80 HS 37.73 3.0 4.0 
6 limit stops & switches ea 2 100.00 A91 0.2 2 20.0 40 HS 37.73 1.5 1.7 
7 Bellws/conflat 8ss'y/weld ea 2 1000.00 A91 2.0 2 40.0 80 HS 37.73 3.0 5.0 

** Subtotal ** 
6.6 460 17.4 24.0 

•• ~S: 1.2.3.2.3.1 . 2 fab/Buy Electrical and Controls 
1 Stepper/encoder/limits ea 2 3000.00 eu 6.0 2 20.0 40 HS 37.73 1.5 7.5 
2 Driver/encoder cables ea 2 200.00 eu 0.4 1 16.0 16 EI 33.00 0.5 0.9 
3 Flow switch & interlocks ea 2 400.00 eu 0.8 2 4.0 8 EI 33.00 0.3 1.1 
4 VME module,RS232,B-port eat 1 800.00 eu 0.8 1 16.0 16 EI 33.00 0.5 1.3 
5 CAble, RS232 eo 2 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Motor/encoder controllers ea 2 2000.00 eu 4.0 2 8.0 16 EI 33.00 0.5 4.5 
7 Triax cable, 100 I lot 2 100.00 eu 0.2 2 8.0 16 EI 33.00 0.5 0.7 

"'* Subtotal ** 
12.3 112 3.9 16.2 

•• ~BS: 1.2.3.2.3. 1.3 Fab/Buy Vacuum Chamber & Supports 
1 Cus tom vacuum chamber eo 1 8000.00 A91 8.0 1 40.0 40 HU 35.92 1.4 9.4 
2 Mi sc flanges/UHV hardware lot 1 2500.00 eu 2.5 0 0.0 0 0.00 0.0 2.5 
3 Mounting struts/hardware ea 6 500.00 A91 3.0 6 8.0 48 HS 37.73 1.8 4.8 
4 Support posts,frame,hrdwr lot 1 1500.00 A91 1.5 1 40.0 40 HS 37.73 1.5 3.0 

** Subtotal ** 
15 .0 128 4.8 19.8 

** ~8S: 1.2.3.2.3.1.4 Vacuum Pumping, Gauges , Controllers , P.S. 
1 Ion purp, 400 lis eo 1 7500.00 A91 7.5 1 4.0 4 HU 35.92 0.1 7.6 
2 Ion pump controller eo 1 2500.00 A91 2.5 0 4.0 o EI 33.00 0.0 2.5 
3 Ion pump cable,bakeable eo 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable,3m cntrlter ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve eo 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls eo 1 3500.00 A91 3.5 1 4.0 4 HU 35.92 0.1 3.6 
7 Jon gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box,IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33 .00 0.1 0.3 
9 Interlock cable eo 1 100 . 00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

"'* Subtotal ** 
15 .8 16 0.6 16.3 
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•• ~BS: 1.2 .3.2.3 .1 .5 Assenble , Bakeout, Test 
1 Assemble & tes t ea 1 500.00 eu 0.5 2 SO.O 160 MU 35.92 5.7 6.2 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Mise tools,fixtures,cart lot 1 1000.00 eu 1.0 1 80.0 80 MU 35.92 2.9 3.9 

•• Subtotal ** 
2.0 352 12 .6 14.6 

•• ~BS: 1.2.3.2.3.1.6 Insta llati on 
1 LC~ hardware/connections lot 1 300.00 eu 0.3 2 16.0 32 MU 35.92 1.1 1.4 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35 _92 1.1 1.3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
4 Ins tallation alignment 0 0.00 0.0 2 16.0 32 MS 37.73 1.2 1.2 
5 Mech install/test/debug lot 1 50.00 eu 0.1 2 16.0 32 MU 35 .92 1.1 1.2 
6 Elec instaLLation 0 0.00 0.0 1 16.0 16 IEL 62.85 1.0 1.0 

.. Subtota l .* 
0.6 176 6.8 7.4 

•• ~BS: 1.2 .3.2.3.1.7 Beam Diagnostic Device 
1 linear dr;ve mech (VGassy) ea 3000.00 cp 3.0 a 0.0 0 0.00 0.0 3.0 
2 Mods for water coo ling ea 200 .00 eu 0.2 1 20.0 20 MS 37.73 0.8 1.0 
3 In-vac parts fab lot 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 
4 Brazing & welding assy ea 200 .00 A91 0.2 1 20.0 20 MS 37.73 0.8 1.0 
5 Phosphor coating ea 500.00 eu 0.5 a 0.0 a 0.00 0.0 0.5 

•• Subtota l ·· 
4.9 120 4.5 9.4 

•• UBS: 1.2.3.2.3. 1.8 Coll ima ting Spool 
1 Spoo l piece ea 1 1250.00 A91 1.2 1 8.0 8 MU 35.92 0.3 1.5 
2 Mi se flanges,UHV hardware lot 1 500.00 eu 0.5 0 0.0 a 0.00 0.0 0.5 
3 lead shield ing & mounting lot 1 500.00 eu 0.5 1 40.0 40 MS 37.73 1.5 2.0 

•• Subtota l .* 
2.2 48 1.8 4.0 

•• ~BS: 1.2.3.2.3.1.9 Bel lows 
1 ~elded bellows assy ea 3000.00 A91 3.0 1 4.0 4 MS 37.73 0.2 3.2 
2 Blank flanges ,gaskets ,etc lot 300.00 cp 0.3 a 0.0 0 0.00 0.0 0.3 
3 Inspection,cLeaning,bake ea 50.00 eu 0.1 1 4.0 4MU 35.92 0.1 0.2 

.. Subtotal .* 
3.3 8 0.3 3.6 

•• ~BS: 1.2.3.2 .3.1 . 10 Titan ium Sublimation Pump 
1 TSP purp spool piece ea 1 2700.00 A91 2.7 a 0.0 a 0.00 0.0 2.7 
2 TSP filaments&controller ea 1 3500 .00 eu 3.5 1 8.0 8 EI 33.00 0.3 3.8 
3 Flanges,& UHV hardware lot 1 500.00 eu 0.5 a 0.0 a 0.00 0.0 0.5 
4 Support post, mi sc hardwr lot 1 1500.00 eu 1.5 1 20.0 20 HS 37.73 0.8 2.3 
5 Struts & hardware ea 6 500.00 A91 3.0 6 8.0 48 HU 35.92 1.7 4.7 
6 Mi sc extrusns, mounts , etc lot 1 1000.00 eu 1.0 1 20.0 20 HS 37.73 0.8 1.8 .. Subtotal .* 

12.2 96 3.5 15.7 .. ~BS: 1.2.3.2 .3.1.11 Isolation Valve 
1 Valve & contr l l r proc. ea 1 15000 .00 vq 15.0 a 0.0 a 0.00 0.0 15.0 
2 Prelim assembl & test es 1 50.00 eu 0. 1 1 8.0 8 HU 35.92 0.3 0.3 
3 Inspection,cleaning,etc. lot 1 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 a 0.0 0 0.00 0.0 0.4 

•• Subtotal ** 
15.7 14 0.5 16.2 

.* YSS: 1.2.3 .2. 3.2.1 F ab/Buy Mech Parts & Subassy's 
1 Mirror polishi ng ea 1 20300.00 A91 20.3 a 0.0 0 0.00 0.0 20.3 
2 Optical coating ea 1 1000.00 A88 1.0 a 0.0 0 0.00 0.0 1.0 
3 Substrate parts machining lot 1 3000.00 A91 3.0 a 0.0 a 0.00 0.0 3.0 
4 Substrate brzng/leak chk ea 1 200 .00 eu 0.2 1 20 .0 20 HU 35.92 0.7 0.9 
5 Braze & leak chk fixtures ea 1 200 .00 A91 0.2 1 40.0 40 MU 35.92 1.4 1.6 
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6 UHV mirrr in-vac mounting ea 1 1000_00 eu 1-0 1 120.0 120 MS 37.73 4.5 5. 5 
7 Mi~ror positioning mech ea 1 1000.00 eu 1-0 1 80.0 80 MS 37.73 3.0 4.0 
8 Mirror shippng crate/mnt ea 1 800.00 A91 0.8 0 32.0 o MS 37.73 0.0 0.8 
9 Misc UHV flanges/hardware lot 1 1000.00 eu 1-0 0 0.0 0 0.00 0.0 1_0 

10 Bellows/conflet ass'y ea 1 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2_5 
11 Tube/Joystick ass'y ea 1 200.00 A86 0.2 1 60.0 60 MS 37.73 2.3 2.5 
12 Masks: parts & machining ea 4 3000.00 A91 12.0 0 0.0 0 0.00 0.0 12 .0 
13 Masks :Braze & weld assy ea 4 200 .00 A91 0.8 4 40.0 160 MU 35.92 5.7 6.5 
14 Lead shIeldIng ea 1 500.00 eu 0.5 1 40.0 40 MU 35 .92 1-4 1.9 

** Subtota I *-It 

44.5 520 19.1 63.6 

•• WBS : 1.2.3.2.3.2.2 Fab/Buy El ectrical and Control s 
1 Stepper/encoder/limits ea 3 2500.00 eu 7.5 3 20.0 60 MS 37. 73 2.3 9.8 
2 Driver/encoder cables ea 3 200 .00 eu 0.6 3 16.0 48 EI 33.00 1.6 2.2 
3 Flow switch & interlocks ea 1 400.00 eu 0.4 1 4.0 4 EI 33 .00 0.1 0.5 
4 Module, VHE, RS232,B-port ea 1 800 .00 eu 0.8 1 16.0 16 EI 33 . 00 0.5 1. 3 
5 Cable, RS232 e. 3 50.00 eu 0.1 0 0.0 0 0. 00 0.0 0.1 
6 Glow discharg optcl clean ea 1 10000.00 eu 10.0 1 40.0 40 EI 33.00 1-3 11-3 

•• Subtotal·· 
19.5 168 5.8 25.3 

• • WBS: 1.2.3.2.3 .2.3 Fab/Buy Va cuum Chamber & Supports 
1 Cus tom vacuum chamber ea 1 10000.00 A91 10 .0 0 0.0 0 0.00 0.0 10.0 
2 Downstream mask chamber ea 1 2500.00 cp 2.5 0 0.0 0 0.00 0.0 2.5 
3 Misc. flanges/UHV hardwre lot 1 1000 .00 eu 1-0 0 0.0 0 0.00 0.0 1-0 
4 Roughing valve ea 2 650 .00 cp 1-3 0 0.0 0 0.00 0.0 1-3 
5 Mounting struts/hardware e. 2 500.00 A91 1-0 2 8.0 16 MS 37.73 0.6 1-6 
6 Motorized struts/hardware ea 4 1000.00 eu 4.0 4 16.0 64 MS 37.73 2.4 6_4 
7 Support posts ea 1 1500 .00 A91 1.5 1 40.0 40 MS 37.73 1-5 3.0 
8 Pump welded bellws 8SSy ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Bellws inspect/clean/bake ea 1 50.00 eu 0. 1 1 4.0 4 MU 35 .92 0. 1 0_2 

•• Subtotal·· 
25.4 124 4. 7 30.0 

•• ~BS: 1.2.3.2.3.2.4 Vacuum Pumping, Gauges, Controll ers , P.S. 
1 Ion pump, 400 LIs ea 1 7500.00 A91 7.5 1 8.0 8 MU 35.92 0.3 7.8 
2 Ion pump controller ea 1 2500 _00 A91 2.5 1 8.0 8 EI 33.00 0.3 2.8 
3 Ion pump cable,bakeable ea 1 250 .00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable,3m cntrller ea 1 150.00 cp 0. 1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controls e. 1 3500.00 A91 3.5 1 8.0 8 MU 35.92 0.3 3.8 
6 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 8.0 8 EI 33 .00 0.3 0.5 
7 Junction box,IG cable e. 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0. 1 

•• Subtotal·· 
14.5 32 1-1 15 .6 

• • ~BS: 1.2.3.2.3.2.5 Asserrbl e, Bak.eout, Test 
1 Assemble & tes t ea 1 500.00 eu 0.5 1 120.0 120 MS 37.73 4.5 5.0 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 MU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1-1 1.1 
4 Mi se tools/fixtrs/cart ea 1 1000.00 eu 1-0 1 80.0 80 MS 37.73 3.0 4.0 

.. Subtotal ** 
2.0 352 13.0 15 .0 

•• WBS : 1.2.3 .2.3.2.6 Installati on 
1 lCW hardware/connections lot 1 300 .00 eu 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport/on- s ite setup lot 1 200 .00 eu 0.2 2 16.0 32 MU 35.92 1-1 1-3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 1 20.0 20 MU 35 .92 0.7 0.8 
4 Installation alignment 0 0.00 0.0 2 32.0 64 MU 35.92 2.3 '2.3 
5 Mech install/test/debug lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
6 Elec installation 0 0.00 0.0 1 20.0 20 IEL 62 .85 1-3 1.3 

•• Subtotal ** 
1-1 232 8.9 9.9 
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.. WBS: 1.2.3.2.3.2.7 Bellows 
1 Welded bellows assy ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
2 Blank flnges,gskts,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspct,clean,prelim bake ea 2 50.00 eu O. I 2 4.0 8HU 35.92 0.3 0.4 

.. Subtotal ** 
4.7 8 0.3 5.0 

** WBS: 1.2.3.2.3.2.8 Collimating Spool 
1 Spool piece ea 1 2000.00 A91 2.0 8.0 8HU 35.92 0.3 2.3 
2 Mise flanges & UHV hrdwre ea 1 500.00 eu 0.5 8.0 8 HS 37.73 0.3 0.8 
3 Lead shield ing/mounting ea 1 500.00 eu 0.5 40.0 40 HS 37.73 1.5 2.0 

.. Subtota I .* 
3.0 56 2.1 5. I 

•• WBS: 1.2.3.2.3.2.9 Isolation Valve 
1 Valve & contrllr proc. ea 1 15000.00 A91 15.0 I 8.0 8 HU 35.92 0.3 15.3 
2 Prelim assmble & test ea 1 50.00 eu 0.1 I 4.0 4 HU 35.92 0.1 0.2 
3 Inspeet,elean, etc ea 1 50.00 eu 0.1 I 4.0 4 HU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 I 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtotal ** 
15.7 18 0.6 16.3 

** ~S: 1.2.3.2.3.3.1 Fab/Buy Meeh Parts & subassy's 
1 Mirror polishing ea 1 20300 .00 A91 20.3 0 0.0 0 0.00 0.0 20.3 
2 Optical coating ea 1 1000.00 A88 1.0 0 0.0 0 0.00 0.0 1.0 
3 Substrate parts machining lot 1 3000.00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
4 Substrate brzng/leak chk ea 1 200.00 eu 0.2 I 40.0 40 HU 35.92 1.4 1.6 
5 Braze & leak chk fixtures ea 1 200.00 A91 0.2 I 40.0 40 HU 35.92 1.4 1.6 
6 UHV mirrr in-vac mounting ea 1 1000.00 eu 1.0 I 120.0 120 HS 37.73 4.5 5.5 
7 Mirror positioning mech ea 1 1000.00 eu 1.0 I 80.0 80 HS 37.73 3.0 4.0 
8 Mirror shippng crate/mnt ea 1 800.00 A91 0.8 I 32.0 32 HS 37.73 1.2 2.0 
9 Mise UHV flanges/hardware lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Bellows/conflat ass 'y ea 1 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
11 Tube/joystick ass'y ea 1 200.00 A86 0.2 I 60.0 60 HS 37.73 2.3 2.5 
12 Masks: parts & machining ea 4 3000.00 A91 12.0 0 0.0 0 0.00 0.0 12.0 
13 Hasks:Braze & weld assy ea 4 200.00 A91 0.8 4 40.0 160 HU 35.92 5.7 6.5 
14 Lead shieLding ea 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 

** Subtotal ** 
44 .5 572 21.1 65.6 

** WBS: 1.2.3.2.3.3.2 Feb/Buy Electrical and Controls 
1 Stepper/encoder/limits ea 3 2500.00 eu 7.5 3 20.0 60 HS 37.73 2.3 9.8 
2 Driver/encoder cables ea 3 200.00 eu 0.6 3 16.0 48 EI 33.00 1.6 2.2 
3 Flow switch & interlocks ea 1 400.00 eu 0.4 I 4.0 4 EI 33.00 0.1 0.5 
4 Module, VME, RS232,B ' port ea 1 800.00 eu 0.8 I 16.0 16 EI 33.00 0.5 1.3 
5 Cable, RS232 ea 3 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Glow discharg optcl clean ea 1 10000.00 eu 10.0 I 40.0 40 EI 33.00 1.3 11.3 

** Subtotal .. 
19.5 168 5.8 25.3 

** WBS: 1.2.3.2.3.3.3 Fab/Buy Vacuum Chamber & Support s 
1 Cus tom vacuum chamber ea 1 10000.00 A91 10.0 0 0.0 0 0.00 0.0 10.0 
3 Misc. flanges/UHV hardwre lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Roughing va lve ea 2 650.00 cp 1.3 0 0.0 0 0.00 0.0 1.3 
5 Mounting struts/hardware ea 3 500.00 A91 1.5 3 8.0 24 HS 37.73 0.9 2.4 
6 Motorized struts/hardware ea 3 1000.00 eu 3.0 3 16.0 48 HS 37.73 1.8 4.8 
7 Support posts ea 1 1500.00 A91 1.5 1 40.0 40 HS 37.73 1.5 3.0 
8 Pump welded bellws 8SSy ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Bellws inspect/clean/bake ea 1 50.00 eu 0.1 1 4.0 4 HU 35.92 0.1 0.2 

** Subtotal ** 
22.4 116 4.4 26.7 

** was: 1.2.3.2.3.3.4 Vacuum Pumping, Gauges, Controllers , P.S. 
I Ion pump, 400 1/5 ea I 7500.00 A91 7.5 8.0 8 HU 35.92 0.3 7.8 
2 Ion pump controller ea I 2500 .00 A91 2.5 8.0 8 EI 33.00 0.3 2.8 
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3 Ion pump cable,bakeable ea 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cabLe,3m cntrlter ea 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controls ea 3500.00 A91 3.5 1 8.0 8 MU 35.92 0.3 3.8 
6 Ion gauge cable, bakeable ea 250.00 cp 0.2 1 8.0 8 EI 33.00 0.3 0.5 
7 Junction bo~,IG cable ea 200.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Interlock cable ea 100.00 eu 0. 1 0 0.0 0 0.00 0.0 0.1 
9 lC~ O.1deg temp cntrllr ea 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 

** Subtotal ** 
16.4 32 1.1 17.6 

•• ~BS: 1.2.3.2.3.3.5 Assenble, Bakeout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 MS 37.73 4.5 5.0 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 MU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Mise toots/fixtrs/cart ea 1 1000.00 eu 1.0 1 80.0 80 MS 37. 73 3.0 4.0 

** Subtotal ** 
2.0 352 13.0 15.0 

** was: 1.2.3.2.3.3.6 Installati on 
1 leu hardware/connections lot 1 300.00 eu 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1. 1 1.3 
3 Vae assemble & leak check lot 1 50.00 eu 0.1 1 20.0 20 MU 35 .92 0.7 0.8 
4 Installation alignment 0 0.00 0.0 2 32.0 64 MU 35.92 2.3 2.3 
5 Hech install/test/debug lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
6 Elec installation 0 0.00 0.0 1 20.0 20 IEL 62.85 1.3 1.3 

** Subtotal ** 
1.1 232 8.9 9.9 

** WBS: 1.2.3.2.3.3.7 Bellows 
1 ~elded bellows assy ea 2 4000.00 A91 8.0 0 0.0 0 0.00 0.0 8.0 
2 Blank flnges,gskts,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspct,clean,prelim bake ea 2 50 , 00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.4 

** Subtotal ** 
8.7 8 0.3 9.0 

.* ~BS: 1.2.3.2.3.3.8 Collimating Spool 
1 Spool piece ea 1 1000.00 A91 1.0 8.0 8 MU 35.92 0.3 1.3 
2 Supprt post&mountng hrdwr ea 1 1000,00 eu 1.0 20 .0 20 MS 37 .73 0.8 1.8 

** Subtotal ** 
2.0 28 1.0 3.0 

** ~BS: 1.2.3.2.3.3.9 Isolation Valve 
1 Valve & contrllr proc . ea 1 15000.00 A91 15.0 1 8.0 8 MU 35.92 0.3 15.3 
2 Prelim assmble & test ea 1 50.00 eu 0. 1 1 4.0 4 MU 35.92 0.1 0.2 
3 Inspect,clean, etc ea 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 
4 Cables & connectors lot 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtotal ** 
15 .7 18 0.6 16.3 

** ~BS: 1.2.3.2.3.5.1.1 Bellows 
1 ~elded bellows assy ea 2 2500.00 A91 5.0 2 4.0 8 MS 37.73 0.3 5.3 
2 Blank flanges,gaskets,etc lot 2 300.00 cp 0.6 0 0.0 0 Ii.oo 0.0 0.6 
3 Inspection,cleaning,bake ea 2 50.00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.4 

** Subtotal ** 
5.7 16 0.6 6.3 

** ~BS: 1.2.3.2.3.5.1.2 Slit Mechanical Assembly 
1 Flanges & flexure plate ea 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 
2 cf feedthrus for elctncs ea 4 200.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 viewports & mirrors ea 2 200.00 eu 0.4 2 8.0 16 MS 37.73 0.6 1.0 
4 Brazing & fixtures ea 1 100.00 eu 0.1 1 20.0 20 MU 35.92 0. 7 0.8 
5 Feedthrus • welding ea 1 50.00 eu 0. 1 1 8.0 8 MS 37.73 0.3 0.4 
6 Blades tab/buy ea 2 5000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
7 LC\J hardware ea 1 100.00 eu 0.1 1 8.0 8 MU 35.92 0.3 0.4 
8 Micrometer mech ea 1 1000.00 eu 1.0 1 20.0 20 MS 37. 73 0.8 1.8 
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9 OUtside vae mntng hrdware lot 500.00 eu6 0.5 20.0 20 MS 37.73 0.8 1.3 
10 Blade alignment fixtures lot 200.00 eu 0.2 20.0 20 MS 37.73 0.8 1.0 

•• Subtotal .. 
14.1 192 7.2 21.3 

•• ~BS: 1.2.3.2.3.5.1.3 Support Systems 
1 Slit assy mntng hardwre ea 6 1000.00 eu 6.0 6 8.0 48 MS 37.73 1.8 7.8 
2 Support post & hardware ea 1 500.00 eu 0.5 1 40.0 40 MS 37.73 1.5 2.0 
3 Struts & mntng hardwre ea 6 500.00 eu 3.0 6 8.0 48 MS 37.73 1.8 4.8 
4 Support post & hardware ea 1 300.00 eu 0.3 1 20.0 20 MS 37.73 0.8 1.1 

•• Subtotal ** 
9.8 156 5.9 15.7 

•• ~BS: 1.2.3.2.3.5.1.4 Spools 
1 Diagnostic spool piece ea 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
2 Collmtng spool piece ea 1250.00 A91 1.2 1 8.0 8 MU 35.92 0.3 1.5 
3 Misc flanges & UHV hardwr lot 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 Lead shielding & mounting ea 500.00 eu 0.5 1 40.0 40 MS 37.73 1.5 2.0 

.. Subtotal ** 
4.2 48 1.8 6.0 

** WBS: 1.2.3.2.3.5.1.5 VacUU'l\ System 
1 Ion P"'I' 120 lIs ea 1 4000.00 A91 4.0 1 4.0 4 MU 35.92 0.1 4.1 
2 Ion pump controller ea 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Ion pump cable, bakeable ea 1 250.00 ep 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE~48 cable, 3m cntrllr ea 1 150.00 ep 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4 MU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 ep 0.2 1 4. 0 4 EI 33.00 0.1 0.4 
8 Junction box, IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

.. Subtotal ** 
11.3 20 0.7 12.0 

•• ~BS: 1.2.3.2.3.5.1.6 Isolation Valve 
1 Valve & controller proc ea 1 10000 .00 vq 10.0 0 0.0 0 0.00 0.0 10.0 
2 Prelim assemble & test ea 1 50.00 eu 0.1 1 8.0 8 MU 35.92 0.3 0.3 
3 Inspect,clean,etc ea 1 50.00 eu 0.1 1 4.0 4MU 35.92 0.1 0.2 
4 Cables & connectors ea 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

.. Subtotal ** 
10.7 14 0.5 11.2 

** WBS: 1.2.3.2.3.5.1.7 Assemble and Test 
1 Assemble & test ea 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
2 Bakeout & UHV qualify ea 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
3 Survey & calibrate 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Mise tools, fixtures,cart lot 1 500.00 euS 0.5 1 40.0 40 MS 37.73 1.5 2.0 

** Subtotal ** 
1.5 232 8.4 9.9 

** WBS: 1.2.3.2.3.5.1.8 Install and At 19n 
1 Lew hardware & cnnections lot 1 300.00 euS 0.3 1 16.0 16 HU 35.92 0.6 0.9 
2 Transport & onsite setup ea 1 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
3 Vac assmble & leak check ea 1 50.00 euS 0.1 2 20.0 40 HU 35.92 1.4 1.5 
4 Installation alignment 0 0.00 0.0 2 32.0 64 HU 35.92 2.3 2.3 
5 Mech install/test/debug lot 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
6 Elee installation 0 0.00 0.0 1 20.0 20 IEL 62.85 1.3 1.3 

** Subtotal ** 
1.1 212 8.2 9.2 

** WBS: 1.2.3.2.3.5.2.1 Bellows 
1 Welded bellows assy ea 2 2500.00 A91 5.0 2 4.0 8 HS 37.73 0.3 5.3 
2 Blank flanges & gaskets lot 2 300.00 ep 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspect,clean,bakeout ea 2 50.00 eu 0.1 2 4.0 8 HU 35.92 0.3 0.4 
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** Subtotal .. * 
5.7 16 0.6 6.3 

•• ~BS: 1.2.3.2.3.5.2.2 Gratings 
1 Brazed substrate parts ea 3 3500.00 A91 10 .5 0 0.0 0 0.00 0.0 10.5 
2 Substrate brazing,welding ea 3 200.00 A91 0.6 3 20.0 60 MU 35.92 2.2 2.8 
3 Misc leak & flow tests ea 3 100.00 A91 0.3 3 8.0 24 MU 35.92 0.9 1.2 
4 Polishing ea 3 20000.00 A91 60.0 0 0.0 0 0.00 0.0 60.0 
5 Ruling ea 3 15000.00 eu 45.0 0 0.0 0 0.00 0.0 45.0 
6 Optical coatings ea 3 1000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
7 Shipping & handling ea 3 200.00 eu 0.6 4 4.0 16 MU 35.92 0.6 1.2 

** Subtotal .. 
120.0 100 3.6 123.6 

** UBS: 1.2.3.2.3.5.2 . 3 Grating Mechanical Assenbly 
1 Invac mounting hardware ea 1 20000.00 eu 20.0 1 800.0 800 MS 37.73 30.2 50.2 
2 Scan drive mechanism ea 1 5000.00 eu 5.0 1 200.0 200 MS 37.73 7.5 12.5 
3 Sl ide ea 1 20000.00 A87 20.0 0 0.0 0 0.00 0.0 20.0 
4 Grating intrchnge actuatr ea 1 2000.00 A87 2.0 1 80.0 80 MS 37.73 3.0 5.0 
5 Alignmnt manipulator ea 1 2000.00 A87 2.0 1 80.0 80 MS 37.73 3.0 5.0 

** Subtotal .. 
49.0 1160 43.8 92.8 

*. WBS: 1.2.3.2.3.5.2.4 Mask & VBDA 
1 Blade mechanism ea 2 1000 .00 eu 2.0 2 80.0 160 MS 37.73 6.0 8.0 
2 Vacuum housing ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
3 Manual actuator/micometer ea 2 1500.00 eu 3.0 2 20.0 40 MS 37.73 1.5 4.5 
4 ley hardware ea 1 500 .00 cp 0.5 1 20.0 20 MS 37.73 0.8 1.3 
S Misc parts & toots lot 1 1000.00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 

** Subtotal .. 
8.5 260 9.8 18.3 

** WBS: 1. 2.3.2.3.5.2 . 5 Electrical & Controls 
1 Scan drive electronics ea 1 40000.00 A87 40.0 0 0.0 0 0.00 0.0 40.0 
2 Interferometer positionng ea 1 25000.00 A87 25.0 0 0.0 0 0. 00 0.0 25.0 
3 Glow dschrge optcl cleang ea 1 10000 .00 eu 10.0 1 16.0 16 EI 33.00 0.5 10.5 

** Subtotal .. 
75 .0 16 0.5 75.5 

•• YBS: 1.2.3.2.3.5.2 .6 Vacuun Sys tem 
1 Ion pump 400 lIs ea 1 7500.00 A91 7.5 1 4.0 4 MU 35.92 0.1 7.6 
2 Ion pump heater ea 1 1000.00 A91 1.0 1 4.0 4 EI 33.00 0.1 1.1 
3 Ion pump controller ea 1 2500.00 A91 2.5 1 4.0 4 EI 33.00 0.1 2.6 
4 Ion pump cabl e,bakeable ea 1 250.00 A91 0.2 0 0. 0 0 0.00 0.0 0.2 
5 IEEE-48 cable, 3 meter ea 1 150.00 cp 0.1 0 0.0 0 0. 00 0.0 0. 1 
6 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
7 Ion gauge & controL s ea 1 3500.00 A91 3.5 1 4.0 4 MU 35.92 0. 1 3.6 
a Ion gauge cable,bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
9 Junction box, IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33 . 00 0.1 0.3 

10 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
11 TSP pump spool piece ea 1 3000.00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
12 TSP filaments/controller ea 1 3500.00 eu 3.5 1 8.0 8 EI 33 . 00 0.3 3.8 
13 Flanges & UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
14 Support stand misc hardwr ea 1 500.00 eu 0.5 1 20.0 20 MS 37.73 0.8 1.3 
1S Pump welded bellws assy ea 1 2500.00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
16 Bellows inspect,clean,bak ea 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0. 1 0.2 
17 Misc extrus ions ,mounting lot 1 1000.00 eu 1.0 1 20.0 20 MS 37.73 0.8 1.8 

** Subtotal .. 
27.8 76 2.7 30.5 

** YBS: 1.2.3 .2.3 . 5.2.7 Support Sys tems 
1 Grating chamber ea 1 40000.00 A88 40.0 1 800.0 800 MS 37.73 30 . 2 70.2 
2 Struts & mounting hardwre ea 6 1000.00 eu 6.0 6 8.0 48 MS 37.73 1.8 7.8 
3 Support s tand & hardware eo 1 2000.00 eu 2.0 1 80.0 80 MS 37.73 3.0 5.0 
4 Mi se blank-off flanges lot 8 500.00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
5 Mi se UHV tool s ,parts,etc lot 1 2500.00 eu 2.5 1 40.0 40 MS 37.73 1.5 4.0 
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** Subtotal ** 
54 .5 968 36 .5 91.0 

** ~S : 1.2 .3 .2.3 .5.2 .8 Asserrble & Tes t 
1 Assemble grat ing BOA ea 1 500.00 eu 0.5 2 80.0 160 HS 37 . 73 6.0 6.5 
2 Assemb le grating mount i ng ea 1 500.00 A88 0.5 2 80 .0 160 HS 37. 73 6. 0 6. 5 
3 Assemb le drive mechanism ea 1 500.00 A88 0.5 2 80 .0 160 HS 37.73 6. 0 6.5 
4 Assemble grat i ng chamber ea 1 500 .00 A88 0.5 2 80 .0 160 HS 37. 73 6.0 6.5 
5 Bakeout & UHV qua l i fy ea 1 500.00 eu 0.5 2 80.0 160 HU 35 .92 5.7 6.2 
6 Survey/calibrat ion 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1. 1 
7 Hisc tools,fixtures ,cart lot 1 1000.00 eu 1.0 1 40 .0 40 HS 37.73 1.5 2.5 

** Subtotal *. 
3.5 872 32 .6 36. 1 

** ~S: 1.2.3 .2.3.5 .2.9 Install & Al ign 
1 lC~ hardware & connctions ea 1 300 .00 eu 0.3 1 16 .0 16 HU 35.92 0. 6 0.9 
2 Transport & onsite setup ea 1 500. 00 eu 0. 5 2 40.0 80HU 35.92 2.9 3.4 
3 Vac assemble & leakcheck ea 1 50.00 eu 0. 1 2 40.0 80 HU 35.92 2.9 2.9 
4 Ins tallat ion alignment 0 0.00 0.0 2 40 .0 80 HU 35.92 2.9 2.9 
5 Hech install , tes t,debug ea 1 500 .00 eu 0.5 2 40 .0 80 HU 35.92 2. 9 3.4 
6 El ectr ical ins ta ll at ion 0 0.00 0. 0 1 40 .0 40 IEL 62.85 2.5 2.5 

** Subtotal ** 
1.4 376 14.6 15.9 

** ~BS: 1.2.3 .2.3.5. 3.1 Be l lows 
1 ~e l ded bellows assy ea 2 8000 .00 A86 16.0 2 4.0 8 HS 37. 73 0.3 16.3 
2 Inspection ,cleani ng ,bake ea 2 50.00 eu 0. 1 2 4.0 8HU 35.92 0.3 0.4 
3 Anti-sog supports ea 2 1000.00 eu 2. 0 2 60. 0 120 HS 37. 73 4.5 6.5 

** Subtotal ** 
18.1 136 5.1 23.2 

** ~BS: 1.2.3 .2.3 .5.3 .2 Isolation Valves 
1 Valve & controller proc . ea 2 10000.00 vq 20. 0 0 0.0 0 0.00 0.0 20.0 
2 Prelim assemble & tes t lot 2 50.00 eu 0. 1 2 8.0 16 HU 35 . 92 0. 6 0. 7 
3 Inspection, c lean, bake lot 2 50. 00 eu 0. 1 2 4.0 8 HU 35.92 0.3 0.4 
4 Cables & connec tors l ot 2 200 . 00 eu 0.4 2 2.0 4 EI 33.00 0.1 0.5 
5 Blank f l anges & hardware lot 4 200 . 00 eu 0.8 0 0.0 0 0. 00 0.0 0.8 

** Subtotal .. 
21.4 28 1.0 22.4 

** ~BS: 1.2. 3.2.3 .5.3.3 Va cuun System 
1 Ion plIT1> 60 LIs ea 1 2700.00 A9 1 2.7 1 4. 0 4 HU 35 .92 0.1 2.8 
2 Ion plIT1> controller ea 1 1600.00 A91 1.6 1 4.0 4 EI 33 . 00 0.1 1. 7 
3 Ion plIT1> cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0. 2 
4 IEEE·4S cable, 3 m ea 1 150 .00 cp 0.1 0 0.0 0 0. 00 0.0 0. 1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500 .00 A91 3.5 1 4.0 4 HU 35.92 0.1 3.6 
7 Ion gauge cable , bakeable ea 1 250. 00 cp 0.2 1 4.0 4 EI 33. 00 0. 1 0.4 
8 Junction box , IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0. 1 0 0.0 0 0.00 0.0 0.1 

10 Spool pi eces ea 3 2000.00 eu 6.0 0 0.0 0 0.00 0.0 6.0 
** Subtotal ** 

16.0 20 0.7 16.7 

** was : 1.2.3 .2. 3.5.3.4 Sl i t Mechanical Assembly 
1 Flanges & flexure plate ea 1 1000.00 eu 1.0 1 80.0 80 HS 37. 73 3.0 4.0 
2 CF feed-th rus for elctncs ea 4 200.00 eu 0.8 0 0. 0 0 0.00 0.0 0.8 
3 Vi ewport s & mi rrors ea 2 200.00 eu 0.4 2 8.0 16 HS 37. 73 0.6 1.0 
4 Brazing & fi xtures ea 1 100.00 eu 0. 1 1 20 .0 20 HU 35.92 0.7 0.8 
5 Feedthrus we lding ea 1 50 . 00 eu 0. 1 1 8.0 8 HS 37 .73 0.3 0.4 
6 Blades fab/buy ea 2 200.00 eu 0.4 2 20 .0 40 HS 37. 73 1.5 1.9 
8 lew hardware ea 1 100.00 eu 0. 1 1 8.0 8 HU 35 .92 0.3 0.4 
9 Micrometer mechani sm ea 1 1000.00 eu 1.0 1 20.0 20 HS 37.73 0.8 1.6 

10 Outside vac mntfng hardwr ea 1 500.00 eu 0.5 1 20 .0 20 HS 37.73 0.6 1.3 
11 Blade alignment fi xtures lot 1 200 . 00 eu 0.2 1 20.0 20 HS 37.73 0. 6 1.0 
12 Exit s lit mot ion sys tem ea 1 60000.00 A87 60.0 0 0.0 0 0. 00 0.0 60.0 
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** Subtotal .* 
64_5 232 8.7 73.3 

** WBS: 1.2.3. 2. 3.5.3.5 Support Systems 
1 Slit assy mounting hardwr ea 6 1000.00 eu 6.0 6 8.0 48 HS 37 .73 1.8 7.8 
2 Support post & hardware eo 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

** Subtotal **' 
7.0 88 3.3 10.3 

** was: 1.2.3.2.3.5.3.6 Assemble & Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
2 Bakeout & UHV qualify eo 1 500.00 eu 0.5 1 120.0 120 HU 35.92 4.3 4.8 
3 Survey/ca libration 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
4 Hisc tools,ffxtures,cart lot 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 

.. Subtota l·· 
1.5 312 11.3 12.8 

** was: 1.2.3.2 .3.5.3.7 Install & Al i9n 
1 Transport & onsite setup lot 1 200.00 eu 0.2 2 16.0 32 HU 35.92 1.1 1.3 
2 Vac assmble & leakcheck ea 1 50.00 eu 0.1 2 20.0 40 MU 35.92 1.4 1.5 
3 Instatlation alignment 0 0.00 0.0 2 32 .0 64 MU 35.92 2.3 2.3 
4 Hech install,test,debug ea 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
5 El ectr ica l installation 0 0.00 0.0 1 20.0 20 IEL 62.85 1.3 1.3 

** Subtota l .* 
0.8 196 7.6 8.3 

** was: 1.2.3.2.3.8.1 Fob/Buy Mech Parts & Subassy's 
1 Linear device mech eo 1 4000.00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
2 Hods for water cooling ea 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
3 In'vac part fab. ea 1 1000.00 eu 1.0 1 80.0 80 HS 37 .73 3.0 4.0 
4 Brazing & welding assy ea 1 200.00 A91 0.2 1 20.0 20 HS 37.73 0.8 1.0 
5 Detector,feedthru,phosphr ea 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 

** Subtota l **' 
5.9 160 6.0 11.9 

** UBS : 1.2.3.2.3.8.3 Feb/Buy Vacuum Chamber & Support s 
1 Spoo l piece eo 2 2000 .00 eu 4.0 0 0.0 0 0.00 0.0 4.0 
2 Struts & Mounting hardwar ea 6 500.00 eu 3.0 6 8.0 48 MS 37.73 1.8 4.8 
3 Support post & hardware ea 1 300.00 eu 0.3 1 20.0 20 MS 37.73 0.8 1.1 
4 Hisc flanges & feedthrus lot 1 2000.00 eu 2.0 1 20.0 20 MS 37.73 0.8 2.8 

.. Subtotal ** 
9.3 88 3.3 12.6 

** WBS: 1.2.3.2.3.8.4 Vacuum Pumping, Gauges , Controllers , P.S. 
1 Ion ~. 601/5 ea 1 2700.00 A91 2.7 1 4.0 4 MU 35.92 0.1 2.8 
2 Ion pump controller eo 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Ion pump cable, bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE·488 cable, 3m eo 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & contrls ea 1 3500.00 A91 3.5 1 4.0 4HU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box, IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

.. Subtota I ** 
10.0 20 0. 7 10.7 

.. UBS: 1.2.3 .2.3.8.5 Asserrble. Bakeout. Test 
1 Assemble & test ea 2 500.00 eu 1.0 2 20. 0 40 MS 37.73 1.5 2.5 
2 8akeout & UHV qualify ea 2 500.00 eu 1.0 2 40 .0 80 HS 37.73 3.0 4.0 
3 survey/ca librati on 0 0.00 0.0 2 16 .0 32 HS 37.73 1.2 1.2 

** Subtotal ** 
2.0 152 5. 7 7.7 

** UBS: 1.2.3.2.3.8.6 Installation 
1 Transport & on-site setup 0 0.00 0.0 2 4.0 8 HU 35.92 0.3 0.3 
2 Vac assemble & teak check ea 1 100.00 eu 0.1 2 20.0 40 MU 35.92 1.4 1.5 
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3 Mech install/test/debug ea 100.00 eu 0.1 2 20.0 40 MU 35.92 1.4 1.5 
** Subtota I ** 

0.2 88 3.2 3.4 

** WBS: 1.2.3.2.3.9.1 Fab/Buy Mech Parts & Subassy's 
1 Mise machine shop effort lot 1 1000.00 eu 1.0 40.0 40 MS 37.73 1. 5 2.5 
2 Mise mech tech & tools lot 1 1000.00 eu 1.0 40.0 40 MU 35.92 1.4 2.4 

** Subtotal ** 
2.0 80 2.9 4.9 

•• ~BS: 1.2.3 .2.3.9.2 Fab/Buy Electrical and Controls 
1 Cables,valve actuation & lot 3 100 .00 eu 0.3 3 4.0 12 EI 33.00 0.4 0.7 
2 X'connect blocks & frame ea 1 500.00 eu 0.5 I 24 .0 24 EI 33.00 0.8 1.3 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 24 .0 24 EI 33.00 0.8 1.4 
4 48 channel opto· isolators ea 1 700 .00 cp 0.7 1 24 .0 24 EI 33.00 0.8 1.5 
5 Cable trays, conduit, etc lot 1 2000.00 eu 2.0 1 120 .0 120 IEL 62.85 7. 5 9.5 
6 Double elec. rack ea 1 1300.00 cp 1.3 1 16.0 16 EI 33.00 0.5 1.8 
7 SA panel 3 ph 30A ea 1 50.00 eu 0.1 1 16.0 16 EI 33.00 0.5 0.6 
8 Breaker panel ea 2 200.00 eu 0.4 2 2.0 4 EI 33.00 0.1 0.5 
9 Plug strip ea 2 20.00 eu 0.0 2 1.0 2 EI 33.00 0.1 0.1 

10 Rack fans ea 2 50.00 eu 0.1 2 2.0 4 EI 33.00 0.1 0.2 
11 Misc . hardware lot 1 1000.00 eu 1.0 1 40.0 40 EI 33.00 1.3 2.3 
12 Prograrrmabl logic cntrllr ea 1 8000.00 eu 8.0 1 40.0 40 CP 59.40 2.4 10.4 
13 PlC Cabling e. 1 500.00 eu 0.5 1 20.0 20 EI 33.00 0.7 1.2 
14 Operator Console e. 1 8000.00 eu 8.0 0 0.0 0 0.00 0.0 8.0 
15 Branch line device server 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
16 VHE crate w/power spply ea 1 3000.00 cp 3.0 1 0.0 0 0.00 0.0 3.0 
17 VME processor e. 1 3500.00 cp 3.5 0 40.0 o CP 59.40 0.0 3.5 
18 IEEE ·48 module e. 1 800.00 cp 0.8 0 0.0 0 0.00 0.0 0.8 
19 Real time O/S e. 1 500.00 ep 0.5 0 0.0 0 0.00 0.0 0.5 
20 Network interface 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
21 Ethernet router e. 1 2000.00 eu 2.0 1 20.0 20 EI 33.00 0.7 2.7 
22 Ethernet distribution ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
23 Cables, thicknet e. 5 200.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
24 Display/control s tation 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
25 Di splay station e. 1 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
26 Display software e. 1 3000.00 eu 3.0 1 40.0 40 CP 59.40 2.4 5.4 
27 TV display controls 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
28 TV monitor ea 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
29 TV patch panel e. 1 200.00 eu 0.2 1 20.0 20 EI 33.00 0.7 0.9 
30 TV scanner e. 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
31 TV camera e. 6 500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
32 Cab I ing, patch e. 6 20.00 eu 0. 1 0 0.0 0 0.00 0.0 0.1 
33 24VOC power di s tribution 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
34 24VDC power supply ea 1 2000.00 eu 2.0 1 20.0 20 EI 33.00 0.7 2.7 
35 24VDC distribution ea 1 2000 .00 eu 2.0 1 40.0 40 EI 33.00 1.3 3.3 

** Subtotal ** 
58 .1 486 21.7 79.8 

** WBS: 1.2.3.2 .3.9.3 Fab/Buy Vacuum Ch amber & Supports 
1 Mise flanges,viewprts,etc lot 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Roughing valve ea 4 650 .00 ep 2.6 0 0.0 0 0.00 0.0 2.6 
3 Mi sc. uni s trut/hardware lot 1 500.00 eu 0.5 1 40.0 40 MU 35.92 1.4 1.9 

** Subtotal ** 
6.1 40 1.4 7.5 

** YBS: 1.2.3.2.3.9.5 Asserrbl e, Bakeout , Tes t 
1 Mise assemble & test ea 1 1000.00 eu 1.0 2 80.0 160 MU 35.92 5. 7 6.7 
2 Misc bakeout/UHV qualify lot 1 1000.00 eu 1.0 2 80.0 160 MU 35.92 5. 7 6.7 
3 Survey/calibration 0 0.00 0.0 3 32.0 96 MIl 35.92 3.4 3.4 

** Subtotal ** 
2.0 416 14.9 16.9 

** was: 1.2.3.2.3.9.6 Installation 
1 Transport & on·site setup lot 100.00 eu 0. 1 2 40.0 80 MU 35.92 2.9 3.0 
2 Vae assmbte & leak checks lot 500 .00 eu 0.5 2 40.0 80 MU 35 .92 2.9 3.4 
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4 Lead shielding installatn lot 1 200.00 eu 0.2 1 40.0 40 MU 35.92 1.4 1.6 
5 Installation aUgrvnent 0 0.00 0.0 3 32.0 96 MU 35 .92 3.4 3.4 
6 Pneumatic servfce ea 1 1000.00 eu 1.0 1 40.0 40 MU 35 .92 1.4 2.4 
7 lC\l service Lot 1 1000.00 eu 1.0 1 40.0 40 MU 35.92 1.4 2.4 
B Mecn Install/test/debug Lot 1 100. 00 eu 0.1 2 40 .0 80 MU 35.92 2.9 3.0 
9 Elec Installation 0 0.00 0.0 1 40.0 40 IEL 62.85 2.5 2.5 

10 0 0.00 0.0 1 40.0 40 EI 33.00 1.3 1.3 
.. Subtotal ** 

2.9 536 20.2 23.1 

•• WBS: 1.2 .3.2.3.10 Branch Line Safety Systems 
IILC&SBX ea 2 1500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Eurocard crate ea 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Key panel ea 1 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
4 Monitor lights panel eo 6 250.00 cp 1.5 0 0.0 0 0.00 0.0 1.5 
5 Push button panel eo 1 250 .00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
6 Breaker panel ea 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
7 Cables Lot 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
8 Wiring assembly 0 0.00 0.0 1 80.0 80 EI 33 .00 2.6 2.6 
9 Mi se hardware & locks Lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Elec ins tallation 0 0.00 0.0 1 40.0 40 IEl 62.85 2.5 2.5 
.. Subtotal ** 

7.4 120 5.2 12.6 

•• ~BS: 1.2.3.2.3.11.1 Vertical Re focus Mirror 
1 Vertical Refocus Mirror eo 1 20000.00 eu 20.0 0 0.0 0 0.00 0.0 20.0 
2 Piezo-tranducer ea 1 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
3 Mirror mount eo 1 5000.00 eu 5.0 1 120.0 120 MS 37.73 4.5 9.5 
4 Vacuun vessel ea 1 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
5 Stand ea 1 5000.00 eu 5.0 1 SO.O SO MS 37.73 3.0 8.0 
6 Ion Pl"I' 220 LIs ea 1 7000 .00 eu 7.0 1 8.0 8 MU 35.92 0.3 7.3 
7 Ion pump controller ea 1 2500.00 eu 2.5 1 8.0 8 EI 33.00 0.3 2.8 
8 Ion gauge ea 1 700.00 eu 0.7 1 8.0 8MU 35 .92 0.3 1.0 
9 Ion gauge controller ea 1 2100.00 eu 2.1 1 8.0 8 EI 33.00 0.3 2.4 

10 Horizontl deflectn mirror ea 2 2000.00 eu 4. 0 0 0.0 0 0.00 0.0 4.0 
11 Mirror mount ea 1 5000.00 eu 5.0 1 120.0 120 MS 37.73 4.5 9.5 
12 Ins tallation lot 1 200 . 00 eu 0.2 1 24.0 24 MU 35 .92 0.9 1.1 

** Subtotal *. 
71.5 376 14.0 85.5 

•• WBS: 1.2 .3.2.3.11 .2 Diagnostic Sys t ems 
1 Diagnos ti cs ea 1 2000.00 cu 2.0 1 80.0 80 EI 33.00 2.6 4.6 
2 Vacuun vessel ea 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
3 Stard eo 1 2000.00 eu 2.0 1 80.0 80 MS 37.73 3.0 5.0 
4 Ion pump 120 LIs ea 1 4500.00 eu 4.5 1 8.0 8 HU 35.92 0.3 4.8 
5 Ion pump controller ea 1 2500.00 eu 2.5 1 8.0 8 EI 33.00 0.3 2.8 
6 Ion gauge es 1 700 .00 eu 0.7 1 8.0 8 HU 35.92 0.3 1.0 
7 Ins tallation Lot 1 200.00 eu 0.2 1 24 .0 24 HU 35.92 0.9 1.1 

** Subtotal .. 
13 .9 208 7.4 21.3 

** UBS: 1.2.3.2.3.11.3 Beam Transport 
1 Bellows ea 4 1000.00 eu 4.0 4 16.0 64 MU 35.92 2.3 6.3 
2 Beam Pipc eo 4 500.00 eu 2.0 4 8.0 32 HU 35.92 1. 1 3.1 
3 Isolati on valves eo 3 5000 .00 eu 15 .0 3 16.0 48 HU 35.92 1.7 16.7 
4 Ins tallation lot 1 200.00 eu 0. 2 1 24.0 24 MU 35 .92 0.9 1.1 

** Subtotal .. 
21.2 168 6.0 27.2 

•• WBS: 1.2.4. 1. 1 \116 \liggler EDI 
1 Engineering 0 0.00 0.0 1 4000.0 4000 HE 59 .40 237.6 237.6 
2 Des ign 0 0.00 0.0 1 4000.0 4000 MO 42 . 25 169.0 169.0 
3 S&E Lot 1 17000.00 eu 17.0 0 0.0 0 0.00 0.0 17.0 

** Subtotal .. 
17.0 8000 406.6 423.6 
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... waS: 1.2.4.1.2 W16 Front End EDI 
1 Engineering 0 0.00 0.0 1 1500.0 1500 HE 59.40 89.1 89.1 
2 Design 0 0.00 0.0 1 1500.0 1500 MO 42.25 63.4 63.4 
3 S&E lot 1 3125.00 eu 3.1 0 0.0 0 0.00 0.0 3.1 

"'* Subtotal .* 
3.1 3000 152.5 155.6 

.. was: 1.2.4.1.3 W16 Branchline EDI 
1 Engineering 0 0.00 0.0 1 5400.0 5400 HE 59.40 320.8 320.8 
2 Design 0 0.00 0.0 1 16200.0 16200 HO 42.25 684.5 684.5 
3 S&E lot 1 45890.00 eu 45.9 0 0.0 0 0.00 0.0 45.9 

.. Subtota l .* 
45.9 21600 1005.2 1051.1 

.. ~BS: 1.2.4.2.1.1.1 Magnetic Material 
1 NOFE Blocks eo 940 209.50 A90 196.9 0 0.0 0 0.00 0.0 196.9 
2 Gauges/Holders lot 1 100.00 eu 0.1 1 160.0 160 HU 35.92 5.7 5.8 
3 Measurement Prep 0 0.00 0.0 1 20.0 20 EM 33.00 0.7 0.7 
4 0 0.00 0.0 1 20.0 20 EE 59.40 1.2 1.2 
5 Measurements LOT 1 105.00 EU 0.1 0 0.0 0 0.00 0.0 0.1 
6 He Mcas & Mech Inspectn 0 0.00 0.0 940 0.1 141 EH 33.00 4.7 4.7 
7 0 0.00 0.0 1 60.0 60 EE 59.40 3.6 3.6 

.. Subtotal ** 
197.1 401 15.8 212 .9 

** \.ISs: 1.2.4.2.1.1.2 Hodel·Pole & Pole Assembly (not req'd) 
1 NdFe Blocks 0 0.00 0.0 8 4.0 32 HS 37.73 1.2 1.2 
2 Test Fixture & Assembly lot 1 105.00 eu 0.1 1 240.0 240 HU 35.92 8.6 8.7 
3 Hodel Heasurements 0 0.00 0.0 1 8.0 8 HE 59.40 0.5 0.5 

** Subtotal ** 
0.1 280 10.3 10.4 

-* was: 1.2.4.2.1.1.3 Pole Assemblies 
1 Vanadium Permendur eo 80 127.70 A90 10.2 0 0.0 0 0.00 0.0 10.2 
2 Keepers eo 80 300 .00 A90 24.0 0 0.0 0 0.00 0.0 24.0 
3 Keeper Inspection 0 0.00 0.0 80 0.8 64 HH 38.60 2.5 2.5 
4 Containers eo 80 10.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 
5 Assy Fixtures eo 4 1800.00 eu 7.2 4 8.0 32 HH 38.60 1.2 8.4 
6 Asseroly eo 80 10.50 A82 0.8 80 12 .0 960 HH 38.60 37.1 37.9 
7 Pole Assembly Mounts eo 6 1914.00 A91 11.5 6 12.0 72 HH 38.60 2.8 14.3 

** Subtotal ** 
54.5 1128 43.5 98.1 

*. \.iSs: 1.2.4.2.1.1.4 End Pole Assemblies 
1 End Pole Keepers LOT 1 12157.00 A91 12.2 0 0.0 0 0.00 0.0 12.2 
2 NdFe Block Cutting 0 0.00 0.0 24 4.0 96 HS 37.73 3.6 3.6 
3 Assembly - Keepers 0 0.00 0.0 8 48.0 384 HA 38.60 14.8 14.8 
4 Rotator 0 0.00 0.0 8 40.0 320 HM 38.60 12.4 12.4 
5 Rotator Block Cutting 0 0.00 0.0 24 4.0 96 HS 37.73 3.6 3.6 
6 Assemble - Rotator 0 0.00 0.0 8 16.0 128 HA 38.60 4.9 4.9 
7 Rotator linkage eo 8 105.00 EU 0.8 8 8.0 64 HM 38.60 2.5 3.3 
8 Manual Rotatr Drv eo 8 525.00 CP 4.2 8 16.0 128 HH 38.60 4.9 9.1 
9 0 0.00 0.0 8 12.0 96 HA 38.60 3.7 3.7 

10 End pole mounts/levelers lot 1 7595.00 .91 7.6 4 8.0 32 MM 38.60 1.2 8.8 
** subtotal ** 

24.8 1344 51.7 76.5 

** ~BS: 1.2.4.2.1.1.5 Backing Beams 
1 Backing Beams (2) Fob lot 1 23600.00 A91 23.6 0 0.0 0 0.00 0.0 23.6 
2 Machine eo 1 19700.00 eu 19.7 0 0.0 0 0.00 0.0 19.7 
3 Keys lot 1 3000.00 EU 3.0 0 0.0 0 0.00 0.0 3.0 
4 Adjusters lot 1 9257.00 A91 9.3 1 40.0 40 MM 38.60 1.5 10.8 
5 Pole Shields lot 6 400.00 eu 2.4 0 0.0 0 0.00 0.0 2.4 
6 Rigging hardware lot 1 500.00 EU 0.5 0 0.0 0 0.00 0.0 0.5 
7 Magnetic Shields lot 1 200.00 eu 0.2 1 64 .0 64HA 38 .60 2.5 2.7 
6 Hi sc. lot 1 1000.00 eu 1.0 1 80 .0 80 HA 38.60 3.1 4.1 
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** Subtotal .. 
59_7 184 7.1 66.8 

** ~BS: 1.2.4.2.1.1.6 Magnet Structure Assembly 
1 Keeper InstalLation Tool 0 0.00 0.0 1 21.0 21 MM 38.60 0.8 0.8 
2 Keeper Pole Hount Assembl ea 6 105.00 eu 0.6 6 60.0 360 MA 38.60 13.9 14_5 
3 End Pole Assembly 0 0.00 0.0 4 60.0 240 MM 38.60 9.3 9.3 
4 Pole Hount/Bckg 8m Assy ea 6 105.00 eu 0.6 6 32.0 192 MA 38.60 7.4 8_0 
5 Fiducial izing lot 1 105.00 EU 0.1 1 80.0 80 MA 38.60 3.1 3_2 
6 Miscellaneous lot 1 1000.00 eu 1.0 1 80.0 80 MM 38.60 3.1 4.1 

** Subtotal .* 
2.4 973 37.6 39_9 

•• WBS: 1.2.4.2.1.1.7 Hagnetic Measurements: Mechanical 
1 Assembly Section Setup 0 0. 00 0.0 10 4.0 40 MA 38.60 1.5 1.5 
2 10 Setup lot 1 315.00 eu 0.3 1 160.0 160 MA 38.60 6.2 6.5 

** Subtotal ** 
0.3 200 7.7 8.0 

** \.IRS: 1.2.4.2.1.1.8 Magnetic Measurements: Electrical 
, Setup Assembly Sections 0 0.00 0.0 1 16 .0 16 EE 59.40 1.0 1_0 
2 a 0.00 0.0 10 4.0 40 ES 33.00 1.3 1.3 
3 Data Acquire: Assy Sectns 0 0.00 0.0 10 3.0 30 EE 59.40 1.8 1_8 
4 0 0.00 0.0 10 4.0 40 ES 33.00 1.3 1_3 
5 Data Analysis:Assy Sectns 0 0.00 0.0 1 80 .0 80 EE 59 .40 4.8 4_8 
6 Code Software Coil Paramt a 0.00 0.0 1 8.0 8 CP 59.40 0.5 0.5 
7 a 0.00 0.0 1 8.0 8 EE 59.40 0.5 0_5 
8 ID Setup: Electronic 0 0.00 0.0 1 16.0 16 EE 59.40 1.0 1_0 
9 0 0.00 0.0 1 40 .0 40 ES 33.00 1.3 1_3 

10 10 Setup: Electrical 0 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 
11 10: Data Acquisition 0 0.00 0.0 1 40.0 40 EE 59.40 2.4 2_4 
12 0 0.00 0.0 1 240.0 240 ES 33.00 7.9 7.9 
13 10: Data Analysis 0 0.00 0.0 1 40.0 40 EE 59 .40 2.4 2.4 
14 Data preparation 0 0.00 0.0 1 80.0 80 ES 33.00 2.6 2.6 
15 Q/C Verification a 0.00 0.0 1 20.0 20 EE 59.40 1.2 1.2 
16 a 0.00 0.0 1 20.0 20 ES 33 .00 0.7 0.7 
17 Shutdown/Storage a 0.00 0.0 1 20.0 20 EE 59.40 1.2 1.2 
18 a 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 

** Subtotal .. 
0.0 818 34.3 34.3 

•• ~BS: 1.2.4.2 . 1.2. 1 Support System Fabrication 
1 Support System Assembly ea 55200.00 EU 55.2 20.0 20 MA 38.60 0.8 56.0 
2 Associated Parts lot 1000.00 EU 1.0 80.0 80 MM 38 .60 3.1 4.1 
3 Miscellaneous lot 1900.00 EU 1.9 210.0 210 MM 38.60 8.1 10.0 
4 Ass_ly lot 1800.00 EU 1.8 835.0 835 MA 38.60 32 .2 34.0 

** Subtotal ** 
59.9 1145 44.2 104. 1 

•• WBS: 1. 2.4.2.1 .2.2 Drive System Fabrication 
1 Roller Screw Assembly ea 1 53200.00 A91 53.2 32 .0 32 MM 38.60 1.2 54.4 
2 Spring System ea 1 1000.00 eu 1.0 130.0 130 MM 38.60 5.0 6.0 
3 Bearing System lot 1 900.00 EU 0.9 105.0 105 MM 38.60 4.1 5.0 
4 Sprocket/Chain System lot 1 700.00 eu 0.7 50.0 50 MM 38.60 1.9 2.6 
5 Gear Box & Mtg. ea 1 1700.00 EU 1.7 20.0 20 MM 38.60 0.8 2.5 
6 Encoder System lot 1 500.00 eu 0.5 50.0 50 MM 38.60 1.9 2.4 
7 Motor Mounting Bracket ea 1 400.00 eu 0.4 40.0 40 MM 38.60 1.5 1.9 
8 fan System lot 1 200.00 eu 0.2 40.0 40 MM 38.60 1.5 1.7 
9 Miscellaneous lot 1 1200.00 EU 1.2 235.0 235 MM 38.60 9.1 10.3 

10 Ass_ly lot 1 900.00 EU 0.9 365.0 365 MA 38.60 14.1 15.0 
11 Roller Screw Kinematc Mnt ea 8 1400.00 eu 11.2 170.0 170 HM 38.60 6.6 17.8 

** Subtotal·· 
71.9 1237 47.7 119_6 

** was: 1.2.4.2.1.2.3 local Temperature Control fabrication 
1 Frame & Curtain lot 1 3000.00 EU 3.0 200.0 200 MA 38 .60 7.7 10_7 
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2 Blower & Dryer System lot 1100.00 EU 1.1 80.0 80 MA 38.60 3.1 4.2 
3 Miscellaneous lot 2000.00 EU 2.0 40.0 40 MA 38.60 1.5 3.5 
4 Electrical Install ation •• 200.00 eu 0.2 80 .0 80 EI 33.00 2.6 2.8 

•• Subtotal .. 
6.3 400 15.0 21.3 

•• ~BS: 1.2.4.2.1.3.1 Vacuun Chamber 
1 Vacuum Chamber (1 em) 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
2 Material lbs 2275 2.32 vo 5.3 0 0.0 0 0.00 0.0 5.3 
3 fabrication .a 1 45310.00 A91 45 .3 0 0.0 0 0.00 0.0 45.3 
4 .a 1 41750.00 A91 41.8 0 0.0 0 0.00 0.0 41.8 
5 Fabricate Flanges lot 1 2620.00 A91 2.6 1 120.0 120 14M 38 .60 4.6 7.3 
6 Feb Flange Trans itions lot 1 1144.00 A91 1.1 6 30.0 180 14M 38.60 6.9 8.1 
7 Assenble/Test 0 0.00 0.0 1 320.0 320 MA 38.60 12.4 12.4 
8 System Assenbly 0 0.00 0.0 1 80.0 80 HA 38.60 3.1 3.1 
9 UHV Bakeout 0 0.00 0.0 1 160.0 160 MA 38.60 6.2 6.2 

10 Trial InstalLation 0 0.00 0.0 1 80 .0 80 MA 38.60 3.1 3.1 
11 Final Installation 0 0.00 0.0 1 120 .0 120 HA 38.60 4.6 4.6 
12 Vacuum Chamber Inspection 0 0.00 0.0 1 80 .0 80 14M 38.60 3. 1 3.1 

U Subtotal ** 
96.1 1140 44 .0 140.1 

** UBS: 1.2.4 .2.1 .3.2 Pumping Sys tems & Instrumentation 
, Ion Pump/TSP Combination ea 3 4200.00 CP 12.6 0 0.0 0 0.00 0.0 12 .6 
2 90 deg Elbow to Pump e. 3 610.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
3 Right Angle Valve ea 2 880.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
4 Aluminum Ccnflats ea 5 95 . 00 CP 0.5 0 0.0 0 0.00 0.0 0.5 
5 NEG Electrical Feedthru e. 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 
6 NEG Strip ea 2 1340.00 CP 2.7 0 0.0 0 0.00 0.0 2.7 
7 NEG Strip Hountng Hardwre ea 2 312.00 eu 0.6 2 60.0 120 MM 38.60 4.6 5.3 
8 NEG Strip Assembly e • 1 104.00 eu 0.1 2 40.0 80 MA 38.60 3. 1 3.2 

... Subtota l *. 
20 .5 200 7.7 28.2 

• • IJBS: 1. 2.4.2.1.3.3 Support Structure 
1 Vacuum Chamber Support lot 1 2100.00 EU 2.1 1 160.0 160 MM 38.60 6.2 8.3 
2 Ion Pump Supports ea 3 210.00 EU 0.6 3 20.0 60 14M 38.60 2.3 2.9 
3 Installation Fixture e. 1 525.00 EU 0.5 1 80.0 80 14M 38.60 3.1 3.6 

** Subtotal ** 
3.3 300 11.6 14.8 

** UBS: 1.2. 4 .2. 1.3.4 Vacuum Di agnos ti cs 
1 IG Controller eaa 1 895 .00 CP 0.9 1 2.0 2 ES 33.00 0.1 1.0 
2 Degas Module e. 1 157.50 CP 0.2 0 0.0 0 0.00 0.0 0.2 
3 Second IG Module ea 1 78.75 CP 0. 1 0 0.0 0 0.00 0.0 0.1 
4 Process Control Module e. 1 367.50 CP 0.4 0 0.0 0 0. 00 0.0 0.4 
5 RaCK Mount e. 1 52.50 CP 0.1 1 1.0 1 ES 33.00 0.0 0.1 
6 Remote I/O Module e. 1 85 .00 CP 0.1 0 0.0 0 0.00 0.0 0.1 
7 Dual Convect ron Module e. 1 420.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 
8 UHV Electrometer Module e. 1 420.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 
9 IEEE-488 Interface ea 1 378.00 CP 0.4 0 0.0 0 0.00 0.0 0.4 

10 Nude Ion Gauge ea 1 326 .55 CP 0.3 1 1.0 1 MS 37.73 0.0 0.4 
11 IG cable: 50 feet •• 1 204.75 CP 0.2 1 1.0 1 ES 33.00 0.0 0.2 
12 Convectron Gauge ea 1 145.95 CP 0. 1 1 1.0 1 MS 37.73 0.0 0.2 
13 Convectron Cable: 50 feet ea 1 220 .50 CP 0.2 1 1.0 1 ES 33.00 0.0 0.3 
14 IG Connector ea 1 10.50 EU 0.0 1 1.0 1 MS 37. 73 0.0 0.0 
15 IG Cable Interface e. 1 52.50 EU 0. 1 1 4.0 4 ES 33.00 0.1 0.2 
16 Ion Pump Controller ea 3 2045.40 CP 6.1 3 2.0 6 ES 33.00 0.2 6.3 
17 Jon Pump Cable ea 3 234.15 CP 0.7 3 4.0 12 ES 33.00 0.4 1.1 
18 Ion Pump Cable Interface ea 3 105.00 EU 0.3 3 4.0 12 ES 33.00 0.4 0.7 
19 IEEE-488 Interface .a 3 522.90 CP 1.6 0 0.0 0 0.00 0.0 1.6 
20 IlC Crate ea 1 1000.00 EU 1.0 1 40.0 40 ES 33.00 1.3 2.3 
21 ILC ea 2 1100.00 EU 2.2 1 40.0 40 ES 33.00 1.3 3.5 
22 Sublimation Cont ro ll er ea 1 2100 .00 CP 2.1 1 4.0 4 ES 33.00 0.1 2.2 
23 Sublimation Mux ea 1 2100.00 EU 2. 1 1 80.0 80 ES 33.00 2.6 4.7 
24 fil ament Cabl es set 1 525.00 EU 0.5 1 40.0 40 ES 33.00 1.3 1.8 
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25 NEG Power Supply eo 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
u Subtotal ..... 

22.5 246 8. 1 30.6 

.~ WBS: 1.2.4.2.1.4 Motor Control System 
1 Control ler 500 Indexer ea 1 1515 .00 CP 1.5 0 0.0 0 0.00 0.0 1.5 
2 Motor Package PK130M·T ea 1 4703 .00 CP 4.7 0 0.0 0 0.00 0.0 4.7 
3 Absolute Encoder eo 1 1805.00 CP 1.8 0 0.0 0 0.00 0.0 1.8 
4 100 ft cables set 1 1000.00 CP 1.0 0 0.0 0 0.00 0.0 1.0 
5 ILC ea 1 1100.00 eu 1.1 0 0.0 0 0.00 0.0 1.1 
6 IlC Crate (holds 6 IlCs ) ea 1 1000.00 eu 1.0 a 0.0 a 0.00 0.0 1.0 
7 Final Installation lot 1 4000.00 eu 4.0 1 180 .0 180 El 33 .00 5.9 9.9 
8 Indexer/Cont. lot 1 2000 .00 eu 2.0 1 60.0 60 IEL 62.85 3.8 5.8 
9 Shop Installation lot 1 3000.00 eu 3.0 1 120.0 120 EI 33.00 4.0 7.0 

... Subtota l ** 
20.1 360 13.7 33.8 

.... WBS: 1.2.4.2.1.5 Installation 
1 Prepare & Truck to Site lot 1 525.00 eu 0.5 80.0 80 HA 3B .60 3.1 3.6 
2 Rigger's Work lot 1 1200.00 eu 1.2 64.0 64 RG 37.65 2.4 3.6 
3 Survey & Alignment 0 0.00 0.0 80.0 80 HA 38.60 3.1 3.1 
4 Installation lot 1 315.00 eu 0.3 100. 0 100 HA 38.60 3.9 4.2 
5 Vacuum Hookup/Pumpdown lot 1 105.00 eu 0. 1 40.0 40 HA 38.60 1.5 1.6 
6 Reins tall Temp Ctrl Housg 0 0.00 0.0 40.0 40 HA 38.60 1.5 1.5 
7 Miscellaneous 0 0.00 0.0 50.0 50 HA 38.60 1.9 1.9 

.. Subtota l ** 
2.1 454 17.5 19.6 

•• ~BS: 1.2.4.2.2.1.1 Fi xed Aperture 
1 Water coold absorbr assmb ea 1 523.26 eu 0.5 120.0 120 HS 37.73 4.5 5.1 
2 Brazing fixtures/tooling ea 1 209.30 eu 0.2 20.0 20 HS 37.73 0.8 1.0 
3 Asserrble 0 0.00 0.0 80.0 80 HS 37.73 3.0 3.0 
4 Survey/ca libration 0 0.00 0.0 16.0 16 HS 37.73 0.6 0.6 
5 Vac. checks & bakeout ea 1 52.33 eu 0.1 80.0 80 HS 37.73 3.0 3.1 

** Subtota I ** 
0.8 316 11.9 12.7 

** U8S: 1.2.4.2.2.1 .2 PBPH #1 
1 Photon BPM System ea 2 1569.79 A86 3.1 2 160.0 320 HS 37.73 12.1 15.2 
2 Vacuum chamber ea 1 6279. 15 eu 6.3 0 0.0 0 0.00 0.0 6.3 
3 '·axis transltn mechanism ea 2 2616 . 31 eu 5.2 2 40.0 80 MS 37.73 3.0 8.3 
4 Assemble ea 2 523.26 eu 1.0 2 60.0 120 MS 37.73 4. 5 5.6 
5 Tank Mounting Hardware ea 6 209.30 eu 1.3 6 4.0 24 MS 37. 73 0.9 2.2 
6 Survey/calibration 0 0.00 0.0 1 32.0 32 MS 37.73 1.2 1.2 
7 Support post ea 1 3139.57 eu 3.1 0 0.0 0 0.00 0.0 3.1 
8 Bakeout & leak checks ea 1 104.65 eu 0.1 1 80.0 80 MS 37.73 3.0 3.1 
9 Pre-insta llation 10 0.00 0.0 1 80.0 80 MS 37. 73 3.0 3.0 

10 Leu hardware & connctions ea 1 313.96 eu 0.3 1 20.0 20 HS 37. 73 0.8 1.1 
** Subtotal ~* 

20.5 756 28.5 49.0 

~~ U8S : 1.2.4.2.2.1.3 Front End Photon Shutter 
1 Thermal absorber blades lot 1412 .81 eu 1.4 2 68.0 136 MS 37 .73 5.1 6.5 
2 Vacuum chamber lot 7011.72 eu 7.0 1 320.0 320 MS 37.73 12.1 19.1 
3 Knuckle assembly lot 261.63 eu 0.3 1 99 .0 99 MS 37.73 3.7 4.0 
4 Final Assmbly/lns tllation lot 1674.44 eu 1.7 1 254.0 254 MS 37.73 9.6 11.3 
5 support post ea 209.30 eu 0.2 1 40.0 40 MS 37.73 1.5 1.7 

.. Subtotal ~~ 

10.6 849 32 .0 42.6 

•• UBS: 1.2 .4.2.2.1 .4 Fast Valve 
1 Modified Fas t Shutter ea 20930.50 eu 20.9 0 0.0 0 0.00 0.0 20.9 
2 Assemble & Test ea 104 .65 eu 0.1 1 60 .0 60 HS 37.73 2.3 2.4 

** subtota l .. 
21.0 60 2.3 23 .3 
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•• WBS: 1.2 .4.2 .2. 1.5 Persol'Vle l Safety Shut . 
1 Lead Plunger eo 1 575.59 eu 0.6 52.0 52 MS 37. 73 2.0 2.5 
Z VacUl.lT1 Sys tem eo 1 5311.11 eu 5.3 190 .0 190 MS 37.73 7.2 12.5 
3 Ac tuator Ha rdware eo 1 2825 .62 A87 2.8 80 .0 80 MS 37.73 3. 0 5.8 
4 Assemble & Test eo 1 251 1.66 eu 2. 5 156.0 156 MS 37.73 5.9 8.4 

.. Subtota l *. 
11.2 478 18.0 29. 3 

•• WBS: 1.2.4.2 .2. 1.6 Front End Vacuum Sys tem 
1 Bellows Assembly eo 2 2302.36 A86 4.6 0 0.0 0 0.00 0.0 4.6 
Z 4" UHV Isolation Valve eo 1 10465.25 cp 10.5 0 0.0 0 0.00 0.0 10.5 
3 6" UHV Isolation Valve eo 2 13604.82 cp 27 .2 0 0.0 0 0.00 0.0 27.2 
4 4" Pi pe Tee/Spool eo 2 1569.79 eu 3.1 0 0.0 0 0.00 0.0 3. 1 
5 Spool Support Pos t eo 1 523.26 eu 0.5 0 0.0 0 0.00 0.0 0.5 
6 Shiel dng Wall Trans it ion eo 1 2616.31 eu 2.6 0 0.0 0 0.00 0.0 2.6 
7 Mi sc UHV Hardware lot 1 2616 .31 eu 2.6 1 40 .0 40 MS 37.73 1.5 4. 1 
8 Bakeout/leak check lot 1 523.26 eu 0. 5 1 80.0 80 MS 37.73 3.0 3.5 
9 S.R . REM to contl at eo 1 313.96 cp 0.3 1 4.0 4 MS 37.73 0.2 0.5 

10 Survey/ca l ibration 0 0.00 0.0 2 16.0 32 MS 37 .73 1.2 1.2 
.. Subtotal .. 

52.0 156 5.9 57.9 

-- WBS: 1.2 .4.2.2.1 .7 Splitting Hirror Sys tem 
1 Fab/procure mech parts lot 1 54628.60 eu 54 .6 1116.0 1116 MS 37.73 42.1 96.7 
2 Fab/procure elec & cntrt s lot 1 17476.97 eu 17.5 40 .0 40 MS 37.73 1.5 19.0 
3 0 0.00 0.0 90.0 90 ES 33 .00 3.0 3.0 
4 Fab/procure vac chamber lot 1 16064. 16 eu 16. 1 100.0 100 MS 37.73 3.8 19.8 
5 Vac pumpng ,gages ,ps , etc . lot 1 17633. 95 eu 17.6 16.0 16 MS 37 .73 0.6 18.2 
6 0 0.00 0.0 16. 0 16 EI 33 .00 0.5 0.5 
7 Assemble ,bakeout,tes t lot 1 523.26 eu 0.5 232.0 232 MS 37.73 8.8 9.3 
8 Installation lot 1 627.91 eu 0.6 100.0 100 MU 35.92 3.6 4.2 
9 0 0.00 0.0 20.0 20 MS 37. 73 0.8 0.8 

10 0 0.00 0.0 20.0 20 ES 33 .00 0.7 0.7 
11 0 0.00 0.0 20.0 20 EM 33 .00 0.7 0. 7 

.. Subtotal .. 
107.0 1770 65.9 172.9 

•• WBS: 1.2.4.2 .2. 1.8 Front End Mechanica l Installat ion 
1 Assemble/leak check lot 3 523.26 eu 1.6 3 16.0 48 MU 35. 92 1.7 3.3 
2 Transport/set-up lot 4 209.30 eu 0.8 4 32.0 128 MU 35 .92 4.6 5.4 
3 Uni st rit/misc hardware lot 1 523 .26 eu 0.5 1 40.0 40 MU 35.92 1. 4 2.0 
4 Tools & Hi sc lot 1 523 .26 eu 0.5 1 40.0 40 MS 37 .73 1.5 2.0 
5 Mi sc. machine shop lot 1 523.26 eu 0.5 1 40 .0 40 MS 37.73 1.5 2. 0 
6 lead Sheilding Instal latn lot 1 3139.57 eu 3. 1 1 80 .0 80 MU 35 .92 2.9 6.0 
7 Shie lding Wall modificatn lot 1 523.26 eu 0.5 1 100 .0 100 MU 35 .92 3.6 4. 1 
8 F.E. Support Rail ea 1 523.26 eu 0.5 1 120.0 120 MS 37 .73 4. 5 5. 1 
9 Survey & Alignment lot 1 209.30 eu 0.2 1 103.0 103 MS 37.73 3.9 4.1 

.. Subtotal ** 
8.4 699 25.7 34.0 

"'. YBS : 1.2.4 .2.2.2.1 Fi xed Aperture Controls 
1 Vacuum Feedthru eo 1 261 .63 eu 0.3 8.0 8 MU 35.92 0.3 0.5 
2 Electrometer eo 1 2925.04 cp 2.9 8.0 8 ES 33.00 0.3 3.2 
3 Eurocard Crate eo 1 837.22 eu 0.8 16.0 16 ES 33.00 0.5 1.4 
4 ILC eo 1 1046.52 eu 1.0 16.0 16 ES 33 .00 0. 5 1.6 
5 Cables lot 1 313.96 eu 0.3 16.0 16 ES 33.00 0.5 0.8 
6 Install at i on 0 0.00 0.0 40.0 40 ES 33 .00 1.3 1.3 
7 Test 0 0.00 0.0 16.0 16 EM 33.00 0. 5 0.5 

** Subtotal ** 
5.4 120 4.0 9.4 

_. WBS : 1.2.4 .2.2.2.2 PBPM #1 Controls 
1 Ion Pump 110/LS eo 1 4970 .99 cp 5.0 1 16.0 16 MS 37.73 0.6 5.6 
2 Ion Pump PS ea 1 2093.05 cp 2.1 1 16.0 16 ES 33.00 0.5 2.6 
3 Bi as Power Supply eo 1 523 . 26 eu 0.5 1 8.0 8 ES 33.00 0.3 0.8 
4 Vacuum Feedthru eo 5 261.63 eu 1.3 5 2.0 10 HS 37.73 0.4 1.7 
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Technical components Cost Estimate 

11M ITM UNIT NBR UNIT COST TOTAL LBR HRSI TOTAL CRAFT CRAFT TOTAL ISC + 

NBR DESCRIPTION MEAS UNITS COST BASIS ISC KS UNTS UNIT HRS COOE RATE LABOR KS LABOR KS 

5 ILC & sax ea 2 1465.13 eu 2.9 2 16.0 32 ES 33.00 1.1 4.0 
6 Electrometer ea 4 1m.86 eu 7.1 4 4.0 16 ES 33.00 0.5 7.6 
7 Eurocard Crate ea 1 837.22 eu 0.8 1 16.0 16 ES 33.00 0.5 1.4 
8 Motor Controller ea 1 2511.66 eu 2.5 1 16.0 16 ES 33.00 0.5 3.0 
9 Water Temp Controller ea 1 2066.89 cp 2.1 1 16.0 16 MU 35.92 0.6 2.6 

10 Cables lot 1 523.26 eu 0.5 1 16.0 16 ES 33.00 0.5 1.1 
11 Installation 0 0.00 0.0 , 40.0 40 ES 33.00 1.3 1.3 
12 Test 0 0.00 0.0 1 40.0 40 EM 33.00 1.3 1.3 
13 Flow switch ea 2 418.61 eu 0.8 2 4.0 8 MU 35.92 0.3 1.1 
14 Ion Gauge ea 1 3139.57 eu 3.1 1 8.0 8 ES 33.00 0.3 3.4 

.. Subtotal ** 
28.8 258 8.7 37.5 

** WBS: 1.2.4.2.2.2.3 Photon Shutter Controls 
1 Ion Pump 400 lIs ea 1 10360.60 cp 10.4 1 8.0 8 MU 35.92 0.3 10.6 
2 Ion Pump PS eo 1 2066.89 cp 2.1 1 8.0 8 ES 33.00 0.3 2.3 
3 Ion Gauge ea 1 3139.57 eu 3.1 1 8.0 8 ES 33.00 0.3 3.4 
4 ILC & SBX eo 1 1465.13 eu 1.5 1 16.0 16 ES 33.00 0.5 2.0 
5 Position Indicators set 1 523.26 eu 0.5 1 16.0 16 ES 33.00 0.5 1.1 
6 Air Solenoids ea 4 523.26 eu 2.1 4 8.0 32 MU 35.92 1.1 3.2 
7 Air Press Interlock ea 1 523.26 eu 0.5 1 16.0 16 MU 35.92 0.6 1.1 
8 Installation 0 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 
9 Test 0 0.00 0.0 1 24.0 24 EM 33.00 0.8 0.8 

** Subtotal ** 
20.2 168 5.7 25.9 

** WBS: 1.2.4.2.2.2 .4 Fast Valve Controls 
1 Ion Gauge ea 3 3139.57 eu 9.4 3 8.0 24 ES 33.00 0.8 10.2 
2 Trigger Unit ea 1 5232.62 eu 5.2 1 80.0 80 ES 33.00 2.6 7.9 
3 ILC ea 1 1046.52 eu 1.0 1 16.0 16 ES 33.00 0.5 1.6 
4 Eurocard Crate ea 1 837.22 eu 0.8 1 16.0 16 ES 33.00 0.5 1.4 
5 Installation 0 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 
6 Test 0 0.00 0.0 1 40.0 40 EM 33.00 1.3 1.3 

** Subtota l ** 
16.5 216 7.1 23.7 

•• ~BS: 1.2.4.2.2.2.5 Personnel Safety Shutter Controls 
1 Ion Pump 200 lIs ea 1 6174.50 cp 6.2 1 8.0 8 MU 35.92 0.3 6.5 
2 Ion Pump PS ea 1 2066.89 cp 2.1 1 8.0 8 ES 33.00 0.3 2.3 
3 Ion Gauge ea 1 3139.57 eu 3.1 1 8.0 8 ES 33.00 0.3 3.4 
4 ILC & SBX ea 1 1465.13 eu 1.5 1 16.0 16 ES 33.00 0.5 2.0 
5 Position Indicators set 1 523.26 eu 0.5 1 16.0 16 ES 33.00 0.5 1.1 
6 Air Solenoids ea 4 523.26 eu 2.1 4 8.0 32 MU 35.92 1.1 3.2 
7 Air Press Interlock ea 1 523.26 eu 0.5 1 16.0 16 MU 35.92 0.6 1.1 
8 Installation 0 0.00 0.0 1 40.0 40 ES 33.00 1.3 1.3 
9 Test 0 0.00 0.0 1 24.0 24 EM 33.00 0.8 0.8 

.. Subtotal ** 
16 .0 168 5.7 21.7 

•• ~as: 1.2.4.2.2.2.6 Vacuum System Controls 
o X'comect ea 1 282.56 cp 0.3 1 24.0 24 ES 33.00 0.8 1.1 
1 Cable Set lot 3 104.65 eu 0.3 3 4.0 12 ES 33.00 0.4 0.7 
3 Relay blocks ea 1 606 .98 cp 0.6 1 24.0 24 ES 33.00 0.8 1.4 
4 48 Chan Opto'isolator ea 1 732.57 cp 0.7 1 24.0 24 ES 33.00 0.8 1.5 

.. Subtotal ** 
1.9 84 2.8 4.7 

** UBS: 1.2.4.2.2.3 Front End Safety Systems 
1 ILC & sax ea 2 1465.13 eu 2.9 0 0.0 0 0.00 0.0 2.9 
2 Eurocard Crate ea 1 837.22 eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 Key Panel ea 1 313.96 cp 0.3 0 0.0 0 0.00 0.0 0.3 
4 Monitor Lights Panel ea 6 261.63 cp 1.6 0 0.0 0 0.00 0.0 1.6 
5 Push Button Panel ea 1 261.63 cp 0.3 0 0.0 0 0.00 0.0 0.3 
6 Breaker Panel ea 1 261.63 cp 0.3 0 0.0 0 0.00 0.0 0.3 
7 CabLes lot 1 104 .65 eu 0.1 0 0.0 0 0.00 0.0 0.1 
8 ~iring Assembly 0 0.00 0.0 1 SO.O 80 ES 33.00 2.6 2.6 
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ITH ITH UNIT NBR UNIT COST TOTAL LBR HRS/ TOTAL CRAFT CRAFT TOTAL ISC + 
NBR DESCRIPTION HEAS UNITS COST BASIS ISC KS UNTS UNIT HRS CODE RATE LABOR KS LABOR KS 

9 PllC radiation monitor ft 100 11.51 cp 1.2 0 0.0 0 0.00 0.0 1.2 
10 PllC Camac HV PS ea 1 1046.52 eu 1.0 0 0.0 0 0.00 0.0 1.0 
11 PllC Monitoring Card ea 1 2825.62 cp 2.8 0 0.0 0 0.00 0.0 2.8 
12 PLIC Other Electronics lot 1 3139.57 eu 3. 1 1 20 .0 20 ES 33.00 0.7 3.8 
13 PlIC Installation lot 1 837.22 eu 0.8 1 8.0 8 EI 33.00 0.3 1.1 
14 PllC Installation e. 100 1.05 eu O. I 1 8.0 8 EI 33.00 0.3 0.4 
15 Systems Test 0 0.00 0.0 I SO.O 80 EH 33.00 2.6 2.6 
16 Video Camera & lens e. I 837.22 cp 0.8 0 0.0 0 0.00 0.0 0.8 
17 Video Monitor .a I 313.96 cp 0.3 0 0.0 0 0. 00 0.0 0.3 
18 Coax: camera to monitor ea I 52.33 eu 0. 1 I 2.0 2 EI 33 . 00 0. 1 0.1 
19 Video Connectors ea 2 5.23 eu 0.0 2 0.5 1 ES 33.00 0.0 0.0 
20 Padlocks & mi sc hardware lot I 523.26 eu 0.5 0 0.0 0 0.00 0.0 0.5 

** Subtotal ** 
17.1 199 6.6 23.7 

** YBS: 1.2.4 .2.2.4 Front End Util i ti es 
1 F.E. pneumatic service lot I 2093.05 eu 2. I I 120.0 120 HU 35.92 4.3 6.4 
2 F.E. lCV service lot 1 2093.05 eu 2. 1 1 120.0 120 HU 35 .92 4.3 6.4 
3 Cable trays , conduit, etc lot I 2093.05 eu 2.1 1 120.0 120 PE 38.90 4.7 6.8 
4 Unistrut & misc hardware lot I 1046.52 eu 1.0 1 40.0 40 HS 37.73 1.5 2.6 
5 Double elec rack ea 1 1255.83 eu 1.3 1 16.0 16 ES 33 . 00 0.5 1.8 
6 BA panel 3 ph 30A ea I 52.33 cp O. I I 0.5 o EI 33.00 0.0 O. I 
7 Breaker panel ea 2 209.30 cp 0.4 2 4.0 8 EI 33.00 0.3 0.7 
8 Plug Str ip ea 2 20.93 eu 0.0 2 1.0 2 EI 33.00 O. I 0.1 
9 Rack Fans ea 2 52.33 cp O. I 2 1.0 2 ES 33.00 O. I 0.2 

10 X-conn blocks & frame ea I 523.26 cp 0.5 I 24 .0 24 El 33.00 0.8 1.3 
11 Relay blocks & frame ea I 523.26 cp 0.5 I 24 .0 24 El 33.00 0.8 1.3 

** Subtotal .. 
10.2 476 17.3 27.6 

** YBS: 1.2.4 .2.2.5 Front End Mech/ El ect System Integrat ion 
1 Controls Checkout/Debug 0 0.00 0.0 7 16.0 112 MT 27.85 3. I 3. I 
2 0 0.00 0.0 7 16.0 112 EH 33 .00 3.7 3.7 
3 0 0.00 0.0 7 16.0 112 CP 59.40 6.7 6.7 
4 0 0.00 0.0 7 16.0 112 El 33.00 3.7 3.7 
5 Safety System Check/Debug 0 0.00 0.0 4 8.0 32 HT 27.85 0.9 0.9 
6 0 0.00 0.0 4 8.0 32 EH 33.00 1.1 1.1 
7 0 0.00 0.0 4 8.0 32 EI 33. 00 1.1 1.1 
8 Vacuum Sys tem Checks 0 0.00 0.0 4 16 .0 64 HT 27.85 1.8 1.8 
9 0 0.00 0.0 4 16 .0 64 EH 33 .00 2. I 2. I 

10 Misc. Hardware lot I 1046.52 eu 1.0 I 40 .0 40 HS 37.73 1.5 2.6 
.. Subfotal .. 

1.0 712 25.6 26.6 

•• ~BS: 1. 2.4.2.3.1.1 Fab/Buy Mach ined Parts & Subassy 1s 
1 Machine absorber blades ea 2 1000.00 A91 2.0 2 40.0 80 MS 37.73 3.0 5.0 
2 Braze absorber blades ea 2 100.00 A91 0.2 2 20.0 40 MS 37.73 1.5 1.7 
3 Brazing tooling/fi xtures ea I 200.00 A91 0.2 I 20.0 20 MS 37.73 0.6 1.0 
4 Blade/pivot mounting ea 2 500.00 A91 1.0 2 60.0 120 HS 37.73 4.5 5.5 
5 Actuator mechanism ea 2 500 .00 A91 1.0 2 40.0 80 MS 37.73 3.0 4.0 
6 limit s tops & switches ea 2 100.00 A91 0.2 2 20 .0 40 MS 37.73 1.5 1.7 
7 Bellws/conflat ass'y/weld ea 2 1000.00 A91 2.0 2 40 .0 60 MS 37.73 3.0 5.0 

** Subtotal ** 
6.6 460 17.4 24.0 

** YBS: 1.2.4.2.3.1.2 Fab/Buy Electrical and Control s 
1 Stepper/encoder/limits ea 2 3000.00 eu 6.0 2 20.0 40 HS 37.73 1.5 7.5 
2 Dri ver/encoder cables e. 2 200 .00 eu 0.4 I 16.0 16 EI 33.00 0.5 0.9 
3 Flow switch & interl ocks ea 2 400.00 eu 0.8 2 4.0 8 EI 33 .00 0.3 1.1 
4 VME module ,RS232.S-port eat I 800.00 eu 0.8 I 16.0 16 EI 33.00 0.5 1.3 
5 CAble, RS232 ea 2 50.00 eu O. I 0 0.0 0 0.00 0.0 O. I 
6 Motor/encoder controllers ea 2 2000.00 eu 4.0 2 8.0 16 EI 33 .00 0.5 4.5 
7 Triax cable, 100 I lot 2 100.00 eu 0.2 2 8.0 16 EI 33.00 0.5 0.7 

** Subtotal ** 
12.3 112 3.9 16.2 
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IT" IT" UNIT NBR UNIT COST TOTAL LBR HRS/ TOTAL CRAFT CRAFT TOTAL ISC + 

NBR DESCRIPTION MEAS UNITS COST BASIS ISC KS UNTS UNIT HRS CODE RATE LABOR K$ LABOR KS 

•• WBS: 1.2.4.2.3.1.3 Fab/Buy Vacuum Chamber & Supports 
1 Custom vacuum chamber eo I 8000.00 A91 8.0 1 40.0 40 MU 35.92 1.4 9.4 
2 Misc flanges/UHV hardware lot 1 2500.00 eu 2.5 0 0.0 0 0.00 0.0 2.5 
3 Mounting struts/hardware eo 6 500.00 A91 3.0 6 8.0 4B MS 37.73 1.8 4.8 
4 Support posts,frame,hrdwr lot 1 1500.00 A91 1.5 1 40.0 40 MS 37.73 1.5 3.0 

** Subtotal·· 
15.0 128 4.8 19.8 

** YBS: 1.2.4.2.3.1.4 Vacuum Pumping, Gauges, Controllers, P.S. 
1 Ion pump, 400 LIs ea 1 7500.00 A91 7.5 1 4.0 4MU 35.92 0.1 7.6 
2 Jon pump controller ea 1 2500.00 A91 2.5 0 4.0 o EI 33.00 0.0 2.5 
3 Ion pump cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 JEEE-48 cable,3m cntrller ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Jon gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4MU 35.92 0.1 3.6 
7 Ion gouge coble, bake able ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0. 1 0.4 
8 Junction box,IG cable eo 1 200.00 eu 0.2 1 4.0 4E1 33.00 0.1 0.3 
9 Interlock cable eo 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

.. Subtotal ** 
15 .8 16 0.6 16.3 

•• WBS: 1.2.4.2.3.1.5 Assenble, Bakeout, Test 
1 Assemble & test eo 1 500.00 eu 0.5 2 80.0 160 MU 35 .92 5.7 6.2 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Misc tools,fixtures,cart lot 1 1000.00 cu 1.0 1 80.0 80 MU 35.92 2.9 3.9 

** Subtotal .* 
2.0 352 12.6 14.6 

** Yes: 1.2.4.2.3.1.6 Installation 
1 LCY hardware/connections lot 1 300.00 eu 0.3 2 16.0 32 MU 35.92 1.1 1.4 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 2 16.0 32 MU 35.92 1.1 1.2 
4 Installation alignment 0 0.00 0.0 2 16.0 32 MS 37.73 1.2 1.2 
5 Mech install/test/debug lot 1 50.00 eu 0. 1 2 16.0 32 MU 35 .92 1.1 1.2 
6 Elec installation 0 0.00 0.0 1 16 .0 16 IEl 62.85 1.0 1.0 

** Subtotal ** 
0.6 176 6.8 7.4 

** ~es: 1.2.4.2.3 . 1.7 Beam Diagnostic Oevice 
1 Linear drive mech(VGassy) eo 3000.00 cp 3.0 0 0.0 0 0.00 0.0 3.0 
2 Mods for water cooling e. 200.00 eu 0.2 1 20.0 20 MS 37.73 0.8 1.0 
3 In-vac parts fab lot 1000.00 eu 1.0 1 80.0 80 MS 17.73 1.0 4.0 
4 Brazing & welding assy eo 200 .00 A91 0.2 1 20.0 20 MS 17.73 0.8 1.0 
5 Phosphor coating e. 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 

** Subtotal ** 
4.9 120 4.5 9.4 

** YBS: 1.2.4.2.3.1.8 Call imating Spool 
1 Spool piece eo 1 1250.00 A91 1.2 1 8.0 8 MU 15.92 0.1 1.5 
2 Mi sc flanges,UHV hardware lot 1 500.00 eu 0.5 0 0. 0 0 0.00 0.0 0. 5 
3 lead shielding & mounting lot 1 500.00 eu 0.5 1 40.0 40 MS 17.73 1.5 2.0 

.. Subtotal·· 
2.2 48 1.8 4.0 

.. '-IBS: 1.2.4.2.3.1.9 Bellows 
1 Welded bellows assy ea 1000.00 A91 1.0 1 4.0 4 MS 37.73 0.2 1.2 
2 Blank flanges,ga skets,etc lot 100.00 cp 0.3 0 0.0 0 0.00 0.0 0.1 
3 Inspection,cleaning,bake eo 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 

** Subtotal ** 
3.3 8 0.3 3.6 

*. ~BS: 1.2.4.2.3.1.10 Titani um Sublimation Pump 
1 TSP pump spool piece eo 1 2700.00 A91 2.7 0 0.0 0 0.00 0.0 2.7 
2 TSP filaments&controller eo 1 3500.00 eu 3.5 1 8.0 8 EI 31.00 0.3 3.8 
3 Flanges ,& UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
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4 Support post, misc hardwr lot I 1500.00 eu 1.5 1 20 .0 20 HS 37.73 0.8 2.3 
5 Struts & hardware ea 6 500.00 A91 3.0 6 8.0 48 HU 35.92 1.7 4.7 
6 Misc extrusns, mounts , etc lot 1 1000 .00 eu 1.0 1 20 .0 20 HS 37.73 0.8 1.8 

** Subtota l * * 
12.2 96 3.5 15 .7 

•• ~B S : 1.2.4 .2 .3. 1. 11 Isolati on Va lve 
1 Valve & contrllr proc . ea 1 15000.00 vq 15.0 0 0.0 0 0.00 0.0 15.0 
2 Pre l i m assembl & test .a 1 50 .00 eu 0. 1 1 8. 0 8 HU 35 .92 0. 3 0.3 
3 Inspection,cleaning,e tc. lot 1 50 .00 eu 0.1 1 4. 0 4 HU 35.92 0. 1 0.2 
4 Cables & connec tors lot 1 200 .00 eu 0.2 1 2.0 2 EI 33 .00 0.1 0.3 
5 Bl ank fl anges & hardware lot 2 200 . 00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtota l ** 
15 .7 14 0.5 16.2 

•• ~BS: 1.2.4.2 .3. 2. 1 Fab/Buy Mech Parts & Subassy1s 
1 Mi rror pol ishing ea 1 20300.00 A91 20. 3 0 0.0 0 0. 00 0.0 20.3 
2 Opt ical coating ea 1 1000. 00 A88 1.0 0 0.0 0 0.00 0.0 1.0 
3 Substrate parts machi ni ng lot 1 3000 . 00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
4 Subst rate brzng/leak chk ea 1 200 .00 eu 0. 2 1 20.0 20 HU 35.92 0.7 0.9 
5 Braze & leak chk fixt ures ea 1 200 . 00 A91 0. 2 1 40.0 40 HU 35.92 1. 4 1.6 
6 UHV mirrr in-vac mounting ea 1 1000.00 eu 1.0 1 120.0 120 HS 37.73 4. 5 5.5 
7 Mirror pos itioning mech ea 1 1000.00 eu 1.0 1 80 .0 80 HS 37. 73 3.0 4.0 
8 Mirror shippng crate/mnt ea 1 800.00 A91 0.8 0 32.0 o HS 37. 73 0.0 0.8 
9 Mi se UHV f l anges/hardware lot 1 1000.00 eu 1.0 0 0.0 0 0. 00 0.0 1.0 

10 Be l lows/contla t ass 1y ea 1 2500 .00 A91 2.5 0 0.0 0 0.00 0.0 2. 5 
11 Tube/ joyst ick ass 'y ea 1 200 .00 A86 0.2 1 60 . 0 60 HS 37 . 73 2.3 2. 5 
12 MaSKS: parts & machini ng ea 4 3000 .00 A91 12.0 0 0. 0 0 0.00 0.0 12 .0 
13 HasKs:Braze & weld assy ea 4 200.00 A91 0.8 4 40.0 160 HU 35 .92 5.7 6.5 
14 l ead Shieldi ng ea 1 500 . 00 eu 0.5 1 40 .0 40 HU 35.92 1.4 1.9 .. Subtota l ** 

44. 5 520 19. 1 63 .6 

** was: 1.2.4.2 .3 .2.2 Fab/Buy Electrical and Controls 
1 Stepper/encoder/limi ts ea 3 2500 . 00 eu 7.5 3 20 .0 60 MS 37.73 2.3 9.8 
2 Driver/ encoder cables ea 3 200 . 00 eu 0.6 3 16.0 48 EI 33.00 1.6 2. 2 
3 Flow switch & interlocks ea 1 400 .00 eu 0.4 , 4. 0 4 EI 33.00 0. 1 0.5 
4 Module , VHE , RS232, B-port ea 1 800. 00 eu 0.8 , 16 .0 16 EI 33.00 0. 5 1.3 
5 Cable, RS232 ea 3 50.00 eu 0.1 0 0. 0 0 0.00 0.0 0. 1 
6 Glow di scharg optc l clean ea 1 10000. 00 eu 10 .0 1 40 .0 40 EI 33.00 1.3 11.3 .. Subtota l ** 

19 .5 168 5.8 25.3 

** WB S: 1.2 .4.2.3.2.3 Fab/Buy Vacuum Chamber & Supports 
, Cus tom vacuum chamber ea 1 10000 .00 A91 10 .0 0 0.0 0 0.00 0.0 10.0 
2 Downs tream ma sk chamber ea 1 2500.00 cp 2.5 0 0.0 0 0. 00 0.0 2. 5 
3 Misc. flanges/UHV hardwre lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Roughing va lve ea 2 650.00 cp 1.3 0 0.0 0 0. 00 0.0 1.3 
5 Mounting st ruts/hardware ea 2 500.00 A91 1.0 2 8. 0 16 MS 37.73 0.6 1.6 
6 Motorized strut s/hardware ea 4 1000 .00 eu 4.0 4 16.0 64 HS 37 . 73 2.4 6. 4 
7 Support posts ea 1 1500.00 A91 1.5 1 40 .0 40 HS 37. 73 1.5 3.0 
8 Pump wel ded bel lws assy ea 1 4000 . 00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Be l lws inspect/clean/bake ea 1 50 . 00 eu 0.1 1 4. 0 4 HU 35.92 0.1 0.2 

** Subtotal .* 
25. 4 124 4.7 30.0 

•• ~BS: 1.2.4.2 .3. 2.4 Vacuum Pumping , Gauges , Contro l lers , P.S . 
1 Ion pump, 400 lis ea 1 7500 .00 A91 7.5 1 8.0 8 HU 35 .92 0.3 7.8 
2 Ion purp controller ea 1 2500. 00 A91 2.5 1 8.0 8 EI 33.00 0. 3 2.8 
3 Ion pump cable,bakeable eo 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable /3m cntr l ler ea 1 150.00 cp 0. 1 0 0.0 0 0.00 0.0 O. , 
5 Ion gauge & contro ls ea 1 3500 .00 A91 3.5 1 8.0 8 HU 35.92 0.3 3.8 
6 Jon gauge cable , bakeabl e ea 1 250 .00 cp 0.2 1 8.0 8 EI 33 . 00 0.3 0. 5 
7 Juncti on box, lG cable eo 1 250.00 eu 0. 2 0 0. 0 0 0.00 0.0 0.2 
8 Interlock cable ea 1 100 .00 eu 0.1 0 0.0 0 0.00 0.0 0. 1 
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** Subtotal ** 
14 .5 32 1.1 15.6 

•• ~BS: 1.2.4.2.3.2.5 Assemble, Bakeout, Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 HS 37.73 4.5 5.0 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 MU 35 .92 4.3 4.8 
3 Survey/calibration a 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Mise tools/f ixtrs/cart eo 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 

** Subtotal ** 
2.0 352 13.0 15.0 

** WBS: 1.2.4 .2.3.2.6 Installation 
1 lC~ hardware/connections l ot 1 300.00 eu 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
3 Vae assemble & leak check lot 1 50.00 eu 0.1 1 20.0 20 MU 35.92 0.7 0.8 
4 Installation alignment a 0.00 0.0 2 32.0 64 HU 35.92 2.3 2.3 
5 Mech install/test/debug lot 1 500.00 eu 0.5 2 40 .0 80 HU 35.92 2.9 3.4 
6 Elcc installation a 0.00 0.0 1 20 .0 20 IEL 62.85 1.3 1.3 

** Subtotal ** 
1.1 232 8.9 9.9 

** was: 1.2.4.2.3.2.7 Bellows 
1 welded bellows assy ea 1 4000.00 A91 4.0 a 0.0 a 0.00 0.0 4.0 
2 Bl ank flnges,gskts,etc l ot 2 300.00 cp 0.6 a 0.0 a 0.00 0.0 0.6 
3 Inspct,c lean,prelim bake ea 2 50 .00 eu 0.1 2 4.0 8 HU 35.92 0.3 0.4 

** Subtotal·· 
4.7 8 0.3 5.0 

•• ~BS: 1.2.4.2.3 .2.8 Collimating Spool 
1 Spool pi ece ea 1 2000 .00 A91 2.0 8.0 8 HU 35.92 0.3 2.3 
2 Mise flanges & UHV hrdwre ea 1 500.00 eu 0.5 8.0 8 HS 37.73 0.3 0.8 
3 l ead shielding/mounting ea 1 500 .00 eu 0.5 40.0 40 MS 37.73 1.5 2.0 

** Subtotal·· 
3.0 56 2.1 5.1 

•• was: 1.2.4.2.3.2.9 Isolation Valve 
1 Valve & eontrllr proc. ea I 15000.00 A91 15.0 1 8.0 8 HU 35 .92 0.3 15.3 
2 Prelim assmble & test ea I 50.00 eu 0.1 1 4.0 4 HU 35.92 0. 1 0.2 
3 Inspect,c lean, etc ea 1 50 .00 eu O. I 1 4.0 4MU 35.92 0. 1 0.2 
4 Cables & connectors l ot 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0. 1 0.3 
5 Blank f langes & hardware l ot 2 200.00 eu 0.4 a 0.0 a 0.00 0.0 0.4 

** Subtote I ** 
15.7 18 0.6 16.3 

** WS: 1.2.4.2 .3 .5.1.1 Bellows 
1 Welded bellows assy ea 2 2500.00 A91 5.0 2 4.0 8 HS 37.73 0.3 5.3 
2 Blank flanges,gaskets,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspection, cleaning, bake ea 2 50 .00 eu 0. 1 2 4.0 8 HU 35.92 0.3 0.4 

** Subtotal .* 
5.7 16 0.6 6.3 

.* was: 1.2.4.2.3.5.1.2 Slit Mechanical Assembly 
1 Fl anges & flexure plate ea I 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
2 Cf fccdthrus for elctncs ea 4 200.00 au 0.8 0 0.0 0 0.00 0.0 0.8 
3 Viewports & mirrors ea 2 200.00 eu 0.4 2 8.0 16 HS 37.73 0.6 1.0 
4 Brazing & fixtures ea I 100.00 eu 0.1 1 20.0 20 HU 35.92 0.7 0.8 
5 Feedthrus • welding ea I 50.00 eu 0.1 1 8.0 8 HS 37.73 0.3 0.4 
6 Blades fab/buy ea 2 5000.00 eu 10 .0 a 0.0 a 0.00 0.0 10.0 
7 LCW hardware ea I 100.00 eu O. I I 8.0 8 HU 35.92 0.3 0.4 
8 Micrometer mech ea I 1000.00 eu 1.0 I 20.0 20 HS 37.73 0.8 1.8 
9 Outs ide vae mntng hrdware lot I 500.00 eu6 0.5 I 20.0 20 HS 37.73 0.8 1.3 

10 Blade alignment fi xtures lot I 200.00 eu 0.2 I 20 .0 20 HS 37.73 0.8 1.0 
** Subtotal *. 

14.1 192 7.2 21.3 
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•• ~BS: 1.2.4.2.3.5.1.3 Support Systems 
1 Slit assy mntng hardwre ea 6 1000.00 eu 6.0 6 6.0 46 MS 37.73 1.6 7.6 
2 Support post & hardware ea 1 500.00 eu 0.5 1 40.0 40 MS 37.73 1.5 2.0 
3 Struts & mntng hardwre ea 6 500.00 eu 3.0 6 6.0 46 MS 37.73 1.8 4.8 
4 Support post & hardware eo 1 300.00 eu 0.3 1 20.0 20 MS 37.73 0.8 1.1 

"'. Subtotal '** 
9.8 156 5.9 15.7 

*'It WBS: 1.2.4.2.3.5.1.4 Spools 
1 Diagnostic spool piece eo 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
2 Collmtng spoo l piece ea 1250.00 A91 1.2 1 8.0 8 MU 35.92 0.3 1.5 
3 Mise flanges & UHV hardwr lot 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
4 Lead shielding & mounting ea 500.00 eu 0.5 1 40.0 40 MS 37.73 1.5 2.0 

*'It Subtotal *. 
4.2 48 1.8 6.0 

•• ~BS: 1.2.4.2.3.5.1.5 VaclUfl System 
1 Ion ~ 120 lIs ea 1 4000.00 A91 4.0 1 4.0 4MU 35.92 0.1 4.1 
2 Ion pump controller ea 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Ion pump cable, bakeable ea 1 250.00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable, 3m cntrllr ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing vaLve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4MU 35.92 0.1 3.6 
7 Ion gauge cabLe, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 Junction box, Ie cable eo 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable eo 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 .. Subtotal ** 

11.3 20 0.7 12.0 

** WSS: 1.2.4.2.3.5.1.6 Isolation Valve 
1 Valve & controller proc eo 1 10000.00 vq 10.0 0 0.0 0 0.00 0.0 10.0 
2 Prelim assemble & test eo I 50.00 eu 0.1 1 8.0 8 MU 35.92 0.3 0.3 
3 Inspect,clean,etc eo I 50.00 eu 0.1 1 4.0 4MU 35.92 0.1 0.2 
4 Cables & connectors ea 1 200.00 eu 0.2 1 2.0 2 EI 33 .00 0.1 0.3 
5 Blank flanges & hardware lot 2 200.00 eu 0.4 0 0.0 0 0.00 0.0 0.4 

*'It Subtotal '** 
10.7 14 0.5 11.2 

** WBS: 1.2.4.2.3 .5.1.7 Assemble and Test 
1 Assemble & test eo 1 500.00 eu 0.5 2 40 .0 80 MU 35.92 2.9 3.4 
2 Bakeout & UHV qualify eo 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
3 Survey & calibrate 0 0.00 0.0 2 16.0 32 MU 35 .92 1.1 1.1 
4 Mise toolS, fixtures, cart lot 1 500.00 euS 0.5 1 40.0 40 MS 37.73 1.5 2.0 

•• Subtotal .. 
1.5 232 8.4 9.9 

"'* UBS: 1.2.4.2.3.5.1.8 Install and Al ign 
1 Leu hardware & cnnections lot I 300.00 euS 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport & onsite setup eo I 200.00 eu 0.2 2 16.0 32 MU 35 .92 1.1 1.3 
3 Vae assmble & leak check eo I 50 .00 euS 0.1 2 20.0 40 MU 35.92 1.4 1.5 
4 Installation aligrvnent 0 0.00 0.0 2 32.0 64 MU 35.92 2.3 2.3 
5 Mech install/test/debug lot I 500.00 eu 0.5 2 20.0 40 MU 35.92 1.4 1.9 
6 Elee installation 0 0.00 0.0 1 20.0 20 IEL 62.85 1.3 1.3 

.* Subtotal ** 
1.1 212 8.2 9.2 

.* UBS: 1.2 .4.2.3.5 .2.1 Bellows 
1 Uelded bellows assy eo 2 2500.00 A91 5.0 2 4.0 8 MS 37.73 0.3 5.3 
2 Blank flanges & gaskets lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspeet,elean,bakeout eo 2 50.00 eu O. I 2 4.0 8 MU 35.92 0.3 0.4 .. Subtotal *'* 

5.7 16 0.6 6.3 

** YBS: 1.2 .4.2 . 3.5.2.2 Gratings 
1 Brazed substrate parts ea 3 3500.00 A91 10.5 0 0.0 0 0.00 0.0 10 .5 
2 Substrate brazing,welding ea 3 200.00 A91 0.6 3 20.0 60 MU 35.92 2.2 2.8 
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3 Mise leak & flow tests ea 3 100 _00 A91 0.3 3 8.0 24 MU 35 .92 0.9 1.2 
4 Polishing ea 3 20000.00 A91 60.0 0 0.0 0 0.00 0.0 60.0 
5 Rul ing eo 3 15000.00 eu 45.0 0 0.0 0 0.00 0.0 45.0 
6 Optical coatings eo 3 1000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
7 Shipping & handling ea 3 200.00 eu 0.6 4 4.0 16 MU 35.92 0.6 1.2 

** Subtotal ** 
120.0 100 3.6 123.6 

•• ~BS: 1.2.4.2.3.5.2.3 Grating Mechanical Asserrbly 
1 Invac mounting hardware ea 1 20000.00 eu 20.0 1 800.0 800 HS 37_73 30 .2 50.2 
2 Scan drive mechanism ea 1 5000.00 eu 5.0 1 200 . 0 200 HS 37.73 7.5 12_5 
3 Slide eo 1 20000.00 A87 20.0 0 0.0 0 0.00 0.0 20_0 
4 Grating intrehnge actuatr ea 1 2000.00 A87 2.0 1 80.0 80 HS 37.73 3.0 5.0 
5 Alignmnt manipulator eo 1 2000.00 A87 2.0 1 80.0 80 HS 37.73 3.0 5.0 

** Subtotal ** 
49.0 1160 43.8 92.8 

** WBS: 1.2.4.2.3.5.2.4 Mask & VBDA 
1 Blade mechanism eo 2 1000.00 eu 2.0 2 80.0 160 HS 37.73 6.0 8.0 
2 Vaeuum housing ea 1 2000 .00 eu 2.0 0 0.0 0 0. 00 0.0 2.0 
3 Manual actuator/mieometer ea 2 1500.00 eu 3.0 2 20.0 40 HS 37.73 1.5 4.5 
4 lCW hardware ea 1 500.00 cp 0.5 1 20 . 0 20 HS 37.73 0.8 1.3 
5 Mise parts & tools lot 1 1000 .00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 

** SubtOhl ** 
8.5 260 9.8 18.3 

•• ~BS: 1.2.4.2.3.5 .2.5 Electrical & Controls 
1 Scan drive electronics ea 1 40000 .00 A87 40.0 0 0.0 0 0.00 0.0 40.0 
2 Interferometer positionng ea 1 25000.00 A87 25 .0 0 0.0 0 0.00 0.0 25.0 
3 Glow dschrge optcl cleang ea 1 10000.00 eu 10.0 1 16.0 16 EI 33.00 0.5 10.5 

** Subtotal ** 
75.0 16 0.5 75.5 

•• ~BS: 1.2.4.2 .3.5.2 .6 Vaeuun Sys tem 
1 Ion pump 400 I/s ea 1 7500.00 A91 7.5 1 4.0 4 MU 35.92 0.1 7.6 
2 Ion pump heater ea 1 1000.00 A91 1.0 1 4.0 4 EI 33 .00 0.1 1.1 
3 Ion pump controller ea 1 2500 .00 A91 2.5 1 4.0 4 EI 33 .00 0.1 2.6 
4 Ion pump cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
5 IEEE-4B cable, 3 meter ea 1 150.00 cp 0. 1 0 0.0 0 0.00 0.0 0.1 
6 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
7 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4MU 35.92 0.1 3.6 
8 Ion gauge cable,bakeable eo 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
9 Junction box, IG cable e. 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 

10 Interlock cable ea 1 100 .00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
11 TSP pump spool piece e. 1 3000.00 A91 3.0 0 0.0 0 0.00 0.0 3.0 
12 TSP filaments/controller ea 1 3500.00 eu 3.5 1 8.0 8 EI 33.00 0.3 3.8 
13 Flanges & UHV hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
14 Support stand mi se hardwr ea 1 500 .00 eu 0.5 1 20.0 20 MS 37.73 0.8 1.3 
15 Pump welded bellws assy eo 1 2500 .00 A91 2.5 0 0.0 0 0.00 0.0 2.5 
16 Bellows inspeet,clean,bak ea 1 50.00 eu 0.1 1 4.0 4MU 35.92 0.1 0.2 
17 Mise extrusions,mounting lot 1 1000.00 eu 1.0 1 20.0 20 MS 37.73 0.8 1.8 

** Subtota l ** 
27.8 76 2.7 30.5 

. * UBS: 1.2 .4.2.3 .5.2.7 Support Syst ems 
1 Grating ehamber ea 1 40000 .00 A88 40.0 1 800 .0 800 MS 37.73 30.2 70.2 
2 Struts & mounting hardwre ea 6 1000.00 eu 6.0 6 8.0 48 MS 37.73 1.8 7.8 
3 Support stand & hardware ea 1 2000.00 eu 2.0 1 80 . 0 80 MS 37.73 3.0 5.0 
4 Mise blank-off flanges lot 8 500 .00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
5 Mi se UHV tool s ,parts,etc lot 1 2500.00 eu 2.5 1 40.0 40 MS 37.73 1.5 4.0 

.* Subtotal ** 
54 .5 968 36.5 91.0 

** UBS: 1. 2.4.2.3.5.2.8 Assenbl e & Test 
1 Assemble grating BOA ea 1 500.00 eu 0.5 2 80.0 160 MS 37.73 6.0 6.5 
2 Assemble grating mounting ea 1 500.00 A88 0.5 2 80 .0 160 MS 37.73 6.0 6.5 
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3 Assemble drive mechanism ea 1 500.00 ABB 0.5 2 80.0 160 HS 37.73 6.0 6.5 
4 Assemble grating chamber ea 1 500.00 ABB 0.5 2 80.0 160 HS 37.73 6.0 6.5 
5 Bakeout & UHV qualify ea 1 500.00 eu 0.5 2 80.0 160 HU 35.92 5.7 6.2 
6 Survey/calibration 0 0.00 0.0 2 16.0 32 HU 35.92 1.1 1.1 
7 Mise tools.fixtures,cart lot 1 1000.00 eu 1.0 1 40.0 40 HS 37.73 1.5 2.5 

** Subtotel ** 
3.5 872 32.6 36.1 

•• ~BS: 1.2.4.2.3.5.2.9 Ins tall & Al ign 
1 LC~ hardware & connctions ea 1 300.00 eu 0.3 1 16.0 16 HU 35.92 0.6 0.9 
2 Transport & onsite setup ea 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
3 Vae assemble & leakcheck ea 1 50.00 eu 0.1 2 40.0 80 HU 35.92 2.9 2.9 
4 Installation alignment 0 0.00 0.0 2 40.0 80 HU 35.92 2.9 2.9 
5 Mech install,test,debug ea 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
6 Electrical installation 0 0.00 0.0 1 40.0 40 IEL 62.85 2.5 2.5 

** Subtotal ** 
1.4 376 14.6 15.9 

•• ~BS: 1.2.4.2.3.5.3.1 Bellows 
1 ~cldcd bellows cssy ea 2 8000.00 A86 16.0 2 4.0 B HS 37.73 0.3 16.3 
2 Inspection,cleaning,bake ea 2 50.00 eu 0.1 2 4.0 8 HU 35.92 0.3 0.4 
3 Anti-sng supports ea 2 1000.00 eu 2.0 2 60.0 120 HS 37.73 4.5 6.5 

•• Subtotal *'* 
18 . 1 136 5.1 23.2 

** ~BS: 1. 2.4.2.3.5.3 . 2 Isolation Valves 
1 Valve & controller proc. ea 2 10000.00 vq 20.0 0 0.0 0 0.00 0.0 20.0 
2 Prelim assemble & test lot 2 50.00 eu 0.1 2 8.0 16 HU 35.92 0.6 0.7 
3 Inspection, clean,bake lot 2 50.00 eu 0.1 2 4.0 8 HU 35.92 0.3 0. 4 
4 Cables & connectors lot 2 200.00 eu 0.4 2 2.0 4 EI 33.00 0.1 0.5 
5 Blank flanges & hardware lot 4 200.00 eu 0.8 0 0.0 0 0.00 0.0 O.B .. SubtotaL .. 

21.4 28 1.0 22.4 

-- UBS : 1.2.4.2.3.5.3.3 Vacullll System 
1 Ion purp 60 lIs ea 1 2700.00 A91 2.7 1 4.0 4 HU 35.92 0.1 2.8 
2 Ion purp controller ea 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Ion pump cable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable, 3 m ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & controls ea 1 3500.00 A91 3.5 1 4.0 4 HU 35.92 0.1 3.6 
7 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 JUnction box, IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0. 1 0.3 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

10 Spool pieces ea 3 2000.00 eu 6.0 0 0.0 0 0.00 0.0 6.0 
U Subtota l _. 

16.0 20 0.7 16.7 

-- UBS: 1.2.4.2.3.5.3.4 Slit Mechanical Assembly 
1 Flanges & flexure plate ea 1 1000. 00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
2 CF feed-thrus for elctncs ea 4 200.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 Viewports & mirrors ea 2 200.00 eu 0.4 2 8.0 16 HS 37.73 0.6 1.0 
4 Brazing & fixtures ea 1 100 . 00 eu 0.1 1 20.0 20 HU 35.92 0.7 0.8 
5· Feedthrus we lding e. 1 50.00 eu 0.1 1 8.0 8 HS 37.73 0.3 0.4 
6 Blades fab/buy ea 2 200.00 eu 0.4 2 20 .0 40 HS 37.73 1.5 1.9 
8 lCY hardware ea 1 100.00 eu 0.1 1 8.0 8 HU 35.92 0.3 0.4 
9 Micrometer mechani sm ea 1 1000.00 eu 1.0 1 20.0 20 HS 37.73 0.8 1.8 

10 Outside vac mnting hardwr ea 1 500.00 eu 0.5 1 20.0 20 HS 37.73 0.8 1.3 
11 Blade alignment fixtures lot 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
12 Exit sli t motfon system ea 1 60000.00 A87 60.0 0 0.0 0 0.00 0.0 60.0 

.. Subtotal .. 
64.5 232 8.7 73.3 

•• ~BS: 1. 2.4 . 2.3 .5.3.5 Support Sys tems 
1 Slit assy mounting hardwr ea 6 1000.00 eu 6.0 6 8.0 48 HS 37.73 1.8 7.8 
2 Support post & hardware ea 1 1000. 00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 
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.... Subtotal ** 
7.0 88 3.3 10.3 

** WBS: 1.2.4.2.3.5.3.6 Asserrble & Test 
1 Assemble & test ea 1 500.00 eu 0.5 1 120.0 120 MU 35.92 4.3 4.8 
2 Bakeout & UHV qualify ea 1 500.00 eu 0.5 1 120.0 120 MU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Hise tools,fixtures,cart lot 1 500.00 eu 0.5 1 40.0 40 MS 37.73 1.5 2.0 

** Subtotal ** 
1.5 312 11.3 12.8 

** WBS: 1.2.4.2.3.5.3.7 Install & At ign 
1 Transport & onsite setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
2 Vae assmble & leakcheck ea 1 50.00 eu 0.1 2 20.0 40 MU 35.92 1.4 1.5 
3 Installation alignment 0 0.00 0.0 2 32.0 64 MU 35.92 2.3 2.3 
4 Hech install,test,debug ea 1 500.00 eu 0.5 2 20.0 40 HU 35.92 1.4 1.9 
5 Electrical installation 0 0.00 0.0 1 20.0 20 IEL 62.85 1.3 1.3 

** Subtotel ** 
0.8 196 7.6 8.3 

** was: 1.2.4.2.3.8.1 Fab/Buy Mech Parts & Subassyls 
, linear device mcch eo 1 4000.00 cp 4.0 0 0.0 0 0.00 0.0 4.0 
2 Mods for water cooting ea 1 200.00 eu 0.2 1 20.0 20 HS 37.73 0.8 1.0 
3 In-vae part fab. ea 1 1000.00 eu 1.0 1 80.0 80 HS 37.73 3.0 4.0 
4 Brazing & welding assy ea 1 200.00 A91 0.2 1 20.0 20 HS 37.73 0.8 1.0 
5 Oetector,feedthru,phosphr ea 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 

** Subtotal *'II' 

5.9 160 6.0 11.9 

** ~BS: 1.2.4.2.3.8 . 3 Fab/Buy Vacuum Chamber & Supports 
1 Spool piece ea 2 2000.00 eu 4.0 0 0.0 0 0.00 0.0 4.0 
2 Struts & Mounting hardwar ea 6 500.00 eu 3.0 6 8.0 48 HS 37.73 1.8 4.8 
3 Support post & hardware ea 1 300.00 eu 0.3 1 20.0 20 HS 37.73 0.8 1.1 
4 Misc flanges & feedthrus lot 1 2000.00 eu 2.0 1 20.0 20 HS 37.73 0.8 2.8 

.. Subtotal ** 
9.3 88 3.3 12.6 

** ~BS: 1.2 . 4.2.3.8.4 Vacuum Pumping, Gauges, Controllers , P.S. 
1 Ion pump, 60l/s ea 1 2700.00 A91 2.7 1 4.0 4MU 35.92 0.1 2.8 
2 Jon pump controller ea 1 1600.00 A91 1.6 1 4.0 4 EI 33.00 0.1 1.7 
3 Jon pump cable, bakeable ea 1 250 .00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE·468 cable, 3m ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Roughing valve ea 2 650.00 A91 1.3 0 0.0 0 0.00 0.0 1.3 
6 Ion gauge & contrls ea 1 3500.00 A91 3.5 1 4.0 4MU 35.92 0.1 3.6 
7 Jon gauge cable, bakeable ea 1 250.00 cp 0.2 1 4.0 4 EI 33.00 0.1 0.4 
8 JlXlction box, IG cable ea 1 200.00 eu 0.2 1 4.0 4 EI 33.00 0.1 0.3 
9 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 

** subtota l ** 
10.0 20 0.7 10.7 

** ~BS: 1.2.4.2.3.8.5 Asseni:lle, Bakeout, Test 
1 Assemble & test ea 2 500.00 eu 1.0 2 20.0 40 HS 37.73 1.5 2.5 
2 Bakeout & UHV qualify ea 2 500.00 eu 1.0 2 40.0 80 HS 37.73 3.0 4.0 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 HS 37.73 1.2 1.2 

.. Subtotal·· 
2.0 152 5.7 7.7 

** ~S: 1.2.4.2.3.8.6 Installation 
1 Transport & on·site setup 0 0.00 0.0 2 4.0 8 HU 35.92 0.3 0.3 
2 Vac assemble & leak check ea 1 100.00 eu 0.1 2 20.0 40 MU 35.92 1.4 1.5 
3 Mech install/test/debug ea 1 100 .00 eu 0.1 2 20.0 40 HU 35.92 1.4 1.5 

.. Subtotal ** 
0.2 88 3.2 3.4 

*. ~BS: 1.2.4.2.3.9.1 Fab/Buy Mech Parts & Subassy's 
1 Mi se machine shop effort lot 1 1000.00 eu 1.0 40.0 40 HS 37. 73 1.5 2.5 



B·114 
Page No. 82 
04/22192 

Technical Components Cost Estimate 
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2 Hise mech tech & tools lot 1000.00 eu 1.0 40.0 40 HU 35.92 1.4 2.4 
•• Slbtotal *. 

2.0 80 2.9 4.9 

•• ~SS: 1.2.4.2.3.9.2 Feb/Buy Electrical and Controls 
1 Cables,valve actuetion & lot 3 100.00 eu 0.3 3 4.0 12 EI 33.00 0.4 0.7 
2 X-connect blocks & frame ea 1 500.00 eu 0.5 1 24.0 24 EI 33.00 0.8 1.3 
3 Relays blocks & frame ea 1 580.00 cp 0.6 1 24.0 24 EI 33.00 0.8 1.4 
448 channel opto·isoletors ea 1 700.00 cp 0.7 1 24.0 24 EI 33.00 0.8 1.5 
5 Cable trays, conduit, etc lot 1 2000.00 eu 2.0 1 120.0 120 IEL 62.85 7.5 9.5 
6 Double etec. rack ea 1 1300.00 cp 1.3 1 16.0 16 EI 33.00 0.5 1.8 
7 SA panel 3 ph 30A eo 1 50.00 eu 0.1 1 16.0 16 EI 33.00 0.5 0.6 
8 Break.er panel ea 2 200.00 eu 0.4 2 2.0 4 EI 33.00 0.1 0.5 
9 PLug strip eo 2 20.00 eu 0.0 2 1.0 2 EI 33.00 0.1 0.1 

10 Rack fans ea 2 50.00 eu 0.1 2 2.0 4 EI 33.00 0.1 0.2 
11 Misc. hardware lot 1 1000.00 eu 1.0 1 40.0 40 EI 33.00 1.3 2.3 
12 Prograrrmabl logic cntrllr ea 1 8000.00 eu 8.0 1 40.0 40 CP 59.40 2.4 10 .4 
13 PLC Cabling eo 1 500.00 eu 0.5 1 20.0 20 EI 33.00 0.7 1.2 
14 Operator Console ea 1 8000.00 eu 8.0 0 0.0 0 0.00 0.0 8.0 
15 Branch line device server 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
16 VHE crate w/power spply ea 1 3000.00 cp 3.0 1 0.0 0 0.00 0.0 3.0 
17 VHE processor ea 1 3500.00 cp 3.5 0 40.0 o CP 59.40 0.0 3.5 
18 IEEE ·48 module ea 1 800.00 cp 0.8 0 0.0 0 0.00 0.0 0.8 
19 Real time OIS ea 1 500.00 cp 0.5 0 0.0 0 0.00 0.0 0.5 
20 Network interface 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
21 Ethernet router eo 1 2000.00 eu 2.0 1 20.0 20 EI 33.00 0.7 2.7 
22 Ethernet distribution eo 1 2000.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
23 Cables, thicknet ea 5 200.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
24 Display/control station 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
25 Display station ea 1 10000.00 eu 10.0 0 0.0 0 0.00 0.0 10.0 
26 Display software ea 1 3000.00 eu 3.0 1 40.0 40 CP 59.40 2.4 5.4 
27 TV display controls 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
28 TV moni tor ea 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
29 TV patch panel ea 1 200.00 eu 0.2 1 20.0 20 EI 33.00 0.7 0.9 
30 TV scanner ea 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
31 TV camera eo 6 500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
32 Cabling, patch ea 6 20.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
33 24VDC power distribution 0 0.00 0.0 0 0.0 0 0.00 0.0 0.0 
34 24VDC power supply es 1 2000.00 eu 2.0 1 20.0 20 EI 33.00 0.7 2.7 
35 24VDC distribution eo 1 2000.00 eu 2.0 1 40.0 40 EI 33.00 1.3 3.3 

.. Subtotal·· 
58.1 486 21. 7 79.8 

.* ~BS: 1.2 .4 .2.3.9.3 Fab/Buy Vacuum Chamber & Supports 
1 Mise flanges,viewprts,ete lot 1 3000.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Roughing valve ea 4 650.00 cp 2.6 0 0.0 0 0.00 0.0 2.6 
3 Misc. unistrut/hardware lot 1 500.00 eu 0.5 1 40.0 40 HU 35.92 1.4 1.9 

.. Subtotal ** 
6.1 40 1.4 7.5 

** ~BS: 1.2.4.2.3.9.5 Assertble, Bakeout, Test 
1 Mise assemble & test eo 1 1000.00 eu 1.0 2 80.0 160 HU 35.92 5.7 6.7 
2 Mise bakeout/UHV qualify lot 1 1000.00 eu 1.0 2 80.0 160 HU 35.92 5.7 6.7 
3 Survey/cal ibration 0 0.00 0.0 3 32.0 96 HU 35.92 3.4 3.4 

** Subtotal ** 
2.0 416 14 .9 16.9 

** ~BS: 1. 2.4.2.3.9.6 Installation 
1 Transport & on·site setup lot 1 100.00 eu 0.1 2 40.0 80 MU 35.92 2.9 3.0 
2 Vac assmble & leak checks lot 1 500.00 eu 0.5 2 40.0 80 HU 35.92 2.9 3.4 
4 lead shielding installatn lot 1 200.00 eu 0.2 1 40.0 40 HU 35.92 1.4 1.6 
5 Installation alignment 0 0.00 0.0 3 32.0 96 HU 35.92 3.4 3.4 
6 Pneumatic service eo 1 1000.00 eu 1.0 1 40.0 40 HU 35.92 1.4 2.4 
7 lC'J serv ice lot 1 1000.00 eu 1.0 1 40.0 40 HU 35.92 1.4 2.4 
8 Mech install/test/debug lot 1 100.00 eu 0.1 2 40.0 80 HU 35.92 2.9 3.0 
9 Elec installatfon 0 0.00 0.0 1 40.0 40 IEl 62.85 2.5 2.5 
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10 0 0.00 0.0 40.0 40 EI 33.00 1.3 1.3 
** Subtotal •• 

2.9 536 20.2 23.1 

•• ~BS: 1.2.4.2.3.10 
1 ILC & SBX ea 2 1500.00 eu 3.0 0 0.0 0 0.00 0.0 3.0 
2 Eurocard crate ea 1 1000. 00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
3 Key panel ea 1 300.00 tp 0.3 0 0.0 0 0.00 0.0 0.3 
4 Monitor lights panel ea 6 250.00 tp 1.5 0 0.0 0 0.00 0.0 1.5 
5 Push button panel e. I 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
6 Break.er panel e. 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
7 Cables lot 1 100.00 eu O. I 0 0.0 0 0.00 0.0 0.1 
8 ~ir;ng assembly 0 0.00 0.0 1 60.0 60 EI 33.00 2.6 2.6 
9 Mise hardware & locks lot 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 

10 Elee installation 0 0.00 0.0 1 40.0 40 IEL 62.65 2.5 2.5 
** Subtotal ** 

7.4 120 5.2 12.6 

•• ~BS: 1.2.4 .2.4. 1.1 H&V Beam Defining Apertures 
1 Vacuum Chamber e. 1 12000.00 A67 12.0 0 0.0 0 0.00 0.0 12.0 
2 Roughing Valve e. 1 750.00 tp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Tank Support Pos t s e. 1 1000.00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Tank. Hounting Struts e. 6 200 .00 eu 1.2 6 20.0 120 HS 37.73 4.5 5.7 
5 Brazed Absorber Assy e. 4 500.00 eu 2.0 4 100.0 400 HS 37.73 15.1 17. 1 
6 Brazing & Tooling Fi xturs ea I 100.00 eu 0.1 2 40 .0 60 HS 37.73 3.0 3.1 
7 UHV Mounting Hardware lot 4 500.00 eu 2.0 4 20.0 60 HS 37.73 3.0 5.0 
8 Bellows Assembly e. 4 2000.00 eu 6.0 0 0.0 0 0.00 0.0 6.0 
9 Stepper/Encoder Positione ea 4 2500 .00 eu 10.0 0 0.0 0 0.00 0.0 10.0 

10 Flanges/mise UHV hardware lot 10 500.00 eu 5.0 0 0.0 0 0.00 0.0 5.0 
11 Leu Hardware e. 2 300.00 eu 0.6 0 0.0 0 0.00 0.0 0.6 
12 Assemble UHV subsystems e. 4 100.00 eu 0.4 4 20.0 60 HS 37.73 3 .0 3.4 
13 Survey & Calibration 0 0.00 0.0 4 16.0 64 HS 37.73 2.4 2.4 
14 pumpdown & leakcheck lot 1 50 . 00 eu 0.1 1 40.0 40 HS 37.73 1.5 1.6 
15 8akout lot 1 50 . 00 eu 0.1 1 60 .0 SO HS 37.73 3.0 3.1 
16 Assemble Positioners e. 4 50.00 eu 0.2 4 20 .0 SO HS 37.73 3.0 3.2 
17 Mi sc. Assembly Hardware lot 1 1000.00 eu 1.0 1 40 .0 40 MS 37.73 1.5 2.5 
18 Pre· installation cheCKout 0 0.00 0.0 1 40 .0 40 HS 37.73 1.5 1.5 
19 Prep for transportation lot 1 50.00 eu 0. 1 1 6.0 6 HS 37.73 0.3 0.4 

** Subtotal ** 
44.4 1112 42 .0 66 .4 

** ~8S: 1.2.4.2.4.1.2 Vertical Defl ect ion Mirrors 
1 Procurement lot 2 56000.00 eu 112.0 2 60 .0 120 MS 37.73 4.5 116.5 
2 Fabrication lot 2 9900.00 eu 19.6 2 1220.0 2440 HS 37.73 92.1 111.9 
3 Assemble & Tes t lot 2 650.00 eu 1.3 2 292.0 564 HS 37.73 22.0 23.3 
4 Ins tallation lot 2 50 .00 eu 0.1 2 6.0 16 HS 37.73 0.6 0.7 

... Subtotal *. 
133.2 3160 119.2 252 .4 

** ~BS : 1.2.4.2.4.1.3 Monochromator 
1 Monochromator e. 1 365000.00 eu 365.0 0 0.0 0 0.00 0.0 365.0 

** Subtotal ** 
365.0 0 0.0 365.0 

•• ~BS: 1.2.4.2.4.1.4 Beam line Diagnostics 
1 Diagnostic #1 •• 1 noo.oo eu 7.7 206 .0 206 HS 37.73 7.6 15.5 
2 Diagnostic #2 e. 1 6700.00 eu 6.7 146.0 148 MS 37.73 5.6 12.3 
3 Diagnostic ifl e. 1 6700.00 eu 6.7 146.0 146 MS 37.73 5.6 12.3 

** Subtotal·· 
21.1 504 19.0 40.1 

** was : 1.2.4.2.4.1.5 Branch line Vacuum Sys tem 
1 411 UHV Isolation Valve ea 4 9460.00 tp 37.6 0 0.0 0 0.00 0.0 37.6 
2 6ucf Spoo ls e. 4 500.00 tp 2.0 0 0.0 0 0.00 0.0 2.0 
3 6"cf Be llows As serrbly e. 6 2000.00 A66 12.0 0 0.0 0 0.00 0.0 12.0 
4 Spool Support Posts e. 4 500.00 eu 2.0 0 0.0 0 0.00 0.0 2.0 
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5 Hise UHV Hardware lot 2500 .00 eu 2.5 120.0 120 HS 37.73 4.5 7.0 
6 Bakeout & Leak check lot 2500.00 eu 2.5 120.0 120 HS 37.73 4.5 7.0 

** Subtotal *. 
58.8 240 9. 1 67.9 

** was: 1.2.4.2.4.1 .6 Branch Line Mechanical Installation 
1 Assemble/leak check lot 1 1.00 1000 0.0 1 120.0 120 MS 37.73 4.5 4.5 
2 Transport & setup lot 3 200 .00 eu 0.6 3 32.0 96 HU 35.92 3.4 4.0 
3 Unitstrut & Misc. Hardwar lot 1 500.00 eu 0.5 1 80 .0 80 HU 35.92 2.9 3.4 
4 Misc. Mechanical work lot 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 
5 Misc. Machine shop lot 1 500.00 eu 0.5 1 40.0 40 HS 37.73 1.5 2.0 
6 Lead Shieldng Inste l latn l ot 1 1000 .00 eu 1.0 1 40.0 40 HU 35.92 1.4 2.4 
7 Support Rail ea 1 500.00 eu 0.5 1 120.0 120 HS 37.73 4. 5 5.0 
8 Survey & Alignment lot 1 200.00 eu 0.2 1 131.0 131 MS 37.73 4.9 5.1 

** Subtote 1 ** 
3.8 667 24.8 28.6 

** UBS: 1. 2.4.2. 4 .1 .7 Defining Slits 
1 Defining Slits ea 2 45000.00 eu 90.0 0 0.0 0 0.00 0.0 90.0 

** Subtotal *. 
90.0 0 0.0 90 .0 

•• ~BS: 1.2.4 .2 .4.2.1 Photon Transport Controls & Diagnostics 
1 Ion Pump Control s/Cabl es lot 1 53600 .00 CP 53.6 4 8.0 32 EI 33.00 1.1 54.7 
2 Ion Gauges/Contro ls lot 1 12700.00 eu 12 .7 8 8.0 64 EI 33.00 2.1 14.8 
3 Interlocks & Actuators lot 1 5400.00 eu 5.4 14 2.0 28 EI 33.00 0.9 6.3 
4 Posi tioning Controls lot 1 22800 .00 eu 22 .8 8 8.0 64 EI 33.00 2. 1 24.9 
5 Opt ica l Cleaning Control s lot 1 10000.00 eu 10.0 1 20.0 20 EI 33.00 0.7 10.7 
6 Beam Positioning Controls eo 1 2100.00 eu 2.1 1 10.0 10 EI 33.00 0.3 2.4 
7 Misc. Hardware lot 1 5000.00 eu 5.0 1 40.0 40 ES 33.00 1.3 6.3 

•• Subtotal ** 
111.6 258 8.5 120.1 

•• YBS: 1.2.4 .2.4 .2 .2 Monochromator Controls 
1 Progrmmabl l ogic Cntrllr lot 1 8500.00 eu 8.5 20.0 20 EI 33.00 0.7 9.2 
2 0 0.00 0.0 40.0 40 CP 59.40 2.4 2.4 
3 Branch line Device Server ea 1 7800 .00 cp 7.8 40.0 40 CP 59.40 2.4 10.2 
4 Network Interface lot 1 5000.00 eu 5.0 10.0 10 EI 33.00 0.3 5.3 
5 Di splay/Control Station ea 1 13000.00 eu 13.0 40.0 40 CP 59.40 2.4 15.4 
6 TV Display Controls ea 1 5900.00 eu 5.9 20.0 20 EI 33.00 0.7 6.6 
7 24voC Distribution lot 1 4000.00 eu 4.0 60.0 60 ES 33.00 2.0 6.0 '*. Subtotal *'* 

44.2 230 10.8 55 .0 

'*. YBS: 1.2 .4. 2.4.2 .3 Branch li ne Electrical Installation 
1 Racks & Trays lot 1 3450.00 CP 3.5 1 80 .0 80 EI 33.00 2.6 6.1 
2 Ion Pump Interconnects It 600 1.00 eu 0.6 1 16.0 16 EI 33.00 0.5 1.1 
3 Ion Gauge Interconnect It 600 2.00 eu 1.2 1 32.0 32 EI 33.00 1.1 2.3 
4 Intrlck/Actuatr Intrennct It 400 3.00 eu 1.2 1 40.0 40 EI 33.00 1.3 2.5 
5 Posi tion Contrls Intrenne ft BOO 2.50 eu 2.0 1 40.0 40 EI 33.00 1.3 3.3 
6 Optical Cleaning Intrenne ft 200 1.00 eu 0.2 1 lO.O 10 EI 33 .00 0.3 0.5 

•• Subtotal .. 
8.6 218 7.2 T5. 8 

** Y8S: 1.2.4.2.4.3 Branch line Safety Systems 
1 ILC & SBX e. 1 1400.00 eu 1.4 0 0.0 0 0.00 0.0 1.4 
2 Eurocard Crate ea 1 800.00 eu 0.8 0 0.0 0 0.00 0.0 0.8 
3 Key Panel ea 1 300.00 cp 0.3 0 0.0 0 0.00 0.0 0.3 
4 Monitor lights Panel ea 6 250.00 cp 1.5 0 0.0 0 0.00 0.0 1.5 
5 Push Button Panel ea 1 250.00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
6 Breaker Panel ea 1 250.00 cp 0.2 0 0.0 0 0.00 0.0 0.2 
7 Cables lot 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
8 Yiring Assembly 0 0.00 0.0 1 80.0 80 ES 33.00 2.6 2.6 
9 Systems Test 0 0.00 0.0 1 80.0 80 EM 33.00 2.6 2.6 

10 Padlocks & Mi sc. Hardware lot 1 500.00 eu 0.5 0 0.0 0 0.00 0.0 0.5 
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.. Subtotal *'" 
5.1 160 5.3 10.4 

•• WBS: 1.2 .4.2 .4.4 Branch line Utilities 
1 Pneumatic Service Lot 1 1500.00 eu 1.5 1 120.0 120 MU 35.92 4.3 5.8 
2 lew Service Lot 1 1500.00 eu 1.5 1 120.0 120 MU 35.92 4.3 5.8 
3 Cable Trays, Conduit, etc lot 1 2000.00 eu 2.0 1 120.0 120 PE 38.90 4.7 6.7 
4 Unitstrut/Misc. Hardware Lot 1 1000.00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 
5 Double Elee. Rack ea 1 1200.00 cp 1.2 0 16.0 o ES 33.00 0.0 1.2 
6 BA paneL 3 PH 30A ea 1 50.00 CP 0.1 1 0.5 o ESs 0.00 0.0 0.1 
7 Breaker Panel ea 2 200.00 CP 0.4 2 4.0 8 ES 33.00 0.3 0.7 
8 Plug Strip ea 2 20.00 eu 0.0 2 1.0 2 ES 33.00 0.1 0.1 
9 Rack Fans ea 2 50.00 eu 0.1 2 1.0 2 ES 33.00 0.1 0.2 

10 X-conn blocks & frame ea 1 500.00 cp 0.5 1 24.0 24 ES 33.00 0.8 1.3 
11 Relay blks & frame ea 1 500.00 cp 0.5 1 24.0 24 ES 33.00 0.8 1.3 

** Subtotal ** 
8.8 460 16.8 25.6 

•• WBS: 1.2.4.2.4.5 Branch Line Mech/ El ect System Integrat ion 
1 Controls Checkout/Debug 0 0.00 0.0 6 16.0 96 HT 27.85 2.7 2.7 
2 a 0.00 0.0 6 16.0 96 EH 33.00 3.2 3.2 
3 a 0.00 0.0 6 16.0 96 CP 59.40 5.7 5.7 
4 a 0.00 0.0 6 16.0 96 EI 33.00 3.2 3.2 
5 Safety Systems Checkout a 0.00 0.0 4 8.0 32 HT 27. B5 0.9 0.9 
6 0 0.00 0.0 4 8.0 32 EH 33.00 1.1 1.1 
7 0 0.00 0.0 4 8.0 32 EI 33.00 1.1 1.1 
8 Vacuum System Checks 0 0.00 0.0 4 16.0 64 HT 27.B5 1.8 1.8 
9 a 0.00 0.0 4 16.0 64 EM 33.00 2.1 2.1 

10 Hisc. Hardware Lot 1 1000.00 eu 1.0 1 40.0 40 MS 37.73 1.5 2.5 
*. Subtotal -. 

1.0 648 23 . 1 24.1 

•• WBS: 1.2.4.2.4.6. 1 Feb/Buy Hech Parts & Subassyls 
1 Mirror poli shing ea 1 20300.00 A91 20.3 0 0.0 a 0.00 0.0 20 .3 
2 Optical coating ea 1 1000.00 ABB 1.0 a 0.0 0 0.00 0.0 1.0 
3 Substrate parts machining lot 1 3000.00 A91 3.0 0 0.0 a 0.00 0.0 3.0 
4 Substrate brzng/leak chk ea 1 200.00 eu 0.2 1 20.0 20 MU 35.92 0.7 0.9 
5 Braze & leak chk fi xtures ea 1 200.00 A91 0.2 1 40.0 40 MU 35.92 1.4 1.6 
6 UHV mirrr in~vac mounting ea 1 1000.00 eu 1.0 1 120.0 120 MS 37.73 4.5 5.5 
7 Mirror poSitioning mech ea 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 
B Mirror shippng crate/mnt ea 1 800.00 A91 0.8 a 32.0 a MS 37.73 0.0 0.8 
9 Misc UHV flanges/hardware lot 1 1000.00 eu 1.0 0 0.0 a 0.00 0.0 1.0 

10 Bellows/conflet ass 1y ea 1 2500.00 A91 2.5 a 0.0 a 0.00 0.0 2.5 
11 Tube/joystick ass 1y ea 1 200.00 A86 0.2 1 60.0 60 HS 37.73 2.3 2.5 
12 Masks: parts & machining ea 4 3000 .00 A91 12.0 0 0.0 a 0.00 0.0 12.0 
13 Masks :Braze & weld assy ea 4 200.00 A91 0.8 4 40.0 160 MU 35.92 5.7 6.5 
14 Lead shielding ea 1 500.00 eu 0.5 1 40.0 40 MU 35.92 1.4 1.9 

** Subtotal ** 
44 .5 520 19.1 63.6 

•• ~BS: 1.2.4.2.4.6.2 Fab/Buy Electrical and Controls 
1 Stepper/encoder/limits ea 3 2500.00 eu 7.5 3 20.0 60 MS 37. 73 2.3 9.8 
2 Driver/encoder cables ea 3 200.00 eu 0.6 3 16.0 48 EI 33.00 1.6 2.2 
3 Flow switch & interlocks ea 1 400.00 eu 0.4 1 4.0 4 EI 33.00 0.1 0.5 
4 Module, VME , RS232,B-port ea 1 800 .00 eu 0.8 1 16.0 16 EI 33.00 0.5 1.3 
5 Cable, RS232 ea 3 50.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 
6 Glow discharg optcl clean ea 1 10000.00 eu 10.0 1 40.0 40 EI 33.00 1.3 11.3 

'** Subtotal ** 
19.5 168 5.8 25 .3 

** UBS: 1.2.4.2.4 .6 .3 Feb/Buy Vacuum Ch amber & Support s 
1 Cus tom vacuum chamber ea 1 10000 .00 A91 10 .0 a 0.0 0 0.00 0.0 10 .0 
2 Downs tream mask chamber ea 1 2500 .00 cp 2.5 0 0.0 0 0.00 0.0 2.5 
3 Mi sc. flanges /UHV hard~re lot 1 1000 .00 eu 1.0 0 0.0 0 0.00 0.0 1.0 
4 Roughing val ve ea 2 650.00 cp 1.3 0 0. 0 0 0.00 0.0 1.3 
5 Mounting struts /hardware ea 2 500 .00 A91 1.0 2 8.0 16 MS 37.73 0.6 1.6 
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6 Motorized struts/hardware ea 4 1000.00 eu 4.0 4 16.0 64 MS 37.73 2.4 6.4 
7 Support posts ea 1 1500.00 A91 1.5 1 40.0 40 MS 37.73 1.5 3.0 
8 Pump welded bellws assy ea 1 4000.00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
9 Bellws inspect/clean/bake ea 1 50.00 eu 0.1 1 4.0 4MU 35.92 0.1 0.2 

" Subtotal·· 
25.4 124 4.7 30.0 

*" \.I8S: 1.2.4.2.4.6.4 Vacuum Pumping, Gauges, Controllers, P.S. 
1 Ion pump, 400 lIs eo 1 7500.00 A91 7.5 1 8.0 8 HU 35.92 0.3 7.8 
2 Ion pump controller eo 1 2500.00 A91 2.5 1 8.0 8 EI 33.00 0.3 2.8 
3 Ion pump eable,bakeable ea 1 250.00 A91 0.2 0 0.0 0 0.00 0.0 0.2 
4 IEEE-48 cable,3m cntrller ea 1 150.00 cp 0.1 0 0.0 0 0.00 0.0 0.1 
5 Ion gauge & controls eo 1 3500.00 A91 3.5 1 8.0 8 MU 35.92 0.3 3.8 
6 Ion gauge cable, bakeable ea 1 250.00 cp 0.2 1 8.0 8 EI 33.00 0.3 0.5 
7 Junction box,IG cable ea 1 250.00 eu 0.2 0 0.0 0 0.00 0.0 0.2 
8 Interlock cable ea 1 100.00 eu 0.1 0 0.0 0 0.00 0.0 0.1 .. Subtotal ** 

14.5 32 1.1 15.6 

.. \.JBS: 1.2.4.2.4.6.5 AsserrbLe, Bakeout, Test 
1 Assemble & test eo 1 500.00 eu 0.5 1 120.0 120 MS 37.73 4.5 5.0 
2 Bakeout & UHV qualify lot 1 500.00 eu 0.5 1 120.0 120 MU 35.92 4.3 4.8 
3 Survey/calibration 0 0.00 0.0 2 16.0 32 MU 35.92 1.1 1.1 
4 Mise tools/fixtrs/cart ea 1 1000.00 eu 1.0 1 80.0 80 MS 37.73 3.0 4.0 .. SIJbtotal ** 

2.0 352 13.0 15.0 

... UBS: 1.2.4.2.4.6.6 Installation 
1 LeU hardware/connections lot 1 300.00 eu 0.3 1 16.0 16 MU 35.92 0.6 0.9 
2 Transport/on-site setup lot 1 200.00 eu 0.2 2 16.0 32 MU 35.92 1.1 1.3 
3 Vac assemble & leak check lot 1 50.00 eu 0.1 1 20.0 20 MU 35.92 0.7 0.8 
4 Installation alignment 0 0.00 0.0 2 32.0 64 MU 35.92 2.3 2.3 
5 Hech install/test/dp.bug lot 1 500.00 eu 0.5 2 40.0 80 MU 35.92 2.9 3.4 
6 Elec installation 0 0.00 0.0 1 20.0 20 IEL 62.85 1.3 1.3 .. Subtotal .. 

1.1 232 8.9 9.9 

** USS: 1.2.4.2.4.6.7 Bellows 
1 Uelded bellows assy ea 1 4000 .00 A91 4.0 0 0.0 0 0.00 0.0 4.0 
2 Slank flnges,gskts,etc lot 2 300.00 cp 0.6 0 0.0 0 0.00 0.0 0.6 
3 Inspct,clean,prelim bake eo 2 50.00 eu 0.1 2 4.0 8 MU 35.92 0.3 0.4 .. Subtotal .. 

4.7 B 0.3 5.0 

** USS: 1.2.4.2.4.6.8 Coll imating Spool 
1 Spool piece ea 1 2000.00 A91 2.0 8.0 8 MU 35.92 0.3 2.3 
2 Misc flanges & UHV hrdwre ea 1 500.00 eu 0.5 8.0 8 MS 37.73 0.3 0.8 
3 lead shielding/mounting ea 1 500.00 eu 0.5 40.0 40 MS 37.73 1.5 2.0 .. Subtotal ** 

3.0 56 2.1 5.1 

** \.ISS: 1.2.4.2.4.6.9 Isolation Valve 
1 Valve & contrllr proc. eo 1 15000.00 A91 15.0 1 8.0 B MU 35.92 0.3 15.3 
2 Prelim assmble & test eo 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 
3 Inspect,clean, etc eo 1 50.00 eu 0.1 1 4.0 4 MU 35.92 0.1 0.2 
4 cables & connectors lot 1 200.00 eu 0.2 1 2.0 2 EI 33.00 0.1 0.3 
5 Slank flanges & hardware lot 2 200.00 ell 0.4 0 0.0 0 0.00 0.0 0.4 

** Subtotal ** 
15.7 18 0.6 16.3 

** WBS: 1.3.1.1 Conventional Facilities EDI:lBl 
1 Engineering lot 1 108000.00 eu 108.0 0 0.0 0 0.00 0.0 108.0 
Z Consultants lot 1 16000.00 eu 16.0 0 0.0 0 0.00 0.0 16.0 
3 Inspection lot 1 48000.00 eu 48.0 0 0.0 0 0.00 0.0 48.0 
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U Subtotal •• 
172.0 0 0.0 172.0 

'III. WBS: 1.3.1.2 Conventional Facil i ties EDI :A/E 
1 Title I lot 1 155000.00 eu 155.0 0 0.0 0 0.00 0.0 155.0 
2 Title II lot 1 258000 . 00 eu 258.0 0 0.0 0 0.00 0.0 258.0 
3 Title III lot 1 103000.00 eu 103.0 0 0.0 0 0.00 0.0 103.0 

.. Subtotal·· 
516. 0 0 0.0 516.0 

.. WBS: 1.3.2.1 Office/L ight lab Cnstrctn:Part A 
1 Concrete lot 1 26790.00 K/G 26.8 0 0.0 0 0.00 0.0 26 .8 
2 Metals lot 1 162030.00 K/G 162.0 0 0.0 0 0.00 0.0 162.0 
3 Wood and Plastics lot 1 42240.00 K/G 42.2 0 0.0 0 0.00 0.0 42.2 
4 Thermal/Moisture Protetn lot 1 41030.00 K/G 41.0 0 0.0 0 0.00 0.0 41.0 
5 Doors/Uindows lot 1 133350.00 K/G 133 .3 0 0.0 0 0.00 0.0 133.3 
6 Finishes lot 1 404130.00 K/G 404.1 0 0.0 0 0.00 0.0 404.1 
7 SpeciaLties lot 1 22540.00 K/G 22.5 0 0.0 0 0.00 0.0 22.5 
8 Equipment lot 1 3000.00 K/G 3.0 0 0.0 0 0.00 0.0 3.0 
9 Furnishings lot 1 15450.00 K/G 15.4 0 0.0 0 0.00 0.0 15 . 4 

10 Conveying Systems lot 1 140000.00 K/G 140.0 0 0.0 0 0.00 0.0 140.0 
11 Mechanical: Plumbing lot 1 285990.00 K/G 286.0 0 0.0 0 0.00 0.0 286.0 
12 Mechanical: HVAC lot 1 496770.00 K/G 496.8 0 0.0 0 0.00 0.0 496.8 
13 Mechanical: Fire Protetn lot 1 52200.00 K/G 52.2 0 0.0 0 0.00 0.0 52.2 
14 Electrical lot 1 239800.00 K/G 239.8 0 0.0 0 0.00 0.0 239.8 
15 General Cndtns/Mobilize lot 1 103270.00 K/G 103.3 0 0.0 0 0.00 0.0 103.3 
16 Bond lot 1 43370.00 K/G 43.4 0 0.0 0 0.00 0.0 43.4 
17 Prime Cntrctr OH & Fee lot 1 303600.00 K/G 303.6 0 0.0 0 0.00 0.0 303.6 

*. Subtotal .* 
2515.6 0 0.0 2515.6 

** was: 1.3.2.2 Office/Light Lab Cnstrctn:Part B 
1 Concrete lot 1 6190.00 K/G 6.2 0 0.0 0 O.QO 0.0 6.2 
2 Metals lot 1 3850.00 K/G 3.9 0 0.0 0 0.00 0.0 3.9 
3 Wood and Plastics lot 1 19780.00 K/G 19.8 0 0.0 0 0.00 0.0 19.8 
4 Thermal/Moisture Protetn lot 1 9200.00 K/G 9.2 0 0.0 0 0.00 0.0 9.2 
5 Doors/Windows lot 1 30190.00 K/G 30.2 0 0.0 0 0.00 0.0 30.2 
6 Finishes lot 1 117760.00 K/G 117.8 0 0.0 0 0.00 0.0 117.8 
7 Special ties lot 1 4300.00 K/G 4.3 0 0.0 0 0.00 0.0 4.3 
a Furnishings lot 1 2140.00 K/G 2.1 0 0.0 0 0.00 0.0 2.1 
9 Mechanical: Plumbing lot 1 94290.00 K/G 94.3 0 0.0 0 0.00 0.0 94.3 

10 Mechanical: HVAC lot 1 177700. 00 K/G 177.7 0 0.0 0 0.00 0.0 177.7 
11 Mechanical: Fire Protectn lot 1 15620.00 K/G 15.6 0 0.0 0 0.00 0.0 15.6 
12 Electrical lot 1 68900.00 K/G 68.9 0 0.0 0 0.00 0.0 68.9 
13 General Cndtns/Mobilize lot 1 27500.00 K/G 27.5 0 0.0 0 0.00 0.0 27.5 
14 Bond lot 1 11550.00 K/G 11.6 0 0.0 0 0.00 0.0 11.6 
15 Prime Cntrctr OH & Fee lot 1 80840.00 K/G 80.8 0 0.0 0 0.00 0.0 80.8 

** Subtota 1 ** 
669.8 0 0.0 669 .8 

** WSS: 1.3.3.1 Special Bldng Facilities: Part A 
1 Laboratory Benches lot 1 108000.00 eu 108.0 0 0.0 0 0.00 0.0 108.0 
2 Chemical Storage Cabinets lot 1 9000.00 eu 9.0 0 0.0 0 0.00 0.0 9.0 
3 Fune Hoods lot 1 51000.00 eu 51.0 0 0.0 0 0.00 0.0 51.0 
4 Laminar Flow Hoods lot 1 30000.00 eu 30 .0 0 0.0 0 0.00 0.0 30.0 
5 Acid Neutralization Sys lot 1 3430.00 eu 3.4 0 0.0 0 0.00 0.0 3.4 
6 UHV Workstations lot 1 30000.00 eu 30.0 0 0.0 0 0.00 0.0 30.0 
7 Oe'mntable Office Frnture lot 1 140000.00 eu 140.0 0 0.0 0 0.00 0.0 140.0 
8 General Condtions/Mobiliz lot 1 18570.00 eu 18.6 0 0.0 0 0.00 0.0 18.6 
9 Bond lot 1 7800.00 eu 7.8 0 0.0 0 0. 00 0.0 7.8 

10 Prime Cntrctr OH & Fee lot 1 54600.00 eu 54.6 0 0.0 0 0.00 0.0 54,6 
** Subtotal·· 

452.4 0 0.0 452.4 

** 'WBS: 1.3.3.2 Special Bldng Facilities: Part B 
1 Laboratory Benches lot 1 72000.00 eu 72.0 0 0.0 0 0.00 0.0 72.0 
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2 Chemical Storage Cabinets lot 3000.00 ew 3.0 0 0.0 0 0.00 0.0 3.0 
3 Fune Hoods lot 42500.00 ew 42.5 0 0.0 0 0.00 0.0 42.5 
4 laminar Flow Hoods lot 10000.00 ew 10.0 0 0.0 0 0.00 0.0 10.0 
5 Acid Neutralization Sys lot 2480.00 ew 2.5 0 0.0 0 0.00 0.0 2.5 
6 UHV Workstations lot 30000.00 ew 30.0 0 0.0 0 0.00 0.0 30 .0 
7 General Cndtns/Hobilize lot 8000.00 ew 8.0 0 0.0 0 0.00 0.0 B.O 
8 Bond lot 3360.00 ew 3.4 0 0.0 0 0.00 0.0 3.4 
9 Prime Cntrctr OH & Fee lot 23520.00 ew 23.5 0 0.0 0 0.00 0.0 23.5 

** Subtotal ** 
194 .9 0 0.0 194.9 

** was: 1.3.4 Electrical switchgear/Utilities 
1 Transfrmr switchgr Equip lot 1 475000.00 ew 475.0 0 0.0 0 0.00 0.0 475.0 
2 Ethernet Distribution lot 1 65000.00 ew 65.0 0 0.0 0 0.00 0.0 65.0 
3 General Cndtns/Mobilize lot 1 27000.00 ew 27.0 0 0.0 0 0.00 0.0 27.0 
4 Bond lot 1 11340.00 ew 11.3 0 0.0 0 0.00 0.0 11.3 
5 Prime Cntrctr OH & Fee lot 1 79380.00 ew 79.4 0 0.0 0 0.00 0.0 79.4 

•• Subtotal .. 
657.7 0 0.0 657.7 

** YBS: 1.3.5.1 Standard Equipment: Part A 
1 laboratory Furniture lot 1 25960 .00 ew 26.0 0 0.0 0 0.00 0.0 26.0 
2 Office Furniture lot 1 66500.00 ew 66.5 0 0.0 0 0.00 0.0 66.5 
3 Office Equipment lot 1 13000.00 ew 13.0 0 0.0 0 0.00 0.0 13.0 
4 Storage,Handling,Delivery lot 1 5270.00 ew 5.3 0 0.0 0 0.00 0.0 5.3 

** Subtotal ** 
110.7 0 0.0 110.7 

** WBS: 1.3.5.2 Standard Equipment: Part B 
1 laboratory Furniture lot 1 - ".5440.00 eu 5.4 0 0.0 0 0.00 0.0 5.4 
2 Office Furniture lot 1 22500.00 ew 22.5 0 0.0 0 0.00 0.0 22.5 
3 Storage,Handling,Delivery lot 1 1400.00 ew 1.4 0 0.0 0 0.00 0.0 1.4 

•• Subtotal ** 
29.3 0 0.0 29.3 

** WBS: 1.4.1 Project Management 
1 Project Management lot 1 400600 .00 ew 400 .6 0 0.0 0 0.00 0.0 400.6 

** Subtotal ** 
400.6 0 0.0 400.6 

** WBS: 1.4 .2 Beamline Systems 
1 AlS Beaml i ne Systems lot 1 5970500.00 ew 5970 .5 0 0.0 0 0.00 0.0 5970.5 .. Subtotal ** 

5970.5 0 0.0 5970.5 

** WBS: 1.4 .3 Conventional Faci 1 ities 
1 conventional Facilities lot 1 882000.00 ew 882.0 0 0.0 0 0. 00 0.0 882.0 

** Subtotal ** 
882.0 0 0.0 882.0 

*** Total *** 
25661.8 284561 12222.8 37884.6 
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