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Fermilab

November 6, 2003 

MEMO TO: B. Fleming, Particle Physics Division 

FROM: T. Lackowski, FESS/Engineering 
 S. Dixon, FESS/Engineering 

SUBJECT: PROJECT DEFINITION REPORT
 FINeSSE Detector   
 FESS/Engineering Project No. 6-7-59  

Per your request we have investigated the scope, cost and schedule required to 
provide adequate housing for the FINeSSE Detector north of the Booster Neutrino 
Target Hall.  The design solution provides for a braced excavated underground 
enclosure that provides the space required to install and operate the detector.  
This report presents the developed drawings, preliminary budgetary cost 
estimates and project schedule for the conventional construction portion of the 
work.

Objective:
The objective of this project is to provide a cost effective design solution to 
provide the conventional construction required for the FINeSSE detector.  Both 
initial and life cycle costs were considered in the design process.  The detector’s 
installation, operation and maintenance objectives formed the basis for the 
project’s criteria. 

Project Criteria:
The following describe the FINeSSE requirements used in the development of this 
study:

• The FINeSSE detector is comprised of two parts.  The upstream part is 
the vertexing detector.  Located immediately following the vertexing 
detector is the muon rangestack. 

• The vertexing detector is a 3.5m x 3.5m x 3.5m (11’-6”x11’-6”x11-6”) 
module located on the axis of the Booster Neutrino beamline 

• The vertexing detector is located 100 meters downstream from the 
production target located in the Booster Neutrino Target Hall. 

• Elevation of the Booster Neutrino Target is 723’-0” 
• The vertexing detector is centered at elevation 724.15’.  This is the 

beam elevation 100 meters along a line connecting the Booster 
Neutrino target (elevation 723’) and the center of the Booster Neutrino 
detector sphere (elevation 729.22’). 
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• The muon rangestack is located directly downstream of the detector.  
This equipment is 4m high x 4m wide x 3m long (13’-2” x 13’-2” x 9’-
10”).

• The muon rangestack is constructed of plastic scintillator and steel 
plates and weighs approximately 120 tons. 

• Removable concrete shield blocks will be installed over the detector to 
reduce cosmic and atmospheric particles interacting with the detector.  
The shielding will be comprised of existing concrete shield blocks with a 
depth of 3’-0”.  The detector is fully accessible during beam operations.

• Electronic components related to the detector will be located on a 
platform above the detector.  The components will be installed in a 
standard computer rack (2’-6” x 2’-6” x 7’-0” h).  Racks will be installed 
in environmentally controlled cabinets. 

• No specific environmental control is required.  Electric heat is provided. 
• Electrical power requirement should provide power for four (4) typical 

electronic racks and associated communication equipment. 
• An oil cooling system will be required for the vertexing detector.  The 

pump, reservoir and associated piping will be located adjacent to the 
detector.

Figure 1 (below) is a depiction of the scope of the FINeSSE detector. 

Figure 1 – FINeSSE Detector
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Project Location:
The project will be located 100 meters (328 feet) downstream from the Booster 
Neutrino production target.  Figure 2 (below) indicates the project location and 
adjacent facilities. 

Figure 2 - Site Location Plan

Figure 2 – Site Location Plan

The project site is outside of known wetlands as indicated in the Wetland 
Delineation and Special Areas Report completed by Consoer Townsend 
Envirodyne Engineers, Inc. in January 2002.   However, additional verification and 
field investigation may be required should this project proceed to construction.
All required NEPA documentation will be obtained.  This project will disturb 
greater than 1 acre of surface area. 

Alternates

MI-12 Service 
Building

Giese Road

MI-10 Service
Building

FINeSSE
Detector

Electrical
Substation

Approximate
Boundary of

Known Wetlands

Booster Neutrino 
Production Target
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Several possible design studies were produced during the preparation of this 
report.  These alternates are contained in the attached appendix. 

Project Description:
The civil construction portion of the project incorporates conventional construction 
methods to provide the spatial requirements for the physics apparatus.  In 
general, the construction will consist of a below-grade enclosure housing the 
physics apparatus and related electronics while the above-grade portion will 
consist of a metal hatch cover and gantry crane.  No above-grade building is 
anticipated.  Detailed descriptions of the individual components are listed below. 

The proposed project site will be accessed from both the existing Booster 
Neutrino Target Hall parking lot and Giese Road.  Construction traffic will be 
limited to the Giese Road access.  The design includes the road extension and 
limited staging area.  The road extension and staging area will be a gravel 
hardstand constructed utilizing salvaged rock material from the NuMI stockpile 
located at Site 12.  The hardstand will be sized to allow truck access to the 
loading/unloading area beneath a 10-ton gantry crane. 

In order to provide a cost effective excavation and enclosure a braced excavation 
utilizing steel sheet piles will be installed.  This sheet piling system will serve as 
the permanent wall system.  The sheet pile system will be installed on three (3) 
sides of the excavated area.  Conventional excavation methods will be used to 
remove the material within the braced excavation.  This design assumes that 
conventional excavation equipment will utilize a ramp along the north side of the 
enclosure.  The fourth side of the enclosure will be constructed on cast-in-place 
concrete after excavation is complete 

Figure 3 (shown below) is a plan view of the proposed enclosure: 

Figure 3 - Enclosure Plan
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The design provides for the installation of 24’ long precast concrete shield blocks.  
These shield blocks are assumed to be available from existing Fermilab sources 
(KTeV, railhead, etc.) and will be installed above the detector components.  The 
shield blocks will be installed in such a manner to be removable for access to the 
detector.  A removable metal hatch cover will be installed above the shield blocks 
to provide a weather barrier.  The hatch cover will be installed on rails to allow it to 
be removed for access to the shield blocks and detector components. 

Figure 4 – Section Looking West

The project will utilize a ten (10) ton, rail mounted gantry crane for material 
handling.  This crane will be used to move the metal hatch, install and remove the 
precast concrete shield blocks and assemble the detector components.  The 
gantry crane will be rated for exterior use and able to withstand the environmental 
conditions at Fermilab. 

This project will obtain Industrial Cooling Water (ICW) for fire fighting purposes by 
extending the existing service from the Booster Neutrino Target Hall site. Fire 
detection systems are included in the scope of work as well as appropriate 
automatic sprinkler systems are included. 

Electrical power will be extended from the Giese Road Substation at 13.8kv and 
transformed to 480V at the project site. 

Communication will be extended from the MI-12 Service building via a 5” conduit 

The attached PDR drawings provide a depiction of the design at this stage of the 
project.  Addition refinement during subsequent phases will affect the overall 
project scope and cost. 
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Estimated Project Schedule
Listed below is a proposed schedule for the remaining activities for this project: 

These durations and activities are preliminary and reflect typical durations for a 
project of this scope.  Some refinement and optimization is possible and will be 
investigated in subsequent phases. 

Estimated Project Costs
Listed below is a breakdown of the expected costs for this project assuming the 
entire scope of work described above is procured as one construction package: 

Construction Total $794,000
Overhead and Profit 17% $135,000

Subtotal $929,000
EDIA 19% $177,000

Subtotal $1,106,000
Man. Reserve 22% $243,000

Subtotal $1,349,000
Indirect Costs 19% $256,000

ESTIMATED PROJECT TOTAL $1,605,000
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Cost Estimate Basis
The attached PDR drawings and detailed cost estimate describe the known scope 
of the conventional construction portion of the project.  Physics apparatus and 
related experimental equipment as assumed to be provided and installed by 
others means. 

The costs contained in this Project Definition Report are based on FY2004 dollars.
Appropriate escalation will need to be applied once a funding source is identified. 

The included budgetary cost estimate is based on cost data taken from Means 
Cost Estimating Guides, historical data and recent construction history here at 
Fermilab.  While the budgetary cost estimate can provide input for the feasibility of 
the project, further design refinement will affect the final cost of the project. 

Engineering Design Inspection and Administration (EDIA) costs are included on 
the above listed budget estimates.  ED&I activities include the engineering and 
design activities in Titles 1 and II, the inspection activities associated with Title III.  
The descriptions are based on DOE Directive G430.1-1, Chapter 6. Administration 
activities include those defined by DOE Directive G430.1-1, Chapter 6 as Project 
Management (PM) and Construction Management (CM). Past historical data and 
DOE Directive G430.1-1, Chapter 25 indicate that 18%-25% of the construction 
costs is an appropriate range. 

Management Reserve costs are included in the above budget cost estimates.  
Based on DOE Directive G430.1-1, Chapter 11 DOE guidelines and the pre-
conceptual nature of the design at this stage a Management Reserve of 20%-35% 
of the above costs is considered an appropriate range. 

The costs include Indirect Cost multipliers. Indirect Costs rates are defined by 
DOE Order 4700.1 that states indirect costs are "...costs incurred by an 
organization for common or joint objectives and which cannot be identified 
specifically with a particular activity or project.   If this work should become a GPP 
project, Indirect Costs will have to be applied, but the amount will be affected by 
the rates in effect at the time this project is initiated.   Currently, the Indirect Cost 
multiplier is 19% of the above costs. 

Summary
This memo provides a budgetary cost estimate based on preliminary designs and 
conversations and is intended for planning purposes.  The information produced is 
subject to refinement during the design process.

If you would like to proceed with this project, please contact Tom Lackowski 
(x3640) or Steve Dixon (x8501).

Encl: Appendix – Design Alternates 
 PDR Drawings 1 through 5 
 Cost Estimate, dated 11/06/03 (3 sheets) 
 Existing MiniBooNE coordinates 
 Gantry Crane Estimate, dated 

cc: J. Cooper, PPD (w/encl.) M/S 208 R. Stefanski, PPD (w/encl.)  M/S 122     H. Jostlein PPD (w/encl.) M/S 208 
 D. Nevin, FESS (w/encl.)   E. Crumpley, FESS/E (w/encl.)           R. Ortgiesen, FESS/IM (w/encl.) 

R. Alber, FESS/E (w/encl.)     Project File 6-7-59
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This appendix contains descriptions and cost estimates for alternate designs for
the FINeSSE detector enclosure contained in the Project Definition Report.
These designs have not been fully explored and do not reflect a completed
design.  They are included in the appendix for reference only.

Alternate No. 1 - Conventional Building
The proximity of the MiniBooNE Target Hall and other Main Injector buildings
could provide the design basis for the FINeSSE Detector building.  This
alternative provides a similar building style.

In order to provide a cost effective excavation and enclosure a braced excavation 
utilizing steel sheet piles will be installed.  This sheet piling system will serve as
the permanent wall system.

Enclosure Plan
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The floor will be a cast-in-place concrete slab with underdrains to collect and
transmit groundwater to a sump pit for discharge. The space will be accessed via 
a steel stair.   Electric unit heaters will prevent freezing, but no conditioning of the 
air is required.

The below grade enclosure will provide space for the detector and muon
rangestack and associated electronic equipment.

The above grade structure will provide a loading dock, overhead bridge crane
and space for the electronics caboose.   The building will be similar in style and
appearance to the nearby MiniBooNE Target Hall, including pre-finished metal
wall panels, doors and roofing materials.

Plan at Grade
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The cross section shown below indicates the general arrangement of the facilities 
and physics components.

Section Looking North

The estimated project costs for this alternative is shown below:

Base Estimate $213,444
Sheet Pile Pit $332,680
MI Style Building $333,800
Shield Block Support $30,000
Bridge Crane $80,000

Subtotal $989,924
Overhead and Profit $178,000

Construction Subtotal $1,168,000
EDIA $222,000
Management Reserve $306,000
Indirect Costs $322,000

TOTAL $2,018,000
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The detailed cost breakdown of this alternate is shown below:
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Alternate No. 2 – Pre-engineered  Building
The alternate investigated the possibility of providing a sheet pile enclosure
similar to Alternate Number 1 while reducing the cost of the above grade building 
by utilizing a pre-engineered building system.  The pre-engineered building
system would utilize manufacturer’s standard wall and roof panels.  While the
massing of the above grade structure would be similar, the detailing and
appearance would not match the MiniBooNE Target Hall.  The enclosure plan,
plan at grade and section would be similar to Alternate Number 1.

The estimated project costs for this alternative is shown below:

Base Estimate $213,444
Sheet Pile Pit $332,680
Pre-engineered Building $274,300
Shield Block Support $30,000
Bridge Crane $80,000

Subtotal $930,000
Overhead and Profit $167,000

Construction Subtotal $1,097,000
EDIA $208,000
Management Reserve $287,000
Indirect Costs $302,000

TOTAL $1,894,000

The majority of the detailed cost breakdown for this alternate can be found in the 
Alternate Number 1 description.  The estimate cost breakdown for the pre-
engineered building system is shown below:
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Alternate No. 3 – Secant Pile Enclosure
The alternate investigated the possibility of providing a secant pile enclosure
similar to Alternate Number 1 and a pre-engineered building system similar to
Alternate Number 2.  The secant pile enclosure consists of a circular ring of cast-
in-place concrete piers that, after excavation, form the interior wall surface of the
enclosure.

Enclosure Plan

Access to the enclosure would be via steel stairs.  The electronics associated
with the detector would be housed in an above grade electronics caboose.

This alternate provides a removable metal hatch cover to provide weather
protection for the enclosure below.  The hatch cover would be removed to access 
the precast concrete shield blocks and physics apparatus.
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Section Looking North

In order to facilitate final placement of the physics components a 10-ton bridge
crane would be installed beneath the shield blocks.

The estimated project costs for this alternative is shown below:

Base Estimate $213,444
Secant Pile Pit $590,000
Hatch Cover $150,000
Shield Block Support $30,000
Bridge Crane $80,000

Subtotal $1,063,000
Overhead and Profit $191,000

Construction Subtotal $1,254,000
EDIA $238,000
Management Reserve $328,000
Indirect Costs $346,000

TOTAL $2,166,000
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The majority of the detailed cost breakdown for this alternate can be found in the 
Alternate Number 1 description.  The estimate cost breakdown for the secant pile 
enclosure and the hatch cover is shown below:
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Alternate No. 4 – Sheet Pile Enclosure/Hatch Cover
The alternate investigated the possibility of providing a sheet pile enclosure
similar to Alternate Number 1 and a metal hatch cover similar to that described in 
Alternate Number 3.

Enclosure Plan

Section Looking North
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The estimated project costs for this alternative is shown below:

Base Estimate $213,444
Sheet Pile Pit $332,680
Hatch Cover $150,000
Shield Block Support $30,000
Bridge Crane $80,000

Subtotal $806,000
Overhead and Profit $145,000

Construction Subtotal $951,000
EDIA $181,000
Management Reserve $249,000
Indirect Costs $262,000

TOTAL $1,643,000

The detailed cost breakdown of these components can be found in the previous
alternate descriptions.
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Alternate Comparison Matrix
In order to provide cost input to the enclosure and building selection process, an 
alternate comparison matrix was developed.  Each alternative is comprised of
different components to assemble a possible design.

Note:
While this matrix can provide guidance for general design approach, refinement
during the subsequent design process will impact the eventual cost.

Alt. No. 1 Alt. No. 2 Alt. No. 3 Alt No. 4 Alt. No. 5 Alt. No. 6 Alt. No. 7

Base Estimate $213,444 $213,444 $213,444 $213,444 $213,444 $213,444 $213,444 $213,444

Sheet Pile Pit $332,680 $332,680 $332,680 $332,680 $332,680 $332,680

Secant Pile Pit $590,000 $590,000 $590,000

MI Style Building $333,800 $333,800

Preengineered Building $274,300 $274,300 $274,300

Hatch Cover $150,000 $150,000 $150,000 $150,000 $150,000

Shield Block Support $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000

Bridge Crane $80,000 $80,000 $80,000 $80,000 $80,000 $80,000

Mobile Crane

Gantry Crane $60,000 $60,000

Subtotal $990,000 $930,000 $1,063,000 $806,000 $1,188,000 $726,000 $786,000

Overhead and Profit 18% $178,000 $167,000 $191,000 $145,000 $214,000 $131,000 $141,000

Subtotal $1,168,000 $1,097,000 $1,254,000 $951,000 $1,402,000 $857,000 $927,000

EDIA 19% $222,000 $208,000 $238,000 $181,000 $266,000 $163,000 $176,000

Subtotal $1,390,000 $1,305,000 $1,492,000 $1,132,000 $1,668,000 $1,020,000 $1,103,000

Man. Reserve 22% $306,000 $287,000 $328,000 $249,000 $367,000 $224,000 $243,000

Subtotal $1,696,000 $1,592,000 $1,820,000 $1,381,000 $2,035,000 $1,244,000 $1,346,000

Indirect Costs 19% $322,000 $302,000 $346,000 $262,000 $387,000 $236,000 $256,000

TOTALS $2,018,000 $1,894,000 $2,166,000 $1,643,000 $2,422,000 $1,480,000 $1,602,000
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Construction Sub-Contract Subtotal $794,000
Sub-Contract Overhead and Profit @ 18% $135,000
Sub-Contract Award Estimate $929,000

DRAFT

Project No. Status: Date: Revision Date:
6-7-59 PDR 11/06/03

QUANTITY UNITS UNIT COST AMOUNT

02 SITE CONSTRUCTION $751,534

0100 General $27,700

101 Mobilize/Survey 1 Lot $10,000.00 $10,000.00

Soil boring 2 EA $1,000.00 $2,000.00

Silt Fence, installed and maintained 800 LF $14.00 $11,200.00

Settleing Basin 1 Lot $2,000.00 $2,000.00

Rock Check Dam 1 Lot $1,500.00 $1,500.00

IEPA Permits 1 Yr. $1,000.00 $1,000.00

102 Site Work $49,500

Extend Power from Giesse Rd.

Poles 4 EA $2,000.00 $8,000.00

New Crossarms on existing poles 5 EA $500.00 $2,500.00

13.8 Pole mounted Air Switch 3 EA $1,000.00 $3,000.00

Pole mounted area light 1 EA $1,000.00 $1,000.00

Hang Fermi Cable / transformer (1 crew, 3 days) 2 Day $1,500.00 $3,000.00

Comm duct 2-5" 400 FT $80.00 $32,000.00

Hardstands $56,160

Excavate for Roads (500 x 28 x 1.5) 780 CY $8.00 $6,240.00

Excavate for Hardstands (47 x 47 x 1.5) 400 CY $8.00 $3,200.00

Haul Excavated Material 780 CY $2.00 $1,560.00

Stone for Road 1050 CY $30.00 $31,500.00

Stone for Hardstand Area 400 CY $30.00 $12,000.00

Guardrail 1 Lot $1,000.00 $1,000.00

Culverts including end sections 30 LF $22.00 $660.00

Earth Work $90,150

Excavate Hall 1200 CY $15.00 $18,000.00

Excavate Ramp 1950 CY $15.00 $29,250.00

Backfil Ramp 1950 CY $22.00 $42,900.00

PipIng Systems $36,700

Extend LCW piping 400 FT $80.00 $32,000.00

Hydrant + PIV 1 EA $2,500.00 $2,500.00

Ballards 3 EA $200.00 $600.00

Pump discharge and headwall 1 EA $1,600.00 $1,600.00

FERMILAB: FESS  COST ESTIMATE

FINeSSE Detector

DESCRIPTION OF WORK:ITEM NO.

Project Title:
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Project No. Status: Date: Revision Date:
6-7-59 PDR 11/06/03

QUANTITY UNITS UNIT COST AMOUNT

FINeSSE Detector

DESCRIPTION OF WORK:ITEM NO.

Project Title:

Landscaping $12,000

Topsoil 2000 SY $4.00 $8,000.00

Seeding 2000 SY $2.00 $4,000.00

03 CONCRETE $138,900

Mud Slab 10 CY $150.00 $1,500.00
Floor Slab 52 CY $300.00 $15,600.00

End Wall 70 CY $450.00 $31,500.00

Top Collar 128 CY $550.00 $70,400.00

Crane Runway 40 CY $250.00 $10,000.00

Stairs 15 Risers $300.00 $4,500.00

Stair Enclosure 15 CY $300.00 $4,500.00

Place Fermi Shield Blocks 17 Blks (1 crew +fork + truck) 2 Days $1,200.00 $2,400.00

5 Structural Steel $128,450

PZ 27 Piling, Corten Steel 72'x 35' 55 Tons $1,800.00 $99,000.00

Walers 9.75 Tons $2,200.00 $21,450.00

Temp Struts 2 EA $4,000.00 $8,000.00

Misc Metals $110,936

Stair 30 Risers $270.00 $8,100.00

Landings 24 SF $44.00 $1,056.00

Electronics Mezz. Framing 9 Tons $2,200.00 $19,800.00

Electronics Mezz. Grating 550 SF $14.00 $7,700.00

60# Crane Rail for 10 ton crane 5.4 Tons $1,200.00 $6,480.00

40# rail for Hatch 2.8 Tons $1,000.00 $2,800.00

Rails 1 Lot $5,000.00 $5,000.00

Hatch Cover 1 Lot $60,000.00 $60,000.00

Finishes $3,650

3' x7' Doors 1 EA $920.00 $920.00

Painting Concrete 1624 SF $0.95 $1,542.80

Painting Hatch Cover 950 SF $1.25 $1,187.50

Conveying Systems

10 ton Gantry Crane 1 Lot $60,000.00 $60,000.00

Mechanical $5,000

DDC Controls 5 Pts $1,000.00 $5,000.00

Plumbing $15,012

Drain Tile 124 LF $12.00 $1,488.00

Duplex Sump & basin 1 Lot $15,000.00 $15,000.00
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Project No. Status: Date: Revision Date:
6-7-59 PDR 11/06/03

QUANTITY UNITS UNIT COST AMOUNT

FINeSSE Detector

DESCRIPTION OF WORK:ITEM NO.

Project Title:

Fire Protection $14,400

Sprinklers 2 levels 1800 SF $8.00 $14,400.00

16 Electrical $28,000

480 V from pole mounted Trans 1 Lot $6,000.00 $6,000.00

400A Panel 1 EA $3,500.00 $3,500.00

225 Amp Panel 1 EA $4,500.00 $4,500.00

4' Fluor Fixture 12 EA $200.00 $2,400.00

Exit Signs 4 EA $200.00 $800.00

120/208V outlets 6 EA $175.00 $1,050.00

Welding Outlet 1 EA $600.00 $600.00

3/4" Conduit W 5 #12 150 LF $10.00 $1,500.00

1" conduit W/8 # 6 75 LF $18.00 $1,350.00

J Boxes 5 EA $60.00 $300.00

Electric Unit Heater 3 EA $2,000.00 $6,000.00

Fire Detection $14,000

Spot Smoke Detection 2 EA $500.00 $1,000.00

Fire Panel 1 EA $10,000.00 $10,000.00

Tie To Sitewide FIRUS 1 Lot $3,000.00 $3,000.00
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Station from 8GeV (Q851) to Center of MiniBooNE Detector
O'Sheg Oshinowo  June 25, 2003

STATION X Y Z COMMENT
ft ft ft ft

Q851 SQA 0.00000 99791.76601 97369.55200 715.85533 Note that Q851 is the location of M851 in the P8 beamline 
and is at the middle of Q851

DRTGT TARGET 678.28023 99222.44321 97485.35680 723.00000 Target, middle Station from Q851 to middle of target (Beamsheet)

CTR of Detector Sphere CTR 1776.05055 98097.98733 98860.11297 729.22093 Station from Beamsheet

2454.33078 Station from Q851 to Center of Detector


