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NuMI FACILITY TECHNICAL DESIGN REPORT 
APPENDIX C

Changes in scope to TDR incorporated in Change Requests since the NuMI Project Baseline Review in November 1998

The basic scope of the NuMI Project is set in the NuMI Facility Technical Design Report.  The scope of work has been modified in a relatively few places since the Baseline Review but such changes have been tracked by Change Requests throughout the life of the project.  It is the intention that as any design work at Level 3 of the WBS 1.1 is completed (Title II Completion) a revision of that portion of the TDR will be issued, and a final revision that can serve as documentation for operations will be issued at project completion.  This appendix is intended to serve as an intermediate level of documentation to summarize those areas wherein significant changes to scope have occurred, and to cross reference the areas of impact in the October 1998 TDR and the Change Requests associated with the revisions to scope.

Some of the changes have had an impact beyond a single WBS Level 3 element.  When this is the case, the scope change is described in this document in what is defined to be the primary area of impact, and secondary impacts are also noted and referenced again in other impacted areas.

A list of the change requests that affect project scope, sorted by level 3 WBS, follows the paragraphs below that describe the scope changes.  Each of these change requests lists a justification that connects the specific change request to the scope change description paragraphs.  Change Request items that result in no net change of scope are shown in a lighter font.

WBS 1.0 – 

LABOR RATE DISCREPANCY RESOLUTION

A comparison between the November 1998 baseline budget and the data in Microsoft Project and COBRA for the TEC budget revealed discrepancies in labor rates.  A CR resolved these discrepancies.  Impact affected all of WBS 1.0.

WBS 1.1.1 – Primary Beam – TDR Section 3.1 – page 3.1-1

SINGLE TURN EXTRACTION

The extraction from the Main Injector Accelerator was changed from “Resonant Extraction” (sometimes referred to as “Slow Spill”) to Single Turn Extraction (sometimes referred to as “Fast Extraction.”)  The motivation for this change was the recognition that at the design intensity of the NuMI Beam on target, the relatively low (1% to 2% achievable) losses on the extraction septa were very large in an absolute sense.  The losses can not be avoided and would create unacceptably high residual activation of equipment immediately downstream of the extraction septa.  Effort was expended both to design shielding and/or to relocate the extraction septa to locations where the downstream activation might be acceptable.  No practical solution was found.  Therefore, a significant change to the extraction was specified.  Rather than the use of resonant extraction which “peels off” the circulating beam in the Main Injector over approximately 100 turns (taking about 1 millisecond) a fast rising kicker is used to remove the beam in one turn of the Main Injector (approximately 10 microseconds.)  This technology is that used for beam transfer from the Main Injector to the Tevatron, or for beam extraction to the anti-proton production target.  The electrostatic septa and supporting quadrupole excitation circuitry are replaced with a fast rise kicker magnet and appropriate fast pulsing power supplies.  The direct impacts of this change are the need for the kickers and power supplies.  Significant indirect impacts include: The necessity for the detectors, including especially the near detector, to handle a 100 times faster data rate arising from the 100 times shorter spill with the same intensity.  Similarly, all beam instrumentation (beam position monitors, beam intensity monitors, beam loss monitors, and beam instrumentation downstream of the target) must be capable of 100 times higher data rates without saturation.  The proton target must withstand an instantaneous higher intensity also.  This change in scope is therefore reflected in change requests in WBS 1.1.1 (extraction elements, beam instrumentation), in WBS 1.1.2 (target), in WBS 1.1.3 (power supplies for the fast kicker extraction elements), WBS 1.1.5 (muon and hadron monitors), and WBS 2.3.1 (near detector electronics).  A further secondary impact derives from the fact that the extracted beam emittance from fast extracted beam is exactly that of the circulating beam in the Main Injector, while a resonant extracted beam will usually have a smaller emittance reflecting that portion of the beam that is outside the septa wires.  This effect was also studied and contributed to further change requests in WBS 1.1.1 requiring the specification of wider aperture magnets to accommodate the full beam emittance without any loss points.  Different magnets also require different power supplies in WBS 1.1.3.

BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES

As indicated in the above discussion of single turn extraction, the minimization of losses through the extracted beam from the kickers to the target is a change in scope.  This is driven both by the impact of the higher emittance of the Single Turn Extracted beam and by the requirements that losses in the carrier pipe in the areas near the ground water at the interface between glacial till and rock be held to an absolute minimum to be consistent with regulatory criteria.  Considerably more study than originally envisioned was required to assure that the selection of all beam line elements is consistent with loss minimization, and that power supply regulation specifications were consistent with requirements.  These considerations impacted WBS 1.1.1 and WBS 1.1.3.  Loss minimization also requires high quality vacuum, impacting WBS 1.1.7.

CHANGE IN ELEVATION OF THE TARGET HALL

As discussed in more detail in the civil construction portion of this appendix, the location of the target hall at a lower elevation in the rock was required to minimize civil construction costs.  This required an increased down bend of the primary extraction line and a corresponding increase in the up bend to align from the target to Soudan.  Additional magnets and power supplies as well as additional studies were required.  These considerations impacted WBS 1.1.1 and WBS 1.1.3.

CRITICAL DEVICES

Critical Devices that inhibit beam during access have been identified.  Appropriate interlocks must be added to power supplies and control circuits to provide the critical device functionality.  WBS 1.1.1 and WBS 1.1.3 are impacted.

WBS 1.1.2 – Neutrino Beam Devices – TDR Section 3.2 – page 3.2-1

STUDIES AND DESIGN FOR LOW ENERGY AND SOME HIGH ENERGY BEAM OPTION COMPONENTS

The October 1998 TDR assumed that the initial operation of the NuMI Facility would be with the “Medium Energy Beam Option.”  Since that time the project has followed the evolution of measurements of neutrino oscillation information from atmospheric experiments (SuperK in Japan) and the lower energy K2K experiment also in Japan.  The results to date are very suggestive that the “low energy” option is now more likely to be the choice of the MINOS Collaboration for initial running, and the Collaboration has informed Fermilab that this is indeed the case.  The low energy option requires different relative positioning of the target, the final baffle, and the first and second horns.  This impacts some of the support module structures in the target chase as well.  The WBS impacts are primarily in WBS 1.1.2.

TARGET PILE COOLING

The elements of the targeting and focusing devices are cooled by closed circuit low conductivity water cooling systems.  The target pile shielding also must be cooled, but circulating air is sufficient.  The air circulation must follow paths throughout the pile sufficient to perform the cooling.  Leakage from the closed loop air cooling system must be small enough that short lived radio-nuclides may decay before reaching exhaust points.  This requirement for air cooling of the target pile was determined during the detailed engineering of the target shielding, and is added to scope.  The impacts are primarily in WBS 1.1.2.

HORN DESIGN AND FABRICATION

The initial fabrication of a prototype Horn 1 proved to be far more demanding of welding fabricators than had been assumed.  This required much more training of welders and experimentation with the welds.  It was eventually determined that with the additional requirement (not ever in the NuMI/MINOS scope) that Fermilab build horns for the MiniBoone Facility, the purchase of automated welding equipment would be cost effective.  The costs of this equipment were apportioned, and partly paid for by NuMI/MINOS.  The impacts are primarily in WBS 1.1.2.

TARGET DESIGN

The provision for the low energy beam option and the desire to alter the baffle design and assure that no un-interacted beam passed around the target, which added to the activation of the absorber, changed the design of the target.  The impacts are primarily in WBS 1.1.2, but also simplified the assumptions for WBS 1.1.4.

TARGET SHIELDING

The use of “DURATEK” reprocessed steel blocks for shielding required some change in the engineering of the steel shielding and target chase.  This impacted WBS 1.1.2 and WBS 1.2.

WBS 1.1.3 – Power Supply Systems – TDR Section 3.3 – page 3.3-1

KICKER SUPPLIES

As discussed in WBS 1.1.1 above, the decision to change to single turn extraction removed the resonant extraction system and replaced it with a single turn extraction system and the associated fast pulse kickers.  It was originally intended that these systems be copies of existing beam transfer kicker systems already in use in the Main Injector for antiproton production.  Experience with these existing systems, however, has demonstrated that even with a slightly shorter pulse, some breakdown of the special inert cooling fluids is occurring.  This is impacting both the magnets and the pulsed power supplies.  New designs are required.  Engineering effort is being apportioned within the Beams Division.  The kickers themselves are dependent upon electrically insulating vacuum beam tubes, which to date have been fabricated out of ceramic.  The sole vendor has refused to produce more, and a change of kicker design is likely.  A change in the kicker design will require a corresponding change in kicker power supply design, and perhaps require an increased number of supplies.  The change to supplies impacts WBS 1.1.3.

BEAM APERTURE CONSIDERATIONS

As discussed in WBS 1.1.1 above, the larger inherent emittance of the extracted circulating beam using single turn extraction changed the specifications of some of the bend and trim magnets.  This has required a change in the specification of some of the bend and trim supplies.  Similarly, beam loss minimization has in some cases increased the demands of the power supply regulation and increasing design time.  The change to supplies impacts WBS 1.1.3.

FLEXIBLE TRANSIMISSION LINE

Detailed engineering designs of the horns, horn supports, and transmission line (stripline) indicated that a flexible joint in the transmission line is needed to achieve the required horn positioning.  Secondly, the requirement to move horn 2 was dropped, allowing the portion of the transmission line attached to horn 2 to omit the flexible joint.  The addition of a flexible transmission line impacts only WBS 1.1.3.

PROTOTYPE HORN TESTING

Original plans of using the AP-0 supply for horn testing were dropped when the pulse duration and amplitude possible from the AP-0 supply were shown to provide an inadequate test.  Therefore, a prototype supply was added to allow the necessary horn tests to proceed.  The addition of a prototype supply impacts only WBS 1.1.3.

WBS 1.1.4 – Decay Region and Hadron Absorber – TDR Section 3.4 – page 3.4-1

DECAY PIPE COOLING

Calculations associated with the reduction in decay tunnel cross section and the associated shielding to protect the ground water were performed at the request of the civil design staff during the value engineering studies associated with WBS 1.2.  As these calculations were made, it became obvious that an oversight with respect to the design of the decay pipe itself must be corrected.  No provision had been made to cool the decay pipe, and this threatened the structural integrity of the decay pipe itself.  It was necessary to add cooling pipes at the surface of the decay pipe, and an associated closed circuit cooling water system.  The impacts are to WBS 1.1.4, WBS 1.1.7, and WBS 1.2.

SIZE OF ABSORBER

The use of DURATEK steel in the absorber reduced steel costs but increased the overall size of the absorber and its surrounding shielding.  Value engineering associated with civil construction WBS 1.2 decreased the size of the absorber cavern.  Taken together, this complicated the engineering of the absorber pile, and complicates the installation design.  This impacted WBS 1.1.4 and WBS 1.1.7, and WBS 1.2.

WBS 1.1.5 – Neutrino Beam Monitoring – TDR Section 3.5 – page 3.5-1

SINGLE TURN EXTRACTION

As mentioned above in WBS 1.1.1 the use of single turn extraction raised the instantaneous rates for interaction by a factor of about 100.  This had a significant impact and invalidated most of the assumptions in the original TDR for the possible type of equipment for both muon and hadron monitoring of the secondary beam.  Since that time an extensive program to develop technologies consistent with the higher interaction rates has been ongoing, and a selection of a validated technology is expected later this calendar year.  The impact is throughout WBS 1.1.5.

LOW ENERGY BEAM OPTION

The low energy beam option discussed above, which is driven by the evolution of the physics optimization, has changed the position of the secondary muon monitors.  This impacts WBS 1.1.5 and WBS 1.1.2.
WBS 1.1.6 – Survey, Alignment, and Geodesy – TDR Section 3.6 – page 3.6-1

PROVISION OF SERVICES

The basic services (five days a week, day shift) are provided as G&A services at Fermilab.  Users of these services, however, are expected to fully fund overtime and shift premium costs.  The estimates for these services have been recalculated based upon these assumptions.  The impacts are to WBS 1.1.6.

WBS 1.1.7 – Utilities - Water, Gas and Vacuum Systems – TDR Section 3.7 – page 3.7-1

ADDITIONAL ITEMS NEEDING COOLING

As mentioned above, various items have had an impact on WBS 1.1.7.  These have included the addition of cooling systems for the decay pipe cooling, modifications of primary beam vacuum and additional cooling requirements.  These changes by other systems result in impacts to WBS 1.1.7.

WBS 1.1.8 – Installation and Integration – TDR Section 3.87 – page 3.8-1

BEAM PERMIT SYSTEM

Beam must not be extracted unless all power supplies and instrumentation are functioning, and correct voltages and currents are verified within accepted tolerances.  WBS 1.1.1, WBS 1.1.3, and WBS 1.1.8 are impacted.
REMOVE INTERFERENCES

Interferences were identified which would have prevented the installation of the NuMI extraction line.  These costs were added to WBS 1.1.8.

FIRE RETARDANT CABLING

DOE safety review of the facility prior to award of the Tunnels and Halls package indicated that fire retardant cabling is required for cables run in cable tray in the below ground spaces.  This impacts WBS 1.1.8.

WBS 1.1.9 – Hadronic Hose 

HADRONIC HOSE

Hadronic hose was added to the scope of the project to increase beam flux and improve the spectrum.  It was later removed from the scope of the project after some design work had been expended. WBS 1.1.9 is impacted.
WBS 1.2 – Civil Construction – TDR Section 5.0 – page 5-1

LOCATION (ELEVATION) OF THE TARGET HALL

During the development of the Title II design for the underground Tunnels and Halls contract, value engineering studies determined that the construction costs of the target hall would be minimized if the hall was located at an elevation such that the entire structure would be mined in competent rock.  This required a lower elevation, and consequently a sharper downward bend in the extraction region.  An extension to the NuMI stub was required at the end of the existing stub to accommodate the additional downward bend, and a longer pre-target hall.  The impacts were in WBS 1.2, WBS 1.1.1, and WBS 1.1.3,

SIZE OF ABSORBER CAVERN

After proposals were received for the construction of the Tunnels and Halls, additional value engineering to further reduce costs suggested the reduction in volume of the absorber cavern, and the removal of an assembly crane.  The impacts were in WBS 1.2 and WBS 1.1.4.

CROSS SECTION OF DECAY TUNNEL

After proposals were received for the construction of the Tunnels and Halls, additional value engineering to further reduce costs suggested the reduction in cross section of the decay tunnel.  After radiation studies were completed, no change in performance specification of the decay tunnel was required.  The impacts were in WBS 1.2.
CONSTRUCTION ROAD BINDER COURSE

Value engineering determined that removal of contractual requirements for dust control during construction and paving construction access roads with a binder course would be cost effective and reduce on-site dust problems.  The impacts were in WBS 1.2.

DUCT BANK

Provision for a duct back to partially replace a lower capacity direct buried feeder for the MINOS area was included during Title II.  The impact was in WBS 1.2.

WATER TREATMENT TO CONFORM TO MINING PERMIT

Water treatment to reduce total suspended solids and to regulate the pH of water discharged from the underground Tunnels and Halls site in conformance with the Illinois Mining Permit governing the work was substantially more demanding than assumed in the TDR scope.  The impact is in WBS 1.2.

DECAY PIPE COOLING

Calculations associated with the required radiation shielding along the decay pipe indicated that insufficient provision was included in the original TDR for cooling the physical pipe in the decay region.  Cooling pipes in contact with the decay pipe, and an associated radioactive low conductivity cooling water system were added.  The impact is in WBS 1.2, WBS 1.1.4, and WBS 1.1.7.

MINE RESCUE

Provision for Fermilab and surrounding community Fire Department staff to be trained as part of a Mine Rescue Team was added to the scope of the project to be consistent with accepted safety practices.  The impact is in WBS 1.2.

ADDITIONAL TITLE III SERVICES DUE TO CONSTRUCTION DELAYS

Provision for additional Title III services due to the extended time of the Tunnels and Halls construction, and to provide for an overlapping startup of the Outfitting and Service Buildings Contract, was added to the scope of the TDR.  The impact is in WBS 1.2.

ADDITIONAL TITLE III SERVICES FOR CLAIMS RESOLUTION

Provision was made for added scope to provide assistance in claims dispute management.  The impacts are in WBS 1.2.

SPECIFIC SCOPE CHANGE REQUESTS BY WBS:

WBS 1.0

CR 13

Page in TDR: not explicitly in the TDR

Description of Scope Change(s): 
Resolve labor rate differences in MPM and COBRA

Justification: 
LABOR RATE DISCREPANCY RESOLUTION

WBS 1.0

CR 32

Page in TDR

Description of Scope Change(s): 
Resolve differences in MPM and COBRA (Not a scope change).

WBS 1.0

CR 84

Page in TDR

Description of Scope Change(s): 
Account for changes in the labor rates.  (Not a scope Change)

WBS 1.0

CR 102

Page in TDR: not explicitly in the TDR

Description of Scope Change(s): 
Commissioning Goals for Low Energy Beam

Justification: 
STUDIES AND DESIGN FOR LOW ENERGY AND SOME HIGH ENERGY BEAM OPTION COMPONENTS

WBS 1.0

CR 103

Page in TDR: not explicitly in the TDR

Description of Scope Change(s): 
Adjust Milestone Schedules (Not a scope change)

WBS 1.1.1

CR 2

Page in TDR: 3.1-14

Description of Scope Change(s): 
Lower Beam Trajectory

Justification: 
CHANGE IN ELEVATION OF THE TARGET HALL

WBS 1.1.1

CR 7

Page in TDR: 3.2-6

Description of Scope Change(s): 
Add low and high energy beam design tasks

Justification: 
STUDIES AND DESIGN FOR LOW ENERGY AND SOME HIGH ENERGY BEAM OPTION COMPONENTS

WBS 1.1.1

CR 8

Page in TDR: 3.1-6 and 3.1-7

Description of Scope Change(s): 
Add new steering magnets and instrumentation in the stub

Justification: 
BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES, and LOCATION (ELEVATION) OF THE TARGET HALL

WBS 1.1.1

CR 24

Page in TDR: not explicitly in the TDR

Description of Scope Change(s): 
Deduct Septa Engineering Effort

Justification: 
SINGLE TURN EXTRACTION

WBS 1.1.1

CR 32

Page in TDR: not explicitly in the TDR

Description of Scope Change(s): 
Deduct Carrier Pipe Baffle Engineering Effort

Justification: 
BEAM EMITTANCE

WBS 1.1.1

CR 36

Page in TDR: 5-33 (Table 5-1)

Description of Scope Change(s): 
Change MR trims to MI trims (Not a net scope change)

Add one more pair of trims to the beamline

Justification: 
BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES

WBS 1.1.1 AND 1.1.3

CR 37

Page in TDR: 3.1-4, 5 and 3.3--4

Description of Scope Change(s): 
Change from resonant to single turn extraction.

Justification: 
SINGLE TURN EXTRACTION

WBS 1.1.1

CR 40

Page in TDR: 5-33 (Table 5-1)

Description of Scope Change(s): 
Change four magnets from EPB type to 6-3-120’s

Justification: 
BEAM APERTURE CONSIDERATIONS

WBS 1.1.1

CR 74

Page in TDR: Not addressed in the TDR (either use or refurbishment of 6-3-120’s)

Description of Scope Change(s): 
Add costs for re-work for 6-3-120 magnets to correct leakage currents

Justification: 
BEAM APERTURE CONSIDERATIONS

WBS 1.1.1

CR 82

Page in TDR

Description of Scope Change(s): 
Modify accounting for 1.1.1 to better track Lambertson construction.  (Not a scope Change)

WBS 1.1.1 

CR 95

Page in TDR: 3.1-7 for instrumentation, Kicker magnet not addressed

Description of Scope Change(s): 
Add New Multiwire chambers in lieu of SWICS for primary beam monitoring

Add labor for Kicker magnet re-design for higher duty factor

Justification: 
BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES and SINGLE TURN EXTRACTION

WBS 1.1.1

CR 121

Page in TDR: Extraction Studies are not addressed in the TDR

Description of Scope Change(s): 
Add Instrumentation or MI extraction studies

Add use of 6-3-120 magnets in the pre-target

Add Kicker cooling system

Justification: 
BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES, BEAM APERTURE CONSIDERATIONS, and SINGLE TURN EXTRACTION

WBS 1.1.2

CR 1

Page in TDR: 3.2-16 to 18, exact shape of horn not specified in the TDR

Description of Scope Change(s): 
Change Shape of horn inner conductors

Justification: 
HORN DESIGN AND FABRICATION
WBS 1.1.2

CR 10

Page in TDR: not explicitly in the TDR

Description of Scope Change(s): 
Adjust Target Test Schedule (Not a scope change)

WBS 1.1.2

CR 33

Page in TDR: 3.2-20 (Tooling to weld horn sections not addresses in the TDR)

Description of Scope Change(s): 
Procure and commission automatic welding machine for the horn inner conductors.

Justification: 
HORN DESIGN AND FABRICATION

WBS 1.1.2

CR 41

Page in TDR: 3.2-19

Description of Scope Change(s): 
Add engineering effort for reviews, design iterations, and horn modeling

Additional costs for contract personnel trims (Not a net scope change)
Add additional testing to the prototype horn

Justification:
HORN DESIGN AND FABRICATION

WBS 1.1.2

CR 51

Page in TDR 3.2-8

Description of Scope Change(s):  
Add Low Energy Target Design

Justification: 
TARGET DESIGN

WBS 1.1.2

CR 53

Page in TDR

Description of Scope Change(s): 
Intermediate re-plan of schedule for 1.1.2   (Not a scope Change)

WBS 1.1.2

CR 66

Page in TDR

Description of Scope Change(s): 
Change of schedule for 1.1.2   (Not a scope Change)

WBS 1.1.2 and 1.2

CR 72

Page in TDR

Description of Scope Change(s): 
Move concrete shielding from 1.1.2 to 1.2   (Not a scope Change)

WBS 1.1.2

CR 98

Page in TDR: Target Pile cooling not addressed in the TDR, 3.2-26

Description of Scope Change(s): 
Add Target Pile Forced Air Cooling

Change from Shielding Blocks to C.I. P concrete for target pile concrete shielding (Not a net scope change). 

Add Engineering Oversite of the target pile installation.

Justification: 
TARGET PILE COOLING

WBS 1.1.2

CR 120

Page in TDR: 3.2-22

Description of Scope Change(s): 
Installation Engineering Oversite

Add labor for Horn Re-design

Add labor for Module design

Add Module Support Stand

Change CCSS to Duratek for ‘T’ block (Not a net scope change)

Justification: 
TARGET SHIELDING 

WBS 1.1.3

CR 4

Page in TDR: 3.3-7

Description of Scope Change(s): 
Add 500 Kw Supply to MI-60 for lower beam trajectory

Justification: 
CHANGE IN ELEVATION OF THE TARGET HALL

WBS 1.1.3

CR 19

Page in TDR: Not explicitly addressed in the TDR

Description of Scope Change(s): 
Variance between 1.1.3.1 and 1.1.3.2 (Not a net scope change)

Add Transmission Line Flexible Joint prototype and test program

Add additional money to pay for SCR testing program

Justification: 
FLEXIBLE TRANSIMISSION LINE

WBS 1.1.3

CR 30

Page in TDR: Current Regulation of Power Supplies Not addressed in the TDR

Description of Scope Change(s): 
Add filter chokes to three bending magnets strings.

Justification: 
BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES

WBS 1.1.1 AND 1.1.3

CR 37

Page in TDR: 3.1-4, 5 and 3.3--4

Description of Scope Change(s): 
Change from resonant to single turn extraction.

Justification: 
SINGLE TURN EXTRACTION

WBS 1.1.3

CR 46

Page in TDR 3.3-9

Description of Scope Change(s):  
Add a new supply for testing the prototype horn and do not use the AP-0 supply.

Justification: 
PROTOTYPE HORN TESTING

WBS 1.1.3

CR 58

Page in TDR: 3.3-15 (Table 3.3-4), and Table 5-2

Description of Scope Change(s): 
Power Supply changes due to change from MR trims to MI trims (Not a net scope change).

Add Additional PEI 240 for Horn to operate at 2.6 msec pulse length.

Add Power Supplies for additional magnets.

Costs for critical device components.

Justification: 
SINGLE TURN EXTRACTION, CRITICAL DEVICES

WBS 1.1.3

CR 67

Page in TDR

Description of Scope Change(s): 
Change from 4 Transrex Power Supplied to one MR supply for bend 2 (Not a net scope change).

WBS 1.1.3

CR 71

Page in TDR

Description of Scope Change(s): 
Modify schedule for short duration tasks.  (Not a scope Change)

WBS 1.1.3

CR 97

Page in TDR: Neither kicker magnets nor flexible joints are addressed in the TDR.

Description of Scope Change(s): 
Add cost of kicker cables and installation of kicker cables

Add Re-design effort for kicker to accommodate the higher duty cycle.

Add Additional Engineering for Flexible joint in the horn transmission line.

Justification: 
KICKER SUPPLIES, SINGLE TURN EXTRACTION, and FLEXIBLE TRANSMISSION LINE

WBS 1.1.3

CR 112

Page in TDR: 

Description of Scope Change(s): 
Credit for use of existing wells for monitoring and oversight.  (Not a scope change).

WBS 1.1.3

CR 117

Page in TDR: regulation requirements for magnet strings not addressed in the TDR

Description of Scope Change(s): 
Add 100 PPM regulation for four of seven magnet strings and 20 PPM regulation of three major bend magnet strings.

Removal of flexible stripling joint for Horn 2 

Justification: 
STUDIES AND DESIGN FOR LOW ENERGY AND SOME HIGH ENERGY BEAM OPTION COMPONENTS, and FLEXIBLE TRANSMISSION LINE

WBS 1.1.3, 1.1.4, and 1.1.9

CR 125

Page in TDR: Not addressed in the TDR

Description of Scope Change(s):  
Add Improved Magnet Power Supply Regulation

Add Kicker Magnet Power Supply

Add more money for Horn transmission line flex joint

Hadron absorber installation (1.1.4) (Not a net scope change)

Hadronic hose schedule change after removal (1.1.9) 

Justification: 
BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES, BEAM APERTURE CONSIDERATIONS, SINGLE TURN EXTRACTION, FLEXIBLE TRANSMISSION LINE and HADRONIC HOSE

WBS 1.1.4

CR 43

Page in TDR

Description of Scope Change(s): 
Increase size of the absorber core

Justification: 
SIZE OF ABSORBER

WBS 1.1.4

CR 104

Page in TDR: 3.4-8

Description of Scope Change(s): 
Increase Absorber Size

Add Increased Absorber Installation Costs due to the changes in the absorber cavern made in 1.2 (loss of an absorber cavern crane).

Justification: 
SIZE OF ABSORBER

WBS 1.1.4

CR 118

Page in TDR: 3.4-8

Description of Scope Change(s): 
Revise budget for Absorber Installation Equipment (Not a net scope change)
WBS 1.1.5

CR 96

Page in TDR: 3.5-6 to 3.5-14

Description of Scope Change(s): 
Add R&D effort for the muon monitoring technology choice

3 planes of muon monitors

2 planes of hadron monitors

Justification: 
SINGLE TURN EXTRACTION, LOW ENERGY BEAM OPTION

WBS 1.1.5

CR 123

Page in TDR

Description of Scope Change(s): 
Elimination of the upstream Hadron Monitors

Reduced Scope of the downstream Hadron Monitor

Justification: 
SINGLE TURN EXTRACTION, LOW ENERGY BEAM OPTION
WBS 1.1.6

CR 101

Page in TDR

Description of Scope Change(s): 
Overtime for Alignment work performed outside of normal working hours.

Justification: 
PROVISION OF SERVICES
WBS 1.1.6

CR 111

Page in TDR

Description of Scope Change(s): 
Credit for Reduced Surveyor Overtime (Not a scope change)

WBS 1.1.7

CR 55

Page in TDR: 3.7-7

Description of Scope Change(s): 
Add LCW to extraction Magnets in MI

Add Chilled water to MINOS Near Detector LCW system

Justification: 
ADDITIONAL ITEMS NEEDING COOLING
WBS 1.1.7

CR 99

Page in TDR: 3.7-6

Description of Scope Change(s): 
Add high vacuum for primary beam transport

Add Decay Pipe Cooling

Justification: 
BEAM EMITTANCE, STABILITY, HIGH VACUUM, STUDIES, DECAY PIPE COOLING

WBS 1.1.7

CR 115

Page in TDR: 3.7-6

Description of Scope Change(s): 
Add GN2 lines for vacuum valve operations

Add Decay Pipe Cooling

Justification: 
HIGH VACUUM

WBS 1.1.8

CR 69

Page in TDR

Description of Scope Change(s): 
Correct interferences in the MI for the NuMI extraction elements

Modification to MI-62 for Bend 2 electrical power.

Electrical installation in MI-8 for horn testing

Justification: 
REMOVE INTERFERENCES, CHANGE IN ELEVATION OF THE TARGET HALL, and PROTOTYPE HORN TESTING
WBS 1.1.8

CR 100

Page in TDR: Beam permit and pulsed power transformer are not addressed in the TDR.

Description of Scope Change(s): 
Add Beam Permit System Engineering design costs

Add Pulsed Power transformer at MI-62 for MR P.S. feed

Change cabling to fire retardant cabling. 

Justification: 
BEAM PERMIT SYSTEM, CHANGE IN ELEVATION OF THE TARGET HALL, and FIRE RETARDANT CABLING

WBS 1.1.9

CR 88

Page in TDR: The hadronic hose is not addressed in the TDR

Description of Scope Change(s): 
Add design effort of hadronic hose

Justification: 
HADRONIC HOSE

WBS 1.1.9

CR 122

Page in TDR: Not addressed in the TDR

Description of Scope Change(s):  
Hadronic hose removal 

Justification: 
HADRONIC HOSE

WBS 1.2.4

CR 27

Page in TDR: Not specifically addressed in the TDR

Description of Scope Change(s): 
Remove dust control from site prep package

Add Binder course to roads in Site Prep

Adjust Budget to contract value plus 3%
Justification: 
CONSTRUCTION BINDER COURSE

WBS 1.2.4.2

CR 29

Page in TDR: Not specifically addressed in the TDR

Description of Scope Change(s): 
Add duct bank for feeder 44 for Road A to Lederman Education Center

Justification: 
DUCT BANK

WBS 1.2.4

CR 31

Page in TDR

Description of Scope Change(s): 
Modify schedule for 1.2.  (Not a scope Change)

WBS 1.2.4

CR 42

Page in TDR

Description of Scope Change(s): 
Modify EDIA budget distributions for 1.2.  (Not a scope Change)

WBS 1.2.4

CR 44

Page in TDR

Description of Scope Change(s): 
Underground Subcontract cost exceeded the estimate.  (Not a scope Change)

WBS 1.2.4

CR 57

Page in TDR

Description of Scope Change(s): 
Modify schedule for 1.2.  (Not a scope Change)

WBS 1.2.4

CR 78

Page in TDR

Description of Scope Change(s): 
Modify schedule for 1.2.  (Not a scope Change)

WBS 1.2.4

CR 80

Page in TDR

Description of Scope Change(s): 
Modify schedule for 1.2.  (Not a scope Change)

WBS 1.2.4

CR 81

Page in TDR

Description of Scope Change(s): 
Modify schedule for 1.2.  (Not a scope Change)

WBS 1.2.4.4

CR 86

Page in TDR: Need to Cool the Decay Pipe is not addressed in the TDR

Description of Scope Change(s) 
Add copper cooling tubes to the outside of the decay pipe for decay pipe cooling.

Justification: 
DECAY PIPE COOLING

WBS 1.2.4.4

CR 87

Page in TDR: Water treatment from mining operations is not addressed in the TDR

Description of Scope Change(s): 
Add water treatment & disposal for both the Target and MINOS shaft sites.

Justification: 
WATER TREATMENT TO CONFORM TO MINING PERMIT

WBS 1.2.4.4

CR 90

Page in TDR:  Mine rescue is not addressed in the TDR

Description of Scope Change(s): 
Add Additional Mine rescue classes

Justification: 
MINE RESCUE

WBS 1.2.4

CR 92

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
SAH Unit Price costs accrual (not a scope change)

WBS 1.2.4.4

CR 94

Page in TDR: Water treatment from mining operations is not addressed in the TDR

Description of Scope Change(s): 
Additional cost for water treatment 

Justification: 
WATER TREATMENT TO CONFORM TO MINING PERMIT

WBS 1.2.4

CR 106

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
Water Treatment for Civil Construction

Additional Harza Engineering Services due to SAH delayed completion

Justification:  
ADDITIONAL TITLE III SERVICES DUE TO CONSTRUCTION DELAYS, ADDITIONAL TITLE III SERVICES FOR CLAIMS RESOLUTION

WBS 1.2.4

CR 107

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
SAH Unit Price costs accrual (not a scope change)

WBS 1.2.4

CR 108

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
SAH Unit Price costs accrual (not a scope change)

WBS 1.2.4

CR 110

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
SAH Unit Price costs accrual (not a scope change)

WBS 1.2.4

CR 114

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
SAH Unit Price costs accrual (not a scope change)

WBS 1.2.4

CR 127

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
SAH Unit Price costs accrual (Not a scope change)

WBS 1.2.4

CR 129

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
Additional EDIA Services due to SAH delayed completion

Justification:  
ADDITIONAL TITLE III SERVICES DUE TO CONSTRUCTION DELAYS
WBS 1.2.4

CR 130

Page in TDR: Not addressed in the TDR

Description of Scope Change(s): 
Additional G&A Costs (Not a Scope change)
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