Status Report: 12
Stausasof: 31 March 2001

Contract Title:
BOOSTER BROOKHRVEN
APPLICATIONS NATIONAL LABORATORY
FACILITY =
Performing Organization: Brookhaven Science Associates
Locetion: Brookhaven National Laboratory

Upton, New Y ork 11973-5000

Reporting Period: February 1, 2001 — March 31, 2001



1)

2)

Project Objective:

The purpose of this project is to provide a new experimenta facility and beam line and undertake
accelerator modifications required to take advantage of heavy-ion beams from the Brookhaven
AGS Boogter accelerator for radiation effects studies of importance for the NASA Space Program.

Heavy ions will originate in the Brookhaven MP-6 tandem accelerator and be trangported to the
Booster synchrotron for acceleration to the required energies.

Concurrent operation of the Booster for space radiation research and other kinds of research
applications will be achieved by utilizing independent tandem injectors. The beam species and
energy for both applications will be independent. Beams from either Tandem will be switched into
the common injection line. At the Booster a new dow extraction sysem will be implemented
which will require extensve accelerator modifications and rearrangements. A new beam line ad
tunne enclosure will be built to trangport the extracted beam to the experimenta facility. Uniform
beam intengties will be provided over rectangular areas ranging in size from about 1 cm to about
20 cm.

Other exiding on-dgte fadlities such as the medicd Depatment’'s extensve animd handling
ingalations will dso be utilized. Dosmetry and loca access control will be provided through a
locd facility control room.

The conventiond facilities to be condructed for the Booster Applications Facility will provide
experimentd space and support feciliies A labyrinth connects the experimentd area with the
laboratory support building. The target room is provided with a concrete beam stop imbedded in
the back wdl. The entire fadlity is shidded by 15 feet of earth equivdent shidding over the top
of the target rooms and trangport lines. The laboratory building contains support laboratories,
including temporary biologicd gspecimen holding and preparation aress, as wdl as radiological
laboratories for work with cdl cultures and tissues. Also included are a dosmetry control room, a
mechanica service equipment area and rooms for radioactive storage and miscellaneous items.

Power supplies for the beam trangport magnets and various other equipment will be located in a
power supply building, a pre-engineered sted frame congtruction.

The funds requested will dso provide for gpares and facility commissioning.
Technical Approach Changes.

No change.



Project Head’s Summary Assessment:

Last Month This Month
Cost: satisfactory satisfactory
Schedule satisfactory satisfactory
Technica satisfactory satisfactory
Ovedl satisfactory satisfactory

W.B.S. 1.0 BAF Condgruction Summary

Overdl good progress continues to be made. Changes to the electrical power requirement coupled with
the early on-set of winter westher dowed the progress on the power supply building.

W.B.S. 1.1 Conventional Construction

Foundations for Power Supply Building and Experimenta Support Building are complete. Concrete
Alcove and Target Room sructures are complete. Indtdlation of corrugated metd tunnd is complete.
Backfill around tunnd is in progress. The eath retaning wal ingdlaion has begun. Underground
plumbing and eectricd work is completed for the Power supply and experimental Support buildings.
Subgtation underground conduit ingtalation has begun. Construction is 45% complete at end of March.

W.B.S. 1.2 Booster Modifications:

1.2.11 Thin Septum: The vacuum chamber is about 95% complete in detalled design. The
internd magnet assembly detailed design is complete.  The drive mechanism detalled design is
about 80% complete. Hesting blankets are being detailed. A prototype magnet core was
fabricated and received. The porcdan coating furnace has been fully tested. A mock-up magnet
core has been fabricated and will be used as a basdine part to edtablish porcdan coating firing
times. A copper septum is in fabrication for the pototype magnet dong with other parts necessary
for assembly.

A vigt was made to the vendor that will be used for brazing of the septum. During the vidt the
detalls of the brazing fixture were defined.

1.2.1.2 Thick Septum Magnet: Centra Shop fabrication of magnet stand isin process.

Manufacture of magnet iron core parts (2 sets) is complete. Drawings for other magnet sted parts,
excluding cores, and vacuum chamber are complete and gpproved . Estimates from Central Shop
for the fabrication of these items have been received and gpproved based on preiminary drawings.
Schedule for completion of fabrication is estimated to be the end of June.

The BAF extraction tube part of the vacuum chamber has been ordered. The hollow tube, copper
conductor has been ordered.

A dudy to verify the position of the thick septum magnet in the beamline has been completed.
Design of bus bar arrangement and lead connections to the thick septum magnet isin process.

1.2.1.3 Foil Stripper: The manufacture of the foil stripper, collimator and flag located upstream



of the Thick Septum Magnet is completed. The manufacture of a second vacuum chamber to
house these components for the spare magnet is in process. Programming/Testing of the
sepper/drive for the collimator is dso in process. The dripper drive will be changed from a DC
Servo motor to a stepper. This modification has not been started.

1.2.1 Power Supplies

1221 Thin Septum: As of March 23, 2001, the manufacturer reports that most of the
components have been mounted and the wiring is about to begin and they are on schedule. The
detailing process of buss bar is in process and orders for the bus copper and flexible connections
have been placed.

1.2.2.2 Thick Septum:  The design review was hdd a the Vendor's facility and the proposed
desgn The manufacturer reports that most of the components have been mounted and the wiring
is about to begin and they are on schedule. The orders for the bus copper and flexible connections
have been placed.

1223 Tune Quads  Manufacturing of power supplies in progress. Important technical issues
such as risetime improvement were resolved by computer smulation. Simple problems were
addressed by email.

1.2.2.4 Sextupoles: Fabrication isin progress.

1.2.2.5 Bumps. Preparaion of Find Design Report by Danfysik isin Progress.
1.2.2.6 Spill Servo: The Boogter Active Filter Electronics Testing is in progress.
1.2.2 Equipment Modifications

1.2.3.1 D4and D6. No Change.

1.2.3.2D6 Beam Dump and Wal Current Monitor: Peformed eght tests in Februay and
March to learn the technique of how to fire the ceramic (conductor and resistor) around the
crecumference of the vacuum bresk successfully and condstently.  The difficulty was that when
firing the ceramic a 850°C (following the manufacturer's ingtruction) the fired conductor would
crack adong the joint between the Kovar deeve and the ceramic bresk. Currently we have
determined that with a 600°C firing temperature (a little bit under fired), we can obtan a
reasonably good conductor coating around the joint.  However, for the resistor coating, a much
higher firing temperature would be required to cure the coating properly. More testing is required
before we are ready to begin fabri- cating the production units.

1.2.3.2D3 IPM and Beam Dump Kicker: The detalled desgn of the D3 draight section is 40%
complete.

1.2.3.4Vacuum Sysem Modifications Desgn continues. A solicitation package with drawings
and a specification for heating blankets is being prepared to go out for bid. The heating blankets
in this package will be used for ring half-cdlls and severd different vacuum pumps.



W.B.S.1.3 Beam Transport System

131 Magnets Quadrupole assembly is approximatey 20% complete. Ten octupole coils and
four trim magnet coils have been recaved from the vendor. Air cooled trim magnets
assembly is complete and magnet measurements are being performed.

1.3.2 Power Supplies

A design review was hdd on March 29" and 30" a Danfysk and went very wel. The
beam line supplies are very amilar to previoudy manufactured supplies and should present
no difficulty for Danfysk. All power supplies are scheduled to be finished on October 31,
2001.

At the review some modifications to our origina specifications were presented and
accepted. The changes are:

1. Steerer supplieswill now be 460 Amps from 450 mps to accommodate standard DCTT
head.

2. Added autometic tap changers for the transformer taps so that we can easily
accommodeate different particle species.

3. Added water mat boards with solenoid valves to inhibit weater flow to power supply in
case of awater leak.

4. Pre-drilled holeswill be added for the ingtdlation of Kirk key lock sysemsa BNL.

1.3.3 Vacuum System

1.3.3.1 Beam Tubes, Bdlow and Vdves The belows, pump tee ad support stand drawings for
the vacuum pumps have been checked and are being released for fabrication. The interference of
the extraction line with the D7 hdf-cdl has been eiminated and the parts are being detailed. The
interference was diminated by making offsets in the vacuum flanges of 0.25 inches a the extrac-
tion septum flange and then making another offset after the quad to center the vacuum pipe on
beam centerline.  The NEG pipe(contains “getter” rip for vacuum pumping) in the wal
separating the Boogter from the BAF tunnel is being detailed.

1.3.3.2 Pumps, Power Supplies and Gauges. A patid shipment of ion pumps was shipped to
Brookhaven. The ion pump power supplies will not be shipped to Brookhaven until August. The
vendor isreleasing an upgraded version of the supply at thistime

1.3.3.3 Ingstrumentation and Controls. The ion pump cable was ordered and has been delivered.
Gauge cable was ordered and received. The equipment racks for Vacuum, Controls, and Instru-
mentation have been received. Rack power requirements were updated. The Vacuum PLC modd
has been sdected with input from the Controls Group: it will be an Allen Bradley Control Logix
PLC. Heating blankets are being design for the bake-able section of the vacuum system.

1.3.3.3 Transport Line Bake-out System: No change
1.3.4 Instrumentation

1.3.4.1 Flags and Cameras. No Change.



1.3.4.2 Collimators. The stepping motor for the collimator was successfully tested on long cables.
The collimator assembly was brought to the motion devel opment building for test and eval uation.

1343 and 1344 lon Chamber, Scintillator and SWICS.  Testing continues on the Vacuum
Windows to finaize the thickness. Current results indicate that a .012 inch (0.3 mm) thick window
will satisfy the burst pressure rating of 2.5 times vacuum. A vendor has been found to feabricate the
bi-metdlic flange and vacuum chamber. The large belows have been ordered and will be
receved in 26 weeks. These are the longest lead-time items in this assambly. Detailed drawings
are being created for sgnature and release.

Effort continues on the procurement/assembly of SWIC eectronics, scanners, integrators and
crates.  Development continues of instrumentation interface with controls.  Assembly of detailed
cable ligs in preparation for procurement has started and development has begun of signd transfer
interface between C-AD and NASA.

W.B.S. 14 Controlsand Personnel Safety System

14.1 Controls

1.4.1.1 Didributed sysems. The BAF vacuum system interface has been specified. The Vacuum
Group will use Alan Bradley Control net hardware for the vacuum PLC in bldg. 957. The control
connect to the system will be a VMD/Controlnet board in the power supply VME chasss. The
RS232 interface for the gauge read-backs will dso be located n that VME chasss. A meeting was
held to discuss a proposa for a BAF beam permit link, which will dlow the dosmetry system to
control the extraction of beam to the target area. Fiber-optic chassis power supplies were ordered.
Detailed documentation of sub-system designs continued.

1.4.1.2 Centrd Services. No activity.

14.1.3 Process Controls: Prdiminary discussons took place with Plant Engineering concerning
the long-run, fiber optic cables for the BAF project. Prdiminary plans were made for routing and
paich locations. Controls patching from these locations will be laid out after a follow-up meeting
scheduled for early April. New fiber will be patched to existing Boogter infragtructure a Bldg.
930A.

VME microprocessor boards and parts for waveform generator transition modules were ordered
during this period.

1.4.2 Personned Safety System: The procurement of the PLC components is at the find stage.
A number of modules have arived a BNL. The fied cabinet’'s congtruction is progressng
and should be ready for ingtdlation in the service building in June.

W.B.S. 15 Experimental Area Outfittng

1.5.1 Dosimetry Control

Software:  The various software components that implement the protocol for the manipu
lation of the fast scding ligs of the VMS-based system have been written and tested for
the SUN-based BAF system.



It turned out that the data from the Crocker Nuclear Laboratory radiotherapy system was
not easly usable for checking the fast scaling system for the BAF system, so a software
samulation capability for the copy of the (VMSbased) AGS system running a LBL was
developed. With the data from this, the fast scaling for the (SUN-based) BAF system has
been checked out for the ion chambers, EGG chamber, and the SEM.

The various software components for the software interlock capability of the VM S-based
system have been written and tested for the SUN-based BAF system.

Work is now in progress on the data monitoring system.

The trace logger is very close to being completed.

Aninitid verson of the digolay system is close to being completed.

Hardware: The prototype lon-Chamber is close to completion. Many of the ion-chamber
foils have been made, and production continues. The prototype Recycling Integrator
functioned waell, until it was discovered that when the input current was high enough to
saturate the input op-amp, the amp shorts its own input termind to the negative power
supply. This caused the amp to sdf-destruct and aso destroys the andog discharge switch.
The manufecturer of the op-amp was contacted. They know of the problem and suggested
a new pat. We have some samples on order, and will put them on the same prototype
board when they arrive.

Other portions of the system such as the binary filter are being designed and fabrication
will start soon.

152 Support Rooms— General
No change.

153 Support Room A
No change.

154 Support Room C
No change.

W.B.S.1.6 LongTerm Support Lab

No change.

W.B.S. 1.7 Insallation and Services

1.7.1 Electric Power Digtribution: All substation switch gear has been re-manufactured
and is awaiting acceptance testing at the vendor.



1.7.2 Equipment Cooling Water: All Pump Room and associated drawings have been completed
for the fallowing:

All pump room equipment in the Bldg #957 .

PS piping from Bldg #957 underground to Bldg #931.

PS piping and connection to the existing system in Bldg #930.

PS piping to power supply areawithin #957.

Magnet piping through Bldg #957 through double containment piping to the
tunndl.

Magnet piping and digtribution in the tunndl.

o gakrwdhpRE

All mgor equipment has been ordered.
The double containment piping has been ingtaled by the contractor.

The underground piping between Bldg #957 and Bldg #931 has been ingtaled and pressure
tested.

There is no active on dte pump room work in progress. The mechanica contractor is

expected to proceed with active work on the pump room beginning in April. This is
dependant on the status of the building congtruction at that time.

BNL design and the mechanica contractor are currently in communication on ther materid
order. All changes are being noted and will be reflected in an updated verson of the “as
1.7.3 Ingdlation: Cabletray layout for Bldg 957 is approximately 40% complete.
Copper for water cooled buss has been ordered.

W.B.S. 1.8 Project Services

1.8.1 Project Management

A low levd milestone, Beneficid Occupancy for the Power Supply Building, has been
rescheduled from April1,2001 to July 31,2001.This dip has been caused by the early on set of
freezing weather and modifications to the dectricd sysem to handle increased power supply
loads. This change has no effect on the project completion date. The power supplies that will be
ingdled in the building are scheduled to be delivered after October 31,2001.This modification has
been integrated into the project schedule,

1.8.2 Fiscal
No change.

1.8.3 Quality Assurance
No Change.
1.8.4 Environment, Safety and Health

Thefirg draft of the Sefety Anadysis Document (SAD) is complete.



3) Open Items:

4) Summary Status Assessment and Forecast

a)

b)

d)

Financid Status

A total of $16,715,359 was expensed or obligated of the $19,925,000 available. Costs represented
$10,115,001 and open commitments stood at $6,600,358.
(TEC) is $31,207,000. The Total Project Cost (TPC) is at $33,900,000.

Table 1l shows detailed expenses and commitments.

Table Il shows the projected project spending profile.

Schedule Status

Milestones completed Basdine

Title | Start 11/01/98
Boogter Modification Start 04/01/99
Titlell Start 04/01/99
Titlel Complete 06/31/99
Conventiond ConstructionStart 08/15/99
Boogter Penetration Complete 10/15/99
Title Il Complete 06/30/00
Beam Transport Design-Complete 09/30/00
Milestones Upcoming Basdine

Booster Mod. Design-Complete 06/30/01

The Project Totd Estimated Cost

Actud

11/01/98
04/01/99
04/01/99
06/31/99
08/15/99
10/29/99
06/30/00
09/30/00

Forecast

06/30/01

€) The critica path for the Project is hdicated in Figure 1. The crucid part of the criticd path are
items in WBS 1.2. The items in this WBS can only be ingaled when the Booder is in a
scheduled shutdown. If the gppropriate window of opportunity is missed the Project
completion will be delayed .The projected schedule now provides a schedule contingency of 3
months between being ready for ingtalation of Booster modification and start of the shutdown.

)

Basdline Change proposals — During this reporting period, there have been no basdine change

proposals.

Cogt Peformance. Figure 2 provides a measure of project performance relating the planned
budget profile versus expenses and commitments. Obligations and expenses fel dightly below
expectations for this period but at period end the trend is upward.



Tablel

BAF Project Milestones

Project Start

Titlel Sart (Prdiminary Design)

Boogter Modification Design Start

Title Il Start (Final Design)

Titlel Complete

Conventiond Consgtruction Start

Boogter Penetration Complete

Title 1l Complete

Booster Modifications Design Complete
Beam Transport System Design Complete
Safety Analyss document (SAD) Complete
Conventional Congtruction Complete

Booster Modifications Ingalation Complete
Beam Transgportation System Ingtalation Complete
Experimental Equipment Ingdlation Complete
Project Complete

10/01/98
11/01/98
04/01/99
04/01/99
06/31/99
08/15/99
10/15/99
06/30/00
06/30/01
09/30/00
09/30/01
06/30/02
08/31/02
12/30/02
03/31/03
06/30/03

Modified
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1.1 Conventional Construction
1.2 Booster Modifications
1.3 Beam Transport System
1.4 Controls & Personnel Safety System
1.5 Exp. Area Outfitting
1.6 Long Term Support Lab
1.7 Installation & Services
1.8 Project Services
CONTINGECY

SPARES
1 BAF Construction

Budget

5,698,000
3,223,000
3,635,000
765,000
1,800,000
383,000
1,989,000
2,109,000
200,000

123,000
19,925,000

TABLE I

EXPENSE and COMMITMENTS

Saary & Wage

84,159
890,282
752,345
283,566

3,140
0
395,314

601,448

3,010,254

EXPENSES
Other Labor

521,650
178,091
108,181
49,193
0

2,095

23,704

11,235
894,149

Asof March 31, 2001

Material &
Contracts

2,070,871
315,597
236,510
188,817
788,414
286,650
209,139

44,397

21,471
4,161,866

Overhead

494,337
301,906
197,788
107,486
101,919

44,859
115,369
678,242

6,826
2,048,732

BOOSTER APPLICATIONSFACILITY (BAF)

TOTAL
EXPENSES

3,171,017
1,685,876
1,294,824
629,062
893,473
333,604
743,526
1,324,087
0

39,532
10,115,001

COMMIT.

2,491,482
1,026,717
1,139,578
104,793
894,213
342
933,941
8,745

547
6,600,358

TOTAL
EXP. &
COMMIT

5,662,499
2,712,693
2,434,402
733,855
1,787,686
333,946
1,677,467
1,332,832
0

40,079
16,715,359

BALANCE
AVAILABLE

35,501
510,407
1,200,598
31,145
12,314
49,054
311,533
776,168
200,000

82,921
3,209,641



11
12
13
14
15
16
17
18

BOOSTER APPLICATIONS FACILITY (BAF)
COST ESTIMATE

Conventional Construction

Booster Modifications

Beam Transport System

Controls & Personnel Safety System
Exp. Area Ouitfitting

Long Term Support Lab

Installation & Services

Project Services

Contingency

1(TEC) BAF Construction (BA AY $)

Spares

Commissioning

1(TPC) Total Project Cost (BA AY $)
1(TPC) BAF Congtruction (BOAY $)

TOTAL
5,698
5,251
5,739
1,557
3,068

456
2,738
3,659

28,168
3,040
31,207
1,294
1,399
33,900
33,900

TABLE Il

Spending Profile
($in Thousands)

FY 1998 FY 1999

290

10

8o8

88

13

80
282

88

FY 2000
4,728
1,747

507
1,200

1237

11,750

11,750

11,800
5,348

FY 2001

2,128
2,616

502
73
827
949
8,004
200
8,204
39

8,600
11,452

Fy 2002

1,094
2104

1242

915
6,754
2,390
9,144

9,800
12,500

FY 2003

A OOOO

12

759

1,209

192
1,399
2,800
3,700



6/30/00

8/31/00

8/31/00

11/20/00

11/30/00

11/30/00

11/30/00

11/30/00

Change No. W.B.S.
1 1.1
1.2
1.3
1.4
15
16
1.7
1.8
2 1.1
3 1.7
4 1.0
5 1.0
6 13
7 14
8 15

Contingency
Overhead
Escalation

TABLE IV

BAF CHANGE CONTROL

$1000's

Baseline Change  Adjusted

3,803
3,742
4,478
1,236
2710
351
1,708
1,129
3,796
4,649
1,912
903

4,673

2,17

31,100

Changed Project Completion Date from 9/30/02 to 6/30/03

a70
1,108
1,160

21

104

2,129
1,037

f=J = =]

Base Line

4,673
4,851
5,638
1,557
3,068
455

2171
3,258
4,833

0

]

0

5,008

2,239

31,800

Contingency Contingency

Increase

(Decrease)

4833

Changed Completion Date from 4/31/02 to 9/30/02

Changed Completion Date from 6/30/02 to 10/31/03

Changed Completion Date from 6/30/02 1o 3/31/03

14

Balance

4,833

4,408

4,340

4,540

Description

Modified WBS elements
to include overhead,
escalation and FCR.

Vendor Bid exceeded
estimate

Vendor Bid exceaded
estimate

Modified spending profile
to coinside with NASA
operating plan

Modified schedule to
match spending profile

Modifiad schedule to
match spending profile

Modified schedule to
match spending profile

Medified schedule to
match spending profile



TABLE IV continued

BAF CHANGE CONTROL
$1000's
Date Change No. W.B.S. Baseline Change  Adjusted Contingency ~ Contingency Description
Base Line Increase Balance
(Decrease)
11/30/00 10 11 5,098 600 5,698 -500 3,940 Vendor Change orders
to cover soil conditions,
upgrading water line
under beam tunnel and
Plant Engineering oversight
11/30/00 1 121 1,322 200 1,522 =200 3,740 Design effort exceeded
estimate
11/30/00 12 122 1,982 200 2,182 =200 3,540 Vendor bid exceeded
estimate
11/30/00 13 1.74 353 200 553 -200 3,340 Substation reconditioning
more extensive than
estimated
11/30/00 14 1.7.2 641 300 41 -300 3,040 Detailed Design increased cost
12/30/00 15 132 1,513 -250 1,263 250 3,290 Vendor bids lower than
estimate
12/30/00 16 134 2,007 =150 1,857 150 3,440 Detailed design resufted
in lower device costs
12/30/00 17 1341 599 400 999 -400 3,040 Vendor bids exceeded
estimate,design effort
exceeded estimate
12/30/00 18 1.2 Booster Modification Completion Date changed from 10/31/01 to 8/31/02 RHIC operating schedule
modified,eliminating
fy'01 summer shutdown
01/20/01 19 12 Design complete extended from 12/31/00 to 6/30/01 Design effort extended dueto

loss of personnel.

15



