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Spallation Neutron Source .
Project Description and Background --

The Spallation Neutron Source (SNS) is a next-generation, accelerator-based, pulsed-neutron
source being built for the Department of Energy's (DOE) Office of Science (SC) to serve the R&D
needs of DOE and the scientific and industrial communities in the United States. The SNS will
produce neutron beams by bombarding a flowing mercury target with protons from an accelerator
system. The accelerator consists of an ion source, a linear accelerator (Linac), and an accumulator
ring that combine to produce intense, 1 GeV, short (1 Fs) pulses of protons delivered to the target
at a frequency of 60 Hz. The protons produce neutrons in the mercury target through the spallation
nuclear reaction process with each proton producing 20C30 neutrons. The pulsed neutron beams
are moderated and guided into 18 beam lines in an experiment hall where they are used for a variety
of neutron scattering measurements. The initial design of SNS is for a neutron source with an
average beam power of 1 MW. However, since the future needs of the neutron science community
are for higher intensities, the SNS is being designed to be upgradeable to significantly higher
powers.

A collaborative approach has been chosen for the design and construction of the SNS. It invoives
five DOE National Laboratories [Argonne National Laboratory (ANL), Brookhaven National
Laboratory (BNL), Lawrence Berkeley National Laboratory, Los Alamos National Laboratory (LANL),
and Oak Ridge National Laboratory (ORNL)]. This approach has the advantages of assembling the
best available expertise in accelerator, target, and instrument design from among the participating
laboratories, as well as allowing ORNL to transition to a staff skilled in operating, maintaining, and
upgrading the facility for the DOE user community once SNS is completed. Also, by involving DOE
laboratories with active neutron user programs (Intense Pulsed Neutron Source at ANL, Los Alamos
Neutron Science Center at LANL, High Flux Beam Reactor at BNL, and High Flux Isotope Reactor
at ORNL), the SNS gains immediate access to the neutron science community and the most recent
information on instrumentation development.

The need and justification for the SNS has been firmly established through the distillation and
assessment of numerous studies by the DOE and the national and international scientific
communities dating from the early 1970s. The actual performance requirements and instrumentation
needs have been similarly established through recent scientific assessments and user meetings
involving the scientific and industrial communities. These requirements form the basis of the current
reference design and proposed instrument suite for the SNS.

The SNS Project has had numerous DOE/SC reviews to validate the technical baseline,
management approach, cost, schedule, and Conceptual Design Report. As a result, in FY 1999 the
SNS received $130 million and approval from Congress to initiate Title 1 design and construction
activities. Since this funding was less than requested for FY 1999 ($157 million) and validated in
previous reviews, and because of improved costing information, the SNS Project team will reassess
the cost and schedule baselines in an upcoming DOE review in January 1999. In preparation for this
reassessment, the SNS has initiated a value engineering process to improve the design and to
recover cost and contingency. Value engineering will continue throughout the life of the project, but
the results described in this report are our initial efforts.
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Spallation Neutron Source
Executive Summary

The concept of Value Engineering (VE) is something that has been built into the design and
R&D philosophy of the SNS collaboration from the beginning. To illustrate this, some of the
items identified in the current VE study were actually identified earlier in the project but are
just now coming to completion. Consequently, the collaboration views VE as a continuous
process.

The present VE study was prompted by cost imbalances that arose at the time of the
Department of Energy's June 1998 review, and the recognition that the SNS project would
not receive the requested funding for FY 1999 and would thus need further reexamination
of the baseline costs. On September 1-3, 1998, the SNS collaboration held two workshops
- one for commissioning and pre-ops planning, and one to lay the ground work for a formal
VE workshop. This initiation started the participating laboratories thinking about what would
be needed when we met again for a full VE workshop. We interviewed a number of firms
and selected the Army Corps of Engineers OVEST organization to facilitate the VE process
for the SNS.

The Value Engineering study was initiated during the VE working conference conducted in
the Oak Ridge National Laboratory, SNS Project Office, during October 20 through 23,
1998. The study was based on the Concept Design and WBS Level 3, Estimate submittal
dated October 6, 1998. Participating in the workshop portions of the study were
representatives of Argonne National Laboratory, Brookhaven National Laboratory,
Department of Energy, Fermi National Accelerator Laboratory, Lawrence Berkeley National
Laboratory, Lackheed Martin Energy Systems, Lockheed Martin Energy Research Corp,
Los Alamos National Laboratory, Knight/Sverdrup, Oak Ridge National Laboratory,
Stanford Linear Accelerator Center, and CoE — Nashville District and OVEST. A site tour
was conducted with Conventional Facilities design team members to present site conditions
and overview of the design with the Nashville District and OVEST team members.

The project was studied using the Corps of Engineers' standard value engineering (VE)
methodology, consisting of five phases:

Information Phase: Presentations were made by WBS elements with general scope
descriptions and relative WBS costs. The team reviewed the descriptions of project
work, drawings, figures, and cost models to understand the work to be performed
and the functions to be achieved. Cost models were compared to areas of relative
high cost to ensure that the team focused on those parts of the project which offered
the most potential for cost savings.

Speculation Phase: The team speculated by conducting brainstorming sessions to
generate ideas for alternative designs. Each WBS was brainstormed. All team
members contributed ideas and critical analysis of the ideas was discouraged.

Analysis Phase: Following the Speculation Phase, the team analyzed these ideas
and ranked them by WBS and by priority for development. ldeas which did not
survive critical analysis were noted to be deleted.




Spallation Neutron Source
Executive Summary

Development Phase: WBS working groups were formed to fully coordinate and
develop the selected priority ideas during an intensive -technical development
session. Four Categories were defined for all ideas as follows: | - Recommended
for January Baseline (typically low risk, implementable, and savings can be
identified); I — May follow January Baseline (typically medium risk, possibly
implementable after longer deliberation, and savings can be identified); 1l —
Recommended for long term study beyond January Baseline (typically higher risk,
not fully known to be implementable, and savings relative to risk may be marginal);
and IV - Idea Deleted (with reason for elimination). Coordination was maximized
as ideas were defined and developed as many items crossed WBS boundaries.

Presentation Phase: Formal Presentation of the VE study recommendations was
made by each WBS working group Team Leader during November 3-4, 1998.
Identified savings of $85.6 million were realized to recover project cost contingency
and redefine the baseline costs. The summary of the SNS Total Project Savings by
WBS is given on the following page.
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Spallation Neutron Source i
Appendix A

CONTACT DIRECTORY
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Spallation Neutron Source
Appendix A - Contact Directory

NAME ORGANIZATION TEL/FAX NUMBERS

Bruce Brown ANL 630—2524999/41 63
Carl Strawbridge ORNL 423-574-4268
Thom Mason ORNL 423-241-1499

Lee Watkins DoE/ORO 423-576-1366

Jim Carney DoE/ER-81 301-903-6583
David Wilfert DoE/ORO 423-576-2673

Jim Sanfo_rd BNL & Consultant 516-286-9611

Ed Krieg ORNL 423-574-6416

John Cleaves SNS 423-574-9065
Robest Mellot Knight/Sverdrup 312-577-3000
Robert Barnes Knight/Sverdrup 312-577-3211
Percy Carter Knight/Sverdrup 714-549-5050

Dan Stout LANL 505-667-3459

A. Soukas BNL 516-344-4735

Bill Appleton ORNL 423-574-4321/0323
Tony Gabriel ORNL 423-574-6082/9619
Stan Schriber LANL 505-667-5634

Jim Lawson ORNL 423-574-4788

Bill Weng BNL 576-344-2135
Andrew Jason LANL 505-667-2842/5-2904
David Olsen ORNL 423-576-9300

Ron Yourd LBNL 510-486-4820/4544
Rod Keller LBNL 510-486-5223/5788
Jose Alonso ORNL 423-576-2879/3041
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Spallation Neutron Source
Appendix A - Contact Directory --

NAME ORGANIZATION TEL/FAX NUMBERS
Martin Knott ANL-APS 630-252-6609/1512
Tom Heffernan Knight Sverdrup 619-533-5410
R.R. Williams Knight Sverdrup 931-393-6419
Matt Allen SLAC 650-926-2820/8657
Dell Morgan ORNL 423-574-6430
Jim Schubert ORNL-CF 423-241-4689
Dick Brown ORNL-CF4 423-576-5512
J.K. Zhao ORNL-SNS 423-574-5239
Alessandro Ratti LBNL 510-486-5050
Larry Radcliffe DoE-ORO SNS Proj Ofc 423-576-9418/4542
Pat Rader ORNL — SNS 423-576-9610/3041
Harold Cromwell ORNL Engrg 423-574-9358
Tom McManamy ORNL 423-576-0039/3041
Mike May FNAL 630-840-4948
Jerry Watson Consultant 972-775-3736/2926
Ray Johnson ORNL 423-576-1994/3041
Michael Nekulak BNL 516-344-4293
John Anker ORNL-ANL 630-252-6408/4163
Dave Gurd LANL 505-665-6128
Mike Harrington LMES 423-574-1062
Ken Chipley LMES 423-574-6411
Tom Fornek ANL 630-252-8601
Kent Crawford ANL 630-252-7769
Gerald McMichael ANL 630-252-9231
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Spallation Neutron Source
Appendix A - Contact Directory --

NAME ORGANIZATION TEL/FAX NUMBERS
Arthur Guthrie LANL 5057665-2787
John Erickson LANL 505-667-1839
Mike Lynch LANL 505-665-2435
Robert Hardekopf 1 LANL 505-667-1289
Y.Y.Lee BNL 516-344-5663/5954
John Haines ORNL 423-574-0966
Thomas I_\lehring BNL 516-344-5275
Ted Davidson ORN-VE 615-736-5626
Martin Bandy OVEST 912-652-5449/5956
Fred McAuley OVEST 912-652-5715/5956
Carl Canicatti OVEST 912-652-5172/5956
Charlie Fore OVEST 912-652-5174/5956
Eara Merritt OVEST 912-652-5171/5956
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Spallation Neutron Source
Appendix B

Speculation Lists
(Annotated through
Analysis Phase)
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N S

KNS S

S S S S

SPECULATION

WBS 1.2 - PROJECT SUPPORT

10.
11.

Apply new special overhead rates from
ORNL

Movement of staff from other labs/
organizations into the SNS Division to
get lower rates '

Reduction in materials and travel costs
(fewer planned meetings)

Staffing review to review staff costs
Budget for Advisory Committee

Look at peak demand rate for power
during commissioning (i.e. floating 30-
day) (WBS 1.10)

Initiate negotiated utility contract (WBS
1.10)

Consider connection charge for switchyard
go to building (include term) (WBS 1.10)
Minimize number of meetings/combine
meetings (Sec. No. 3)

Procurement strategy — share contracts
Look at size of master schedule and work
levels to maintain it
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WBS 1.2 — PROJECT SUPPORT

v 12. Optimize staffing for central PM and each
PM
v 13. Cap staff — avoid layoffs
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SPECULATION

WBS 1.3 —- FRONT END

v Develop idea; x = delete

x 1.

D Y S N N N
AN

b
=

x 8.

9.

NS

2.

Start with 14-day continuous operation — go
to 21-day. Comment evaluation

Do not build prototype RFQ ($620K)
(integrated testing)

Cut tech support to Pre-Ops in (FY04)
$540K. Develop service contract

Delay building for 4 MW up — grade (Ref.
1.8). Optimize footprint — building shorter
Revisit height of front end building

(Defer to conventional facilities, WBS 1.8)
Identify savings for transfer of klystron
system (1 GBT) (Ref. 1.4)

Get rid of MEBT - extend LEBT.
Comment with issues, schedule, etc.
Revisit question of chopper and anti-
chopper. High risk/low return, $100K
Standardize vacuum system project-wide

10. Raise voltage on MEBT chopper
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WBS 1.3 - FRONT END

v 11. Look at standardization diagnostics for front
end and linac "

v 12. Additional spare ion source on-site (have 2;
go t0 3). Benefits — Doesn’t have to be a
construction item

v 13. Revisit need for front end control room

(WBS 1.8 action item)

x H4—BuyFrankfort-seuree
v 15. Buy 19-inch racks project-wide
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SPECULATION

WBS 1.4 — LINAC

v Develop idea; x = delete idea

NSNS AS
N W~

® 3

9.

N N A

10.

IGBT - $8.1M

Overheads and taxes - $19.7M ($14)

52 Klystrons - $10.1M (1.8)

Brazing - $1M

Quantity discounts - $3.1M

Eliminate beam and gap - $

Comment

Eliminate bunch rotator - $3.4M

Eliminate misc. diagnostics - $1M — Modify
use LEDA - $200,000

Reduce energy to 975 MeV - $4.4M
Issues

Review FNAL manufacturing techniques —
$?

Total $52M

DN

11.
12.

Rough machine copper for free - $16M
Review conventional facilities for linac
tunnel (WBS 1.8)
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13.
14.
15.
16.
17.
18.
19.

20.

21.
22,
23.
24,

25.

WBS 1.4 - LINAC -

Reduce tunnel width (linac controls WBS
1.8 design) '

Consider having stands made in Knoxville
area — reduce shipping

Use existing surplus equipment for 402
klystrons/modulators

Comment — low return

Reduce bore by 1 mm

Consider dropping beam height from 5 ft. to
4 ft.

Reduce number of vacuum pumps — (add
later if required)

Consider alternatives for ion pumps (NEG)
Consider bidding vacuum system design
outside lab to equipment vendors — Being
considered

Combine all vacuum design into one activity
Optimize linac berm shielding (Sec. 1.8)
Change to superconductor

Comments

Permanent magnets

Comments

Revisit startup time/improvement
Comments
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26.
27.

28.
29.

30.
31.

32.

WBS 1.4 - LINAC -

Revisit number of escape hatches for shorter
tunnel .

Consider precast construction for tunnel
(WBS 1.8)

Optimize waveguide runs (Sec. 30 and 31)
Look to reducing requirements for linac
dump (WBS 1.6)

Consider changing geometry waveguide to
45° (Sec. 31)

Optimize linac tunnel elevation with
klystron gallery

Optimize AC from klystron gallery
(Examine AC requirements)

4
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WBS 1.5

CENENKNKNKNKNKNKNKNKNKNSKNKNSKASAS

<\

0P NAU AW

10
11.

SPECULATION

HEBT Corrector Dipole
HEBT Corrector P.S.

HEBT Beam Position Monitor
RF Cavity

RF Power Amplifier

RTBT Corrector Dipole
RTBT Corrector P.S.

RTBT Beam Position Momtor
Software Support

Extraction Kicker Magnet
Extraction Kicker P.S.

11a.Make all extraction kicking identical

12.
13.
14.
15.
16.

17.

Septum Magnet

HEBT & RTBT Control

Sample testing of the production magnets
Provide % the number of ion pumps
Eliminate cranes in HEBT and RTBT
transfer lines (access ports through roof at
collimator locations)

Reduce the width of the ring tunnel — 18 ft.

to 16 ft. (keep crane)

_ RING AND TRANSPORT

FIRS SN & SN P s o Lo RN oc51 14 ok g e ey W o Mt 1 AN NI g S STV P ) £ 20 M G RSN Y 7 S 5% .00 46 W AU M-SR TR
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WBS 1.5 — RING AND TRANSPORT

NN S SN N" KAKNSN "N AS

DNl N Nig

17a.Reduce number of shields (moveable)

18.

19.
20.

21.
22,
23.
24,
25.
26.
27.

28.
29.

30.
31.
32.
33.
34.

Consider fabricate/assemble magnets in

Russia/China other countries
Shorten RTBT

Eliminate HEBT — no 90° bend
Comments — schedule

Shorten HEBT by 6 meters

Reduce aperture for HEBT

Consider purchase of HEBT magnets by
functional specs.

Use RCS

Don’t stub out in HEBT and RTBT (WBS
1.8)

Revise escape hatch — bring out on grade
(WBS 1.8)

Consider design changes suggested by
ASAC

Have all stands fabricated in Tennessee
Consider fully Value Engineering magnet
measurement needs (covered under 14)
Consider rectangular end dipoles
Defer/eliminate action damper

Optimize ring/berm shielding
Permanent magnets vs electric
Reconsider need for clean room

N M II L TRY Ko 5 7 ¢ L o N2 D L S A PN NI LR 014 S NIRRT T A A YN I YA D NS 2 X TIPS S % 2 s SO S




WBS 1.5 — RING AND TRANSPORT

SRR N

Dol N N N

SNANSNS NS

35.
36.

37.
38.

39.
40.
41.

42.
43.
44.

45.
46.
47.
48.

Unify some diagnostics

Consider removing beam and gap from ring
(not presently in ring)

Consider fabrication of all shielding/
collimators in Tennessee. Comments
Fabricate RTBT entirely from ring
components

Lower beam height from 5 ft. to 4 ft.
Lower ring elevation relative to linac
Coordinate survey and alignment between
systems and move responsibility to Oak
Ridge

Add radiation barriers in HEBT

Revisit ring gate valves

Take ring crane out (WBS 1.8) Transporter
required

Revisit overhead charge/tax at labs

Move tech support/PM to line items
Negotiate Tennessee tax

Revisit staff overlaps between ORNL and
labs

LRI Il DA I TS P TRl 10 (0 S AN v (O LA
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SPECULATION

WBS 1.6 - TARGET SYSTEMS

Size Hg Heat Exchanger for 1 MW

Use Y-12 Hg

Use same tank for Hg storage and spill

collection (Recovery issue)

4. Eliminate variable speed hydrogen

~ circulator

5. Eliminate on-line replacement capability

for hydrogen circulators

Use recycled lead for reflector assemblies

Use TV viewing in lieu of shield windows:

however, retain at least one shield window

8. Use the TTF Model F manipulators for SNS:
can allocate one or both pairs to SNS

9. Eliminate the PLC development system
(Look into later)

10. Restrict access to the area immediately
above target and reduce roof shield

11. Use lower cost cast concrete for shielding
with dense recycled metal as aggregate

12. Eliminate the ring extraction dump (Could

extend schedule)

» =

N
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WBS 1.6 - TARGET SYSTEMS

13. Reduce the power and duty facter on all
three dumps (Specification — power and
duty factor)

14. Combine the secondary cooling systems for
the three dumps

15. Eliminate high velocity erosion/corrosion
tests

16. Eliminate CALOR V&V Analysis of

- Accelerator Experiments (partially affected
by 18)

17. Eliminate Project R&D Technical Support

18. No irradiation-flowing Mercury

19. Locate used cryo limit (WBS 1.8)

20. Reduce shielding to 2 MW

21. Revisit Cat. 2 vs Cat. 3

22. Optimize shielding

23. Look at solid target option (fall back option)
Comment issues

24. Look into secondhand equipment on hot cell

25. Revisit moderators vertical vs horizontal
Comments

26. Revisit model or mock-up for assemblies

27. Hold/defer cryo until operating (2005)
($9M).
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WBS 1.6 - TARGET SYSTEMS

28.

29.
30.

31.

32.

Use Berkeley steel for instrument shielding
(WBS 1.7) ‘

Omit PLC operation interface

Consider liquid nitrogen for cooling of
moderator

Look at diagnostic in front of proton beam
window (WBS 1.5)

Revisit effects on beam profile
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SPECULATION

WBS 1.8 - CONVENTIONAL

1.

AW

N

®© 3

N=

O A8 S SN 8 & 8N 8 S
p— @)
o *

11.

FACILITIES

Revisit height and footprint of front end
building (Front End No. 5)

Revisit need for front end control room
(Front End No. 13)

Review conventional facilities for linac
tunnel (Linac No. 12)

Reduce tunnel width (Linac No. 13)
(Review construction interface)
Optimize linac berm shielding (Linac No.
22)

Consider precast construction for tunnel
(Linac No. 27)

Eliminate cranes HEBT and RTBT (Ring
No. 16) '

Reduce width of ring tunnel — 18 ft. to 16 ft.
(Ring No. 17)

Don’t stub out HEBT and RTBT (Ring 25)

. Revise escape hatch — bring out to grade

(Ring 26)
Take ring crane out (Ring No. 44)
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WBS 1.8 - CONVENTIONAL

12.

13.
14.

15.
i6.

17.
18.

19.

20.

21.
22.

23.
24.

FACILITIES

Defer upgrade capability
(Exterior/interior)

Eliminate F.P. sprinklers in tunnels
Eliminate smoke detection in the instrument
hall

Use above ground vs underground power
distribution (Risk issues)

Eliminate Predictive Maintenance System
(Defer/risk)

Eliminate tunnel HEPA filters

Move Business Computing System to
ORNL |

Optimize equipment location in Target
Bldg. to reduce volume

Reduce or simplify east end of experiment
hall to minimize the transfer aisle, labs,
entrances, exits, etc.

Contract w/TVA to build and operate switch
house

Contract w/TVA to build and operate 161kV
substation

Reduce length of RTBT tunnel by 20.4 m
Eliminate (reduce) visitor gallery in Target
Bldg.

287




(o

AN S

DN N Y T W

\ ™

WBS 1.8 - CONVENTIONAL

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.

FACILITIES

Eliminate piping, power, HVAC, etc. for the
unused instrument trenches in guide hall
Eliminate the 30 ton x 20 ft transfer crane in
Target Bldg.

Minimize AC in Shops

Modify tunnel construction (Precast)
Optimize beam/tunnel elevation

Provide north side vs south side access to
the site

Reduce cryogenic He loads to just the 1 MW
demands on 2 moderators _

Reduce linac length by 20 m (28 meters,
reduce 1 MW)

Reduce the target floor loading from 22,000
psfto 15,000 psf

Use gantry crane vs bridge crane in Klystron
Shop

Use reinforced earth vs cast-in-place
retaining wall behind Klystron Building
Optimize access from the west/left Front
End Bldg.

Relocate SNS to JINS site — Comment
Relocate to breeder site — Comment
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WBS 1.8 - CONVENTIONAL

39.

40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.

52.

FACILITIES

Early construction of shop and maintenance
facilities for use by contractors (Office
building area)

Ask Tennessee to pay for building as partial
rebate of taxes

Use geotextiles for ground water control
around tunnel

Minimize haul to disposal site

Optimize excavation by canting beam line
Combine office and control buildings
Combine scientific building with office
building

Use existing facilities for maintenance
shops (at ORNL)

Consider elimination of one access road
(west?/power supply)

Eliminate translucent roof panels on Target
Bldg.

Review office space requirements
Combine any other techs in office building
Revisit all ideas addressing the Target
Building

Look into secondhand equipment items
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WBS 1.8 - CONVENTIONAL

53.

54.
55.

56.
57.
58.

59.

FACILITIES

Obtain early preliminary foundation report
of all buildings/tunnel

Review parking spaces

Reexamine real needs for HVAC/humidity
control in each IDD

Look at relocation of parking and cooling
towers

Provide horizontal personnel and equipment
access to linac tunnel from south

Review location of User Target Operation
Building

Reevaluate settlement criteria
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10.

11.

12.

13.

SPECULATION

WBS 1.9 - CONTROLS

Do not integrate x(1.a.) target or x(1.b.)
conventional facilities

Reduce application programming
PC-based IOC’s

Revisit/optimize UPS requirements
(WBS 1.8)

Reduce standard setting effort (R&D)
Reduce cost software development system —
Use existing

Build JINS early enough to accommodate
cost during installation

Cabling strategy - $ savings

Predictive Maintenance System Interface

(WBS 1.9.8.6)

Personnel Protection System Interface
(WBS 1.9.8.7)

Business Computing System Interface
(WBS 1.9.8.8) :

Specify digital interface for power supply,
pumps, ion pump controller

Travel issues or problems (Refer to WBS
1.2 strategy item)
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WBS 1.9 - CONTROLS

v 14. Do early interface with application programs
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SPECULATION

WBS 1.10 - OPERATIONS (Pre-Ops)

1. Spares — Prioitize look to reliability and
costs
Specialized lab space — duplications
Utilities

Staffing — Optimize — See 5, 6, 7

Reduce duplication in each lab Pre-Ops
staff

Hire operators early — participate in
assembly (maintenance personnel also)

7. Coordinated early hiring for (Phys/Engrs)
labs/ORNL to carry over into SNS

N N SSN"S S
A VA WN

<\
00

What is the cost for 2-week recovery for
250-year event? (Coordinate period
project wide)

v 9. Privatize operation
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