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£ Fermilab

Charge Questions

Charge Question Presentation

. Has the project team documented a carefully considered analysis of
alternates that supports the preferred alternate?

2. Does the conceptual design satisfy the perfromance requirements?

Plenary and Design
and Scope Breakout

Design and Scope
Breakout

. Does the conceptual design report and suppotting documentaton
adequately justify the stated cost range and project duration?

. Does the project team have adequate management experience,
design skills, and laboratory support to manage all aspects of this
project and produce a credible technical, cost, and schedule
baseline?

. Are the ES&H aspects of the project being properly addressed and is
the ES&H planning currently sufficient for this stage of the project?

. Is the documentation required by DOE O413.b for CD-1 approval
complete and in good order?

. Is the allocation of the technical scope that will be contributed by
international parthers sufficiently understood and documented such
that the conceptual design and cost range can be relied on?

. Has the project satisfactorily responded to the recommendations from
previous reviews?

Cost and Schedule
Breakout

Management Breakout

Plenary

CD-1 Documentation
Breakout

Plenary

Plenary

12/12/17 S. Dixon | Conventional Facilities | Design and Scope

PIP-ll



£ Fermilab

Agenda

e Conceptual Design Process
» Alternates Investigated

— Siting

— ICW Cooling

— Pulsed Mode vs. Continuous Wave Operation
 Next Steps
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Conventional Facilities Overview
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Work Breakdown Structure

121.5.2
121.5.3
121.5.4
121.5.5
121.5.6
121.5.7
121.5.8
121.5.9

Site Preparation
Cryo Plant Building
Utility Plant Building
High Bay Building
Linac Tunnel

Linac Gallery

Beam Transfer Line
Booster Connection
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Conventional Facilities Overview

White Flags = Warm Components

Blue Flags = Cold Components

- — Looking South Along Beamline
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Looking Southeast From Wilson Hall

View from Wilson Hall
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Process

Functional Requirements Specification (Project Level)

U

Functional Requirements Specification (Subproject Level)

U

Conceptual Design

— Drawings [1]

— Text [2]

— Estimate Assumptions [3]

¥

Technical Requirements Specifications

NG

Cost/Schedule Estimate (Separate Breakout Presentation)

[1] — Conceptual Design Drawings can be found in PIP-lI-doc-1155
[2] — Conceptual Design Report can be found at PIP-lI-doc-113

[3] — Estimate Assumptions can be found at PIP-1l-doc-333, Item D
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PIP-Il Functional Requirements Specifications

 “PIP-Il is focused on upgrades to the Fermilab accelerator complex capable of
providing proton beam power in excess of 1 MW on target at the initiation of the Long
Baseline Neutrino Facility/Deep Underground Neutrino Experiment (LBNF/DUNE)
program, currently anticipated for the mid-2020s”

« TeamCenter document ED0001222, signed in March 2017 (PIP-lI-doc-1166)

Integration and Upgradability

( Requirement Description Value
The siting of the PIP-II facility will be consistent with future replacement of the
I1 existing 8-GeV Booster with either an 8 GeV Rapid Cycling Synchrotron or . e
superconducting pulsed linac CO nve nt IoNa I Fa Cl I It 1es
P The siting of the PIP-II facility will be consistent with future upgrades to provide 100 S pe C |f| C req uireme nts

kW beams to the Mu2e hall on the Muon Campus
The SC Linac will be constructed of components capable of operating in CW mode,

e following modest upgrades

14 The SC Linac will be constructed in a manner that allows installation and
commissioning without interruption to ongoing accelerator operations
Residual Activation from Uncontrolled <20 mrem/hour (average)

| Beam Loss in areas requiring hands-on )
- <100 mrem/hour (peak) @ 1 ft

16 Scheduled Maintenance Weeks/Year 8

17 SC Linac Operational Reliability 20%

I8 60-120 GeV Operational Reliability 85%

19 Facility Lifetime 240 years

7 12/12/17 S. Dixon | Conventional Facilities | Design and Scope fff:“
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Conventional Facilities FRS and TRS

e Functional Requirements Specification (FRS) define the
function of each component (what);

e Technical Requirements Specification (TRS) define the critical
technical requirements for each components (how);

o Support the PIP-Il Project FRS;
 Developed for each conventional facilities work package,;
 Ensures design meets the requirements;

Functional Technical
Requirements Requirements
Specification  Specification

WBS Identification TeamCenter TeamCenter
121.5.1 CF Project Management and Coordination

121.5.2  Site Preparation EDO0006787 EDO0006789
121.5.3  Cryo Plant Building EDO0006718 EDO0006719
121.5.4  Utility Plant Building ED0006748 ED0006749
121.5.5 High Bay Building ED0006756 EDO0006757
121.5.6 Linac Tunnel ED0006790 ED0006791
121.5.7 Linac Gallery EDO0007079 EDO0006793
121.5.8 Beam Transfer Line ED0006785 EDO0006786
121.5.9 Booster Connection ED0006794 EDO0006795
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Typical FRS

Section 1 — Conventional Facilities Purpose

The PIP-1l conventional facilities will house the accelerator components and support equipment required
to install and operate the PIP-Il linac and transfer line. The PIP-Il conventional facilities scope includes
the elements of work normally included in conventional construction such as earthwork, utilities,
structural concrete, structural steel, architectural cladding, finishes, roofing, plumbing, process piping,
heating ventilation and air conditioning (HVAC), fire protection, fire detection, lighting and electrical.
This also includes the work required to extend the utilities to the project site, excavation associated with
the below grade cast-in-place concrete enclosures, creation of a shielding berm and site restoration.

Section 2 — Key Assumptions

Assumptions related to the Cryogenics Plant Building are contained in the Assumptions Document

Lol The function of the Cryogenics Plant

Section 3 — Functional Requirements

The function of the Cryogenics Plant Building is to house the processes required to install, assemble and

Buildin g is to house the processes
required to install, assemble and
operate the cryogenic plant and
related spaces to support PIP-I
accelerator operations.

9 12/12/17 S. Dixon | Conventional Facilities | Design and Scope P“::”
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'ypical TRS Contents

Technical Requirements Specifications

Cryo Plant Building
WBS 121.5.3

Table of Contents

1. Conventional Facilities Purpose
2. Scope
3. Requirements

1. Spatial Requirements
Architectural Requirements
Structural Requirements
Mechanical Requirements
Electrical Requirements

IS

Fire Protection Requirements
7. Special Requirements

4. Code Requirements
1. Organizational Processes
2. Enterprise Standards

Typical Technical Requirements Specification Table of Contents
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Typical TRS

£ Fermilab

Section 1 — Conventional Facilities Purpose

The PIP-l conventional facilities will house the accelerator components and support equipment requirej
to install and operate the PIP-Il linac and transfer line. The PIP-Il conventional facilities scope includes
the elements of work normally included in conventional construction such as earthwork, utilities,
structural concrete, structural steel, architectural cladding, finishes, roofing, plumbing, process piping,
heating ventilation and air conditioning (HVAC), fire protection, fire detection, lighting and electrical.
This also includes the work required to extend the utilities to the project site, excavation associated wit]
the below grade cast-in-place concrete enclosures, creation of a shielding berm and site restoration.

Section 2 —Scope

The Cryogenics Plant Building consists of the conventional construction required to install, house and
operate the cryogenic plant to support PIP-1l accelerator operations. The cryogenics equipment,

installation, bly, testing and will be ac plished by others.

Section 3 — Requirements
3.1 - Spatial Requirements

The Cryogenics Plant Building will be located at the downstream end of the Linac Enclosure in order to
be positioned to allow for future expansion.

The Cryogenics Plant Building contains three (3) primary spaces as described below:

Cold Box Station - The Cold Box Station will contain the equipment to install, operate and maintain the
cold box. This includes the following requirements:

o Building Size: 15 m x 40 m (50 feet x 131 feet);

¢ Overhead door 5m x 5m (17 feetx 17 feet);

* Space for five (5) 10,000 liter (2,641 gallons) dewars;

e Coordination Center to house 4-8 people;

¢ Control Room to accommodate equipment, monitors and related control equipment;

e Control Room and Coordination Center should have an isolated HVAC system that is capable of
pressuring the room to reduce the oxygen deficiency hazard of the space;

The Cryogenics Plant Building contains three (3) primary spaces as described below:
Cold Box Station - The Cold Box Station will contain the equipment to install, operate and maintain the
cold box. This includes the following requirements:

Building Size: 15 m x 40 m (50 feet x 131 feet);

Overhead door 5m x 5m (17 feet x 17 feet);

Space for five (5) 10,000 liter (2,641 gallons) dewars;

Coordination Center to house 4-8 people;

Control Room to accommodate equipment, monitors and related control equipment;

Control Room and Coordination Center should have an isolated HVAC system that is capable
pressuring the room to reduce the oxygen deficiency hazard of the space;

Warm Compressor Station - The Warm Compressor Station will contain the equipment to install,
operate and maintain the compressors and related equipment to support the Cold Box Station. This
includes the following requirements:

¢ Building Size: 20 m x 30 m (66 feet x 100 feet)
e Overhead door 5m x 5m (17 feetx 17 feet);
* Space for five (5) 10,000 liter (2,641 gallons) dewars;

Warm Compressor Station - The Warm Compressor Station will contain the equipment to install,
operate and maintain the compressors and related equipment to support the Cold Box Station. This
includes the following requirements:

e Building Size: 20 m x 30 m (66 feet x 100 feet)

\ e Overhead door 5m x5 m (17 feetx 17 feet);
.

—

Space for five (5) 10,000 liter (2,641 gallons) dewars;
Exterior Space - The exterior space for the Cryogenics Plant Building will provide for access to the Cold
Box Station and Warm Compressor Station. This includes the following requirements:

e Space for ten (10) 113,000 liter (30,000 gallon) storage tanks and related piping;

Typical Technical Requirements Specification page
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Conceptual Design Process

e Meetings with Stakeholders:

— Goal: Document the spatial and infrastructure requirements for PIP-II
facilities; (4]

— Started in January 2016;
 Results:

— Conceptual Design drawings and text that described the
sizes/arrangement of spaces and buildings to accommodate the
functional requirements; [s]

— Cost Estimate Assumptions; 6]

— Life Safety Analysis; [7]

— Cooling strategies for pulsed mode and continuous wave operation;

— Conventional facilities are similar to typical Fermilab construction;

[4] — Meeting Minutes can be found in PIP-lI-doc-70

[5] — Conceptual Design Drawings can be found in PIP-lI-doc-1155
[6] — Assumptions can be found at PIP-1l-doc-333

[7] — Final LSA can be found at PIP-lI-doc-120
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Conceptual Design Process
Stakeholders:

13

Fermilab:

Alessandro Vivoli, Anindya Chakravarty, Anthony F Leveling, Arkadiy L Klebaner
Beau F. Harrison, Curtis M. Baffes, David E Johnson, David W Peterson

Don Cossairt, Donald V Mitchell, Emil Huedem, Jim Niehoff, Fernanda G Garcia
Jerry R Leibfritz, Jerzy Czajkowski, John E Anderson Jr, Luisella Lari

Matthew Quinn, Maurice Ball, Paul Derwent, Ralph J Pasquinelli

Todd M Sullivan, Valeri A Lebedev, William A Pellico

Consultants:

Tom Lackowski, TGRWA

Ron Jedziniak, LG Associates
Rick Glenn, Jensen Hughes
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Meeting Minutes (PIP-llI-doc-70)

14

01 - Coordination Meeting - 17FEB16 (pdf)

02 - Cryogenic Department Meeting 19FEB16 (pdf) — Cryo Meeting

03 - Coordination Meeting - 02MAR16 (pdf) — Linac Enclosure

04 - Coordination Meeting - 09MAR16 R1 (pdf) — Linac Enclosure and Cooling

05 - Coordination Meeting - 24MAR16 R1 (pdf) — Linac Enclosure and Cryo Plant

06 - Cryo Coordination Meeting - 01APR16 (pdf) — ICW Cooling and Cryo

07 - Coordination Meeting - 14APR16 (pdf) — Penetrations and Cooling Strategy

08 - Coordination Meeting - 28APR16 (pdf) — Cooling Strategy

09 - Coordination Meeting rl - 12MAY 16 (pdf) — Shielding and Transport Line

10 - Coordination Meeting - 09JUN16 (pdf) — Shielding Summary

11 - Coordination Meeting - 07JUL16 (pdf) — RF Distribution and LCW Cooling

12 - Coordination Meeting - 21JUL16 (pdf) — High Bay Equipment

13 - Coordination Meeting - 04AUG16 (pdf) — Cryo Summary and Linac Gallery

14 - Coordination Meeting - 15SEP16 (pdf) — Sitewide Electrical Distribution
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https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=CCC%20MM%2017FEB16.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=CCC%20MM%2019FEB16.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=CCC%20MM%2002MAR16.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=CCC%2009MAR16%20MM%20-%20r1.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=CCC%20MM%2024MAR16%20-%20R1.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=Cryo%20MM%2001APR16.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2014APR16%20v1.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2028APR16%20v0.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2012MAY16%20r1.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2009JUN16%20r0.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2007JUL16%20r0.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2021JUL16%20v0.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2004AUG16%20v0.pdf&version=19
https://pip2-docdb.fnal.gov:440/cgi-bin/RetrieveFile?docid=70&filename=MM%2015SEP16%20v1.pdf&version=19

& Fermilab
Drawings (PIP-1I-doc-1155)

55 Drawings

 One (1) General sheet

o Seven (7) Civil sheets

* Forty-Three (43) Architectural sheets
o Three (3) Mechanical sheets

« One (1) Electrical sheet

L ’ ST o F D R A W'NG S A8 LINAC ENCLOSURE PLAN - SHEET 4 A-29 CROSS SECTION THRU HIGH BAY
A-10 TRANSPORT ENCLOSURE PLAN - SHEET 1 A-30 CROSS SECTION @ HWR

A-11 TRANSPORT ENCLOSURE PLAN - SHEET 2 A-31 SECTION THRU HIGH BAY
G-1 TITLE SHEET, LIST OF DRAWINGS A-12 TRANSPORT ENCLOSURE PLAN - SHEET 3 A-32 SECTION @ COAX FOR SSR1, SSR2

A-13 TRANSPORT ENCLOSURE PLAN - SHEET 4 A-33 SECTION @ WAVEGUIDE FOR LB 650, HB 650
C-1 SITE IMAGE A-14 TRANSPORT ENCLOSURE PLAN - SHEET 5 A-34 SECTION AT LINAC ALCOVES
c-2 FUTURE BEAMLINES SITE PLAN A-15 TYP. LINAC ENCLOSURE SECTION A-35 SECTION SHEET -1
C-3 WETLANDS SITE PLAN A-18 TYP. TRANSPORT ENCLOSURE SECTION A-36 SECTION SHEET -2
C4 SITE PLAN A-17 ELEVATION AT MAIN RING CROSSING A-37 SECTION SHEET - 3
C-5 ENLARGED PLAN AT ABSORBER A-18 PIP Il CAMPUS PLAN A-38 SECTION SHEET - 4
C-6 SITE UTILITY PLAN A-19 LINAC SUPPORT BUILDING KEY PLAN A-39 SECTION SHEET -5

A-20 LINAC SUPPQORT BUILDING PLAN - SHEET 1 A-40 CRYOGENIC PLANT
A1 DESIGN BASIS - SHEET 1 A-21 LINAC SUPPORT BUILDING PLAN - SHEET 2 A-41 COLD BOX STATION PLAN
A-2 DESIGN BASIS - SHEET 2 A-22 LINAC SUPPORT BUILDING PLAN - SHEET 3 A-42 COMPRESSOR STATION PLAN
A-3 DESIGN BASIS - SHEET 3 A-23 LINAC SUPPORT BUILDING PLAN - SHEET 4 A-43 PIP Il UTILITY PLANT PLAN
A4 LIFE SAFETY A-24 LINAC SUPPORT BUILDING PLAN - SHEET 5
A-5 ENCLOSURE KEY PLAN A-25 SOUTHEAST BOOSTER BUILDING - DEMO PLAN M-1 CONCEPTUAL DESIGN BASIS - SHEET 1
A-B LINAC ENCLOSURE PLAN - SHEET 1 A-26 SOUTHEAST BOOSTER BLDG. - EXCAVATICN PLAN M-2 CONCEPTUAL DESIGN BASIS - SHEET 2
A7 LINAC ENCLOSURE PLAN - SHEET 2 A-27 SOUTHEAST BOOSTER BUILDING - PLAN M-3 COOLING HEAT REJECTION CONCEPT
A-8 LINAC ENCLOSURE PLAN - SHEET 3 A-28 SECTION THRU RECEIVING

E-1 POWER SINGLE LINE DIAGRAM
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Typical Design Basis Sheet

£ Fermilab

Base Design: Eliminates this portion of the Linac Gallery
(included as an Additive Alternate)

11 LBES0 =2640 KW
TRANSPORT P R SUPFLIES 4 HBES0 =3360 KW
100 TO 200KW JJOR POWER SUPPLIES 4 FUTURE HBE50 =3360 KW 7 SSR2 = 1400KW

FLUS HOUSE JOWER .K' || — 2 58R1= 208KW

L 168 10 T A O T B S A B (LT

. ! sEssss=c ssessessasieniens:
i !I.INAC SUPPORT BUILDING DESIGN BASIS

1"=60-07

HWR = 104KW

I

N\ O\ N7

OCCUPANT VENTILATION:  PER ASHRAE 621
L’NA c SUPPORT BUILD’NG LCW: ALL BURIED FIPE BY CONVENTIONAL COST. DISTRIBUTION BY OTHER WBS

FUNCTIONAL AREAS: HIGH BAY / RECIEVING: MATERIAL ENTRY, MATERIAL HANDLING, MATERIAL CHILLED WATER: FOR HVAC, ION SOURGE AND RFQ VANE
STAGING AND STORAGE (NORMALLY OCCUPIED) ICW: FIRE PROTECTION
SIDE BAY: ESCORTED PUBLIC ENTRY, OPERATIONS SUPPORT INCLUDING TECH POWER: 480V DISTRIBUTION TO 800 OR 1200 AMP POWER PANELS, 120/208V
TECH. SPACE, CONTROL ROOM, MEETING ROOM, TOILETS AND BUILDING DISTRIBUTION TO 400 AMP POWER PANELS; MAJOR LOADS SHOWN ON PLAN
UTILITIES (NORMALLY OCCUPIED) ABOVE
GALLERY: HOUSES AMPS, RACKS FOR CRYOMODULE CONTROL AND LIGHTING: B5FC cONTROLLED VIA LIGHTING PANEL
SUPPORT, MAGNET POWER SUPPLIES EMERGENCY LIGHTING: PER MFPA 101 LIFE SAFETY CODE
CONSTRUCTION: NON PROTECTED EXPOSED STEEL TYPE Il B PER IBC. EXIST SIGNS: PER MFPA 101 LIFE SAFETY CODE
U-VALUES: PER ASHRAE 90.1 & HPSB GUIDING PRINCIPLES CONV RECEPT: 120/ 208 V AC
EQUIPMENT ACCESS: OVERHEAD ROLL UP DOORS WELDING RECEP: (QTY 2 INGALLERY) 480V
EQUIPMENT HANDLING: 20 TON OVERHEAD CRANE IN HIGH BAY, 1 TON MONORAIL HOISTS IN EGRESS: MAXIMUM TRAVEL DISTANCE 250-FT TO EXIT
GALLERY SPECIAL: ADMINISTRATION CONTROL ACCESS PROVIDED
OCCUPANT LOAD: 30-50 PERSONS DURING INSTALLATION, 10-20 PERSONS DURING FIRE DETECTION: MANUAL PULL STATIONS AT EXITS
MAINTENANCE, 6-8 PERSONS DURING NORMAL OPERATIONS FIRE NOTIFICATION: AUDIBLE AND VISUAL DEVICES THROUGHOUT
HVAC: HIGH BAY AND SIDE BAY: 78 MAX SUMMER, GEMIN. WINTER, NO HUMIDITY FIRE SUPPRESSION: AUTOMATIC SPRINKLER SYSTEM DESIGNED TO ORDINARY
CONTROL; GALLERY 80 MAX, 65M MIN., NO HUMIDITY CONTROL. CONTROL HAZARD GROUP Il - HIGH TEMPERATURE SPRINKLERS
ROOM POS. PRESSURE TO SURROUNDING AREAS.
PURGE VENTILATION: 2 ACH (HIGH BAY ONLY)

FEET

PROTON IMPROVEMENT PLAN -1I
DESIGN BASIS - SHEET 3

45 Fermilab)

PPl

e

28 OCT. 2016

TG
4-2-3
S

A-3
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Ical Linac Tunnel Cross Section

£ Fermilab
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Cryomodule criteria envelope (TeamCenter F10051442)

17

12/12/17 S. Dixon | Conventional Facilities | Design and Scope

ele-d



Typical

L inac Tunnel Cross Section

£ Fermilab

21-10"
9-11" [6.7M] 11-11"
[3.0M] [3.6M]
TV e | =1\
| CABLE TRAY ﬁ \5
| EMBEDDED ’4_
INSERTS ” ; . ] -l
| | T —t | L
LIGHT ] . || - = |
CONDUITE Ig N | L] UgHT
OUTLETS | [ ﬁg&f PULE g |CONDUITS
oS AR |—| 1’-10” 1 - [|| outLETs
2|3 |
Aisle
| CRYOPIPING & BEAM CENTERLINE
| h N A EL: 726.48
N9 LT
LCW IETUR ]
LCW UPPL\l w5\
& ® = CRYOMGDULE IN 1’-10”
LQW Zone TR . T/SLAB EL 722'-0"
= Aisle | |
RF Zone —‘
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£ Fermilab

Linac Tunnel Plan (WBS 121.5.6)

TRANSPORT ENCLOUSRE

/ T/ BASE SLAB EL: 722'-0"
"‘%c’;, LINAC ENCLOSURE
. / T/ BASE SLAB EL: 722'-0"
l

1 17 }

Lo |- 75

N

ION SOURCE(S)

4-HB 650 —JL 11-LB 650 JL 7-8SR2 2I.S'SR"!H‘1L‘i

510-8)" 67-7" _|
[155.7M] [20.6M]

769-1"
[234M]
857'-3"
a [261M] 1
898'-3"
\ [7aM

Plan at Enclosure Level \
FRS Section 5 (Facility Scope):

The linac enclosure will be constructed with a length to
accommodate two (2) HB650 cryomodules beyond the
nominal compliment required for 800 MeV
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Preliminary Shielding Considerations
L Preliminary Shielding Depths

ShieIQingrequirementasfunctior_1o_fBeam_Energyfor Shown be|OWo Further anaIVSiS
D required, especially at the

e Booster.

et Tl
g OO T T TV T T T TT TP[TITTy
13 XMAC, Fabmur:; 4; A. Leveling 4% Fermilab _ 512.378'

[15617.3cm] -
Used the 10W/m curve for the ’ ) ’ ’
conceptual design 185' 185 175 75 6

crsnsgoreind UL L AEOO Ao

and absorber)
@) (11) () 2
HB650 LB650 SSR2 SSR1 HWR
137.795' - 160.596' 158.110' 36.263' 19.614'
[4200.0cm] [4895.0cm] o [4819.2cm] [f05.3cm][  [597.8cm]
800 MeV 500 MeV 185 MeV 35MeV 2,1 MeV
10.3 MeV

Thanks to Radiation Safety Department (D. Cossairt, T. Leveling and M. Quinn)
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Linac Gallery Plan (WBS 121.5.7)

TRANSPORT POWER SUPPLIES 4 HBB30 =3360 KW
s 100 TO 200KW FOR POWER SUPPLIES 4 FUTURE HBB50 =3360 KW
: PLUS HOUSE POWER

11 LB650 =2640 KW

'f/{fffﬁ5

I EEEEE]E

0\ g

7 SSR2 = 1400KW
/ ‘1 — 2 SSR1=208KW
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Beam Transfer Line (WBS 121.5.8)

£ Fermilab

FRS Integration and Upgradability:
12: The siting of the PIP-Il facility
will be consistent with future
upgrades to provide 100 kW
beams to the MuZ2e hall on the
Muon Campus

—
;ﬂf,;?f:f’{/ 5
_
A e
GATED ACCESS CONTROL
\

\ EXISTING MAIN RING ENCLOSURE
T/BASE SLAB EL: 722'-5"

GATED ACCESS CONTROL

PLAN

1"=15'0"

APPROX. POSITION OF MAIN RING BEAMLINE

COMNCRETE SURROUNDING
STEEL SHIELD SURROUNDING
WATER COOLED CORE

SLOPE BY-PASS SLAB FROM 722'-0" TO
T22'-8" UP TO MAIN RING

DOUBLE WALLED SUMP FOR
RAWWATER FROM UNDER AEORT
AND FOR RAW SKID.

RAW SKID
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Booster Connection (WBS 121.5.9)

EXISTING BOOSTER EM

ards Booster Tower Southeast

SHIELDED HATCH

[-)
1[ NEW CONZRETE MICROPILES /
o—ma————— FOR SUPPORT OF BUILDING
STRUC UREABO\I'7 4
o

/ o !
CONCRETE GRADE BEAM - / N
W/ TENSION MICROPILES ™. T

' TO SUPPOI BASE SLAB : o . .
FRS Integration and Upgradability:

!:IS-'@-AN AT BOOSTER @/ / 14: The SC Linac will be constructed in a manner

/ that allows installation and commissioning
" without interruption to ongoing accelerator

Q{ & operations

I
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Cryo Plant Building (WBS 121.5.3)

£ Fermilab

SERVICE ROAD

~

\
R\

ulliyS

[T T ]

|

%

Wa r\m Co\mpre ssor Station

|
|
|
|
i =T == = -7
i |
|
| |

vl
I:I

il
) b@J

‘Cold ‘Box Statloln

Tank Farm

" I —
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Utility Plant Building (WBS 121.5.4)

£ Fermilab

COOLING TOWERS
(EVAPORATIVE FLUID
COOLERS)

1500 KVA TRANSFORMER
W/ OIL CONTAINMENT

=

PIPING TO GALLERY &

|
A

CRYO BLDG

PIPING FROM CUB

ol

125-0"

6N
| '-oé -tt_ -o‘;; -qi: -.JE -.JE '-o% I.,.rl, '-sji_u-i'; U"Tﬁ‘l
‘ r & * ¥ 5 ¥ ‘ r 5 % ¥ |
|8 8 & 8 & & & |58 & |
‘ ‘ SPACE FOR Pl’JMPS | SPACE FOR WATER
| I 1

|

CONTROL

S| ROOM ‘
|

TREATI IENT AND FILTERS

L@

e — A
3 ;

AIRCOOLED

CHILLERS & BUFFER |
TANK (GLYCOL CHW)

WITH ECONOMIZER
FOR CW MODE's
HEAT-LOAD-TO-AIR

1

1

1

—r

1

1

1

_T________|r_______

1 60-0"
[22M]

m
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Cooling Concept

PIP2 UTILITY BUILDING (PUB)

100 P
(1400 GPM)

Base Design

) Direct ICW flow through cryo compressors

l e TW (x| PCW P (1450 GPM) WARM CRYO
i ) (] Vs ww STATION (WCS)
l | |wow u:(‘ "?3 b cwvenr
L m ul.ﬂ*ﬂ W
T L e GALLERY
oamenr = C s LINAG SUPPORT
ey BUILDING
[EVARORATIVE {FRONT END)
FLUID COGLER) — -l - -
~ Base Design
Cooling for pulsed mode. o
Additive Alternate for continuous
wave cooling  ..cm LS oo ac o wagow
Lo s
e pqiemu
GCHW 0 GEHW TO BE DETERMINED
Jvac | ASSUME ~30 TON COLD BOX
FORCONCEITUAL  STATION
mﬁp ) R 8 CHW cm T CHW vl TOBE
g () D S
S 7 ONTTIAL oY

BLDG HVAC ARE PRELIMINARY ESTIMATES

HOT ALL . MAKE UP. WATER
TREATMENT, SOFTENERS, SAMDFILTERS, HOLDIGN TANKS, BRINE TANK, LCW DECXYGENERATOR,
LCW FULL FLOW FILTERS, ETC)

(E) THIS DOES NOT INCLUDE THE THE FUTURE

CHILLED WATER FROM CUB ~43°F
GLYCOL CHILLED WATER, 46°F
COOLING TOWER WATER WITH GLYCOL 83°F

GRTT
;
:
:
g
|

CIRECT EXPANSION REFRIGERANT BASED SYSTEM

CF COOLING HEAT REJECTION CONCEPT

(FOR CONCEPTUAL COST ESTIMATE ONLY)
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Electrical

Distribution Concept

MASTER

CRYOGENIC PLANT

POWER SINGLE LINE DIAGRAM

NOT TO SCALE

KAUTZ ROAD SUBSTATION (KRS) kw MW BREAKER 1 | TR0 1A HOUSE POWER AND PUB SUBSTATION
LINAC/ TRANSPORT 12,949 129 162 FDR 1B | CRYOPLANT @ @ @ @ @ @
CRYOPLANT 5000 50 63 BREAKER 2 | FRD2A| LINAC
UTILITY BUILDING (PUB) 2,395 24 30 FRD 2B | LINAC 175 =
| TOTAL 20,235 203 254
| 8 BREAKER 3 FRD 34 | LINAC 140 BMH 110/51
| *WITH 8 pf FRD 3B | LINAC ) PMH 301
= a P~ a in
i i < - o o 2
| w w E w 'S w w w 1 ﬂ g PMH 302
I I I I I I I I I o~
' = = = = = = = = = bl IO i PMH 303
| o o o o o o o o o 4| = < PMH 304
-~ - -~ ~ - - - Iz I
R i > et 3 2l o o e = e 2 2|3 PMH 305
©
i ( Y I B
z } R
= S uro U I
o [\ £ £ ol "
(0
1w 9 @ 2 o\ PMHTIE
- o~ -
260 f b [ ~
~m £ 2 ¢ z\ ManholeH
. . = :
g g £ & & 3
& © KIRK KEY 14/46A
A A 4-WAY AIR SW
O L Y H DSTRPIP Il -X
74 t
o 260"
50 2
- 50 D 50° &
D—50° 50 ] 1
0 €D
50
50° 50"
4-WAY AIR SW 4-WAY AIR SW 4-WAY AIR SW 4-WAY AIR SW 4-WAY AIR SW
DSTRPIP Il - X DSTRPIP Il - X DSTRPIP Il -X DSTRPIPII-X DSTRPIP Il - X
walas wadas wadias wadas
AMFR-X XMFR-X XMFR-X HKMFR-X XMFR-X XMFR-X MFR-X XMFR-X XMFR-X -
LINAC SUPPORT BUILDING 1
TRANSPORT A
0 —
BEAMLINE s o o Y
o~ " -
POWER SUPPLIES A by i i 50 —CD- 50
KIRK KEY 1A/4 v U
4-WAY AIR SW 4-WAY AIR SW 4-WAY AIR SW 4-WAY AIRSW EXISTING DUCTBANK
DSTRPIPII-X DSTRPIPII - X DSTRPIPII-X DSTRPIFII - X
NEW DUCTBANK
{ t ()] EXISTING MANHOLE
e e B e
() NEW MANHOLE
XMFR-X XMFR-X XMFR-X XMFR-X XMFR-X AMFR-X

71
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Alternates Considered

e Siting

 ICW Cooling

e Pulsed Mode vs. Continuous Wave Operation
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Preconceptual Location

2014 Location
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Siting Considerations

\Existing Utilities
\q_nd Services

. ERSIntegration and Upgradabllltv
e |1: Future RCS or Pulsed Linac
e |2: Future 100 kW beam to Mu2e;
- ¢ 14: Installation/Commissioning during ongoing
operations
~ FRS Section 5 (Facility Scope):
~« Linac length to accommodate two (2) additional HB650
cryomodules
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December 2016 Siting Alternati

T
s N\ 7, .\ b \%
w4 <k NG e S e a1
¢ RN~ N R L FlonYa = ] ,
Ty - = L ./ ) o~ ; A -‘ 1
L

T

ICLTS, ENE DTN AN > LG P amasta
§.§

thward Shift Option

Nor
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Cryo Plant Cooling Water

— Fou o
3 (]
T PWHSDTRENCHTOUNAC
EYE WASH STATION oo .
- 1
1 FWE 5 D TRENCH COLD BOX STATION
SOUND BARRIER —_—
i frat [ty FUNCTION HOUSE REFRIGERATOR, CONTROL ROGM,
TECH. SPACE
: -t : WON STEELTYPE 1B
. STAGING PER BT
—~ v | 1 U-VALUES: ASHRAE 90.1
0 - gl - -1 - 1 1Y EQUIPMENT ACCESS:  18'W X 18'H ROLL UP DOCAS
~ i ] EQUISENT HANDLING:1S TON OVERHEAD BRIGE CRANE
i i 65 . T8 MAX., 5% MAXINUM HUMIDITY
NEcHANIcALBDoM B MIN, MO MAX
| ] COH VENTILATION: 45,000 CFM LOCATED HIGH AND 10,000
i - i LOCATED LoW
T OCCUPANT VENTILATION:  NIA
| | CHILLED WATER: 150 GFM ALLOWANCE
| | oW FIRE PROTECTION APPROX. 500
GECUPANT LOAD. 10,15 CUPING INSTALLATION | .5 NORMALLY
— 4 RN N N S— UGHTING: BsFC
= | | EMERGENCY LIGHTING: PER NFPA 101 LIF
> EXS 3 PER NFPA 101 LIFI
I I CONV RECEPT: 120/ 208V AC
b; |l WELDING RECEP: A4S0V 80 AMP (OTY] 7 4~ 1500 KVA 138KV TO 4180V
2% ! ! EGRESS: MAXIMUM TRAVEY ¢ 11 1500 KVA 138 TO 4BV HOUSE POWER
- | | SPECUAL ADMINISTRATION 150 KvA GENERATOR
conTROL | i EYE WASH STATIONS: 1
ROOM EXHAUST CONTROL:  ODH ABATEMENT
. i i FIRE CETECTION MANUAL PLL 5T
v J v T T 4 FIRE NOTIFICATION: AUDIBLE AND WIS
| o THROUGHOUT
T | i FIRE SUPPRESSION:  AUTOMATIC o] o] ) 6] ) ) ‘)
oA pesiGhepTooR| 4 &) e \J ) ® o L)
[ ues I~ | GROUP Il - HIGH T]
(- i —  1STONCRAE i -
HOGHK LTS T 1
] 2678 HOOK HEIGHT ] I
| ] SWITEHBOARD — —
\
FEL | | \ | 18 X 18 OHD
(E}— | uﬁm T il rgin )
ELECTRICAL T f T
i 10,000 LT 1 N s - e — I
EGUIPMENT i yim ! - - q
i N I ! !
=) J COLD BOX STATION PLAN i 5WX 5" DEEP COVERED PIPE TRENGH |
! \ 1= 1507 |
- C' NS NS 1 | |
)
G | ; i | RECEVAG 410
— : STAGI bE
[ | B
<)
1 |
| |
_________ P [P ORPRIRIGN SRR [N S p—— S S ___.J
T
COMPRESSOR STATION OCCUPANT LOAD: 10 18 DURTIG INSTALLATION / .8 FOR START L AND
FUNCTION: HOUSE FOUR CRYOD COMPRESSORS CPERATIONS [20% OF TIME)
TYPENB PER IBC. LIGHTING: o
VALUES ASHRAE 01 EMERGENCY LIGHTING PER NFPA 101 LIFE SAPETY CODE
EQUIPMENT ACCESS. 18W X 18H OVERHEAD ROLL UP DOOR EXIST SIGNS. FER NFPA 101 LIFE SAFETY CODE
EQUIPMENT HANDUNG: 25 TON OVERHEAH BRIDGE CRANE CONV RECEPT: 120 1 208 V A
HVAL: SUMMER ANMEIENT VENTILATION ONLY, MO MAXIMUM HUMOITY WELDING RECEP. ABDY B0 AMP (OTY 4)
VANTER &5F, MO MMM HUMDITY EGRLSS MAXIMUM TRAVEL DS TANCE 2504
PURGE VENTILATION 50,000 CFM FOR 00 CONDITION SPECIAL
OCCUPANT VENTILATION. & EYEWASH STATIONS
LOW HONE FIRE DETECTION MANUAL PULL STATIONS AT EXTS
e ING VATER §6° [PVVE FOR FIRE NSTFICATION AIGILE 810 VSUA. DEVIGES THROUGHOUT
COMPRESSORS COOLING FIRE 54 ER S
(= FOR FIRE PROTECTION HAZARD GROUP I - NGHTEMR&YWEWN@IERS
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Cryo Plant — Water Quality Requirements

£ Fermilab

PIP-lIl Requirements

Water Analysis Report

Existing Data

Desription Unit Closed loop Open loop Range Units
pH value 7.5-90 7.5-90 7.82-7.89
Hardness [dH] <20 <20 20.79 - 23.02 ppm CaCO3 |7 dH = 17.848 mg CaCQ3
Carbonate hardness [dH] <20 <4 096-1.02 Ca/Mg ratio
Chloride (Cl) [mg/] < 100 < 100 5-15 ppm
Dissolved iron (Fe) [mg/] <02 <0.2 0.04 - 0.01 ppm 1 ppm = 1 milligram/iter
Sulphate (SO4) [mg/] < 200 < 200 84.561 - 115.51 ppm
Sulfide (Sz) [ma/l] <01 <0.1 Future water analysis
Silicic acid (SiOz) [mg/] < 200 < 200 10.63 - 11.56 ppm
HCQa/ S04 - =1 >1 Future water analysis
Electrical conductivity [pSiem] 10 - 800 10 - 1500 Future water analysis
Ammonium (NH4) [mafl] <1 <1 Future water analysis
Dissolved manganese {Mn) [mg/] <02 <01 0.00 ppm
Phosphate (PO4) [mg/l] <15 <15 Future water analysis
Glycol [%] 20-40 - Euture water analysis.
Solids (particle size) [mm] <01 <01 7 7 Requires Further Investigation
Solids (particle amount) [mafl] <10 <10 ? ? Requires Further Investigation
Appearance clear, colorless clear, colorless
Total bacterial count [CFU/ml] < 10* < 10* 7 7 Requires Further Investigation
Proportion of hon-dissolved solids [ppm] <20 <20 ? ? Requires Further Investigation
Algae - not allowed - not allowed ? ? Requires Further Investigation
Magnesium B e A T I 2 LR VIO )
Calcium 181.52 - 206.42 ppm CaCO3
Copper 0.00-0.01 ppm
Total Phosphorus 0.06 - 0.13 ppm
Zinc 0.0-0.01 ppm
Sodium 23.84 - 3498 ppm
Molybdate 001-03 ppm
Boron 0.55 - 0.65 ppm
Aluminum 0.02-0.03 ppm
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Cryo Plant Cooling — Initial Analysis

o Water Requirements
— ~2,000 gpm flow (ideal)

 Pond System
— Chemical characteristics met by pond water system;
— Solids content characteristics NOT met by pond water system;
— No Pond Exists - ~$500-$700k per acre;

 Industrial Cooling Water (ICW) System

— Testing indicates that ICW meets most requirements [4];
« Chemical characteristics met by existing ICW system,;
« Solids content characteristics NOT met by ICW system;

— Only 1,400 gpm available per the ICW computer model,
— Verified with Cryo that 1,400 gpm at 17 degree F delta T is acceptable

[4] — ICW Water Quality Test Results study can be found at PIP-II-doc-155
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Cryo Plant Coollng — Additional Analysis

Summer/Fall 2016

e Test Station, installed as part of the Mu2e
Cryo work for CDF;

* Installed test ports to sample the ICW
before and after the strainer;

e Three Options:

e Adams strainer with 250 micron slot
sizes (baseline);

e Two month rental of a Lakos strainer
to reduce the solids with 25 micron
filter;

 Replacement filter elements in Adams
strainer with 75 micron slot size;

e Arranged for FESS/O water testing service
to increase the testing to include solids;

e Compared strainer options with water
quality requirements.

BZero Compressor Building
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Cryo Plant Cooling - Results
[ sraer someen|

Adams Strainer (75 micron)

Lakos Filter (25 micron)

£ Fermilab

CUB Cooling Towers

21-Oct-16 14-Dec-16 16-Nov-16

Before After Before After Before 16-Nov-16 = 14-Dec-17
Desription Unit Closed loop Open loop
pH value 75-9.0 7.5-9.0 7.51 7.71 8.28 8.23
Hardness [dH] <20 <20 12.10 12.03 13.98 14.01
Carbonate hardness [dH] <20 <4 1.02 1.01 1.03 1.03
Chloride (CI) [mg/] <100 <100
Dissolved iron (Fe) [mg/l] <0.2 <0.2 0.07 0.07 0.10 0.12
Sulphate (SOa) [ma/l] < 200 < 200 36.02 34.63 46.16 4441
Sulfide (S2-) [mg/l] <0.1 <0.1
Silicic acid (SiO2) [ma/] < 200 < 200 5.62 5.56 5.52 5.54
HCO3/ SO4 - >1 >1
Electrical conductivity [uS/em] 10 - 800 10 - 1500 672.00 672.00 698.00 695.00
Ammonium (NHa) [mg/l] <1 <1 0.20 0.20 --- 0.30 - 0.22
Dissolved manganese (Mn) [mg/] <0.2 <0.1 0.01 0.01 0.01 0.01
Phosphate (POa4) [mg/] <15 <15 0.29 0.44 0.07 0.31
Glycol [%] 20-40 - 0.00 0.00 0.00 0.00
Solids (particle size) [mm] <0.1 <0.1 --- 0.04 - 0.03 === 0.03
Solids (particle amount) [mg/] <10 <10 see chart see chart see chart
Appearance clear, colorless clear, colorless
Total bacterial count [CFU/mI] <10* < 10* 1,000 1,000 0 0
Proportion of non-dissolved solids [ppm] <20 <20
Algae cells/mL - not allowed - not allowed 986,751 1,347,557 447 47 23,785 2,144 87 13
Magnesium ppm 107.12 106.63 122.72 122.87
Calcium ppm 108.86 108.13 126.81 127.12
Copper ppm 0.00 0.00 0.00 0.00
Zinc ppm 0.00 0.01 0.01 0.01
Sodium ppm 62.19 61.77 60.21 59.70
Molybdate ppm 0.01 0.00 0.00 0.01
Boron ppm 107.12 106.63 122.72 122.87
Aluminum ppm 0.03 0.03 0.04 0.04
Results:

« Additional testing (chloride) and discussion with cryo folks;
» Algae is likely seasonal, still requires a solution or better definition of requirements;
* Baseline design will assume direct flow of ICW through cryo compressors;
* Additive Option: heat exchanger to isolate the ICW from the cryo compressor side;
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Pulsed Mode vs. Continuous Wave Operation

* Driven by duty factor of the accelerator equipment

— 15% for Pulsed Mode

— 100% for Continuous Wave Mode
« Common For Both Modes

— Physical arrangement of heat producing equipment;

— Electrical power supply (not usage);

— Conventional Facilities handles the heat load to air (HLA);
« Difference is Primarily Cooling

— ~5.4 MW In pulsed mode;

— ~11.76 MW In continuous wave mode,
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Pulsed Mode vs. Continuous Wave Operation

Continuous

Pulsed Mode Wave Mode
Low Conductivity Water (LCW) 1.65 7.07
Heat Load to Air (HLA) 0.33 1.29
Cryoplant Cooling (Cryo) 3.4 34
Total {(MW) 5.38 11.76

Industrial Cooling Water {(ICW) Cooling Ponds (PW) Towers (close)
MWW to GPM Conversion 68279 MW to Acres Conversion 1.2
% LCW 1,125 gpm LCW 1.98 acres LCwW 1.0 towers LCW 1.0 towers LCW 1 towers
g HLA 227 gpm HLA 0.50 acres HLA towers HLA towers HLA  chilled water via CUB
- Crya 1,400 gpm @17 Fdt Cryo 408 acres Cryo 2.0 towers Crya 1.0 towers Cryo 1,400 gpm @17 Fdt
ﬁ 2732 gpm 6.56 acres 3.00 towers 2.00 towers Standby 1 towers
n:: excludes standby excludes standby
W ioc GFM Conversion 582.79 MA fo Acres Conversion 1.2
a LCWY 4 827 gpm LCWY 8.48 acres LCWY 4.0 towers LCWW 2.0 towers LCWY 4 towers
'g HLA 881 gpm HLA 1.94 acres HLA 2.0 towers HLA 1.0 towers HLA (PMy  chilled water via CUB
= Cryg 1,400 gpm @17 Fdt Cryn 4.08 acres Cryo 2.0 towers Cryo 1.0 towers HLA (CW) 2 air cooled chillers
g 7,108 gpm 14.50 acres 8.00 towers 4.00 towers Cryo 1,400 gpm @17 Fdt
excludes standby excludes standby Standby 1 towers

Cther Considerations
Heat Exchangers, Treafment, Make Up

Qther Considerations
Strainers, Heat Exchangers, Trealtment

Qther Considarations
Strainers, Drought Conditions
Drought Conditions Buifding Costs
MNote: 1,400 gpm is the highest flow currently available from the existing ICW system
2,000 gpm is preferred

Other Considerations
Heat Exchangers, Treatment, Make Up
Buiiding Costs

Other Considerations
Heat Exchangers, Trealment, Make Up
Building Costs
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Pulsed Mode vs. Continuous Wave Operation

39

Goal: Modular approach that allows for efficient operation in
both modes;

CUB Chilled Water Budget: ~250 tons total. Used for small
equipment loads, building loads and RF heat load to air

Pulsed Mode

— Heat Load to Air (HLA): Utilize chilled water from existing CUB for
equipment cooling;

— LCW: (1) Cooling Tower + 1 standby;
— Cryo: 1,400 gpm of ICW directly through the compressors.

Continuous Wave Mode

— Heat Load to Air (HLA): Install a chilled water loop to supplement the
pulsed mode system with (2) air cooled chillers;

— LCW: (3) additional Cooling Towers;
— Cryo: No change

12/12/17 S. Dixon | Conventional Facilities | Design and Scope Eff'_'“



£ Fermilab

Pulsed Mode vs. Continuous Wave Operation

1500 KWVA TRANSFORMER
W CIL CONTAINMENT

COOLING TOWERS

(EVAPORATIVE FLUID
COOLERS) PIPING TO GALLERY &
s W . B CRYO BLDG
A4 ™ | | T’IPING FROM CUB |

SPACE FOR WATER
TREATMENT AND FILTERS

=t}
I oov
I
I
1

SF|ACE FOR PUMPS
I

| I ! -
D 1 I I 1] [
D O ale | | | | T T
.-/ \\._
1 1 1 I |: :I
| Sd}\CE FOR BLATE |SPACE FOR LCW FILTER [ /
H -
|
I

% LCW i towers EATEXCHANGERS |8 DEOXYGENERATOR| | | I S
s HLA chilled water via CUB | | TE\CE FOR  GONTROL SPACE FOR
3 Cryo 1,400 gpm @17 Fdt DTy ELECTRONICS  ROOM oL DING TANKS
1% Standby 1 tower
T
) LCW 4 towers
E HLA (PM) chilled water via CUB
= HLA (CW) 2  Air Cooled Chillers
% Cryo 1,400 gpm @17 Fdt
Standby 1 tower .
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Summary

 Completed:

Developed a conceptual design based on technical requirements from
stakeholders;

Investigated alternate siting locations;
Investigated alternate means of cooling cryo compressors;

Developed a modular approach to cooling during pulsed mode and
continuous wave operation;

Approved TRS and FRS

 Next Steps:

Radiation Safety Assessment;

Refine the design during Detailed Design phase;
Value Engineering (purchase order in place);
Update the cost/schedule estimate;
Constructability Review at ~60%;
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Questions
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